23
TAP CHi KHOA HOC CONG NGHE GIAO THONG VAN TAI, SO 30-11/2018

NGHIEN CUU MO PHONG, TINH TOAN SU TUONG TAC
THUY PONG GIUA CHONG CHONG VA THAN TAU
BANG PHUONG PHAP RANSE

NUMERICAL PREDICTION OF PROPELLER - HULL INTERACTION

CHARACTERISTICS USING RANSE METHOD

Tran Ngoc TG
Khoa Béng tau, Pai hoc Hang hdi Viét Nam
T6m tdt: Bai béo trinh bay két qua md phong tinhtoancach¢ S6 twong tdc giia chongchong va
than tau dua trén phwong trinh Navier — Stokes vdi so Reynoldstru ng binh (RANSE). DPé thu dwoc cac
hé s6 twong tac thity déng giiza chong chong va than tau, bai bao tien hanh md phong tinh toan ba bai
toan gom: Tinh toan luc can tau, tinh toan céc thong sé thuiy d¢ ng cuza chong chdong ty do va mo
phong chong chong lamviéc sau than tau. Phwong phap toan mién Chdt long quay dwoc su dung trong
md phong chong chong tw do. Phuong phdp chuyén dong cua vat rantuyér doi dwoc sk dung trong mo
phdng chong chéng lamviéc sau than tau, chuyén déng quay Ciia chong chéng dirgc md phong bang
viéc sir dung ki thudt hedi trieot. Anh huong cuia mat thoang trong md phéng liec can tau va chong
chéng sau thén tau dirgc md phong bang phirong phdp thé tich chdt long. Pé kiém tra dé tin cdy cua
két qua md phang, bai béo si dung md hinh tau hang roi ciia Nhat Ban (JBC) dé tinh toan vaso sanh
véi két qua thir md hinh. Bé gidi duwoc sir dung trong nghién cizu nay 1a phan mém CFD Star - CCM+.

Tirkhoa: Chong chong, than tau, hé sé luc hit, hé sé dong theo, RANSE.

Chi sé phan logi: 2.1

Abstract: The paper presents simulation results of the components of hull-propeller interaction
using unsteady RANSE method. To obtain the propulsion coefficients, the ship resistance, open-water
curves of the propeller and self-propulsion are computed. For numerical simulations propeller open
water characteristics the rotating reference frame approach are used. For self-propulsion simulation
the rigid body motion method is applied. Rotating propeller was model with sliding grids technique.
Free surface effects were included by employing the volume of fluid method (VOF) for multi - phase
flows. The well - known Japan Bulk Carrier (JBC) test cases are used to verify and validate the
accuracy of case studies. The solver used in this study is the commercial package Star - CCM+ from

CD - Adapco.

Keywords: Propeller, interaction, hull, wake fraction, thrust deduction, RANSE.

Classification number: 2.1

1. Giéi thieu

Viéc tinh toan céc thdng sb thiy dong
twong tac gitra chong chong va than tau (hé
s6 lyc hat, he s6 dong theo va hé s6 anh
huéng cia dong theo khong déu dén md men
thay dong cua chong chéng) co vai trd rat
quan trong trong qué trinh thiét ké tau boi no
lién quan dén viéc xac dinh chinh xac cong
sudt may dé tau dat duoc téc do dé ra, ngoai
ra sy hiéu biét vé ching s& cho phép ta danh
gia duoc sy twong thich va phdi hop cong tac
cia co hé: Than tau - thiét bi day (chong
chéng) — may chinh trong qué trinh thiét ké
va khai thdc dudi goc do an toan va tinh Kinh
t6. Nhu ching ta d4 biét, mic du phuwong
phap thir md hinh tau trong bé thir van R
phuong phap cho két qua tin cay nhit trong
tinh toan sy twong tic gitra chong chong va
than tau. Tuy nhién, viéc thir mé hinh doi hoi

thoi gian cling nhu chi phi rat lon (do phai
ché tao md hinh vat ly dé thar). Chinh vi vay
nguoi ta chi 4p dung phuong phap nay sau
giai doan thiét ké phuwong 4n nghia 1d da tim
ra dwgc phurong an thiét ké toi wu cho tau.
Ngay nay, v6i sy phat trién manh mé cua
may tinh dién ta, viec st dung CFD
(Computational Fluid Dynamics) dé giai
quyét cac bai toan thuy dong hrc hoc tau thiy
trong giai doan thiét ké phuong &n di va
dang dugc ap dung rong rai trén thé gIUI boi
né mang lai két qua twong ddi chinh xac so
voi két qua thir md hinh ciing nhu ¢6 loi hon
vé mat kinh t& so véi viec the md hinh do
khong phai ché tao md hinh, ciing nhu @ rit
ngin duoc thoi gian tinh toan. Ngoai ra uu
diém nita cua CFD la kha ning dam bao ca
ddéng dang theo sd Froude va sé Reynold
(nghia A ta c6 thé tinh toan bai toan md
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phong tau ca ¢ dang Kkich thuéc md hinh va
dang kich thudc thuc); viec xir ly sau tinh
toan CFD con cung cip cho nguoi thiét ké rat
nhidu théng s6 chi tiét v& dong chay sau than
tu, phan bb ap suit doc than tau, ...gilp nha
thiét ké tim ra duoc phwong an thiét ké t6i wu
cho tau dudi goc @6 thiy dong hrc hoc.

Viéc mé phong chong chéng lam viéc
sau than tau bang phuong phip RANSE da
duoc rat nhiéu cac tac gia trén thé gisi thuc
hién. C6 thé ké ra day mot s6 két qua nghién
ctru dién hinh nhu. Nhom tac gia Villa [1] va
Pacuraru [2] di sit dung RANSE dé md
phong chong chong lam viéc sau than tau, &
day nhom tic gia s dung md hinh dia 4o dé
thay thé cho chong chéng thuc lam viéc sau
than tau. Uu diém ctua phuong phap nay R
tiét kiém duoc thoi gian md phong so Voi
phuong phap md phong chong chong truc
tiép sau than tau [3], [4]. Tuy nhién, nhuoc
diém cua phuong phap ndy la cd do chinh
xac khong cao bang phuong phép md phong
truc tiép chong chong sau than tau. Nhém tac
gia Win [5] da sir dung RANSE Véi sy hd tro
cia phin mém thuong mai CFDSHIP -
JOWA & nghién ctru twong tic giita chong
chong va than tau trén md hinh tau Series 60.
Nhom tac gia Bugalski [6] da sir dung
RANSE dé md phong chong chéng lam viéc
sau than tau bang phuong phap chuyén dong
cua vat ran tuyét doi.

Cé&c nghién ctru dugc chi ra ¢ trén co vai
trd hét stc quan trong phuc vu cho cac
nghién ctu tiép theo trong viéc st dung
phuong phap RANSE vao trong md phong
tinh toan sy twong tac thuy dong gitra chong
chéng va than tau. Tuy nhién cac nghién cau
ndy méi chi dé cap dén viéc xac dinh diém tu
day cua tau théng qua viec md phong bai
todn chong chong lam viéc sau than tau ma
chua d& cap dén viéc tinh toan cac hé sé
twong tac gitra chong chong va than tau boi
viéc xac dinh duoc céc hé sb twong tic nay
theo ITTC [7] ta can phai tién hanh tinh toén
ba bai toan: Bai toan 1 - M6 phong tinh toan
hec can tau; bai toan 2 - M6 phong tinh toan
chong chong ty do; bai todn 3 - M6 phong
chong chong lam vigc sau than tau.

Trong bai bdo nay sé s dung phuong
phap RANSE voi su hd tro cua bo giai Star -

CCM+ dé tién hanh md phong tinh toén ca
ba bai todn néu trén nham xac dinh cac hé sb
twong tac giira than tau va chong chong. Dé
kiém tra do tin cay cua két qua md phong, bai
bdo sir dung m6 hinh tau hang roi ctia Nhat
Ban (JBC) dé tinh toan va so sanh véi két
qua tha md hinh.

2. Mé phéng sb

2.1. Céc thong sé hinh hoc ciia tau
JBC

Tau JBC [a mau tau hang roi duoc Vién
Nghién ciru Hang hai qudc gia Nhat Ban két
hop Véi truong Pai hoc Yokohama va Trung
tim Nghién cu Nhat Ban hop tac thiét ké
phuc vu cho myc dich nghién ctru dong bao
quanh than tau va cho kiém tra két qua tinh
toan bang CFD. Céac sé lieu vé két qua thir
lec can, chong chong tu do, chong chéng sau
than tau ¢ dang md hinh (A = 40) duoc cong
bé trén cac tai lisu [8], [9].

Cac thong s6 hinh hoc cua tau JBC va
chong chong duoc trinh bay trén hinh 1, hinh
2, bang 1 va bang 2.

T—

— —

Hinh 1. M6 hinh tau JBC.
Bdng 1. C4c thong so chu yéu cuatau JBC [8].

Tau
Céc thong sb Tau thwe| mo
hinh
Ty 16 md hinh A - 40
Chieu dfn hai dudng Lo (m) | 280.00 7.00
vudng goc
Chiéu dai duongnu6e| Ly, (M) | 285.00 | 7.125
Chiéu rong tau B(m) | 4500 | 1.125
Chiéu chim tau T(m | 165 | 04125
Thé tich chiém nuéc vV (m) | 17837 | 2.7870
Dién tich mit udt S (m?) | 19556 | 12.222
Hoanh do tim noitinhl  LCB
tr mat phang suon| (%Lpp), 2.5475
gilra fwd+
Hinh 2. Chong

J chong dwoc sur
4 dung cho bai the
chong chéng tir do
va chong chéng
sau than tau.

7
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Bdng 2. C4c thong sé hinh hoc cia chong chéng
trén tau JBC [8].

Cic thong sb Don vi| Gia tri
buong kinh D m 0.203
Ty sb dia Ae/Ao - 05
bBuong kinh tuong
d6i cua cu chong| Dn/D - 0.18
choéng
S canh z - 5
Ty sb buse Po7/D 0.75
Chiéu quay - - | Quay phai

2.2. Thiét lap cac dieu kién tinh toan

Pbi v6i bai toan luc can tau va bai toan
chong chéng sau than tau, viéc thiét lap mo
phong s& duoc thyc hién gibng nhu cac didu
kién trong bé thir wng voi trudong hop thir
1.1a (ddi vé6i bai toan hrc can) va truong hop
1.5a (ddi voi bai toan chong chéng sau than
tau) da duoc néu chi tiét trong [9], cu thé nhu
sau:

Tinh toan tai chiéu chim T = 0.4125 m
V6i thé tich chiém nuéc v = 2.7870 md, sb
Froude Fr = 0.142, s6 Reynolds Re=7.46.10°.
Bai thir lyc can tau duoc thiét lap nhu sau:

- Tau chay trén nudc tinh;

- Tau khéng c6 chong chong, banh i
va thiét bi ESD;

- Do chui dong va chiéu chim dong cua
tau dugc xét dén khi chuyén dong.

Bai thir chong chong sau than tau duogc
thiét lap nhu sau:

- Tau chay trén nudc tinh;

- Tau c6 chong chong nhung khong cé
banh lai va thiét bi ESD;

- Do chii dong va chiéu chim dong cua
tau dugc xét dén khi chuyén dong,

Viéc thiét lap md phong chong chong tu
do s& thuc hién tai cac budc twong ddi J = 0.4
dén 0.8 v6i busc A 0.1. Vong quay cua
chong chéng dugc gitr khong doi la n = 20rps
giong nhu trong bé thtr, budce twong dbi J s&
thay d6i bang cach thay dol toc do tién cua
chong chong. Céc thong s6 V& moi truong
(kh01 lwong riéng, d6 nhot dong hoc) dugc
thiét lap giong nhu trong bé thir that (khdi
luong riéng cta nudc p = 998.2 kg/m3, do
nhét dong hoc cuia nude v =1.107x10°6 né/s)
[9].

2.3. Thiét lap tinh toan

2.3.1. Thiét 1ap mién tinh toan va diéu
kién bién

Trong bai todn m6é phong tinh toan hrc
can tau, do tinh chat ddi xing cua tau qua
mat phing doc tdm nén ¢ day dé giam thoi
gian tinh toan ta chi can md phong mot nira
than tau. Kich thudc ctia mién chat long tinh
toan (bé thir 40) theo hudng dan trong Star -
CCM+ [10] duoc xic dinh nhu sau: Mién
chat long phia truéc tau nam cach tau mot
doan 1.5L tihh tr duong wvuong gbc mii,
mién chat long phia dudi tau nam cach duong
vuong goc duodi tau mdt doan 2.5L, phia day
va phia trén bé thir a0 cach mat thoang chat
long mot doan tuong ung la 2.5L va 1.25L.
Canh bén cua bé thir 40 cach mat phang doc
tAm tau mot doan bang 2.5L.

Trong bai todn md phong céc thong sb
thay dong cua chong chong ty do, mién chat
long tinh todn cé dang lang try, kich thudc
cia n6 dugc xac dinh dua trén dwong Kinh
chong chéong. Theo huéng dan cua ITTC
[11], kich thudc cua bé thrr a0 duoc xac dinh
nhu sau: Puong Kinh ctia mién chat long tinh
toan gip bén lan duong kinh chong chéng
(D), dong dén chong chong (inlet) cach
chong chong mot khoang bang 4D, dong sau
chong chong (outlet) cach chong chdng
khoang bang 3D.

Outer boundary
(S_\‘mnmn?' plane)

!

Inlet (\"pln_(“lt;' inler) J

Outlet (Pressure
outler)

Hinh 3. Mién chdt long tinh todn va diéukién bién
duwoc ap dung trong bai toAn mé phdng
chong chéng tw do.
Bdng 3. Loai diéukién bién duwoc sir dung trong bai
toan tinh lyc can va chong chdng sau than tau.
Céc phan caa bé thir 40, tau Loai dieu kién
va chong chéng bién
Mién chat long phia trudc,
dudi va trén tau
Mién chat long phia sau tau
Mién chat long phia bén tau Symmetry plan
Than tau, chong chong No —slip
Doi véi bai toan m6 phong chong chong
sau than tau, ta can phai md phong toan bo
than tau. Mién cht long tinh toan trong bai
todn nay gom hai mien: Mien chat long tinh
bao quanh toan bd tau c6 kich thudc nhu

Velocity inlet

Pressure oulet
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trong bai todn md phong hrc can tau; mién
chat long quay nam bén trong mién chit long
tinh bao quanh chong chong va c6 dang hinh
lang tru (xem hinh 6).

biéu kién bién duoc &p dung cho bai
todn md phong lec can va chong chéng sau
than tau dwoc lra chon nhu trén.

Déi v6i bai todn md phong chong chéng
tr do didu kién bién velocity inlet duoc sir
dung cho mién chat long phia truéc chong
chong, Pressure outlet dugc ap dung cho
mién chat long phia sau chong chéng,
Symmetry plane duoc 4p dung cho mién chat
long & mat bén chong chong, No - slip wall
duoc ap dung cho canh, ca va truc cua chong
chong (xem hinh 3).

2.3.2. Chia luwéi

Trong md phong tinh toan thuy dong hrc
hoc tau thuy néi chung biang RANSE ta can
phai hra chon ba nhom heéi gom: Ludi bé
mat, eéi khdi va hréi ling tru. Ludi bé mat
(Surface mesh) ding dé chia bé mat than tau
va chong chéng ra thanh cac bé mat hiru han.
Luéi khéi (volume mesh) duoc st dung dé
chia mién chat long tinh toan ra thanh céc
phin tir thé tich hitu han. Lu6i lking try
(prism layer) 1a md hinh hréi khéi duoc st
dung dé giai lop bién bao quanh tau va chong
chong. Loai lwdi khdi duoc sir dung trong ca
ba bai toan nay [ lwdi sdu mit (trimmer). Dé
giam s6 lwong Iudi xudng trong khi van duy
ti dwgc do chinh xac can thiét trong tinh
todn, ta s€ tang mat do ludi Bn tai vi tri
quanh tau, phia mii va dudi tau (& mod
phong dugc chinh xac hinh dang song phia
mii tiu va dong theo phia duodi tau); tai bé
mit thoang cua chat long (d& c6 thé md
phong dugc chinh xac song kelvin); tai vi tri
gan chong chong, dic biet 1 tai vi tri cac
mép cua canh chong chong.

Két qua chia hréi trong bai toan mbd
phdng, tinh toan luc can tau, chong chong tu
do va chong chong sau thdn tau dugc trinh
bay trén cac hinh 4, hinh 5 va hinh 6.

a) Cdu triic ludi trén toan bé mién tinh todn.

b) Cau triic luci tai mat thoang chatlong.
Hinh 4. Cau tric luci trongmb phdong
tinh toan lyc cdntau.

Hinh 5. Cdu tric Ledi t'rolng md phéng
chong chéng ty do.
Mién chit long tinh bao quanh toin midn
inh tod -
[ m\ Hinh 6.
Rty Cau tric
ludi trong
md phaong
chong
chong

" : sau than
- tau.

Mifn chit long quay bao
quanh chong chong

2.3.3.Lwa chon md hinh vat ly

M& hinh vat Iy duoc sir dung trong mé
phong lyc can tau va chong chéng sau than
tau la Unsteady Reynolds Averaged Navier -
Stokes equations (URANSE) voi md hinh




27

TAP CHi KHOA HOC CONG NGHE GIAO THONG VAN TAI, SO 30-11/2018

dong réi la SST K - Omega. Phuong phép thé
tich chat long VOF duoc sir dung de md
phong mat thoang chat Iong, chuyén dong
cua than tau (theo phuong thang dang 0z va
quay quanh tryc Oy) duoc tinh dén bang viéc
su dung lra chon su cén bang trong tuong tac
thay dong giira chat long va than tau DFBI
trong Star - CCM+ Phuong phéap chuyén
dong cua vat ran tuyét ddi duoc s dung
trong mé phong chong chéng lam viéc sau
than tau, chuyén dong quay cua chong chong
dugc md phong bang viéc sir dung ki thuat
luéi truot.

Trong md phong chong chong tu do, do
dong dén chong chéng 1a dong uniform nén
dé rit ngan thoi gian tinh todn, & day s& s
dung md hinh vat ly Steady RANSE voi viéc
st dung phuwong phip toan mién chat long
quay dé tinh toan céc théng sb thiy dong cua
chong chong, bdi mirc d6 chinh xac ciing nhu
thoi gian tinh toan t6t hon so véi cac phuong
phap khac [12].

2.3.4. Luc chgn bwéc thoi gian tinh
toan

Mot trong nhitng yéu t6 c6 anh huong
lon d&én do chinh xac cua két qua thu duoc do
la viec lra chon budc thoi gian tinh toan cho
md hinh vat ly unsteady.

Déi véi bai todn md phong tinh todn hrc
can tau, budc thoi gian tinh toan duogc lya
chon dua trén chiéu dai va toc do tau theo
cong thuc [13]:

= 0.005 ~ 0.01L/V (1)

O day: V la toc do tau, L a chiéu dai tau.

Déi v6i bai toan md phong chong chong
sau than tau, do su hoi tu sb rat kho dat duoc
nén theo khuyén nghi ciia ITTC [13] budc
thoi gian can hra chon nhu thé nio do dé
chong chong quay duoc mot do trén mot
budc thoi gian.

3. Két qua md phéng

3.1. Xac dinh sy hgi tu cta lwéi

Mot trong nhitng sai s6 ¢ thé xuat hién
khi tinh toan bang phuong CFD d6 chinh 1
sai s6 do ludi gay ra (sai s6 do su roi rac
héa). Chinh Vi vdy, dé tranh sai s6 do Wréi
gay ra thi budc dau tién trong tinh toén ta can
phai nghién ctu su hoi tu cta lrdi nghia la
xac dinh sb lrong luéi can thiét dé két qua
tinh toan thu dugc doc lap véi viée ting

tiép s6 lwong luGi IBn. Ludi duoc coi R
hoi tu néu viec ting tiép sO hrong Mdi
trong tinh todn van thu duoc két qua twong
tu hoic khac nhau rat ft so véi viec su
dung Kich thuéc Iuéi l6n hon ¢ lan trudc
d6. O day viéc nghién ciu sy hoi tu cua
luéi s€ duoc thuc hién & ba kich thuéc
réi khac nhau voi ty 16 thay dbi do min
cia lu6i & rg=+2(ddy la gid tri duoc
khuyén nghi bai ITTC[14]). Theo d6, ba kich
thudc hrdi duoc sir dung trong nghién ctu sy
hoi tu cia hréi gom hréi manh, hrdi ¢& trung
va lu6i min twong Gng voi s6 hrong ludi
duoc str dung trong md phong tinh todn hec
can tau lan lrot & 0.696, 1.315 va 2.345 triéu
lugi. Trong mé phong chong chong tu do la
0.852, 1.568 tri¢u hudi tai budc twong ddi J =
0.5.

Su thay d6i vé két qua tinh khi st dung
lrdi cd kich thudc khac nhau vi du gitra ludi
min va hrdi ¢& trung e12, ledi ¢ trung va hedi
thd e23 duwoc xac dinh theo cong thuec:

£,=(S,-S,)1S,6,,=(S,—-S,)/S, 2)

Trong d6 S1, S2, S3 I két qua tinh cac
thong s6 lyc can va thuy dong cua chong
chong tu do twong tng khi st dung wdi min,
lwdi €& trung va hedi manh.

Sai s6 gita két qua md phong S (CFD)
va thuc nghiém trong bé thar D (EFD) duoc
xac dinh theo cong thirc:

(D-5S)
D

E%D = .100% (3)

Két qua nghién ciru su hoi tu cta hudi cho
bai toan hrc can va chong chdng tu do duoc
trinh bay trén bang 4 va bang 5.

Bdng 4. Két qud nghién cizu si héi tu cua ludi tai
tée dé Fr = 0.142.

Kich thwdre heai
. .+ |EFD{D)
Cac thong so . Ludicd | Lwdi | en% | g%
8 9 Luwdi manh wote ; e n
trung min
| Giatg | 4.289 4.392 4370 4350 | -0.50 | -046
Cxl0?
E%D ! -2.401 -1.889 | -1.421 /
Gid tri ! 3112 3.150 3161 | 1.21 0.35
Cpxl0? - - -
E%D f f / /
Gid trj f 1.280 1.220 1.189 | -492 | -2.61
Cpxl?
E%D / / f f

Hinh dang séng va phan bo 4p suit tai
khu vuc phia dudi tau khi su dung luedgi min
dugc trinh bay trén hinh 7 va hinh 8.
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=V

Position{Z] (m)
00044111 0.026362 0.048313 0.070263
]

Hinh 7. Hinh deng séng bé mat do tautao ra.

R

0.039490 0.017540

Hinh 8.
Phanbé
ap sudt
phia
duditau.

Z/Lpp
0.0120
0.0100
0.0080
0.0060
0.0040
0.0020
0.0000
0.0020
0.0040
00060
0.0080

Hinh 9.
Profile
song doc
than tau.

02 0 01 04 06 0% 1 12
x/Lpp

T két qua thu duoc trén bang 4 va bang
5, ta thiy két qua tinh todn cac hé sb hrc can
cua tau va cac thong sé thuy dong cua chong
chong thay doi mot cach don diéu véi mat do
lwéi (su thay d6i vé két qua khi st dung ludi
manh so Vvoi ludi cd trung €23 lon hon so voi

dbi véi bai toan chong chéng tu do khi sir
dung hrdi min). Chinh vi vay s€ str dung hrdi
min dé nghién ciru md phéng chéng tu do &
cac bude twong ddi khac nhau va trong md
phong chong chdng sau than tau.
Bdng5. Két qua nghién cdg su hoitu cua ludi tai
budc tuong doid = 0.5.

Kich thudc ludi
s EFD —
L (D) Lud £32 Yojg12 %0
thong so [9] Ludi co Luwdéi
manh | trung | manh
Gia 10.179| 0181 | 0.1805| 0.1803] -0.28| -0.11
Kr| tn 8
E%D| / | 067] 039|028 / | /
=
'3 10.2471  9413| 0.243 | 0.2445| 0.70| 0.61
Ko| tri 9
E%D| / | 266 | 198 | 137 | / | /
?‘?‘ 0577) 0597 | 0501 | 05587 | -0.98] -0.73
o n 1
E%D| / | 343| 243 | -168| / | /

3.2. Két qua md phéng chong chéng tw
do

Két qua md phong tinh toan céac thong sé
thay dong cta chong chong tuy do tai cac
budc twong ddi J tir 0.4 dén 0.8 ¢o su so sénh
voi két qua thir mo hinh duoc trinh bay trén
bang 6 va hinh 10.

su thay doi V@ két qua tinh thu duoc gitra e = — Hinh 10.
co trung va hréi min e12 ) VA sy thay déi v& Ket qua mo
két qua tinh khi st dung cac kich thuée Wi .. soem  phongtinh
khac nhau 13 twong ddi nho, dic bigt B & uoi o IR anged
co trung va ludi rnln (Chi trénh nhau dudi 02 4 \x—e—wﬁiwn' thuy dong
1%). Ngoai ra né con cho két qua saisé rat cua chong
nho so voi két qua thir trong bé thir (chi 05 045 055 0% o5 chong tu
1.42% dbi voi bai toan lyc can tau va 1.68% do.
Bdng 6. Két qua md phong cac thong sé thiy déng cia chong chéng tu do.
Kt 10Ko 10
J [erD 9] CFD | 6D [%]| EFD [9] | CFD |E% D [%]] EFD [9] | CFD |E%D [%]
04 | 02214 | 0227 247 02871 | 0281 212 04909 | 05143 | -48
05 | 01798 | 0.1803 | -0.28 02479 | 0.2445 | 137 05771 | 05868 | -1.7
06 | 01349 | 01358 | -0.66 02027 | 0203 | 015 | 06354 | 06388 | 05
0.7 | 00867 | 00905 | -4.20 01509 | 0154 | -2.05 064 | 06547 | -2.3
08 | 00353 | 00371 | -4.85 00921 | 00905 | 1.74 04879 | 05220 | 7.0
3.3. Kétqua mo phéng chong chong ~ mien chat long quay bao quanh chong

sau than tau

Viec md phong chong chong sau than
tau s€ duoc thuc hién voi viéc st dung ludi
min. Tong s6 hrong lwéi duoc s dung trong
bai todn nay la 6.8 trigu ludi (4.5 tricu ludi
cho mién tinh toan tinh va 2.3 triéu lréi cho

chong). Biém tr ddy coa tau s& 1 diém ma
tai d6 hrc can tau bang véi hee ddy do chong
chong tao ra. Trong thuc t& md phong chong
chong sau than tau rat kho dé ta cd thé thu
duogc didu kién ndy chi trong mot lan chay
ngay ca trong bé thir cing twong tw. Chinh vi



29

TAP CHi KHOA HOC CONG NGHE GIAO THONG VAN TAI, SO 30-11/2018

vay, thong thuong ngudi ta s& phai tién hanh
md phong tai toi thiéu hai lan chay véi su
thay doi vong quay cua chong chéng con toc
do tau thi gira nguyén. Tur két qua thu dugc
& hai lan chay ta s& tién hanh noi suy tuyén
tinh dé tim ra diém tu diy cua tau. Trong
truong hop md phong tau md hinh, ta can
phai thém vao lrc hiéu chinh ma sat (Skin
Friction correction SFC, lgc nay tinh dén su
khac nhau vé hé sb lyc can ma sét giira tau
md hinh va tau thuc) [7], khi d6 diém ty day
cua tau duoc xac dinh theo céng thirc:
T =R — SFC (4)

O day SFC = 18.2 N (két qua thu duoc
tr visc thr md hinh [9]), T & hrc ddy cua
chong chéng lam viéc sau than tau; Rrsp) la
hrc can cua tau. Chi s SP ki higu cho truong
hop khi c6 chong chong lam viéc sau than
tau. Két qua tinh toan sy thay ddi hrc can va
lrc ddy cua tau ¢ tbe do V =1.179mvs tai hai
vong quay khac nhau cua chong chdng (n =
7.7 va n =7.9 rps) dugc trinh bay trén bang 7
va két qua xac dinh diém tu day cua tau duoc

trinh bay trén hinh.11.
Bdng 7. Két qua tinhtoan tei hai vong quay khéac
nhau cua chong chong.

n[rps] | Rrsp) - SFC [N] T [N] 10K o(sp)
1.7 234 22.9 0.292
79 24.47 24,52 0.294

T. Rrspy [N]
240 Diém ty dy cua tau Hi nh 11.
233 g Két qua
23.0 xdc“d,inh
225 - diéI’T) tw
220 B e RT(SP)SFC day
215 -=-T cuatau
21.0 . : . mo hinh.

7.6 77 78 79 8

n [1ps]
3.4. Két qua tinh toan cac hé sé twong
tac gitra chong chong va than tau
Duya trén két qua tinh toan diém tu day
cla tau, ta xac dinh cac hé sd twong tac thuy
dong gitra tau va chong chdéng theo cac cong
thare sau:
- Hé s6 hec hat t [7]:
_T+SFC-R; 5)
T
Hé s6 dong theo wr va hé sb ké dén sd
anh huong ctia dong theo khong déu dén md
men thuy dong cta chong chéng nr duoc Xac
dinh dya trén phuong phép coi hé s6 hre day

cua chong chéng tu do va chong chong sau
than tau 1 nhu nhau (thrust identify method)
[7], [15]. Khi d6 cc hé sb ndy duoc xac dinh
theo cong tharc sau:

- Hé s6 dong theo [15]:

W =1- 20 6)
‘]SP

- Hé s6 anh huong cia dong theo khong
déu dén md men thiy dong cua chong chong
[15]:

K

Q0
Mo = — ()
Kacse)

O day: Jo va Kgo 1a budc trong ddi va
hé s6 md men cua chong chéng tu do thu
duoc tor hinh 12; Jsp and Kqesp) 1a budc
twong d6i va hé s6 md men cua chong chong
[am viéc sau than tau thu dugc dua trén diém
tw day cua tau.

_ Hinh 12.
ml‘?{‘g & Phuong phap
xac dinh Jo

Kqo ter duong
cong dac tinh
chong chong
twr do theo
phuong phap
thrust identify

[15].

Trén bang 8 trinh bay két qua tinh toan
su tuong tac thuy dong gitra chong chong va
than tau co su so sanh Véi két qua thir.

Tur cac két qua thu duoc ta thdy, két qua
md phong bang CFD cho sai sb twong dbi
nho so vai két qua thir. Hinh anh vé sy twong
tac gitra chong chong va than tau dugc trinh
bay trén hinh 13 va hinh 14.

Qua d6 ta thiy do anh huong cua chong
chong di lam cho truong ap suit phia sau
thdn tau giam xudng so voi khi khong c6
chong chong (xem hinh 8, hinh 13). Tu do
dan dén lam ting lyc can ap suat tau (hrc can
4p suat than tau khi co chong chong lam viéc
lon hon 1.4 lan so voi khi khong c¢6 chong
chong, xem bang 8). Truong dong theo phia
sau thdn tdu cing anh huong manh dén
chong chéng (xem hinh 14).

Kr
Ka
n
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Bdng 8. Két qua tinh toan cac thong sé thuiy déng
twong tdc gira chong chéng va than tau tai toc do

V=1.179 m/s
Parameter EFD (D) CFD (S) | 20D
Rrsp)y [N] 40.79 41.60 -1.99
Re(sp) [N] - 14.72 -
Rrsp)y [N] - 26.88 -
Rt [N] 36.36 36.88 -1.43
Re [N] - 10.08 -
Rr [N] - 26.8 -
n [rps] 78 7.88 -1.03
TIN] 22.56 234 -3.72
Kr(sp) 0.217 0.222 -2.45
Ka(sp) 0.0279 0.0288 -3.23
Koo 0.0283 0.0293 -3.53
SFC 18.2 18.2 0.00
Jo 0.408 0.405 0.74
Jsp 0.745 0.737 1.02
t 0.109 0.113 -4.47
w 0.452 0.451 0.34
nR 1.014 1.017 -0.298
Hinh 1’3.
Phép bo ap
. suat phia
‘ ' ~ duditaukhi
M 0N
Pressure (Pa) chénglam
O.DDEE0.00 1600.0 24000 3200.0 200.0 Vl éC .
® Hinh 14,
Truong toc
do huong
- truc phia_
‘ duéi tdl{ tai
. mgt phang
& SRR doc tam tau.

4. Kétluan

Bai bao da thanh cong véi viéc su dung
phuong phap RANSE trong m6 phong, tinh
todn su tuong tac thuy dong gitta than tau va
chong chong. Pé thu duoc cac hé sb tuwong
tac bai bao da tién hanh giai quyét md phong
ba bai toan gdm: Luc can tau, chong chong
tw do va chong chéng sau than tau co6 tinh
dén chiéu chim dong va do chai dong cua tau
khi chuyén dong.

Két qua md phong, tinh toan cac thong
s6 hé s6 hec hat (t), hé s6 dong theo (wt) va

hé so ké den anh huong cua dong theo khong

déu dén md men thiy dong cua chong chong

(nr) cho sai so rat nho so voi ket qua tha

(dudi 5%) O
Tai li¢u tham khao

[1] \Villa, D., S. Gaggero, and S. Brizzolara. Ship
Self Propulsion with different CFD methods:
from actuator disk to viscous inviscid unsteady
coupled solvers. in ThelOth International
Conference on Hydrodynamics. 2012.

[2] Pacuraru, F., A. Lungu, and O. Marcu. Self
Propulsion Simulation of a Tanker Hull. in AIP
Conference Proceedings. 2011. AlP.

[3] Wehausen, J.V. and E\V. Laitone, Surface
waves, in Fluid Dynamics/ Strémungsmechanik.
1960, Springer. p. 446-778.

[4] Zhang, N. and S.-l. Zhang, Numerical simulation
of hull/propeller interaction of submarine in
submergence and near surface conditions.
Journal of Hydrodynamics, 2014. 26(1): p. 50-
56.

[5] Win, Y.N., et al., Computation of propeller-hull
interaction using simple body-force distribution
model around Series 60 CB= 0.6. Journal of the
Japan Society of Naval Architects and Ocean
Engineers, 2013. 18: p. 17-27.

[6] Bugalski, T. and P. Hoffmann. Numerical
simulation of the self-propulsion model tests. in
Second International Symposium on Marine
Propulsors smp. 2011.

[7] https://ittc.info/media/1587/75-02-03-011.pdf.

[8] http://www.t2015.nmri.go.jp/jbc_gc.html.

[9]http://www.t2015.nmri.go.jp/Instructions_JBC/instr
uction_JBC.html.

[10] CD-ADAPCO.  User

Version 13.02. 2018.
https://www.ittc.info/media/8169/75-03-03-

01.pdf.

[12] Tran Ngoc Tu, N.M.C., Comparison Of Different
Approaches For Calculation Of Propeller Open
Water Characteristic Using RANSE Method.
Naval Engineers Journal, 2018. Volume 130,
Number 1, 1 March 2018, pp. 105-111(7).

[13]. ITTC 2011b Recommended procedures and
guidelines 7.5-03-02-03.

[14]. ITTC-Quality Manual 7.5-03-01-01,2008

115]. Molland, A.F., S.R. Turnock, and D.A. Hudson,
Ship  resistance and propulsion. 2017:
Cambridge university press.

Ngay nhan bai: 15/10/2018

Ngay chuyén phan bién: 18/10/2018
Ngay hoan thanh sira bai: 8/11/2018
Ngay chap nhén diang: 15/11/2018

Guide STAR-CCM+,

[11]



http://www.ittc.info/media/8169/75-03-03-01.pdf
http://www.ittc.info/media/8169/75-03-03-01.pdf



