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Tém tit

Bai bdo trinh bay két qua nghién ciru dnh hwong
ciia ty s6 chiéu dai trén dwong kinh (L/D) dén luc
can tau ngam khi chay ¢ hai toc do khdc nhau
bang phirong phdp CFD. Trude hét, mé hinh tau
ngam DARPA SUBOFF dwoc sir dung dé kiém tra
dé tin cdy cua két qua mé phong so véi két qua
thuee nghiém. Tiép dé, 04 phwong dn hinh déang tau
ngam cé ty sé L/D khdc nhau dwoc xdy dung trén
co s6 giik nguyén thé tich tau, géc con dudi va dic
diém hinh ddng phia miii tau so véi phwong dn goc
ban dau. Két qua mé phong tinh todn cho thdy,
trong dai ty s6 L/D khdo sdt, mirc d¢ anh huong
ciia ching dén luc can tau dao déng tir -3,07%
dén 6,80% so véi phiwong dn L/D ban dau va
khong phu thugc vao t6c do tau. Thanh phcfn luc
can thay doi 16m nhdt khi thay doi ty sé L/D la hec
can dp sudt. Ngodi ra bai bdo con phan tich sw
khdc nhau vé dong chay bao quanh tau ngam dé
gidi thich ban chat dan t6i sw thay doi cdc thanh
phan lyc can tau khi thay déi ty sé L/D.

Tir khéa: Tau ngam, ty s6 L/D, e can, CFD.
Abstract

The paper discusses the influence of the length-to-
diameter ratio (L/D) on submarine resistance at
two different speeds using the CFD method. First,
the DARPA SUBOFF submarine model was
employed to verify and validate the simulation
results against experimental data. Subsequently,
four submarine hull form configurations with
different L/D ratios were generated while
maintaining the same volume, stern cone angle,
and bow shape characteristics as the initial
model. The simulation results indicate that, within
the investigated range of L/D ratios, their impact
on total resistance varies from -3.07% to 6.80%
compared to the initial ratio L/D configuration

and is independent of submarine speed. Among

the resistance components, pressure resistance
exhibits the largest variation with changes in L/D.
In addition, the paper analyzes the differences in
the surrounding flow field to explain the
underlying mechanisms leading to variations in
the resistance components when the L/D ratio is
altered.

Keywords: Submarine, Ratio L/D, resistance,
CFD.

1. Mé dau

Mot trong nhitng bai toan rat quan trong trong thiét
ké tau néi chung va tau ngam noi riéng d6 1a tdi wu
hoéa hinh dang tau dudi goc do tbi thiéu hoa luc can va
nang cao twong tac giita than tau va thiét bi ddy (ting
hé sb dong theo, giam hé $6 luc hat) nhdm muc dich
tang tbc do chuyén dong cua tau khi cho trude cong
sudt cia may chinh hay giam dugc cong sudt may
chinh khi cho trude toc do tau. Ngoai ra, lyc can tau
con anh hudng dén d6 on thuy am do viée tach 16p
bién) [1] tir &6 anh hudng dén hiéu qua lam viéc cia
cac sensor,.. Nhu vay c6 thé néi rang phan 16n cac
thong sb khai thac ctia tau ngdm déu lién quan dén luc
can. Chinh vi vay, dé nang cao dugc cac thong $6 ky-
chién thuat cho tau trong khai thac thi bai toan tbi wu
hoa hinh déng than tau dudi goc do t6i thiéu hoa luc
can ¢ ¥ nghia hét sirc quan trong.

Trong nghién cuu ciia minh Gertler [2] da dua ra
5 thong s hinh hoc anh huong 16n dén lyc can tau va
can phai toi wu cho tau ngdm nham muc dich tdi thiéu
hoa Iyc can tau gom: Ty so giita chiéu dai trén duong
kinh than tau (L/D); Hinh dang mii tau; Hinh déng
thap chi huy; Hé s6 béo lang try; Vi tri cia sudn 16n
nhit. Trong d6, ty sé L/D 1a thong sb thuy dong hoc
quan trong anh huéng dén lyc can tau [2]. Theo cac
nghién ctru, ty s L/D tbi uu, tai d6 lyc can tau nho
nhat phu thugc vao hinh dang than tau ngém. Vi du,
Déi véi cac tau ngdm c6 hinh dang giot nudc khong
¢6 phan nhd, cac két qua nghién ctru cua Martin
Renilson [1] chi ra rang ty sb L/D t6i wu dudi goc do
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t6i thiéu hoa Iyc can khi tau chay ngdm nidm trong dai
tir 6,0 dén 7,0. B4i v6i tau ngam c6 dang hinh lang tru
tai khu vyc gitra tau, ty s6 L/D t6i uvu ndm trong dai tir
7,0 dén 10,0 [3]. Pbi v6i cac tau ngdm c6 hinh dang
két hop giita hinh giot nudc va hinh ling try chiém
phan 16n chiéu dai tau thi gid tri L/D tdi wu & vao
khoang L/D=8,0 [1]. Tuy nhién cac nghién ctru néu
trén chura giai thich ban chét vat 1y dan toi sy thay doi
lyc can tau khi thay ddi ty s6 L/D.

O trong nude, viée nghién ciru anh hudng cua L/D
dén luc can tau ngém con han ché. Chinh vi vay,
nghién ctru sé tién anh huéng cua ty sé L/D dén luc
can than tau tran (khong bao gdm phan nho) ciing nhu
giai thich chi tiét ban chat vat Iy dan t6i su thay ddi
luc can tau khi thay d6i ty s L/D. M6 hinh tiu ngdm
dugc lya chon trong nghién ciru nay la tau ngﬁm
DARPA SUBOFF ¢ dang ty 1¢ mé hinh.

2. Gi6i thiéu vé tau ngim DARPA SUBOFF

Tau ngdm DARPA SUBOFF do Phong Carderock
thudc Trung tim Naval Surface Warfare Center va bé
thir Hydronautics Ship thiét ké va thir nghiém. Hinh
dang tau tran cia tau duoc trinh bay trén Hinh 1 [4].
Tau c6 chiéu dai va duong kinh 16n nhat lan luot 1a
4,356m va 0,508m. Ty s6 L/D=8,575. Tau c6 tong thé
tich va dién tich mat wot lan lugt 1a 0,708m* va
5,998m?.

—

M4 hinh tau DARPA SUBOFF

0,508

D

L.=1,45 Ln=2,016

Linax=4,356

1=0,89

Hinh 1. Hinh ding tau trdn ciia tiu ngdm DARPA
SUBOFF

3. Phwong 4n thay déi ty s6 L/D va truwong hop
tinh

- Bé x4c dinh anh hudng cua ty sé L/D dén lyc can
tau, ta s& gilt nguyén téng thé tich than tau trin & cac
phuong 4n L/D khac nhau cua tau. Nghia 1a thé tich
than tau 1a mot hang s6 va chi ¢6 ty s6 L/D cua tau 1a
thay doi.

- Pé dam bao cho cac didu kién vé thuy dong la nhu
nhau giita cic phuong an vé ty s6 L/D clia tau thi goc
con dudi va dic diém hinh dang phia miii tau 1a nhu
nhau gitta cac phuong an L/D (dam bao dong chay phia

miii tau va dudi tau tuong ddng véi phuwong 4n ban dau).
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Dé lam dugc didu nay, cac ty s6 I/D va L/D (- 1a chiéu
dai phan mii, , - 13 chiéu dai phan dudi tau) s& giir
nguyén so voi phuong 4n co s¢ ban dau.

Véi cic gia thiét nhu trén, dé nghién ctru anh
hudng cua ty sé L/D dén luc can tau dé tir 46 xac dinh
dugc ty s6 L/D t6i uu dudi goc do ti thiéu hoa luc
can tau, tic gia st dung 5 mé hinh véi cac thong sb vé
kich thudc nhu trén Bang 1.

Bing 1. Théng sé hinh hoc ciia cic mé hinh dwoc sie

dung trong nghién civu anh hwing ciia L/D dén luc

cdn tau ngam

Théng Phwong an tinh toan
s6 1 2 3 4 5

L@m) 3,115 3,742 4,356 4952 5,508
D@m) 0,661 0,566 0,506 0,467 0,437
V(m?) 0,708 0,708 0,708 0,708 0,708
Sm?) 521 573 621 6,63 7,01

LD 4710 6,660 8570 10,610 12,620
Lr(m) 1,163 0,996 0,890 0,821 0,769
Lo(m) 1,894 1,622 1,450 1,338 1,252
Ly/D 1,759

Los/D 2,866

Viée nghién ciru anh hudng cua ty sb L/D dén luc
can tau sé€ thyc hién ¢ trang thai tau lan dudi nude do
day 1a trang thai khai thac va tac chién chinh cua tau.
Tau chay & 2 tde do 1a 3,05 va 8,23 m/s dé co thé so
sanh két qua tinh toan véi két qua thir mé hinh trong
bé thir ciing nhu dénh gia anh hudng cua toc do tau téi
ty s6 L/D t6i wu néu co.

4. Thiét 1ap mé phéng

O ché do chay ngﬁm hoan toan dudi nudce, do
khong chiu anh huéng ctia mét thoang chét long chinh
vi vy mién tinh toan ciia tau s& chi c6 mot pha la nuéce
[5]. Trong trudng hop nay, kich thudc mién tinh toan
dugc xac dinh nhu sau [6]: Tong chiéu dai mién tinh
toan dugc thiét 1ap dai gép 4.5 1an chiéu dai tau. Trong
d6, phan phia truée cia mién tinh toan duge bd tri
cach mili tau 1,5L, con phan phia sau kéo dai thém
3,0L tinh tir dudi tau. Chiéu rong mién tinh toan duogc
chon béng 2,5 lan chiéu dai tau, tinh tir mat phéng doc
tam. Khoang cach tir than tau theo chiéu cao dén bién
phia trén va bién duéi cia mién tinh toan dwoc ldy
bang 9 1an chiéu cao man tau. Trong bai toan du béo
luc can tau ngém & ché d6 chay ngém, cac diu kién
bién dugc thiét 1ap nhu sau: Mt trudce clia bé thir o
ap dung diéu kién 1a velocity inlet, mat sau st dung
diéu kién bién la pressure outlet, cac mat trén, dudi va
hong dugc gan symmetry plane. Luéi luc dién dugce
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sir dung trong md phong dé phan chia mién chit long
thanh cac thé tich hitu han, lu6i prism layer dugc sir
dung dé giai 16p bién bao quanh than tau ngdm. S6 16p
luéi prism layer, cling nhu khoang cach cua 16p ludi
lang tru déu tién dén tuong dugc lua chon dé dam bao
gi4 tri Y+ trung binh 14 30 cho tat ca 5 phuong an xem
xét. Ludi dugce tinh chinh cuc bg tai cac vung quan
trong nhu gan than tau dé c6 thé mo phong chinh xac
dong chay quanh than tau. Dbi v6i bai toan mé phong
tinh toan so sanh, loai luéi, kich thuéce ludi, cach chia
ludi duge thiét 1ap nhu nhau giita cac phwong an L/D.

Cau trite lieci toan
mién tinh fodn

Ludi Prisn layer

Hinh 2. Két qua chia lwgi

Mo hinh vét Iy dwoc st dung & day 1a mé hinh chat
long thuc RANSE (Reynolds-Averaged Navier-
Stokes Equations), véi dong chay unsteady. Dé dong
phuong trinh RANSE, mé hinh dong rdi realizable k-
& two-layer dugc lya chon. Pay 1a mdt trong nhitng
mo hinh da dwoc kiém chimg vé do tin cay khi 4p dung
cho tinh toan lyc can cla tau thuy noéi chung va tau
ngém noi riéng [7].

5. Két qua va thao luin
5.1. Xdc dinh sw hoi tu ciia lwoi

Viéc kiém tra su hoi tu cia ludi dugce thuc hién vai
than tau ngdm DARPA SUBOFF tai van toc tau
V'=8,23m/s v6i 3 kich thu6c ludi khac nhau, gom ludi
tho, luéi c& trung va ludi min thay ddi theo ty 1&

I, =+2 do ITTC khuyén nghi trong céc nghién ctru vé

héi tu cua ludi [8], twong Gng véi s6 luong 6 ludi lan
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lwot 1a 1,15,2,07 va 3,73 tri¢u 6 ludi. Ty s6 hoi tu cua
ludi (Ry) dwoc dinh nghia dé cung cap cac thong tin
vé su hoi tu hodc phén ky cia nghiém dugc xac dinh
theo biéu thuc [8]:

én

Re = 1)

€3

Trong cong thur (1), e21 = 52-S1 14 sy khac nhau
giita két qua tinh toan Iyc can khi str dung ludi c&
trung va ludi min; 3, = S3-5» 1a sy khac nhau gitra két
qua tinh toan luc can khi st dung luéi thd va luédi co
trung. Ty thudc vao dau va bién do cta Rg, s& ¢ 3
truong hop xay ra gdm: Hoi tu don diéu khi 0<Rs<l;
héi tu phan ky khi Rg<0 va khong hoi tu khi Rg>1.

Két qua nghién ctru sy hoi ty cia ludi duogc thé
hién trén Bang 2. Dya trén két qué thu duoc, ta théy
ty s6 hoi tu Rg=0.75<1 nghia la ¢ day ludi c6 sy hoi
tu don diéu. Sai sb gitta lyc can tau tinh toan khi st
dung ludi ¢& trung va ludi min so v6i két qua thuc
nghiém (R=576,9 N [4]) lan luot 12 1,80% va 1,09%
(rét nho). Chinh vi vay, dé tiét kiém thoi gian tinh toan
nhom tac gia str dung ludi ¢& trung dé tién hanh tinh
toan so sanh lyc cén tau ¢ cac phuong an an L/D khac
nhau. Két qua so sanh giita m6 phong sb va thuc
nghiém vé luc can cua tau DARPA SUBOFF tai hai
tdc d6 khac nhau, véi kich thude luéi c& trung, duogc
trinh bay trong Bang 3. Sai s giita két qua mo phong
va thyc nghiém dugc ghi nhan duéi 2,0%, cho théy do
tin cdy cao cia mo hinh tinh toan.

Bing 2. Bing tinh todn sw hi tu ciia ludi tai téc dj

V=8,23m/s
Cic thong sb Ky hiéu Gid tri
S1 (ludi min) 570,6
Luc céan tau [N] S2 (ludi cb trung) 566,5
S5 (ludi tho) 560,9
Ty s6 hoi ty [-] R¢ 0,75
Bing 3. Bing so sinh két qud tinh todn va thuc
nghiém
Téc do tau [m/s] 3,05 8723
Tinh toan 86,2  566,5
Luc can tau [N] .
Thyc nghiém 87,4 576,9
% sai s& [%] 1,37 1,80

5.2. Anh hwéng ciia L/D dén lyc cin tau

Két qua tinh toan lyc can tau tai cac ty s6 L/D khac
nhau, cung véi su so sanh véi phuong an co so (L/D
ban dﬁu) nhim danh gia muc do bién thién lyc can
theo ty s6 L/D & hai toc d¢ khao sat dugc trinh bay
trong Bang 4 va cac Hinh tir 3 dén 8. Trong do, cac ky
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hiéu Ry, Rr va Rp lan luot biéu thi luc can toan phén,
lyc can ma sat va lyc can ap suét cua tau. Cac dai
luong ARz, ARr va ARp thé hién phan trim thay ddi
tuong tmg ctia cac thanh phan luc can so v6i phuong
an co so. Ty 1¢ phan tram thay d6i nay duoc xac dinh
theo cong thic (2).

RL/D -R

AR = % x100% 2

0
O day Ry 1a luc can tau tmg véi phuong an L/D ban
dau, Rypla luc can Gmg véi cac phuong an L/D nghién
cuu.
Bang 4. Két qui tinh todn va so sanh luc cin tiu ngiam
tai cdc 1 s6 L/D khdc nhau so véi phwong dn co' sé

Phwong 4n ty s6 L/D
Pai lugng
471 6,66 857 10,61 12,62
Tée d6 V=3,05 m/s
Rr [N] 11,54 767 639 562 531
Rr[N] 72,02 7578 79,81 8343 86,65
Rr[N] 8357 8345 8620 89,05 91,96
ARP[%] 80,69 20,06 0,00 -12,10 -16,88
ARF[%] -9,76  -5,05 0,00 454 856
ARr[%] -3,06 -3,19 0,00 3,30 6,68
Tée d6 V=8,23 m/s
Rp [N] 75,14 5042 4197 37,10 34,55
Rr[N] 473,95 497,17 524,53 548,50 570,44
Rr[N] 549,08 547,59 566,50 585,60 604,98
ARP[%] 79,01 20,12 0,00 -11,61 -17,69
ARF[%] -9,64 -522 0,00 457 875
ARr[%] -3,07 334 0,00 337 679

Dua trén két qua thu dugc trong Bang 4 va céac
Hinh tir 3 dén 8 ta c6 thé dua ra mot s6 nhan xét sau:

- Mirc d6 anh hudng cua ty sé L/D dén lyc can tau
khong phu thudc vao tdc do tau (xem Hinh 6, 7 va 8).

- Trong dai ty s6 L/D khao sat, mirc d6 anh huong
cua chung dén luc can tau dao dong tur -3,07% dén
6,80% so v&i phuong an L/D ban dau. Gia tri L/D tbi
uu dudi goc do luc can tau nam trong dai tir 5,0 dén
7,0. Khi ty s6 L/D 16n hon 7,0, lyc can tau ting 1én rat
nhanh (xem Hinh 3 va 6).

- Thanh phan lyc can chu yéu cua tau ngdm la
thanh phan luc can ma sat. Trong dai L/D khao sat, Rg
chiém tir 86,2% dén 94,2% lyc can tau.

- Anh huéng cua ty s6 L/D dén su thay d6i thanh
phén Iyc can 4p sudt 16n hon rat nhiéu so véi thanh
phan lyc can ma sat. Cu thé, voi dai ty s6 L/D khao sat
tir 4,71 dén 12,62, Rp thay ddi tir +80% dén -17% so
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Hinh 3. Anh hwéng ciia t s6 L/D dén luc cin tau tai

cdc téc dp khdc nhau

14,0 80.0
75.0
12,0 :
S ——V=3.05m/s 70,0
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Hinh 4. Anh hwong ciia ty s6 L/D dén thanh phin

lwe cdn dp suat tai cdc toc do khac nhau

£8.0 580,0
86.0 570,0
= 840
= o84
ot 550,0
E 820 o
= canp E
4 80,0 5300 %
[=3 |
2 780 5100 &
g TR
Z 760 490,0 3
Z 740 =
r =4
720 4700 Z
70,0 450,0
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D[]

Hinh 5. Anh huwéng ciia 1y s6 L/D dén thanh phéin
lwe cdn ma sdt tgi cdc toc dp khdac nhau

AR7T [%0]
8.0
6.0
——V=305m/s
4.0 ——V=823m/is

4.00 6,00 8,00 10,00 12,00 14,00
L/D[-]

Hinh 6. Phén trim thay déi lyc cin tau khi thay déi
1y 56 L/D
v6i phuong 4n ban dau trong khi Ry chi thay doi trong
dai tir -9,7 dén +8,7%.
- Thanh phén lyc can ap suat giam dan khi ty sd
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ARp [%]
80.0
60,0 ——V=3.05m/s
——V=823m/s
40,0
20,0
0,0
-20.0
4.00 6.00 8.00 10,00 12,00 14.00
L/D[-]

Hinh 7. Phin tram thay déi thanh phén lc cin dp sudt kh

thay déi ty s6 L/D

LD-4,71
—

iR
=

L/D=10,61 - . "
»
CP

<-0.300 -0.0400 0.220 0.480 0.740 >1.00

Hinh 9. Sw khéc nhau vé CP trén bé mt tau ngim khi
thay dbi ty s6 L/D tai V=8,23m/s

s D=4.71

»
o4 /D=10,61

= 1L/D=12,61

Wall Shear Stress: Magnitude (Pa)

< 1.0000 30.800 60.600 90.400 120.20 > 150.00

Hinh 11. Sy khdc nhau vé Cr trén bé mt tau ngam khi
thay déi ty s6 L/D tai V=8,23 m/s

L/D tang, diéu nay hoan toan phu hop véi cac nghién
ctru dinh tinh dugc néu trong tai liéu [1]. Mtic d¢ thay
ddi Rp phu thudc vao ty sb L/D. Rp thay d6i rat 16n khi
ty s6 L/D nho6 va va nguoc lai. Cu thé khi L/D =4,71,
Rp tang 1én gan 80% so véi phuong an L/D ban déu,
con truong hop L/D =12,62, Rp chi giam di gan 17%
so voi phuwong an L/D ban dau.
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ARz [%]
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Hinh 8. Phin trim thay déi thanh phén lyc cin ma
sdt khi thay déi ty s6 L/D

Cr[H
1.10
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010

-0.10

-0.30
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Hinh 10. Sw khdc nhau vé Cp tai vi tri mdt cit Z=0

Cr[Pa]
160.00

140.00
120.00
100.00

-02

02 04 06

XL [
Hinh 12. Sw khdc nhau vé Cr tai vi tri mt cit Z=0
trén bé mat tau ngam khi thay déi ty s6 L/D

- Thanh phén lyc can ma st ting dan khi ty s6 L/D
tang, két qua nay phu hop véi cac nghién ctru cia
Renilson [1].

Anh huong cua ty s6 L/D dén luc can tau ngam c6
thé duoc giai thich mot phan théng qua su khac nhau
trong phan bd ap suét (Cp) va mg suét tiép (Cr) trén
bé mit tau ngﬁm nhu duoc thé hién trén cac Hinh tir 9
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dén 12. Cuy thé, nhu c6 thé quan sat thay trén Hinh 9
va 10, gid trj Cp bién thién manh khi ty s6 L/D giam va
nguoc lai. Pay l1a nguyén nhan ly giai cho su viéc Rp
giam dén khi tang ty s6 L/D.

Su thay d6i thanh phan luc can ma sat co thé dugc
giai thich mot phan thong qua sy thay d6i vé dién tich
mat w6t va khi thay d6i L/D. Nhu ta c6 thé thiy trén
Bang 1, dién tich mat w6t ting dan khi ty s6 L/D ting.
Cu thé, phuong an L/D=4,71 c6 dién tich mat udt nhd
hon 16,1% so v&i phuong 4n ban dau, trong khi
phuong an L/D=12,62 co6 dién tich mat udc 16n hon
12,9% so v6i phuong an ban ddu. Dya trén 1y thuyét
thity dong luc hoc [1, 9] R thay d6i ty 1é thuan va cliing
bac véi dién tich mat uat. Nghia 1a, néu bo qua sy thay
d6i v& Cr thi Rr s& thay d6i trong dai tir -6,1% dén
+12,9% so v6i phuong 4n ban dau véi L/D thay déi
tung tmg tir4,71 dén 12,62. Tuy nhién trén thyc té mirc
d6 thay d6i Rr 14 nho hon gia tri trén, cu thé chi thay
d6i trong dai tir -9,7% dén +8,7% so v&i phuong én
ban dau. Piéu nay dugc giai thich 1a do sy khac nhau
vé Cr trén bé mit tau ngam khi thay doi L/D. Nhu
chung ta c6 thé quan sat thay trén Hinh 11 va 12, tai
duodi tau vi tri tr X/L tir -0,5 dén gan 0,2 gia tri Cr giam
dan khi ty s& L/D giam. Tai vi tri X/L tir -0,2 dén gan
0,5 (miii tau), gia tri Cr tang dan khi ty s§ L/D giam.
Day chinh 1a nguyén nhan dan téi viéc luc can ma st
cua tau giam khi ting ty s6 L/D. Két qua 1a muc do
thay d6i Rr nho hon so véi mirc d6 thay ddi dién tich
mat uot.

6. Két luan

Trén co s& nghién ctru anh huéng cua ty sb L/D
dén luc can tau ngém, bai bao da dat duoc cac két
qua sau:

- b dua ra duge cac con sb dinh luong vé mirc 46
anh huéng cua L/D dén luc can tau. Trén co s¢ d6 giup
ngudi thiét ké xac dinh duoc phuong 4n L/D ti wu
cho tau duéi goc do luc can.

- P chi ra dugc, mirc d6 anh hudng cua ty sb L/D
dén lyc can tau khong phu thudc vao téc do tau.

- Thanh phan lyc can thay d6i 16n nhat khi thay d6i
ty s6 L/D 1a thanh phan lyc can 4p sut. Cu thé khi
L/D =471, Rp ting lén gan 80% va giam di gan 17,0%
khi L/D=12,62 so v6i phuong an L/D ban dau.

- Viéc phan tich sy khac nhau vé dic diém dong
chay bao quanh tau ngdm khi thay ddi ty s6 L/D cho
phép giai thich dwoc ban chét vat 1y dan toi sy thay
d6i lyc can tau ngdm khi thay ddi ty sé L/D.
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