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NGHIEN CUU CAU TRUC DONG CHAY XUNG QUANH HINH TRU TRON
SU DUNG “LAGRANGIAN COHERENT STRUCTURE”

Vii Huy Cong'

Tém tit: Trong nghién ciru nay, cdu triic dong chdy xung quanh hinh tru da dwoc nghién ciu dira
trén phirong phdp “Lagrangian Coherent Structure” (LCS). LCS da chitng minh nhiéu wu diém so
Véi cdc phirong phdp trude do la dimg véc to, cdc duwong dong mike xody hay cdc dwong dong dé
thé hién cdu tric dong chay. Véi LCS, cdu tric dong chay dwoc thé hién ddy di hon va nguoi
nghién ciru c6 thé dinh lwong dwoc cdac bién cia cdc vimg xody & phia sau hinh tru, diéu ndy khong

thue hién dwoc voi cac phwong phap thuong dung trudce do.
Tir khoa: “Lagrangian Coherent Structure”, hinh try, cau tric dong chay, xoay.

1. PAT VAN PE

Dong chay xung quanh hinh tru 1a muc ti€u
nghién ctru cta rat nhidu cong trinh khoa hoc
boi tinh tng dung pho bién cua nd. Ching ta c6
thé d& dang bat gip cac két cdu c6 dang hinh
try trong cudc séng vi du nhu 13 tru ciu, 6ng
khoi, cot dién, nha cao tang, v.v... Su xuét hién
ctia cac két cdu hinh try nay s& lam thay doi
dong chay xung quanh nd, dic biét co thé tao
ra ving xoay phia sau dan dén sy xdo tron
dong chay hodc tao ra cac luc can tdc dung Ién
hinh try. Cc x04y nay sé& bat dau xuit hién sau
hinh try khi hé s6 Reynolds cua dong chay 16n
hon 47 va lam tang sy x4o tron & déng sau hinh
try. Viéc nghién ctru cdu trac dong chay ma &
day 1a cac xoay nay di dugc thuc hién boi rat
nhiéu cong trinh khoa hoc. Tuy nhién, hau nhu
tat ca cac nghién ctru trude day déu thé hién
cac xody ndy dua trén dudng dong muc do
xo0day (“vorticity contour”). Nghién clru nay sé€
ap dung mot phuong phdp khic do Ia
“Lagrangian Coherent Structure” (LCS) dé thé
hién céu trc dong chay. Vé&i LCS, ngudi
nghién ctru s& tim thdy cic dic diém mdi ma
truéc day né bi an di khi dung cic phuong
phap thong thuong. Piéu nay giup cho viéc

" Khoa Xay dung Thiy loi - Thiy dién, Truong Dai hoc
Bach Khoa - Dai hoc Pa Nang.

nghién ctru cdu trac dong chay chi tiét hon va
toan dién hon. Trong nghién ctru nay nhitng wu
diém ndi bat cia LCS so véi phuong phap
trudc day s& duoc phan tich day du chi tiét.

2. PHUONG PHAP “LAGRANGIAN
COHERENT STRUCTURE”

2.1. Gi6i thi¢u vé phwrong phap “Lagrangian
Coherent structure”

LCS duoc biét dén nhu 14 dudng ranh gidi an
phan chia truong dong chdy thanh cdc vung
khac nhau va cac phan tr vat chit dong chay
dugc xem nhu la khong di qua cac dudong ranh
gi61 nay. Vi du nhu cadc dudng mau do va xanh
¢ trén hinh 1 1a nhirng duong “LCS backward-
time va forward-time”. Nhitng duong nay cé
tinh chat nhu sau; khi chiing ta quan sat 2 diém
di chuyén & 2 bén duong “forward-time”
(duong nét lién, mau xanh) thi 2 diém nay s&
phan ky theo thuan chiéu thoi gian (theo chiéu
miii tén nho), xem hinh 1(b). Nguoc lai, khi
ching ta quan sat 2 diém & hai bén duong
“backward-time” (duong nét dut, mau do) thi 2
diém nay s& di chuyén phan ky theo nguoc
chiéu thoi gian (nguoc chidu mili tén nho), xem
hinh 1(c). Nhitng dudng ranh gi6i niy bi an di
khi thé hién céu trac dong chay bang truong van
tbc. Cac dudng LCS c6 thé coi nhu 1a “bd
khung xwong” citia dong chay. Dé tinh toan
LCS, theo Shadden et al., (2005), ta can tim
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“Finite-Time Lyapunov Exponent”, (FTLE). Thong
s6 nay thé hién mtrc d6 phan tan cia cac phan tir
vat chét, va tai noi ¢ FTLE 16n thi cac phan tr
s& phan tan nhiéu. Trong truong FTLE, tap hop
cac vi tri ma FTLE co6 gia tri 16n dugc xem nhu
14 cac duong ciu trac LCS. Chi tiét vé LCS ciing
nhu cach tinh toan c6 thé tham khio cic cong
trinh nghién ctru cua Shadden et al., (2005).
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Hinh 1.(a) Minh hoa dwong cdu triic LCS
(mau do: “LCS backward-time”; mau xanh:
“LCS forward-time”); (b): tinh chdt ciia LCS

forward-time; (c) tinh chdt ciia
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LCS duoc tinh toan dua trén truong vec to
van téc dong chay theo thoi gian cua ving
nghién ctru. Trong nghién clru nay, tac gia da s
dung phin mém Matlab va tinh toan LCS theo
cac cong thuac cua Shadden et al., (2005).

2.2. Kiém dinh chwong trinh tinh toan LCS

Chuong trinh tinh toan LCS duoc tac gia viét
trén ngdn ngir Matlab va viéc kiém dinh chuwong
trinh nay dugc thuc hién cho bai toan don gian.
b6 la tinh toan LCS tu truong véc to cua
“Double Gyre” dugc cho boi phuong trinh:

w(x, y,0)=Asin(zf (x,0)sin(zzy) (1)
f(x,y)=a(t)x> +b(t)x
vol:  a(t) =¢esin(wt) (2)

b(t) =1-¢&sin(wt)
trén vung tinh [0, 2]x [0, 1] va trudong véc to
van tdc cho boi cong thirc:
S, )
oy ox
Trudng véc to voi cac thong sé khac nhau tai
cac thoi diém khac nhau duge thé hién nhu trén

LCS backward-time hinh 2.
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Hinh 2. Truong vin toc cia “Double-gyre” khi A= 0.1, @=27/10 and £=0.25 tai cdc thoi diém: (a)
t=0, (b) t=2.5, (c) t=7.5

Truong gia tri FTLE dugc tinh toan va thé
hién trén hinh 3. Trong truong FTLE, nhitng
duong mau do dugc xem la cac duong LCS. So
sanh két qua tinh toan cta tac gia (hinh 3) véi

két qua cua Jakobsson (2012) (trén hinh 4) cho
thiy chuong trinh tinh toan LCS cua tic gia
hoan toan du dd tin cay dé tinh toan LCS cho
dong chdy xung quanh hinh tru.

Vv

x

Hinh 3. Truong FTLE cua “Double-gyre” tait =0, A = 0.1, o= 27/10, £ = 0.25; (a) “LCS
forward-time”, (b) “LCS backward-time”. (Két qua cia tic gia)
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Hinh 4. Truong FTLE cua “Double-gyre” tai t=0, A= 0.1, wo=27r/10, ¢=0.25; (a) “LCS forward-
time”, (b) “LCS backward-time”. (Két qua cung cdp béi Jakobsson, 2012)

3. CAU TRUC DONG CHAY XUNG
QUANH HINH TRU

Nhu da trinh bay ¢ trén, LCS dugc tinh toan
dua trén truong véc to dong chay. Dé co dugc
trudng véc to xung quanh hinh try, mé hinh s
thuy luc Fluent da dugc tac gia ap dung. Fluent
13 mdé hinh sé duoc danh giad cao trong céc
nghién ciu vé thuy lyc. Sau khi c¢6 dugc
truong véc to dong chay, tac gia tinh toan LCS
dua trén chuong trinh Matlab d3 dwgc kiém
dinh & phan trén.

3.1. Thiét 1ap mo hinh s6 trong Fluent

Fluent dua trén phuong phap thé tich hitu
han dé giai hé phuong trinh co ban. Phuong
trinh bao toan khéi luong c6 dang:

op -
§+V-(pv)—0 (4)

Trong d6 p 1a khdi luong riéng, v 1a van tdc.

Phuong trinh bdo toan dong luong c6 dang:

£ (pv)+V-(p3)=-Vp+V-(c)+pg+ F (5)

Trong d6 p 13 ap suét, 714 tensor ng suit, va
F 1a ngoai lyc.

Céac phuong trinh dugc giai theo phuong
phap “semi-implicit pressure linked equations”
(SIMPLE). M5 hinh rbi dugc ap dung 1a SST -
w va ly do str dung md hinh nay dugc giai thich
trong Vu et al., (2015).

Mo hinh toan 2D cua dong chday qua hinh
tru duoc thé hién trén hinh 5. Khoang cach tur
bién vao va bién ra ctia md hinh dén tam hinh
try lan luot bang 8 va 24 1an duong kinh hinh

try. Bién hai bén dugc bb tri cach hinh try mot
khoang bang 10 lan dudng kinh. Viéc bd tri cac
bién véi khoang cach nhu vay dé tranh anh
huéng cia bién dén két cdu dong chay xung
quanh hinh tru (Meneghini et al. 2001). Bién
vao 1a dong déu U, voi dang bién “velocity
inlet” con bién ra la bién “pressure outlet”.
Day 1a c@p bién dugc nguoi st dung Fluent su
dung nhiéu khi mé phong dong chay qua céc
vat can (Vu et al, 2015). Bién “pressure
outlet” ¢ thé cho phép hién tuong “back-flow”
nén cac xoay nudc khi di ra khoi bién cura ra
dugc md phong chinh xac.

Bién trén

2227,
Vil
Bién cua

Bién cua
ra

Vao

Bién duasi
Hinh 5. So do diéu kién bién cho mé hinh.

Mién luéi tinh toan cho md hinh dugc thé
hién trén hinh 6. Toan bd mién tinh toan gém
193920 phan tir véi sd lwong phan tir trén chu vi
hinh tru 13 240 phan ta. Kich thudc phan tr thay
d6i tir 0.5mm (trén hinh try) dén 2.5 mm (& cac
bién). Chi tiét ludi xung quanh hinh tru dugc thé
hién trén hinh 6(b). Cach chia ludi nay da dugc
ap dung thanh cong trong cac nghién ctru cua
cac tac gia trudc nhu Vu et al., (2015). Bude
thoi gian duoc thiét 1ap trong mé phong 1a 1s.
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(b)

(a)

Hinh 6. (a) Chia hedi mién tinh todn, (b) Chia hedi xung quanh hinh try.
Cit cach 6 diém ludi thi c6 mot diém ludi dwoc vé.

Trong cac nghién ctru dong chay qua hinh tru
st dung mo hinh s6, hé sb luc can hodc ap luc
trén hinh tru thuong dugc dung dé kiém tra do
chinh xdc cua mo6 hinh. Trong nghién clru nay
tac gia cling st dung hé sé luc can dé kiém dinh
mod hinh bang cach so sanh véi cac két qua da
dugc cong bd. Hé sd luc can tac dung 1én hinh
tru dugc tinh theo cong thuc:

¢, = 2F;d
pU;D

(6)

Trong do:

Uo: van tdc tai bién vao

Fy: lyc can tac dung 1én hinh tru
D: duong kinh hinh tru

Bang 1. So sanh kiém dinh mé hinh

Reynold Cac nghién ctru Cy

60 Tr’itton (1959) (Re=60,5) | 1.47
Két qua tac gia 1.468

Lam et al., (2008) 1.36

100 Meneghini et al., (2001) | 1.37
Két qua tac gia 1.366

Lam et al., (2008) 1.32

200 Meneghini et al., (2001) | 1.3

Két qua tac gia 1.33

1000 BrAaza evt a}l., (‘17986) 1.21
Két qua tac gia 1.259

Bang 1 thé hién hé s6 luc can tir md hinh tinh
so sanh v6i cac nghién ctru khac khi hé sé
Reynolds thay d6i déi v6i dong chay tang. Két
qua cho thdy mé hinh tinh hoan toan chinh xéc
va dong chay xung quanh hinh try dugc moé
phong chinh xac.

3.2. X4c dinh céu tric dong chiy dwa trén
LCS

3.2.1. Uu diém ciia LCS so véi cdc phwong
phap khac.

Khi hé s6 Reynolds ctia dong chay 16n hon
47, cac xody s€ hinh thanh sau hinh tru. Cac
xody sé& lan luot tach ra khoi hinh try trong khi
cac xody tiép theo dwgc hinh thanh, diéu nay
duoc biét dén nhu 1a “Karman vortex street’.
Céac xody nay duoc thé hién chu yéu dua trén
duong déng muic xody “vorticity contour”. O
nghién ctru nay tac gid da st dung phuong phap
LCS dé thé hién nhiéu dic diém méi trong cau
tric dong chay ma viéc dung trudng van tdc hay
duong ddng mirc xody khong thé hién dugc.
Hinh 7 thé hién cu trac dong chay xung quanh
hinh tru dya trén cac phuong phép khac nhau.

Hinh 7(a) thé hién truong van tdc cua dong
chay. Viéc xac dinh cau trac dong chay dua trén
truong van tbc c6 nhiéu han ché boi nguoi
nghién ctru chi ¢ thé nhin thiy hudéng va do 16n
ctia dong chay, ma khong thdy duoc vi tri cta cac
tam xoay. Hinh 7(b) thé hién bang cic duong
dong mirc xody. TAm clia cac xody nudc cd thé
xac dinh r6 nhung bé rong hay pham vi ctia viing
xody thi kho xac dinh. Nguoi nghién ciru co thé
chon mot gia tri ngudng nao do cua dudng dong
mirc xody dé thé hién pham vi viing xody nhung
theo cach d6 thi két qua hoan toan phu thudc vao
y chi quan ctia nguoi nghién cou. Pay la mot
han ché cua viéc stir dung dudng dong mirc xody
cho viéc nghién ctru ciu trac dong chay. Nguoc
lai, khi dung LCS dé xac dinh pham vi ving
xody, ta khong can chon bat ky gia tri ngudng
ndo. Ta c6 thé xac dinh dugc rd tAm cia cac x04ay
hay pham vi cua cac xody phia sau hinh tru mot
cach truc quan, diéu ndy s& duoc nghién ciru ky
trong phan 3.2.2 va 3.2.3.
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Hinh 7. Cdu triic dong chdy phia sau hinh try; (a) Sir dung trieong véc to, (b) sir dung dwong
dong mikc xody, (c) sir dung “LCS backward-time”; and (d) so sanh két qua giita (b) and (c).

Ngoai ra ¢ ving gan hinh try, viéc st dung
duong déng mirc xody khong thé hién duoc su
tach biét gitra cac xoay nudc. DPac biét, no
khong thé hién duoc duong lién két giita vi tri
tam cac xody nudc. Khi st dung LCS, vi tri
dong chay “tach” ra khoi bé mit hinh tru duge
thé hién mot cach truc quan. Vi tri nay anh
hudng 16n dén sy phan bd ap luc trén hinh try
va ciing quyét dinh dén bé rong cua pham vi
vung xo0dy nudce sau hinh tru. Cac nghién cilru
trudc day da dya vao sy thay ddi cua hé sb
“shear stress” trén bé mit hinh tru dé xac dinh
vi tri “tach” nay nén c6 qué trinh tinh todn phuc
tap. V&i LCS, vi tri tach nay dd duoc thé hién
mdt cach tryc quan, tu d6 cod thé xac dinh mot
cach dé dang.

Mot uu diém khac noi bat ciia LCS chinh 1a
gitip xac dinh “vét” hay “duong di” cua céc
phan tir (vi du nhu chét chi thi mau) quanh hinh
try. Theo tinh chat cua LCS (Shadden et al.,
2005), cac phan tir nay khi di chuyén sé& c¢6 xu
huéng bam doc theo duong LCS. Hinh 8 thé
hién sy so sanh céu tric LCS véi két qua thi
nghi¢ém cua Perry et al., (1982). Perry da su
dung chét chi thi mau dé thé hién cac xody nudc
O phia sau hinh tru. So sanh gitta hinh 7(c) va 8
cho thdy duodng di ctia cac phan tir chi thi mau
(thé hién cac xoay nudc) va ciu trac LCS hoan
toan tuong ty nhau. biéu nay da thé hién duoc
tinh vu viét cia phuong phdp LCS, nguoi
nghién ctu khong can st dung nhitng thi
nghiém ton kém nhung van xac dinh duogc su di
chuyén cta cac phan tir chat mau va biét dugc
cdu tric dong chay.

m : ®

-

| _

Hinh 8. Két qua thi nghiém chdt chi thi mau
thé hién xody nwéc phia sau hinh tru
(Perry et al. 1982)

3.2.2 Xdc dinh bé réng viing cé xody

Viéc nghién ctru pham vi ciia ving xody phia
sau hinh try c6 y nghia quan trong boi trong
vung nay s€ cO sy xdo trOn manh so v&i cac
ving bén ngodi va van téc dong chay trong
ving nay ciing yéu hon. Piéu nay dic biét co y
nghia khi nghién ctru sy x4o tron, hay khuéch
tan cta cac phan tir vat chat. LCS s& gitp ta xac
dinh dugc duong bién ngadn cach gitra vung cé
cac xoay nay va vung khong xody. Hinh 9 thé
hién bé rong (Bw) ciia ving xody lay tai vi tri
cach hinh tru bang 5 1an dudng kinh hinh try.

Hinh 9. Pinh nghia bé réng ciia mién xody
phia sau hinh tru
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Su thay d6i cia Bw/D khi hé s Reynold
(Re) thay doi duoc thé hién rd trén hinh 10. Vi
hé s Re nho (=60), bé rong ving xody nho.
Tuy nhién ¢ day c6 su tang nhanh cia Bw/D khi
Re ting tir 60 dén 200. Sau d6, Bw/D ting rét
nho khi Re tang tir 200 dén 1000.

3.6 r
34 ¢
32 ¢
ol
S |
2.6 r
24 -
22
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0 200 400 600 800
Re

1000 1200

Hinh 10. Bé rong cua vung co xody nuoc
xdc dinh tai vi tri x= 5D.

3.2.3 Xdc dinh chiéu dai ciia viing khéi tao
xody

O vung sat ngay phia sau hinh tru, cic xody
nudc lién tuc hinh thanh tir 2 bén hinh tru, sau
d6 tach ra roi di chuyén vé phia sau. Chiéu dai
cua vung khoi tao cac xody nay c6 anh huong
dén tan sd hinh thanh cic xoay, do d6 s& anh
huong dén mirc d6 sy x4o tron phia sau hinh tru.
Tan s6 hinh thanh xoay ti 1& nghich véi chiéu
dai cuia vung khdi tao xody. Schaefer and
Eskinazi (1959) da dinh nghia chiéu dai ving
khoi tao xody dua trén diém gia dinh phia sau
hinh try noi ma sy dao dong cua van toc dat gia
tri 16n nhat. Trong nghién ciru ny tac gia da sir
dung mdt dinh nghia méi dé xac dinh chiéu dai
vung khoi tao d6 1a dua trén LCS. Theo do,
vung khoi tao xody dugc tinh tur tdm hinh try
dén diém giao nhau xa nhit cta “LCS backward
-time” va “LCS forward-time” nhu hinh 11.

Hinh 12 thé hién su thay ddi kich thudc ving
khéi tao xody khi hé sd Re thay d6i. Chiéu dai
Lw c6 su giam dot ngdt khi Re tang tur 60 dén
200. Tur 200 tro di, s gidm cua Lw la nhd hon.
Hay néi cach khac su thay ddi cia hé sb Re
trong pham vi tir 200 dén 1000 anh hudng réat
nho dén kich thudce ving khdi tao xody.

yID

-0.5 -

—l.‘25 6 1,2‘5 215 3,‘75
x/D
Hinh 11. Binh nghia chiéu dai viing khéi tao
xoay Lw. Mau do: “LCS backward-time”;
mau xanh: “LCS forward-time”.

0 200 400 600 800
Re

Hinh 12. Chiéu dai ving khoi tao xody phu
thuéc vao hé sé Reynold

1000 1200

Viéc xac dinh kich thudc vung khoi tao xody
dua trén dinh nghia mdi nay cling dugc so sanh
v6i cac nghién ctu trude, cu thé nhu cua
Nishioka va Sato (1978), Schaefer va Eskinazi
(1959), trong d6 cac tac gid nay da su dung
diém co6 van tdc giao dong 16n nhat dé tinh ving
khoi tao xody nhu di dé cap & trudc. Hinh 13
thé hién sy so sanh nay. Két qua cho thiy chiéu
dai vung khoi tao xody dua trén cac dinh nghia
khac nhau nhung twong ddi giéng nhau. Tuy
nhién vé1 LCS cach xac dinh tryc quan hon va

de dang hon.
6 r X Nishiokaand Sato (1978)
5 r + Schaefer and Eskinazi (1959)
4 r —A—Present results
=)
\; 3 L
.q
2 .
1 .
0
0 50 100 150 200 250

Re
Hinh 13. Chiéu dai ving khoi tao xody xdc dinh
theo 2 phwong phap cua Nishioka va Sato
(1978), Schaefer va Eskinazi (1959);

va cua tac gid.
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4. KET LUAN

Trong nghién ctu nay tac gia da ap dung
phuong phap LCS dé nghién ciru cdu trac cia
dong chday & phia sau hinh tru. Phuong phap
LCS da thé hién duoc nhirng vu diém so véi cac
phuong phap trude d6. Dya vao LCS ta co thé
xac dinh cac bién ciu trac dong chay mot cach
r0 rang va cé thé xac dinh dugc duong di cua
cac phan tir ¢6 khdi lugng nhe nhu chit chi thi
mau, cac vat nho trdi ndi ma khong can lam thi
nghi¢m. Viéc xac dinh rd rang cac bién nay cho
phép ta nghién ciru duoc anh hudng cua hé sb
Reynolds 1én céu tric dong chay.

Theo quan diém cua tac gia, LCS sé 1a cong cu
hiru hiéu dé nghién ctru cau tric dong chay. LCS
khong nhiing dugc st dung trong dong chay tang
ma né ciing dugc dp dung nhiéu ca trong dong rdi.
Vi du nhu la dong chay tach ra khéi canh may bay
va vung x4o tron phia sau no cling dugc nghién
ctru bang cach st dung LCS. Ngoai nghién ctru
cau trac dong chay, LCS c6 thé du doan dudng di
clia cac vat chat nhe trong dong chdy, hoac nghién
ctru vé tran dau trén bién,... Viéc xac dinh gii han
kich thudc va khéi luong cua cac vat troi ndi ma
ching ¢ thé dy doan dugc duong di bang LCS s&
14 huéng nghién ciru tiép theo cua tac gia.
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Abstract:
STUDY OF FLOW AROUND CIRCULAR CYLINDER USING
“LAGRANGIAN COHERENT STRUCTURE”

In this work, the flow structure around circular cylinder was investigated quantitatively using new
method that is Lagrangian coherent structure, (LCS). LCS showed advantages compared with
previous methods which used velocity and vorticity contour to show flow structure. Based on LCS,
flow structure was investigated in detail. Especially, the boundaries of wake structure can be
quantified, which can not be obtained by using other methods.
Keywords: Lagrangian coherent structure, circular cylinder, flow structure, vorticity.
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