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1. Introduction

— Four quadrants motion of the ship
— Defined by signs of

— Surge velocity u
— Move ahead (u > 0)
— Move astern (u < 0]

— Propeller rate n
— Rotate ahead (n > 0)
— Rotate astern (n < 0)
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1. Introduction

— Four quadrants motion of the ship
— Rudder inflow
— Hull wake
— Propeller jet
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2. Computation details
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2. Computation details

— Geometrical information

Particular Value Particular Value Particular
Lpp (M) 7.278 Dp (M) 0.250 Cm (M)
B (m) 1.109 Ag /Ao (M) 0.448 Az (M)
T (m) 0.342 (PID)o7r (-) 1.000 Ap (M2)
A (-) 1/31.6 A(-) 1/31.6 A(-)
S———— r'3
— Domain size
4.16Lpp G 3Lpp Lol 2.25Lpp
QOutlet Inlet g

N

GHENT
UNIVERSITY

Flanders ¢ < Flanders
SHIPS : (
AND MARINE Hydraulics ( \State of the Art

Value
0.174
1.799
0.054
1/31.6



2. Computation details

— Numerical method

Quadrant Relative direction of pull wake and Numerical method
propeller jet

Q1 u>0n>0 Same RANS
Q2 u>0n<0 Opposite DDES
Q3 u<ion<o Same RANS
04 u<on>0 Opposite DDES

— Numerical setting
— Software
— OpenFOAM v2206
— Numerical schemes
— PIMPLE
— 2" order schemes with limiters
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3. Convergence study
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3. Convergence study

— Convergence study on the bare hull

— Uncertainty estimation on the bare hull

N
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Mesh Number of cells (—) Cy.(—) Cp(—) C\ Error (—)
Coarse 814 036 2.942 x 107%  2.741 x 10°*  0.67%
Medium 1882360 2.928 x 1072 2.868 x 107* 1.52%
Fine 4607171 2.903 x 10" 2.069 x 10— 2.02%
Cy(—) Cp(—)

€91 —1.452 x 10> 1.273 x 107>

€39 —2.441 x 10— 2.009 x 10~°

€51 /€30 0.595 0.634

Convergence Monotonic Monotonic

P 2.030 1.811

UGzl 1.482 x 1073 1.620 x 1072

Ung 2.730 x 1073 2.657 x 102

/,
Flanders 7 ° \ Flanders
Hydraulics ( State of the Art

13



3. Convergence study

— Time step independence study on the hull-propeller interaction case

N
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TAIN
K
A

At(s) AO(°)  Crpe(—) Kp(=) 10Kg(—)

1.462 x 10~* 0.5 3.651 x 1072 0.174 0.368
2.060 x 107* 0.707 3.620 x 10~* 0.173 0.362
2.924 x 107* 1.0 3.594 x 1077 0.172 0.362
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4. Results and discussions
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4. Results and discussions

— Validation in Q1
— Double-body hull-propeller interaction
— Propeller rate set to the experimental valuel
— m=09.5rps=570rpm

CFD EFD Error
Cr.ps(—) KT(—) 10Kg(—=) KT(—) 10Kgh(—) KT(—) 10Ky(—)
3.566 x 1072  0.177 0.369 0.170 0.288 3.91% 28.09%

001k
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-0.02 -0.01 ;/ LPP 0.01 0.02
() CED (b) EFD, NMRI (Hino et al. 2021)
—
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4. Results and discussions T— |

— Vortex structures in four quadrants
—
— Velocity acceleration
— Q2
— Chaotic vortices

U inf)
A0esl0 3 -2 -1 0 1 2 3 40e+00

— Dominant flow shifts

— Reverse acceleration
— Rudder positioned in astern flow

(b) Q2 (a) QI

— Similar dominant flow shift as Q2

Ul
A0es00 -3 -2 -1 0 1 2 3 40e+00

() Q3 S — (d) Q4
—_
% Flande.rs ?("0 Flanders |FT'| = 0.26, |Tl| = 9.5 rps, Q, =4
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4. Results and discussions

— Axial velocity
— Q1
— Accelerated upstream inflow to rudder

(a) Ql, x0z,y=0

— Q3
— Flow accelerated towards hull
— Most rudder area not in propeller jet R ) “‘jQZY"f:fZi’::;f"'f”aM
(a) Ql, xo0z, y=0

o~ (d) Q3. x0z. y =0 ‘ d(e) (;23, ;;zz,;h/‘Lp;zg.OIZD’ o o ,(t)Q;3, y‘z,x“l;ppmz —:;).01:)
M mlps Flande.rs ?(‘% Flanders 40e+00 3 2 l1 ? : 2 3 40e+00
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4. Results and discussions

— Axial velocity
— Overall rudder inflow direction changes

(a) Q2, x0z, y=0

with dominant flow

— Q2
— Larger hull wake impact on
rudder for high velocity —— 'm:«fét;lo?i;ﬁf&?lé‘a N
— 04 -
— Larger propeller jet impact on
rudder for low velocity . =
(a) Q2, x0z, y=0
— o  eo ;;z,u;}L,,};szS  0Q4oux/lep =006
= (r;ws Cariders ?(Q\Flanders e
GENT o\ Bl tydraulies K2\ sae o the Fr] = 0.26 &
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4. Results and discussions
101
— Time history of rudder force 2
—  |Fr| =0.028,8 = 0° R
o Q1 _2[}_ —_— 1, Fr=0.028 — 3, Fr=0.028
—  Positive drag due to strong swirl components 30— - - =
QZ 20 (s)
— Higher positive drag than Q1 because of the 17
. . 10
propeller jet acceleration >
o — 5'
— Q
Q3 N
— Liftcloseto O s
—_— (1, Fr=0.028 —_— 3, Fr=0.028
. . . —_— ()2, Fr=0.028 —_— M, Fr=0.028
— Drag direction the same as astern inflow ~101— : - v " v
— Q4 1(s)
— Large lift oscillation which coincides with the ’ ”
model test of another ship "z . ”W O E
z ., "f‘ | ! ,. jzz Delefortrie, Guillaume, Wim Van Hoydonck, and
—_ 2 0 Katrien Eloot, 2022. Forces and Torque acting on a
% Flanders ? © Flanders 0 50 10°Time[s]150 200 250 Rudder while Manoeuvring. In: Journal of Marine
GHENT ?\H{]PE/IAR'NE Hydraulics (& State Of the Art —Lateral rudder force - -Propeller rate Science and Technology 27.1, pp. 383-407. 21




4. Results and discussions
| \F ‘h .'J
— Time history of rudder force z ] "I' w ! f'ﬁ,v.
_ |Fr| =0.26,6 = 0° = =501 '
—_ Q'I —100 1
—  Averaged lift closer to O than low velocity ~150 _(f”r”'“ _T”'“ - - ~ >
case 100 =
— Q2 50
— More severe fluctuations of lift and drag > 5
~ 03 s P 1
—  Rudder positioned in astern flow and lift T
closeto 0 ~100 _0 —— 5.'“ - - - —
. 04 t(s)
— More stable time histories than Q2 since
the uniform inflow dominant
T n
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5. Conclusions
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S.

Conclusions

As the uniform inflow and the propeller jet
— Along the same direction
— Rudder inflow
—
— Accelerated inflow to the rudder
— More significant acceleration under heavy loading
— Q3
— Propeller jet evolves towards hull
— Rudder force
— Small-scale oscillations, indicating relatively stable inflow conditions
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S.

Conclusions

As the uniform inflow and the propeller jet
— Along opposite directions
— Rudder inflow
— Q2and Q4
— The dominant flow can switch
— Unstable vortex structures
— Rudder force
— More oscillations than Q1and Q3
— the lateral force oscillations are more significant for
— The inflow-dominant case in Q2
— The jet-dominant condition in Q4
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Thank you for your listening!
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