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In this paper, a numerical analysis technique using a body force model is investigated to estimate the available net thrust of multi—pod—driven
ice—breaking vessels under bollard pull and overload conditions, To employ the body force model in present flow simulations, drag
and thrust components acting on the pod unit are calculated by using Propeller Open Water (POW) test data, The available net thrusts
according to the direction of operation are evaluated in both bollard pull and overload conditions under deep water, The simulation
results are compared with the model test data, The available net thrusts, calculated by the present analysis for ahead operating modes
at 3~6 knots which are typical speeds of the target vessel in arctic field, are agreed well with the model test results, It is also found
that the present result for astern operating mode appears approximately 6 % larger than the model test result, In addition, the available

t thrusts are calculated under the both operating conditions accompanied by shallow water effects, and the main cause of the difference
is studied, Based on the result of the present study, it is confirmed that the body force model can be applied to the performance
evaluation of multi-pod propulsion system and the main engine selection in early design stage of the vessel,

Keywords : Multi—pod propulsion(CHs ZE X)) Bollard pull condition(22t= EZ! AEH), Overload condition(Z25H AEH), Net thrust(0d

2 =&) Shallow water effects(T4> 1)

1 A—I = MEHAT AR} M Lol 2017H QlIESH 165

o MYUMATIARUM2 ARC 722 IESH MEleZ My

#0|= 25HSuez canal)S Agsk= &=20]| d|sl] 223 AbMof| CHet @7 Alks & HoiF1 Uct 12, ARC 75
Z xLi= 22 slze skl 249t 22| oM o 52| 2 = Russian Maritime Register of Shipping(RMRS)ollAf &2
éHA-I 0|2 0|235P7| I8t MulMulol Chst 22 2l Al Alzho| 3t non-Arctic ships, Arctic ship 2|1 lce—breaker S0l A
Skt Aok 22, AMEEA0lM 20208 T3 174K2 Arctic ship (Rules for the classification and construction of

Received : 19 February 2021 | Revised : 10 March 2021 | Accepted : 21 March 2021
T Corresponding author : Hyoung Tae Kim, h—tkim@cnu.ac kr


https://crossmark.crossref.org/dialog/?doi=10.3744/SNAK.2021.58.3.158&domain=http://jsnak.org/&uri_scheme=http:&cm_version=v1.5

= Ahead Operation Mode

sea—going ships Part I, Il & VII, 2016, 2019) $=Z=2o| 7|

- _m a:lozwkémqow@m#wﬁMko_m::__ﬂ oo o I el B o
= (W E Mo fE SRR T Y W uEEN 2 e
B Tmpms® LN R g ey g I A <
W WH § WMI e _VEFPEIETTa b H R mw_nm T owy
: Vs Wl EE g sTIegas o W W qlmA_.ﬂn% S W H
,M . 5 o|_|&|.__A|_|o___o_._._o._.q_.__.ﬂm._ro~PA_._._._LLEEmOEOTE._oJ. o|,|__o_=_E_oo| m_m 0 K
il g 8 UM smxmad I s VEHT 2 axg by I T e
(I T = N %.pe..ud o =R M T <+ ol & o RT
sf ] = G ic o Jooll KR o L Ul = ) & = 1o { K o Ou_o &0 LH m R ojo N NU
I 2 BT X =gmmoaw K oap IR oo BT Kk s Kedr 37 g o= B
1B e IEm=8uEl wmKkoH QRO E 5 T e —  KNH R o
o I £ @ {F o % S ol ol N K o 3 = o oF < W 00 o o T Pl
e g RgWeoM=paxgrls oGl — Hib Keoh ol . o2, M
— I 8 WoE - KEhrwanfndeaRTRE gl I ook BUTE 8
] ﬂH o) |Hm0x._.4L|ﬁ _.__.n_.u_lo|ﬂ\.__A.un_x_._=_IAJ.D.__u_._ = .n_.u.1__oo7=_mMmM — K
— @ af o= KNI H = i ko] 0 KO o 2 &z T >
e nEHesd s F FgAe T oy T gl DR &0,
s RHDS BIRRmpE S WA gwN e K o0 <R R oH gr o
5 Kz QOMERBHOEIR gy S AR ool O RS
© 52 o H RSl LT SRl N 9 R I+ M =0
e u Ul e g Uy Mg e T T w U oodR DX mgo WM AR
S MG REAHMIIMET NI Vel o Faog g 8Kk T
8 r~ S O R MT X naP 3w Moy o F Kl o < © U W oE K
S = I .= — ol o o gl KE K Ol N
© h_._r.ﬁ__och_u_oo_nﬁmﬁmﬁmﬂ.kl_ﬂolmumﬁﬁﬁmﬁ Po_eiowor__ﬁ_%oe
S THo ST yse s < E < i R xegd
, S0 - KT & F & ol @ H oo W B R oo ™R T 0F P T R
i /- %HWEEO__LE..___O__%%W,ur_nzm_u__pooﬂr_oﬂ D g 30K
/] M.z 5 BN ITmEpwhiawrnggea e HEy® = B B CHE =~
= i ol B W0 T XK KN 2 oK Ko & = ar K M Jd m Jd N~ D0 [ 3. RT
O ~ 8 pf MR gy ok Rl <k momM.zr_Mﬂﬂwwﬂg_o_l__ﬁﬂa_mw_mﬁmoJr_.IﬂAo_uue B0 K @
o_a_x._Ll.qmoE__A_u.u_mro__oi,m.mE._ &_MW@DMOMomo_._HﬂOMLlA._n_LH_JMo.M._H_.m H_._.l__m.m.ﬂe .A._mmoo._
TS e PadBT R H O RO KR DO g 20y Wy Ay of K
Fol R A oWk T E K Xm0 Ko sy S W E 0T o H o R R0 A K o 1
H.rﬂo_.._7 3 Lonx U0 ol = 100~ o__oaueL.m._. _or___oe&__ou_ua 4qr
X R _mag 2ol me M me ED g < U S0 X0 K00 ko RO <E @D H Ok & O
HOA.__l__Alu_m_.r__._._ln_ll._Alum.__A-on__qum_u I__OIM_Hl*A_I_I_.__ HOA/_l_._AI;H_E__A_lﬂw_E W_m_ﬁ_uo_-ﬂ._.v7_A_|ﬂ...HA.__A.__._T_.:_.__|_ m“_H OI_ARM
— uy N = = X = ! = = — =B = | — u | ot o'
meo_alrwmax_._iﬁoA xer_uomzmm._m_muoxo__dwq_____ok;lo%._ooNMTn._l_u._._xx ol o R
WS paRdmd ol %o p® e g, e an g ®BF K2 B oo o = vy
U U o S PR N ol S 2 B e - s (O e T e < =Ng
H0™W i Hoeg WEER <2 H 2 o X o- D 00 = o3 2 w0
T mag e Maen daR ags st dpguW i g R0 < 0 = E R
o 20 ol = =5 = Ol J . T . 0 & Q 0] = 100 —~ M LI T o B ~N o[l =
JIL.rH_”_mo HW_._O._.__“_N_I@__:._E ..MEWWE1EU*@&»WI__o_w“ﬁ_x_llu_vm_bmr_l.o:_.:_h_w__M..__H_MH_| |__.u_—.o _l|__|___A_|
I T~ .xrﬁ%uﬂ_%l.,xqMﬂmo%go_n%I:;m;__.mrﬁ__h 03w
A R e L e S A T EL TN R R
rzoaBa M pwgn Eanr U HEIEMM 0w IS REE K- w &
bxHglaegpi® Fixasigrasiglcowgs W, b % % &
I T L R o - B - Lo = B T O el Rl B 0 OF Wy
Popamo Faymlgpdd K 2gpligsiucsgzd Mapreg®hdlDn K T WE o
EhsrRITadTD gdrsdiiuEpIdzzfnstgetas 4 <0 7
Wﬂ%uuo___xoaoﬂ__o_aﬂquOM%q1HEEE_,__dﬂlxl_wa_:.o_ahm_r_P_in. o R K
__oo@WATmW.__._o_._wm_n_W&_M._.._MWm,ImmeA ,ﬂo_ﬁmn_xwuuﬂmohwonhr;aM H T OH RO =
%ofﬂoda7Wmﬁuoﬂﬁomrﬁ.w.r_mﬁﬂmr?m_uﬁxzmﬂﬁﬁAw_aﬁmt__l_m ol %O il T oM
Dk T B ER e N3 g X 70K B 50 M5l & o gy EINE
A - (- S o o R TR (T T e Rl R wos
o) 160 X0 ol W0 = Ol [0 KIr K1 @0 0 07 0l o mT T o N~ I ok B I H of Kk o3 T O Kk o ol Tl

|.

(o]
o

159

A(center plane)z} =

—

AlD
=

| &
O 2= FTIAIZHo| ofFt

Pl <l

I

—

)

CCS

ol

ch.

o
A

o|5f

FH (midship section) 12|
Hofl 7BZA ZAF

4

A
(=}

3|
S
=3
Al
=

I

|

Z|

20|

b =ZiolM HIHE Sol
, =

S

B

| =
AL
ol &olo{

A 0
T A
e

A

Z
2 ML

4

A

<

i

e
Al
JSNAK, Vol, 58, No, 3, June 2021

FXI7|(pod propulsor) 7t &

(tow force)2
O|F0{ZIct,




Y Hslol| e 22= g 3 2FSE THolMe| oIS 2= S Mo of7F o et PRIghAY AT

TENHTAE Yoo 0lF Fig. 20f LIERHIICE

Aoy Alo| CiFETt Sakslol CHsiM = 2kF HEe| AR
AHEH(upwind - scheme)2t SUXFE7 [H(central  difference
scheme)2 MEsIQICE ESH ASUHAIS QHEAIF|7| 26t
ET-OHIM 2 Semi-Implicit Method for Pressure Linked
Equation(SIMPLE) Y12|EE€ “HRIZESZ=  Reynolds
Stresses Model(RSM)E ARZstCt SHH, ZE FXI7| 5|Xof
oot TF R Mt M| Y xE FRV(ZIO| AT AEZ
Aedst |ole SHATE UXITE, RS BAECKHE Mute| 28 &
T ) Al AHiolekhe FHE 1a{slo] FAI|= XZ
2H(body force) ZHZ CHA5l0{ M235I%C.

TR AR T|siEA AR H-typelzZ TAMSIICN,
Cartesian trimmer meshZ 27HXIE 7A5ID Hek(wall
function) ARRZ} 8P prism layers X23ICt A<(deep
water) ZZI0|AQ] HMHAR2 M7t ZO|(LBP) 2 FAEtS
01 Fig. 32} Z0| MZsICt. o] o, AREE § AKX 68Tt
7 #==0|cl. M=(shallow water) Z=Z10{A{2] ALl
HoZHE] HIEH K| Ho{Zl 2| 15mE M 2lst= 4
At sYsP| MBslct ZE FU FH AL
Fig. 40i LIERAACE,

gHH, ZAIBS 75 BXEs Yol HolUe A Hw AXt
Hel 3700 ZH o|&Esick= A2 & LTl Afo|n] 2
OlM= SO A | AXER|e] BXHY Azl y+E 2f
50 & RAISIES 2

A
2
ek 75 Z=olM A

—_

r

=+ Mjoh
o kB >

Ho
o>

Table 1 Main particulars of ARC7 class LNG carrier

Main particulars Full scale Model scale
Length between | 11 554 gg 8.544
perpendicular
Breadth [m] 48.80 1.464
Design draft [m] 11.70 0.351
Scale ratio [-] - 1/33.333
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Fig. 2 Coordinate system

Fig. 3 Computational domain and boundary conditions for
simulation in deep water condition

Fig. 4 Mesh distribution for pod unit to apply body force
model
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Fig. 8 Velocity vector on port side wing pod propeller plane
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Table 2 Simulation cases to predict the maximum tow force
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Fig. 9 Simulation conditions in deep water for ahead and
astern operation modes at design draught
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Fig. 16 Pressure distribution for ahead operation mode in
deep and shallow waters

Table 4 Thrust, resistance, pull force differences between
deep and shallow waters in ahead operation mode

Vs=6knots, \52?; S\Zzltlgrw Difference
rps=12 B]-[A
p (A (B] [B]-[A]
Total thrust 133.3N 142.0N +8.7N
Resistance 15.6N 30.1N +14.5N
Pull force 117.7N 111.9N -5.8N
110 i T T |
A X Max. Net Thrust, Td, Astem, Deep, CFD
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Ship Speed (knots)

Fig. 17 Maximum net thrust ratio for astern operation mode
in shallow water
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Fig. 18 Inflow velocity and transverse vector distributions
at wing pod for astern operation mode in deep and
shallow water conditions

Table 5 Pod thrust differences between deep and shallow
waters in astern operation mode

Vs=6Knots, Deep Shallow .Thrust
ps=12 water water difference
[A] (B] [B]-[A]

Pod, Port 44 6N 45.8N +1.2N

Pod, Center 45.7N 46.4N +0.7N

Pod, Stbd. 44 8N 45 9N +1.1N

Total thrust 135.1N 138.1N +3.0N
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Table 6 Thrust, resistance, pull force differences between
deep and shallow waters in astern operation mode

Vs=6knots, \E)/:i; S\leltlcearw Difference
rps=12 (Al (8] [B]-[A]
Total thrust 135.1N 138.1N +3.0N
Resistance 32.6N 48.5N +15.9N
Pull force 102.5N 89.6N -12.9N
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Fig. 19 Pressure distribution for astern operation mode in
deep and shallow waters
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