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KHA NANG AP DUNG CUA PHUONG PHAP
“LAGRANGIAN COHERENT STRUCTURES” TRONG DU DOAN
PUONG PI CUA CAC HAT TROI NOI
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Tom tat: Trong bai béo nay, kha ning dp dung ciia phrong phdp "Lagrangian Coherent structures
(LCS)" trong nghién ciru dir doan dirong di ciia cdac hat troi néi sé diroc danh gia dira trén mo hinh s0.
Trieong hop nghién ciru dién hinh dicoc chon la trieong hop cdc hat vat chat tréi trong méi trieong dong
chay phia sau vat can la hinh tru tron, khu viec ¢6 hinh thanh cac xoay medc phiec tap. Nghién ciru da sir
dung dong thoi hai phicong phap la LCS va phicong phdp mé phong theo vét doi tirong dé theo doi
dirong di ciia cac nhom hat cé kich thieéc va khoi lirong khac nhau. Diea trén két qua so sanh cua hai
phirong phép trén, nghién ciru di chi ra kich thieée ciia cac nhém hat cé thé die dodn diroe dwong di khi
diimg phitong phép LCS. Két qua cho thay, phitong phép LCS c6 thé dir béo kha chinh xac dieong di ciia

cac hat khi chiing co hé 56 Stoke nhé hon 0.1.

Tiwr khoa: “Lagrangian Coherent Structures”, hinh tru, hé s6 Stoke,

1. PAT VAN DE

Mot trong nhitng cong cu hiru hiéu dé nghién
ctru cau tric cua dong chay hay dw doan dwong di
ctia cac hat vat chat trong moéi truong dong chay
chinh la phwong phap Lagrangian Coherent
Structure (LCS). Hinh 1 thé hién cac dwong LCS
trong mién chat long. LCS co6 thé xem la nhitng
dwong ranh giéi an phan chia mién chat long
thanh nhirng viing riéng. Theo ddc tinh cua LCS
thi cac phan tir chat long duwoc xem la khong cét
ngang nhitng dwong nay trong qua trinh di
chuyén. Viéc tim ra cac dwong LCS nay da gitp
cong tac nghién ciru dong chay tré nén dé dang
hon va chi tiét hon béi cau tric dong chay trude
day chu yéu duwoc nghién ctru dira vao truong van
toc, dwong dong, cac dwong dong mire xoay. LCS
da bat dau dwoe g dung trong cac nghién ciru vé
cau triuc dong chay ciing nhw s di chuyén cua cac
phﬁn tir vat chat, cac su ¢ tran dau & trén cac
ving bién. Blake and Kamran, (2008) da ding
LCS dé nghién ctru va giai thich duong di cua cac
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phan tir khong khi xung quanh canh may bay. Hay
Franco et al. (2007) ciing dwa trén LCS dé nghién
ctru sy chuyén dong cia mréc xung quanh mot
con stta dang boi. Vu (2017a) da chi ra dwoc
nhirng wu diém cua LCS trong nghién ctru cau tric
dong chay phia sau hinh tru tron. Vu (2017a) cling
dung LCS dé du bao dwong di cua cac chat chi thi
mau va cho thay két qua hoan toan tring khép so
v6i két qua thi nghiém trede day da cong bo. Tuy
nhién d6i véi nhitng phan tir vat chat co khoi
lrong (khac chat chi thi mau & trén) thi viéc dung
LCS dé dir doan dwong di ciia cac phan tir nay s&
bi giam do chinh xéac. Thue té lue nay do co khoi
lrong nén lyc quan tinh sé dong vai tro quan trong
anh hwong dén duwong di cua cac phan tir dwoe du
bao. Muc tiéu cua bai bao nay la xac dinh pham vi
ma phwong phap LCS ¢6 thé ap dung trong cong
tac du bao duong di dé co6 thé dat duwoc két qua
tirong d6i chinh xéac. Tac gia chon trrong hop tinh
toan la dong chay phia sau vat can c6 dang hinh
tru tron. Pay la trwong hop dong chay co phat sinh
cac xoay nudc va do dé do sai khac cua phwrong
phap LCS so véi dwong di thie ctia cac phan tir s&
dwoc thé hién rd hon.
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Hinh 1. Minh hoa dirong céu tritc LCS
(mau do, nét dirt la “LCS ngiroc”; mau xanh,
nét lien la “LCS thuan”)

2. PHUONG PHAP

Muc tiéu cia nghién ctru nay nham tim pham
vi ap dung cua phwong phap LCS trong du doan
dwong di cua cac phan ti troi ndi trong moéi
treong dong chay. Pham vi nay duoc chi ra dva
trén so sanh két qua cia LCS véi két qua ding mo
hinh mo6 phong dwong di thie cia cac phan tir.
Phan mém dwge st dung dé nghién ctru la phan
mém Ansys Fluent. Cac bude giai quyét bai toan
duwoc trinh bay theo so do trén hinh 2.

Ansyvs Fluent

Tinh toan LCS (dua
trén trirong vecto)

Mo phong thuy luc
Tim trrong vecto

Mo phong theo vét l
doi tugng (particle
tracking) Phin tich két qua

Hinh 2. So do cac birée tinh toan

2.1. Gioi thiéu vé phin mém Fluent
LCS duoc tinh toan dwa trén truong véc to
dong chay nén déu tién tac gia da dya vao bo phan

mém Ansys Fluent dé tim trwong véc to dong
chay xung quanh vat can. Sau do cac duong LCS
backward-time s& duoc tinh toan va thé hién. Phan
thit hai la viéc thue hién mo phong theo vét ph?m
tr duoce thue hién trén ph?m mém Ansys Fluent.
M6 phong nay s& cho phép nhan biét dwoc duong
di ctia d6i trrong nghién ctru theo thoi gian.

Fluent la phan mém thudc b phan mém Ansys
dwge g dung nhiéu trong ky thuat. Tong phan
mém Fluent, cac hé phrong trinh co ban dwoc giai
dwa trén phwong phap thé tich hiru han. Phwrong
trinh bao toan khédi lwrong va dong hrong lan lwot
co6 dang nhw sau (Ansys Fluent, 2012):

L9 pv)=0 (1)

cr /

g(p;)+v-(p¥;]:—vp+v-(?

!

+pg+F  (2)

trong 36 p la khéi hrong riéng cia nwée, 7 la

thoi gian, va vla van toc, p ap suat tinh, T1a
tensor rng suat; Pg va ]? lan luot 1a trong lwrc va
ngoai lrc tac dung.

Trong nghién ciru nay cac phuong trinh dwoc giai
theo thuat toan “semi-implicit pressure linked
equations” (SIMPLE). M6 hinh chay 16i SSTk-w da
dwoc ap dung. Pay la mo hinh cai tién dua trén mo
hinh chay réi /-w, mét trong nhitng mé hinh phé bién
nhét bén canh mé hinh -& Ly do tac gia sir dung mo
hinh nay dwoc giai thich trong Vu et al., (2015).

2.2. Giéi thiéu vé “Lagrangian Coherent
structures”

Tir hinh 1 cho thay LCS la cac dwong ranh cua
cac mién chat long va né bi an di dudi treong van
toc. Theo Shadden et al., (2005) thi LCS c6 thé
dwge tim thong qua hé sé mit Lyapunov hiru han
(FTLE) trén trwong van tée. FTLE la hé s thé
hién mmtc do phan tan cua cac phﬁn tir vat chat.
Theo do6 tai noi c6 FTLE 16n thi cac ph?m to sé
phan tan nhiéu hon. Trong tredng FTLE wira dwoc
tinh toan, tap hop diém c6 FTLE 16n dwoc coi la
cac dwong cau tric LCS. Chi tiét vé LCS ciing
nhw cach tinh toan c6 thé tham khao cac cong
trinh nghién ctru cua Shadden et al., (2005).
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2.3. Hé s6 Stoke

Khi nghién ctru dy doan duwong di cia cac phan
tir trong mot moi treomg thi khéi hrong cua doi
twong du doan, hay néi cach khac chinh la s khac
nhau gitta khéi lrong d6 so voi khéi hegng ctia
moéi tredng dong chay chira no, sé nhitng thong sé
quan trong anh huwéng truc tiép dén két qua dw
doan. Do dac diém nay va ciing dé dong nhat
khong phan biét moi truong nwrde, khi, hay cac
moi trrong khac, cac nghién ciru trede day thwong
dung hé s6 Stoke (stk) dé dién ta dac diém cua doi
twong di chuyén so véi méi trrong chita nod
(Jacobs et al., 2004; Luo et al., 2004). Viéc st
dung hé s nay sé€ lam cho viéc tinh toan, so sanh
két qua duoc thuan lgi hon khi cung dwa vé mot
hé s6 chuan.

Hé sb nay dugce dinh nghia la ti s6 vé thoi gian
di chuyén ciia phan tit 7, so v6i thoi gian di chuyén
cia dong chay mang phan tir 7z (Jacobs et al..
2004; Luo et al., 2004):

t
Stk =~ (3)
Iy
trong do:
d. \ .
o 2% gy p,. dlan lwot 1a khoi lwong
r 181[4’ P 2

riéng va dwong kinh cua phan ti di chuyén.
£ 1a hé so nhdét dong lwe hoc cua dong chay
mang phan tir.

L. D _,

. rf. =——=—Va
U, U,

Lf . D} lan hrot thé hién

chiéu dai dic trueng va van toc cia dong chay, D,
U, la duong kinh cia hinh tru tron va van toc &
bién thwrong hru.

3. THIET LAP MO HINH

3.1. Mé phéng thiy lwc tim trwong véc to
dong chay

Hinh 3a thé hién mé hinh toan hai chiéu cua
dong chay qua vat can hinh tru tron. Trong mo
hinh bién vao va bién ra duoc bé tri & hai dau va
cach vat can hinh tru mét khoang du lén dé cac
bién nay khong anh hwéng dén cau tric dong cha
khi mé phong. Trong nghién ciru nay cac vi tri
bién nay lan lwot 1a 8 va 24 lan dwong kinh hinh

tru theo (Meneghini et al., 2001). Twong fir nhw
vay, bién phia trén va phia duéi cling dwoc bb tri
cach hinh tru mot khoang du lén béng 10 lan
duong kinh hinh tru. Bién vao dwoc vdi dang bién
“van téc cira vao”, va thiét lap van toc dong chay
U,: con bién ra la dang bién “ap lirc cira ra”. Bién
“ap lirc cira ra” co6 thé cho phép hién trong dong
chay “ngiroc” nén cac xoay nudce khi di ra khoi
bién nay dwoc moé phong chinh xac hon. Pay la
cac dang bién dwoe st dung phd bién trong Fluent
khi m6 phong dong chay qua cac vat can (Vu et
al., 2015).

Bién 1 (wall —

(a): (wall) 3
L ~ s =1

c = Vat can ® 2
£E | Vg o |28
2 > D SHE R
< 2 A i |m 2
M < Bién 2 (wall) o
> | =)

L8D) D

(b)

Hinh 3. Thiét lap bién va heoi tinh cua
mé hinh, (a) Vi tri cac bién, (b) Chia litéi mién

tinh toan

Hinh 3b thé hién cach chia luéi tinh toan cuia
mo hinh. Cac 6 lwdi duge chia nho khi & gﬁn hinh
tru va co kich thuwée 16n hon khi ra xa hinh tru.
Trong cac bai toan mé phong st dung mé hinh sb,
kich thwée 6 wéi s& co tac dong lon dén két qua
m6 phoéng. Pé danh gia d6 nhay cia kich thude 6
lrdi cung nhir dam bao do chinh xac cia moé hinh,
cac kich ban mo6 phong véi cac kich thwée 6 lwdi
khac nhau da dwoc tac gia kiém dinh trong cac
nghién ciru trude day. Trong nghién ctru cia Vu et
al. (2015) va Vu et al. (2016), tac gia da thuc hién
mo phéng véi cac kich ban c6 sé 6 ludi xung
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quanh hinh tru lan lwot 1a 160, 240 va 320 6 ludi.
Theo d6, sb 6 ludi trén toan bé mién tinh toan lan
Iwot 1a 173760, 193920 va 215680 6 lwdi. Cac két
qua nghién ctru d6 da cho thay kich ban hai véi s6
6 lwdi xung quanh hinh tru la 240 6 lwdi thi dam
bao dwgc do chinh xac cia mo hinh (xem Vu et al.
(2015) va Vu et al. (2016)). Trong nghién ctru nay
tac gia khong kiém dinh lai ma st dung két qua
cua kich ban hai v&i toan bo mién tinh toan dwoc
chia thanh 193920 6 hrdi. Mo phong duoc thuc
hién trén may tinh Intel(R) core (TM) 13, CPU
3.6GHZ, bo nhé Ram 4GB. Véi s6 6 ludi nhuw
trén, thoi gian mé phong bao gém thoi gian lam
am mo hinh va thoi gian chay dén khi mé hinh 6n
dinh (la lic hinh dang cac xoay nwdce xuat hién
tuan hoan va déu dan, khong thay d6i phia sau
hinh tru) chiém khoang gan 45 phut.

Nhu da dé cap trong cac nghién ctru trude,
viéc kiém dinh mé hinh thuy lwc co thé duoc
thue hién trén kiém dinh cac hé sé luc can (Cq),
Ire nang (Cy), hay hé sé lién quan dén tan suat
xuat hién cua xoay nudc (hé s Strouhal) theo
Vi, H. C., (2017b). Trong nghién ctru nay, hé so
luc can sé duge ap dung dé kiém dinh mo hinh.
Hé sb nay dwoc tinh theo cong thirc:
C,=2F, f(,oUozD)_._ trong d6 U,: van tbc tai
bién vao; F,;: luc can tac dung lén hinh tru: D:
dwong kinh hinh tru.

Bing 1. H¢ s6 Cqatrong két qua mé phéng
va ciac nghién ciru trwée diy

Hé s6| Cac nghién ciu | Kétqua
Reynold | trwéc diy Cq
60 Tritton (1959) (Re=60.5) 1.47
Két qua mo phong 1.468
100 Meneghini et al. (2001) 1.37
Liu et al. (1998) 1.35+0.012
Két qua mo phong 1.366
200 Lam et al. (2008) 1.32
Meneghini et al. (2001) 1.3
Két qua mo phong 1.33
1000 Braza et al. (1986) 1.21
Két qua mé phong 1.259

Bang 1 da thé hién két qua so sanh cua hé sb Cy
tim dwoc so véi cac nghién ctru triede day khi hé
s6 Reynold thay d6i tir 60 dén 1000. Két qua cho
thay hé s6 Cg4 tim dwoc tir mé phong la twrong dong
v6i cac nghién ctu trwde day. Két qua nay cho
thay mo hinh mé phong dwoc thiét lap véi cac
diéu kién nhw & trén 1a 6n dinh va co thé ap dung
duge cho cac bai toan nghién ctru tiép theo.

2.2. M6 phéng theo vét dbi twong

Trong phan nay, mé dun “mé hinh pha roi rac”
(DPM) dya trén ky thuat theo dau vét chuyén
dong cua phan tir dwoc ap dung. M6 dun DPM
cling ndm trong bo phan mém Ansys - Fluent va
c6 thé chay song song véi moé dun thuy lie. Co sé
Iy thuyét cia m6 dun DPM la sy can bang giita
quén tinh phan ti v&i cac lre tac dung 1én phan tir
(Ansys Fluent, 2012):

dup B

dr_ F, (u—up)Jr—g(pp —,0)

+F

Fr ©
Trong phwong trinh trén, # 1a thanh phan véc to

cua dong chay. u, la thanh phan véc to van toc

ctia phan tir. p, 1a khéi hrong riéng ciia phan ti, F
la ngoai hrc tac dung trén mot don vi khéi lrong
phan tir. Biéu thirc dau tién & vé bén phai phwong
trinh trén lién quan dén lwc can trén mot don vi
khéi lwong ph?m ti, trong d6 Fp dwoc dinh nghia
(Ansys Fluent, 2012):
18u
A p,C.

s

(5)

trong d6 la # do nhét cua chat léng, d, la
dwong kinh cua ph?m tir. Hé sb C. 1a hé sb lién
quan dén 1y thuyét Stokes. Chi tiét vé nhimg hrc
nay c6 thé tham khao thém trong céc tai liéu
hwréng dan ciia bo phan mém Ansys Fluent.

Dé thuc hién mo phong theo vét ddi tuong,
nhirng gia thiét sau da dwoc st dung:

- Cac phan tir ¢6 hang hinh cau véi duong
kinh déng nhat 1a d, va khéi hrong riéng 1a p,.

- Cac phan tir nay khong bién déi va twrong tac
sinh — Iy — hoa véi nhau trong qua trinh chuyén
dong dwdi tac dong cua dong chay.

- Chi xét tac dong cua dong chay lén phan ti,

KHOA HOC KY THUAT THUY LO1 VA MOI TRUONG - SO 74 (6/2021) 13



tac dong ngwoc lai cia phan tir 1én dong chay
duoc bo qua.

Trong mé phong theo vét ddi twong, cac phan
to nay lan lwot duoe tha vao dong chay c6 hé s6
Reynold béng 200. Cac phﬁn te duoe tha tal vi tri
phia trude cach hinh tru mot khoang 7.5D vé phia
thwong hru (xem hinh 4). M6i giay tha 20 phan tir
va tha lién tuc trong 120s. Nhw vay sau thoi gian
120s, s6 hrong phan tir trong mién tinh toan sé& la
2400 phan tir néu khong co6 phan tir nao di ra khoi
bién cira ra cia m6 hinh. Can hru ¥ rang cac phan
tir nay dwoc tha vao trrong dong chay sau khi mo
hinh da dat dwoc suw én dinh vé mat thuy lwc. Sw
én dinh nay duoc xac dinh qua su xuat hién mot
cach tuan hoan céc xoay nudc hoac la dao dong
tuan hoan cua céc luc tac dung trén hinh tru (xem
Vi, 2017b).

Dé danh gia pham vi dur doan ciia phrong phéap
LCS khi nghién ctru sy di chuyén cua cac phan ti,
trong nghién ciru nay tac gia da s dung 3 nhom
phan tir co kich thwde va khéi hrong twong tmg
vGi cac hé sb Stoke béng 0.001. 0.1 va 1 tinh theo
cong thire (3). Néu gia thiét cac phan tir dang xét
la cac hat cat co khéi hrong riéng trung binh
khoang 1800 kg/m’ thi kich thude twong tng cua
cac hat ddi vaoi ba hé sd stoke & trén lan luot la
5.6<10° m (cat min); 5.6<10"m (cat hat trung):
1.7%10° m (cat hat tho).

20 phan tit/1 lan tha
Dong 7
chay Vit can

wu

Hinh 4. Vi tri tha cdc p}'rfi"n Hr

4. KET QUA VA BAN LUAN
Nhur cac bude da trinh bay ¢ hinh 2, sau khi co

triromg van toe, LCS duoc tinh toan va vé duwa trén
phan mém Matlab. Ngoai phu thudce vao cau hinh
may, thoi gian tinh toan LCS sé phu thudc vao cac
cach giai khac nhau trong thuat toan LCS, bién
thot gian |T| trong LCS, va doé phan giai cua ludi
tinh (xem thém Vu, H.C 2017a). Trong nghién
ctru nay, viée tinh toan vé dwong LCS sé mat
khoang thém mot gio dong hd cho méi kich ban.
Két qua du doan LCS va két qua mo6 phong di
chuyén cua cac phﬁn tir & trén dwoc thé hién trén
hinh 5. Cac hinh 5(a), (b).(c) tng véi cac hé sb
Stoke la 0.001, 0.1 va 1. Trong cac hinh nay,
dwong mau do la cac duong LCS.

(a) Stk=0.001 ILcsl
151 . i s =
= Cac phan tw -
) 4%
of 2 A\
& -
25T Cac xoay
-5
| @) Stk=0.1
25
S
25
-5
5
25¢
S
25

Hinh 5. Sir phan bé ciia a.’?cphcin hir diroc
tha vao dong chay va cac dirong dir doan LCS,
(a) Stk = 0.001, (b) Stk = 0.1, (c) Stk =1.

Trong truong hop cac phan tir vat chat dwoc
tha vmg véi hé s6 Stoke=0.001 (hinh 5a), cac phan
tir nay di chuyén trong dong chay va luén bam
theo cac dwong cau tric LCS. O vi tri nao co
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dwong LCS thi & d6 ¢o cac phan tir bam theo.
Piéu nay cho thiay néu diung LCS dé dy doan
dwong di cia cac hat nay thi cho thay mirc do
chinh xac rat cao. Khi hé sd Stoke béng 0.1 (hinh
5b), cac phan tir nay van di chuyén va phan b6 gan
cac dwong LCS va mire d6 trung khép giam xudng
mot chut so v trieong hop & trén.

DP4i v6i cac phan tir co khoéi hwong riéng va
dwong kinh thoa man hé sé Stoke bang 1 (hinh
5¢), chiing van ¢ xu hwéng bam theo dwong LCS
tuy nhién mirc d6 theo sat thi giam han so véi hai
trieong hop truede. Cac phan tir phan bd chu yéu &
vong ngoai, cach xa ving xoay va khong tim thay
bat ky phan tir nao & viing gan tam xoay. Sw phan
tan cta cac phan tir ting 1én va diéu nay co thé
giai thich bo1 Irc quan tinh tac dung lén chung
trong treomg hop nay 1a 16n hon nhiéu so véi hai
treong hop trén, ching khong con bam theo sat
cac duwong LCS. Khi hé sd Stoke 16n hon thi cac
phan tir ning hon va do d6 lwc quan tinh tac dung
lén n6 cung 16n hon (Luo et al., 2004).

Nhur vay cé thé thay rang, khi hé s Stoke Ién,

TAI LIEU THAM KHAO

cac phan ti di chuyén kém linh dong hon va &
cach xa hon so vdi cac dwong LCS. Khi hé s
Stoke nho hon 0.1, cac phﬁn tir thé hién tinh linh
d6ng cao trong di chuyén va bam kha sat vao cac
duwong LCS. Hay noi cach khac, trong trirong hop
nay LCS sé tro thanh cong cu hiru hiéu dé du doan
dwong di cua cac phan tir loai nay.

5. KET LUAN

Nghién cttu da tim ra pham vi ap dung cuia
phwong phap LCS trong duw doan duong di cua cac
phan tir dwa vao sy phan tich dong thoi két qua
cia LCS va két qua moé phong trie tiép. Poi voi
cac phan tir c6 kich thwée va khéi hrong thoa man
hé s6 Stoke nho hon 0.1 khi di chuyén ching gan
nhw bam sat theo cac dwong LCS. Do dé LCS sé
la mot cong cu hiru hiéu khi du doan dwong di ciua
cac phan ti loai nay. Con d6i véi cac phan tit thoa
man hé s6 Stoke 16n honl, chiing van ¢6 xu hwéng
bam theo LCS tuy nhién c6 suw phan tan va cing
nam céach kha xa céc dwong LCS; do do khi du
bao dwong di cia ching bang LCS thi mirc d6
chinh xac s& giam xudng.
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Abstract:
APPLICABILITY OF “LAGRANGIAN COHERENT STRUCTURES”
IN PREDICTING THE MOVEMENT OF PARTICLES

In this paper, the scope of the “Lagrangian Coherent structures” in predicting the movement of floating
particles will be investigated using numerical method. Case study is the transport of particles in the
flow behind the circular cylindrical object, where the complex vortex forms. These particles were
studied with different sizes and weights. The study used two methods, LCS and particle tracking to track
the paths of the above particles. Based on the comparison of the two methods, the study figured out the
size of the particles can be predicted using the LCS method. The results show that the LCS method can
accurately predict the path of particles when the Stoke number is smaller than 0.1

Keywords: “Lagrangian Coherent Structures”, circular cylinder, stoke number
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