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Abstract

The internal flows of moonpool usually causes huge added resistance on drillships, and those are very complex to analyze, Therefore,
not only experimental approaches but also numerical simulations are required for better investigations when dealing with the
hydrodynamic problems of moonpool. In the present research, numerical simulations are used to find out why the resistance increases
by moonpool on a running drillship, That is, the three—dimensional numerical simulations and model tests are carried out to examine the
characteristics of internal flow and added resistance by changing the section of the moonpool in both longitudinal and transverse
directions, Finally, based on the present studies, an optimized shape of the moonpool is suggested, which effectively reduces added
resistance, and that is confirmed with three—dimensional numerical simulations and model tests,

Keywords : Moonpool(22), Added resistance(271X2}), Internal flow control(LHESSH|0Y), Drillship(AZ=A), Numerical simulation(£X|A|
S20|M). Model test(ZSAIS)
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Table. 1 Principal dimensions of the vessel

Ship Model
Scale 100 : 1
Hull dimensions
L.O.A (m) 210.0 2.100
B (m) 36.0 0.360
TTRANSIT (m) 8.5 0.085
Service Speed 12.0 Knots 0.617 m/s
Fn 0.14
Moonpool dimensions
L (m) 27.5 0.275
B (m) 12.0 0.120
(a) CASE 1
Without Moonpool Without Moonpdol
ﬂ
— — —_— —
(b) CASE 2
Moonpool length Moonhpool
Breadth
flow — I
EE—— - I —
-1
(c) CASE 3
Moonpool length Moonpool
\ Breadth
— flow — —
(d) CASE 4
Moonpool length Moonpool
\ Breadth
flow — —
(e) CASE 5
Moonpool length Moonpool

\ _/ Breadth \_

Moonpool length Moonpool

[ Breadth
flow D — —

)

Fig. 1 Series model Shapes of moonpool
(left : longitudinal section / right : transverse
section)
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Table 2 Computational conditions for the numerical flow
simulations

Scale 1/100

Number of cells 285 x 104 x 183

Number of cells in the
35 x 16 x 52
moonpool

Minimum cell size 0.005 x 0.003 x 0.003

0.617 m/s (Fn=0.14)

Speed )
(12knots in full scale)
Max. time step 1/1000 sec
Acceleration time 3.0 sec
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Fig. 3 Photo and the sketch of a moonpool model and
wave height measuring points for the model test
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Fig. 4 Comparison of the time history of pressure
resistance coefficients between CASE1 and
CASE? in the numerical simulations
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Fig. 5 Added resistance coefficients from the numerical
simulation compared with the experimental
results among the moonpools (CASE 2~CASE 5)

Fig.5= 2t CASE 2~CASE 501 C5to{ AA=2dol|lA] et
TAAIE2olM ZAntet AHATE bWt JZo|c Figs £

JSNAK; Vol. 48, No. 6, December 2011

547



B CASE 2
B CASE 3

B CASE 2
BCASE 3

Caga X 1000
Mean water level / Trgansit

Cal. Exp. Cal.

Fig. 6 Comparison of added resistance coefficients and
mean water levels for the simulation and model
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Table 3 Comparison of the numerical computation results

| CASE2 | CASE 3 | CASE 4 | CASE 5

Average of wave heights (Water level)

Tr(s) 0.794 0.799 0.801 0.828
Mean(m) 0.0014 0.0011 0.0018 0.0020
Wave elevation at WP1
Te(s) 0.794 0.571 0.801 0.828
Mean(m) 0.0003 0.0002 0.0012 0.0008
Wave elevation at WP3
Tr(s) 0.834 0.571 0.801 0.828
Mean(m) 0.0034 0.0030 0.0038 0.0046
Added resistance (Pressure resistance)

Tr(s) 0.834 0.571 0.801 0.828
Mean(N) 0.416 0.351 0.386 0.457
Max(N) 1.410 0.942 1.070 1.548
Min(N) —0.486 -0.222 -0.296 -0.690
Adev(N) 0.328 0.210 0.271 0.372
Added resistance coefficient

Cago x 10000 2746 | 2.343 | 2518 [ 3.035

Table 4 Comparison of the experimental measurement
results

| CASE1 | CASE2 | CASE 3 [ CASES5

Wave elevation at WP1

Te(s) - 0.665 0.466 0.701
Mean(m) - 0.0015 | -0.0020 | 0.0024
Wave elevation at WP3
Te(s) - 0.665 0.466 0.701
Mean(m) - 0.0064 0.0035 0.0108
Total resistance
Mean(N) | 0882 | 1343 | 1318 [ 1.413
Added resistance
Mean(N) [ - [ 0461 [ 043 | 0.531
Total resistance coefficient
Crx1000] 538 [ 8329 [ 8148 | 8755
Added resistance coefficient
Caox 10000 - [ 2936 | 2757 | 3.363
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Fig. 7 Comparison of frequencies between added
resistance coefficient and mean water levels
(CASE 3)

Table 3, 4= CASE1~50f| Chst =X|A|S2|0[M Z3fet 2
AEZ2E Mal$t Zolct ZH Z3fe| FJ|= Fig. 72 ol F7t
ek ol AAIG(time history)2  FEloll  BiEKFourier
Transform)& 335104 Te(Peak Period) 2 LIEARACE A, 5
x|A|Z20lM Aol Table 3 2 Fig. 72 EH, 22 LT =
HHQFT |2t MEle| FV|7t gRjglg & 4= UL, 2 72
XEo| 22 URe| el UXSH 2AIE U
£ UCt J2|1 sHEele| HHEE TAE 2E2|
H FHHLo| HH0| HolX| LoMA| Lyt dsh=
24 e sdg o, Fig.70ilM 2ol= ZHzt 2o
FIME o3 B0l sht= TAEZES} ARSI Sht= &
o BEet AdR|skE WS = F= ULt Fig.82 Ssl CASE 31t
CASE 4E H|w5l0 H0 2E0| oHE HHS Ze|HOEM 24T

|

of 7P} ulmA ZxjEl 2F U F50| 222 ARE st

’_
0jo
mjo
ot
L

ol

ob
kl

_[F
—
40 o>
:\nl:ﬂI|0_
Hu 1o mpy rx n

Il

%

Io

548

CHeRMSISI=2%] X|48 ® X6 = 20113 128



EAF- 02 K

coa’

el

ol

Al =M g

w2l F7Ee o

0f, F7IXE0| 2k 20% S7F5ICt M sitke Z2fh 49

E URel g £H =0le| A7t EHo| BItstl Ed

olef AjZiof| wHE HE1E

EZRE, £H HelRo| HoE Ssid 222 A
oo o}

o o
=Y 7 ASS & 7 AAct 2|0 UeE Sl g2 d

I_l'|
ol
M
al
N}
dhl

=o| A

A5 vlwstod HH CASE 10f blstod 222 oo w2t o
51~63% 2| TIXMg 7Pt Lets =lol o 4 A1 2E9

o
= i
Aol w2t 10% olAtel MR Aol7t USS HelsIct
Fd

I3 CASE3
NN . — .
R p -
s T g =y . N
e -y

- m m w = -
e - - -
- o m m om a
i P % 0 ————
— L T 5
- = = . : = —
= | Pz = =
L i § %
PR T it i £
e g ]
-, o & M P » . ') r F
gl T k. ] H ] )
e s r} i :
o e : : : -
e et = = R - =
= = e = L
R P e - —

o - == =3I 31 = =
= n il N - =R —
ZZ= = = w = ==
o - — N - — T
o - =t Z R = =
e M oM = =
=== I ==
=— —

: — = —

= .
= - — ——
- = r s -
—

Fig.8 Simulated flow patterns near the fore edge of the
moonpool at each case (XZ plan, Y=0.0,
velocity vectors and vorticity magnitude contour)
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