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TOM TAT: Bai bao st dung phuong phap CFD vao
tfrong mé phdng, tinh toan luc can tau ngdm & 3
ché d& gdm: Ché d6 chay ndi, ché d6 chay ngdm
sat m&t nudc va ché dé chay ngdm hoan toan & cac
t6c d6 khac nhau. Su thay ddi cac thanh phan luc
can tau khi chay & 3 ché d6 khac nhau duoc dua
ra va phan tich trong bai bao. Ngoai ra, bai bao con
dua ra cac hinh dnh vé dong chdy bao quanh than
tau ngdm dé 1am ré hon su thay déi luc can tau khi
chay & cac ché do6 khac nhau. Két qua mo phong
& ché dé chay ngdm hoan toan cla tau cho sai s&
rat nhé so véi két qua tha mé hinh trong bé thi. Mé
hinh tau ngdm duoc st dung trong nghién clu Ia
méd hinh tau ngdm DARPA SUBOFF.

TU KHOA: Luc can, tau ngdm, CFD, ché do
chuyén dong.

ABSTRACT: The paper uses CFD method to
predict the submarine resistance in three different
operating regimes: emerged, near free surface
and submerged at different speeds. The variation
in resistance components under three different
operating regimes is provided and analyzed in this
paper. Moreover, the paper also provides images
of the flow around the submarine's hull to further
clarify to change the ship's resistance component
in different regimes. The numerical obtained results
show that, the simulation results in submerged
regime show good agreement with experimental
data. The submarine model used in this study is
the DARPA SUBOFF submarine model.

KEYWORDS: Resistance,
operating condition.

submarine, CFD,

1. DAT VAN DE

Viéc xac dinh luc can tau vai dé chinh xac can thiét la
bai toan hét stic quan trong trong thiét ké tau n6i chung va
tau ngam néi riéng bdi nd lién quan dén viéc thiét ké dung
chong chéng, Iua chon ding cong sudt may can thiét dé
tau dat dugc toc dé thiét ké dé ra.

DaGi vé6i tau ngdm trong qua trinh khai thac, né cé thé
hoat déng & ba ché& dd khac nhau gém: Ché dé chay ndi

trén mat nudc, ché d6 ngam chay sat mat nuéc (ché do
kinh tiém vong) va ché d6 chay ngam hoan toan duéi
nudc. Ung véi moi ché d6 khai thac khac nhau cda tau thi
ma&i quan hé gilra cac luc can thanh phan cua tau sé khac
nhau. Vi du, khi tau ngdm chay & ché d6 néi hoac chay
ngam sat mat nudc sé xuat hién thanh phan luc can séng
do anh hudng clia mét thoang chat long trong khi chay &
ché& d6 ngam thi khong c6 thanh phan luc can nay [1].

Viéc ing dung CFD vao trong viéc mo phong tinh toan
lyc can tau ngam da dugc nhiéu tac gia trén thé gidi thuc
hién [2-7]. Tac gid Dogancan Uzun cling cac cong su [3] da
tién hanh nghién cru &nh huéng ctia rong réu ha bam dén
su thay d6i cac thanh phan luc can, cong suat cé ich va
dong theo clia tau ngam hoat dong & ché dé chay ngam.
K&t qua nghién ctiu dugc nhém tac gia doi sanh véi két qua
thi trong bé thir & truding hop tau khéng cé d6 nham. Tac
gia Dong Li cung cac céng su [7] da ti€n hanh mo6 phong
tinh toan luc can tau ngam khi hoat déng & ché dé sat mat
nudGc véi cac dé sau khac nhau. Két qua nghién clu duara
suthay d6i vé luc can tau, hinh dang séng, phan bé ap suéat
trén bé mat than tau ngam khi chay gan mat nuéc véi cac
do sau khac nhau.

Bai bdo nay, trén co sG ké thira cac két qua nghién ciu
di trudc sé tién hanh mo phong tinh toan luc can tau ngam
& ba ché d6 khai thac nhu da néu 6 trén bang phuong phap
CFD. Su thay d6i vé cac thanh phan luc can va dong chay
bao quanh tau ngam khi chay & cac ché dé khac nhau sé
dugc chi ra va phan tich trong nghién ctru nay. Doi tugng
nghién ctu dugc st dung trong bai bdo nay la mé hinh tau
ngam DARPA-SUBOFF.

2. MO PHONG, TiNH TOAN LUC CAN TAU NGAM &
CAC CHE PO KHAI THAC KHAC NHAU

2.1. Gi6i thiéu vé mé hinh tau ngam DARPA-SUBOFF

M6 hinh tau ngam DARPA SUBOFF do Phong Carderock
thudc Trung tam Naval Surface Warfare center va bé thi
Hydronautics Ship tién hanh thiét k& va thi nghiém. Tau
c6 cac thdng sé chi yéu nhu sau: Chiéu dai 4,356 m, dudng
kinh than tau 0,508 m, chiéu dai ctia dai chi huy la 0,368 m.
Hinh dang 3D cla tau DARPA SUBOFF dugc trinh bay trén
Hinh 2.1, cac két qua th mé hinh clia tau nay & ché do chay
ngam dugc dua ra trong tai liéu [8].
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2.2, Cac truong hop tinh

Trong nghién clru nay, nhém tac gia thuc hién viéc mé phéong ché dé ndi & chiéu chim bang %2 chiéu cao than chinh
cla tau, ché d6 chay sat mat nudc vai do sdu bang chiéu cao than chinh (tinh tir g6c¢ toa d6) va ché dé chay ngam dugc thé
hién nhu trén Hinh 2.1. Dai toc d6 tinh toan: Tinh toan & 5 téc dé gom: 3,05, 5,144, 6,1, 7,16 va 8,23 m/s. Tau chay trén nudc
tinh véi khéi lugng riéng clia nudc p = 998,67 kg/m? va d6 nhét dong hoc clia nudc la v = 1,080.10° m?/s.

Mat thoang chat long
Che d¢ chay noi
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Hinh 2.1: Mé hinh tau ngdm va cac truong hop tinh & trang thai chay néi va chay & ché dé sat mat nudc

2.3.Thiét 1ap mé phong sé

Dai véi bai toan md phéng tinh toan luc can tau ngdm khi chay néi va chay & ché dé sat mat nudc mién chat 1dng tinh
toan sé gém c6 2 pha (I6ng va khi). Khi d6, kich thudc mién tinh toan sé dugc xac dinh giéng nhu d6i vai bai toan tinh toan
Iuc can cho tau ndi théong thudng. Theo d9, kich thudc mién tinh toan dugc xac dinh theo hudng dan cla Hiép hoi BE thi
qudc té (ITTC) [9] Ia mot ham s6 phu thudc vao chiéu dai tau nhu thé hién trén Hinh 2.2a. Trong trudng hgp tau chay ngadm
(khoadng céch tur day tau ngam dén day bién 16n han % 1an chiéu dai tau va khodng cach tir diém cao trén dai chi huy dén
mét thoang I6n hon 1/3 lan chiéu dai tau [10]). Lic nay anh hudng clia mat thoang ciing nhu anh hudng ctia d6 sau dén
luc can tau la bang 0 [10]. Trong trudng hop nay, mién tinh todn sé chi cé mét pha la pha léng (nudc) [11, 12] va kich thuéce
clGa mién tinh toan dugc xac dinh nhu trén Hinh 2.2b [11].
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Hinh 2.2: Kich thuéc mién tinh toan khi tau dp dung cho truéng hop tau ngdm hoat déng & 3 ché dé khac nhau

Loai diéu kién bién dugc &p dung véi mién tinh toan trong tinh toan luc can tau ngam & ché dé chay néi va ché d6 sat
mat nudc lua chon nhu sau: Bién phia trudc (inlet), bién phia trén (top) va phia duéi (bottom) sé st dung diéu kién bién la
téc dd dong dén (velocity inlet), bién phia sau - ap suat dau ra (pressure outlet), mat doi xiing (symmetry) va bién phia hong
(side) - mat doi xtiing (symmetry plane) [7]. Loai diéu kién bién ap dung déi véi mién tinh toan khi tau chay ngam la: Bién
phia trudc la téc do dong dén (velocity inlet), phia sau - ap suat dau ra (pressure outlet), phia trén, dudi, mat hong - mat doi
xung (symmetry plane) [4]. Loai diéu kién bién dugc ap dung déi véi tau ngam la tusng khong truot (No-slip wall).

Loai lugi dugc st dung dé chia mién chat 1dng ra thanh cac thé tich hitu han 13 ludi luc dién, lugi lang tru dugc sir dung
dé& méd phéng I16p bién bao quanh tau ngdm, ludi bé mat dugc st dung dé chia bé mat than tau ngdm ra thanh cac bé mat
hiru han. Lugi sé dugc lam min tai cac vi tri quan trong nhu (khu vuc gan than tau, khu vuc mi, duéi va dai chi huy). Két qua
sau khi chia lugi dugc trinh bay trén Hinh 2.3. Mé hinh vat ly dugc st dung trong mé phdng dong bao quanh tau ngam la
mo hinh chat long thuc RANSE. Mé hinh dong r6i dugc st dung trong bai bao 1a mé hinh dong réi SST K-omega béi theo [4]
day la mot trong nhirng mé hinh dong réi cho két qua gan véi két qua thir nhat so véi viéc st dung cdc moé hinh dong roi
khac. Phuang phap thé tich cht 16ng dugc sir dung d€ mé phdng tucng tac gilia hai pha nudc va khéng khi khi tau hoat
déng & ché d6 chay néi va ché do sat mat nudc.

I 1 T TTTTLT

i mt thodng chat lon,

T i i R Fii i
¢) - Chay ngam d) - Lui tai mit thodng chdt léng khi chay néi va
gdn mdt nwéc

Hinh 2.3: Két qua chia ludi
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3.KET QUA MO PHONG
Két qua mé phong tinh toan luc can tau ngam & 3 ché d6 khai thac khac nhau dugc trinh bay trén Bdng 3.1 va cac hinh
tor3.1 dén 3.4, trong d6 c6 su so sanh két qua tinh toan vai két qua thirtrong bé thir & ché do chay ngam (cac ky hiéu R, R,
R, & day lan lugt la luc cdn toan phan, luc cdn ma sat va luc can 4p suat). Tir két qua thu dugc trén Bdng 3.1 va cac Hinh tir 3.1
dén 3.4, ta c6 thé dua ra mot s6 nhan xét sau:
Bang 3.1. Bang két qua tinh toan luc can tau ngdm & 3 ché dé cé su so sanh véi két qua thir

Két qua mé phéng tinh toan Két qua tha
% sai s6
Vm/s] Chay ngam Chay néi Chay kinh tiém vong Chay ngam
R, IN] R.IN] R, IN] R, IN] R.[N] R, IN] RIN] | RIN] | RN R, IN] DR, [%]
3.05 105,80 89,05 16,75 167,560 47,48 120,08 239,47 90,64 148,83 102,30 3,42
5,10 286,38 237,98 48,40 359,012 199,75 159,27 449,50 241,60 207,90 283,80 0,91
6,10 394,98 328,51 66,47 466,726 290,96 175,76 512,14 329,80 182,34 389,20 1,48
7,16 528,73 438,20 90,53 599,478 402,97 196,51 614,49 443,35 171,13 526,60 0,40
8,23 684,55 566,52 118,03 765,500 512,37 253,13 751,72 573,38 178,34 675,60 1,32

- Két qua tinh todn mé phoéng luc can tau & ché dé chay ngam rat gan so vdi két qua thit mé hinh trong bé thir vdi sai
s6 nam trong dai tur 0,4 dén 3,42%.

- DuGi cing mét téc do, luc cdn toan phan cda tau khi chay ngdm nhé hon so véi khi chay néi va chay sat mat nudc.

- Khi tau chay & ché d6 ngam, thanh phan luc can chinh ctia tau la thanh phan luc cdn ma sat (chiém trén 80% luc can
toan phan cla tau), diéu nay hoan toan phu hop véi két qua nghién ctu dugc chira trong [1].

-Thanh phan luc can ap sudt & ché dé chay ngdm nho hon so véi khi tau chay & ché dé chay néi va ché dé sat mat nudc.
Diéu nay dugc giai thich 1a do khi tau chay & ché dé chay néi va sat mat nudc, thanh phan luc can &p suét cta tau ngoai
thanh phan nhot con c6 thém thanh phén tao séng do anh hudng ctia mat thoang chat 16ng, tir d6 dan t6i thanh phan luc
can ap suat & hai ché do nay I6n hon so véGi ché dé chay ngam (Hinh 3.4). Ngoai ra, trén Hinh 3.4 ta con quan sat thay buéu
stic can ap suat tai toc dé 5,1 m/s khi tau chay & ché dé sat mat nudc. Két qua nay hoan toan trung khép véi cac két qua
nghién clu trong cac cong trinh [13, 14].

- Thanh phan luc cdn ma sat & ché dé chay ni nhé hon so véi & ché dd chay ngam va sat mat nuéce. Trong d6, ché do
sat mat nudc va chay ngadm luc cdn ma sat 6 gia tri gan nhu nhau (Hinh 3.3). Diéu nay c6 thé dugc gidi thich mét phan la do
thanh phan luc can nay phu thudc vao dién tich mat vé tau. & chay ngam va chay sat mat nudc, dién tich mat ust vo tau la
giéng nhau va I6n han so véi dién tich mat uét vé tau khi chay néi.

Cac hinh anh vé su khac nhau & dudng dong bao quanh than tau, phan b6 ap suat déng, Ung suat tiép & ba ché do
chuyén ddng khac nhau va hinh dang séng do tau tao ra khi chuyén déng & ché do chay néi va sat mat nudc dugc biéu
dién trén cac Hinh tur 3.5 dén 3.8 c6 thé gidi thich cho su khéc nhau vé luc cdn tau ngam khi chay & cac ché dé khac nhau.
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Hinh 3.6: Su khac nhau trong phan bé’
ap sut déng khi tau chay & cac ché dé
khéc nhau tai téc dé V = 3,05 m/s
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Hinh 3.8: Tuong tac giira hai pha nudc
va khéng khi khi tau chay néj va sit mat
nudc tai téc dé V = 6,1 m/s

4, KET LUAN

Bai bdo da ung dung thanh céng CFD vao trong tinh
toan luc can tau ngam hoat déng & 3 ché dé khac nhau.
Su khac nhau trong thiét 1ap mé phéng tinh toan khi tau
chay & 3 ché& d6 khac nhau dugc dé cap dén trong bai bao.
Két qua mo tinh toan thu dugc & ché dé chay ngam rat
gan véi két qua thtr mé hinh (sai s6 dao déng trong dai tu
0,4 dén 3,42%). Phan tich su thay d6i cac thanh phan luc
can clia tau chi ra rang, duéi cing mét téc do, luc can toan
phan clia tau khi chay ngdm nho hon so vai khi chay néi va
chay sat mat nudc; dudi anh hudng clia mat thoang chat
16ng dan dén thanh phan luc can ap suat & ché dé chay néi
va ché do sat mat nudc I16n hon so véi ché do chay ngam.
Ngudgc lai, thanh phan luc cdn ma sat & ché dé chay néi
nho hon so véi & ché d6 chay ngam va sat mat nudc. Trong
do, ché& do sat mat nudc va chay ngam, luc can ma sat co
gia tri gan nhu nhau.
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