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Numerical and experimental investigation on roll damping of

small waterplane area twin hull

SUN Xiaoshuai, YAO Chaobang, YE Qing
(Department of Naval Architecture Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract: A SWATH (small waterplane area twin hull) installed with stabilizing fins rolling freely in calm water was investigated by both

numerical approach and experimental method. Uncertainty analysis was made to verify and validate the numerical method. Both linear roll damping

and nonlinear roll damping were obtained and the contributions of the frictional damping and the stabilizing fins to the roll restoring moment were

analyzed. The results illustrate that: the numerical free roll decay curve agrees well with the experiment; under the assumption of linear roll mode,

the linear roll damping coefficient sees an upward trend with the increase of initial heel angle; the computed free roll decay curves using nonlinear

damping coefficients agree well with the experimental results; the frictional damping and the stabilizing fins make minimal contributions to the roll

restoring moment for the free roll decay motion in still water.

Key words: small waterplane area twin hull; roll damping; free roll decay

P RARTE TR P AR BT A2 SRR LG A B B
S| e U L I A DI | EE2 % i (10 BB &
PR £ 128 ) 1) O SEEAE TSR A A A R 2R MR BEL
J2 . lkeda ,Himenom Fl Chakrabarti'*’ S S A0}
BEARBILJC A 4L AT T W55 . Chakrabarti'* f
FERHIE 230 5 AER a3, 2390 S 2% I BELJE s FHL
Je JEERLE T BLUE A e BB e . 2k
BHLJE 246 th Az 3l | RS B0 6 S5 5 BT 7™ A A B
JE , AT 3 ek g B AT SR AR 5 T e BELJE | EE 4
BELJE T+ BELJE it e BELJE 5 S5 R PEARSC , H R
W T AR BRI AT ik, EEGE N A g ek 4
B ARG o 24K A A i BEISSK A A 2 1
EREBELJE 1718 8 i 3 T4 ), 78 iR DRI 1
TARES A A, PR A2 . IOk, il ad 45

«  Yrfis HH9:2016 -07 - 13

RO AR B AR SR BN 2 B T S i
¥, Oliveira™ #3CA 2B 0317 4543 AL XA
[FIARETT R 1 R sl R AR U PR RELE
i F it 5 i & 7 %% ( Computational Fluid
Dynamics, CFD) A 4 H A B FE 26 45 0 B
T8 T AL B ARIK Bl 3 IR, AR 2225 T iR P Ak
T RANS J7FEFN 5l A% H A 1B E J5 2 FE
fREREIZ sh. BR Rk AR R T S60
ARS8 2 30, Avalos ™) Trvine " Zhou "
1 Lugni' ™ S5 57 T WEAA E o R RE 20 i 06 Y B
FHUERE, IS 7 S EANAR — B0 4
JINK T SUARAR (Small Waterplane Area Twin
Hull, SWATH) {f R —FRp kA2, 7E 5 25 00 T
(932 Sh RN e AT BRI

BE&WH: FRK A AR AL BT H (50879090 ,51509256 ) ; 7K 2f) ) H 5 54 57 W5 H (9140A1403071251311044 )
TEZ BN PN (1990—) , 5 W EFiE BH A, 98 4 , E-mail ; hglastshadow@ 163. com;
WIS GEEMER) 5, YH, 11, E-mail : hgych2004111@ 163. com



"2 [ B B 4k % o i

5539 &

SR AT X0 HAR 18 BHJE FFPERIBIE TSI A 2 I . ASC
B LA RUE BE ) SWATH VBT FERK A M
B T S IR AT 5T . AN E B
TERCEH 3773k 0l SR, o TN LA A ) 2 b
R FHLE MAR LA E R RE BLJE , I 23 B BE 42 BHLJE 71
FeE BEXS SWATH 5 FE K S 13 (15 M AL

1 #kBREREEHTE

P AR K h 2R MR IS S T RN -
(I+A)$+B,db +Ch=0 (1)
R AR K h i AL R RE S RN -
(I+A)+B b +B,d | +Ch=0 (2)
Horr, o g A, 1 R I R, A S A ) B
MR, B, R MR RRIE B I MR RRBILE R
0, B, B, S AR LR RE 1B S i i 2t IR
MR 2B, C AR E T R B —
fetth,, 5 B (1) 38 FH /N BE OB R B0 by L
P (2) 3 F KA B IR HR BT b o
TERRAFA IR A B BB st 2805, 7T 43331
KRR (1) A5 (2) R AT A A R R R L
BRI d:n T
R VAR AL 30 3 , K 1l R il 46 | iy
RAPE FA IR IR IE 170 o, 1 &, PI4L(ANIA 1
RN i 5 R LI | R L
Hp AR p FORIEAH, 0 FoR ",

A
2N

/\/\A/\/
RS

/()

KL A e skt £
Fig.1  Free roll decay curve
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Fig.2 Process to obtain the nonlinear roll damping
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Tab.1 General properties of SWATH-M

HEK B AR A/m’ 0.200
BHIKL R Ly /m 2.867
FAKE L/m 2.800
FHIKLTE By/m 0.107
Fefk UL ER Dy/m 0.753
BHeitizK T/m 0.250
FOA A B BT A 5/ m 1.433
T I ) 47 7 B B 2R B 2 /m 0.360
B PEEAR K, /m 0.390

MR K, /m 0.830
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Tab.2  General properties of stabilizing fins

FEZH i Jei
Y\ 3 E/m +1.233 -0.863
#%HK/m 0.093 0.114
JEK/m 0.089 0.110
R /m 0.015 0.018
KT B A/ m? 0.006 7 0.010 0
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Tab.3  Grids for mesh convergence study
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Tab.4 Results of grid convergence study
o WA BRI BRI 8/ Us/ Uso/ g R
= I . ) S.
¢ S, S, S, ¢ %S, %S, %S, ‘ D
o, 2 1.959 1. 962 1. 967 0. 600 0.153 0.230 0.077 1.956 rad/s 1.949 rad/s
¢, N 9.474 9.421 9.321 0.530 -0.559 0.631 0. 071 9.527° 9.873°
b, NG 7.233 7.148 6.950 0.429 -1.175 1.466 0.291 7.318° 7.209°
b 2 6.172 5.965 5.612 0.586  -3.354 4.755 1. 401 6.379° 5.985°
RS HESKESIERIESER
Tab.5 Results of time step convergence study
di di di o1/ U,/ U,./ SR
724& r 1 2 3 R, T T Tc S, ﬁ_ilﬁ
S, S, S, % S, %S, %S, D
, 2 1. 959 1.955 1. 946 0.444  -0.204 0.245 0.041 1.963 rad/s 1.949 rad/s
b, 2 9.474 9.387 9.279 0.806 -0.918 3.804 2. 886 9.561° 9.873°
b, 2 7.233 7.178 7.082 0.573  -0.760 1.020 0. 260 7.288° 7.209°
b3 N 6. 172 5.913 5.567 0.749  -4.196 12.493  8.296 6.431° 5.985°
*6 HMEEFMEM=/TEEABERAER 15 g ' ey
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Tab.7 Comparison of roll parameters in linear roll mode

B, T./s A’
WHE KR E HEE WARE THRE RE
5 3.616 3.303 3.278 3.288 1.387 1.402
10 6.270 6.521 3.227 3.232 1.314 1.321
15 8.027 8.748 3.206 3.224 1.283 1.309
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