KCS

Cis

7 DDES

E
" E 118010910234

£
r E
E b

A = b
E2021 1






DissertationrSubmitted t&Shanghai Jiao Tongriversty
for the Degree oMaster

RESEARCH ON THE INFLUENCE OF
SCALE EFFECT AND NAVIGATION
ATTI TUDE ON KCS BOW WAVE
BREAKING BASED ON DDES

Candidaté Luyi Xie
Student ID: 118010910234
Supervisof Prof. Decheng/Van

Academic Degree Applied for ~ Masterof Engineerilgy
Speciality Shipand Ocean Engineering

School of Naval Architecture ant

Affiliation * Civil Engineering

Date of Defence Jan, 221

DegreeConferring-Institution* ~ Shanghai Jiaodnhg University






-

G1

A/
. 7
P i b’ KVJI'T(Q_:
A A¥ @
n [ A

B b =
o 6
"G aa B -

16 " "H S
/1G2 1G3 i A
b 10 - i A
b 20 - i A
I S L~






5 DDES

Y A
) 1
o1 _
It 3y
M Ty |
1
y -
q .
D™ A
A
h
A
DDES

—]n

KCS
Frd 0.35~ 1
- ) T
\ w0 J
TP -
W H 1 - H
5
AT | e )
b b
A % bPO
€ - |7; |
- - ’
L~ a CFD
: .
CFD v %0 KCS
i Ne T J
Tz naoeFOAM-SJTU
R, CFD Y 2 VI e
v Ca B
" Ne =
n v - b



CFD
DDES’:

N

=

£

—2
m

B

T Ne = RANSA  z k RANS

no~ I T RANS DDES
: 2 b - 3%y p-
RANS DDESH [ b
n ¢ RANS . H Y
T - A
T a 3 Y )
" A Ne b
T * v
an q - 1
¥ RN . Tl
v A
T ¥r bW
. [ L A W
i Z -1z T
. © ¥ "
5 . v A A
v ! . o
LW a - a [ o
L A

-

" DDES naoeFOAM-SJTU



RESEARCH ON THE INFLUENCE OF SCALE
EFFECT AND NAVIGATION ATTI TUDE ON KCS BOW
BREAKING WAVE BASED ON DDES

ABSTRACT

When the speed of the ship on the free surface reatighigh sped (Fr U
0.35),the bow wavemaking energy and the wave steepness is larger, the wave surface
rises obviously and a jet ivbe formed near the bow. At this time, the wawmeaking
wave will evolve in the form of plunging wavereaking, and aientranment wil occur
in the evolution process of plunging wakieeaking, forming an air cavity wrapped by
wavemaking waves. When theave touches the free surface again, if the energy of the
second wave is still large, the second steep wave may beedramd then he second
wave breaking occurs in the form of plunging wave breaking. therefore, the peaks of
multiple waves can be obsed in the bow area of the ship at high speed. The process
of wavemaking evolution will produce energy dissipation, uldeg in a step
reduction & wavemaking waves, which is not enough to form a jet, and does not meet
the conditions for the occurrencef plunging wave breaking. At this time,
wavemaking breaking may evolve in the form of spilling wdreaking. The air
entranment plenomenon no Inger occurs in the spilling wave breaking, only a bulge
is formed on the free surface, and a convectivaexors formed below the liquid
surface, which is transmitted downstream. The phenomenon of bow wave breaking will
produe addiional wave-breaking rsistance to the ship and affect the ship's
performance. The nonlinear characteristics of the breakinggw@re obvious, and the
evolution law and mechanism are complex. Therefore, it is of great practical
significance and dilenge to useCFD method tostudy the higHidelity numerical
simulation of bow wave breaking process.

The goal of this master thesssto complete the higfidelity numerical simulation
of bow wave breaking of international CFD conference standardnsbgel KCS at
high speed, focsing on the phenomenon of plunging wave breaking in the simulation
results. Based on the seléveloped hymbdynamic solver naeEOAM-SJTU, this
master thesis makes a systematic comparison of CFD methods for the numerical
simulation of bow wave breaking, ad puts forward a practical numerical simulation
scheme of bow wave breaking based on DDES method. Usingbibve scheme, the



numerical simulation of bow wave breaking under different ship model scales is carried
out, and theinfluence of shp model sizeon bow wave breaking is analyzed. The
numerical simulation study under different bow angle is carriedamat.the influence
mechanism of different bow upstream surface shape on bow wave breaking is revealed.

In the comparisof CFD methodsthe advantags and disadvantages of RANS,
RANS with buoyancy correction and DDES in simulating bow wave breaking are
aralyzed. The ship resistance calculated by RANS and DDES is in good agreement
with the test data, and the error is ldsant 3% The bowwave breakingphenomenon
simulated by RANS and DDES with buoyancy correction is close to the test, which is
obviously béter than the RANS method. Combining the results of the two aspects, it
can be proved that the DDES method is reliabid aratical in simulating tle
phenomenon of bow wave breaking.

In the comparative study of bow wave breaking of different ship mores,sihe
bow wave breaking phenomena of three scale ship models at high speed are studied by
using the above numericahaulaton schem. This papefocuses on the time and space
characteristics of plunging wave breaking and spilling wave breaking irrdloegs of
ship model bow wave breaking at different scales. the results show that the ship model
with larger scale is s§ to produce punging wave keaking. the ship model with
smaller scale is more likely to evolve into spilling wave breaking, and theaay
characteristics of spilling wave breaking are more obvious in the process of evolution.

In the comparative studyf bowwave breking at diffeent bow pitch angles, the
bow wave breaking phenomena under three different bow pitch angles are simulated
and the results obtained are in good agreement with the experimental results. When the
bow pitch angle increases, tfrection resisance of the sip model decreases slightly,
the pressure resistance increases obviously, the value of wave height syaedste
range of wave breaking expands. The convective vortex formed under the free surface
propagates farther alonthe drection d the captain,and the bow wave breaking
phenomenon is more intense.

The numerical simulation scheme proposed in thigpaps high reliability and
practicability, and can provide some reference for the study of bow wave breaking, and
the ®nclusons obtened from theparameter study can provide theoretical support for
the further study of bow wave breaking phenomenon.

KEY WORDS: wave breakirg, DDES, naoeFOAM-SJTU scale effect
navigation attude
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