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PUONG PI CUA CAC HAT TROI NOI
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Tém tit: Trong bai bdo nay, kha ning dp dung cia phwong phdp "Lagrangian Coherent structures
(LCS)" trong nghién ciru dy dodn dwong di ciia cdc hat tréi néi sé dwoe danh gid dwa trén mé hinh sé.
Truong hop nghién ciru dién hinh dwoc chon la truong hop cdc hat vit chdt tréi trong méi truong dong
chay phia sau vat can la hinh tru tron, khu viec cé hinh thanh cdc xody nuwoc phuee tap. Nghién cieu da swe
dung dong thoi hai phiwong phdp la LCS va phuong phdp mé phéng theo vét doi tiwong dé theo doi
duong di cia cde nhom hat c6 kich thude va khoi lwong khdc nhau. Dua trén két qua so sanh cua hai
phirong phép trén, nghién ciru da chi ra kich thuée cia cdc nhém hat cé thé dy dodn dwoce dwong di khi
diing phurong phép LCS. Két qua cho thdy, phirong phédp LCS ¢6 thé dir bdo khd chinh xdc dwong di ciia

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

Twr khoa: “Lagrangian Coherent Structures”, hinh tru, hé sb Stoke,

1. PAT VAN PE

Mot trong nhitng coéng cu hitu hiéu dé nghién
clru cau tric cua dong chay hay du doan duong di
clia cac hat vat chét trong méi truong dong chay
chinh 1a phuong phap Lagrangian Coherent
Structure (LCS). Hinh 1 thé hién cac duong LCS
trong mién chat 1ong. LCS c¢6 thé xem 1a nhiing
duong ranh gidi an phan chia mién chit long
thanh nhiing vung riéng. Theo ddc tinh cua LCS
thi cdc phan tir chét long duoc xem la khong cét
ngang nhiing duong nay trong quéd trinh di
chuyén. Viéc tim ra cac dudng LCS nay di gitp
cong tac nghién ciru dong chay tré nén dé dang
hon va chi tiét hon boi cdu tric dong chay trude
day chu yéu duoc nghién ctru dwa vao truong van
toc, duong dong, cac dudng déng mirc xody. LCS
d3 bt dau dugc ing dung trong cic nghién ciru vé
cau trac dong chay ciing nhu sy di chuyén cua cac
phﬁn tr vat chat, cac su cd tran dau & trén cac
ving bién. Blake and Kamran, (2008) di dung
LCS dé nghién ctru va giai thich duong di ca cac

! Khoa Xay dung Cong trinh thuy, Truong Dai hoc Bach
Khoa - Dai hoc Pa Nang

phan tir khéng khi xung quanh canh may bay. Hay
Franco et al. (2007) ciing dwa trén LCS dé nghién
ctru su chuyén dong ctia nudc xung quanh mot
con sua dang boi. Vii (2017a) da chi ra duoc
nhitng vu diém cua LCS trong nghién ctru cu trac
dong chay phia sau hinh try tron. Vii (2017a) cling
dung LCS dé du bao duong di cua cac chat chi thi
mau va cho thay két qua hoan toan trung khdp so
voi két qua thi nghiém trude day da cong bd. Tuy
nhién ddi voi nhitng phan tir vat chit c6 khoi
lwong (khac chit chi thi mau ¢ trén) thi viéc ding
LCS dé du doan duong di ctia cac phan tir nay s&
bi giam do chinh xac. Thuc té lac nay do c6 khéi
lwrong nén luc quén tinh s€ dong vai tro quan trong
anh huong dén dudng di cta cac phan tir duoc du
bao. Muc tiéu cua bai bao nay la xac dinh pham vi
ma phuong phap LCS c¢6 thé 4p dung trong cong
tac du bao dudng di dé co thé dat dugc két qua
turong dbi chinh xac. Tac gia chon truong hop tinh
toan la dong chdy phia sau vat can c6 dang hinh
tru tron. Pay 1a truong hop dong chay co phat sinh
cac xody nudc va do do do sai khac cua phuong
phap LCS so voi duong di thuc cia cac phan tir s&
dugc thé hién rd hon.
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Hinh 1. Minh hoa dwong cau triic LCS
(mau do, nét diet la “LCS nguoc”; mau xanh,
nét lien la “LCS thudn”)

2. PHUONG PHAP

Muc tiéu ctia nghién ctru ndy nham tim pham
vi ap dung cua phuong phap LCS trong du doan
duong di cua cac phan tir tréi ndi trong moi
truong dong chay. Pham vi nay duoc chi ra dya
trén so sanh két qua ciia LCS véi két qua dung md
hinh mé phong dudng di thuc cia cac phan tir.
Phan mém duogc sir dung dé nghién ctru 1a phan
mém Ansys Fluent. Cac budc giai quyét bai toan
dugc trinh bay theo so do trén hinh 2.

Ansys Fluent

M6 phong thuy lue

Tim trrong vecto

M6 phong theo vét l

doi teong (particle

tracking) Phan tich két qua

Hinh 2. So d6 cac buéde tinh todn

Tinh toan LCS (dua
trén trrong vecto)

2.1. Gi6i thi¢u vé phan mém Fluent
LCS dugc tinh todn dya trén truong véc to
dong chay nén dau tién tac gia di dwa vao bo phan

mém Ansys Fluent dé tim truong véc to dong
chdy xung quanh vat can. Sau d6 cac duong LCS
backward-time s& dugc tinh toan va thé hién. Phan
thir hai 1a viéc thuc hién mé phong theo vét phan
tr duoc thuc hién trén phﬁn mém Ansys Fluent.
Mo phong nay s& cho phép nhan biét dugc dudng
di cta dbi twong nghién ctru theo thoi gian.

Fluent la phﬁn mém thudc bd phﬁn mém Ansys
dugc tmg dung nhiéu trong k¥ thuat. Tong phan
mém Fluent, cac hé phuong trinh co ban duoc giai
dwa trén phuong phap thé tich hitu han. Phuong
trinh bao toan khéi lwvong va dong luong lan luot
c6 dang nhu sau (Ansys Fluent, 2012):

%—f+v(p§)=0 (1)

%(p;)+v-(p;;)=—Vp+V'(;)+P§+E (2)

trong d6 p 1a khdi lugng riéng ciia nudc, ¢ 1a

thoi gian, va vIa van téc, p ap sudt tinh, 714
tensor rng suét; pg va Flin luot 1a trong lyc va
ngoai lyc tac dung.

Trong nghién ctru nay cac phuong trinh dugc giai
theo thuat toan ‘“‘semi-implicit pressure linked
equations” (SIMPLE). M6 hinh chay r6i SSTk-w da
duoc 4p dung. Pay 1 mo hinh cai tién dua trén mo
hinh chéy r6i &-w, mot trong nhitng mé hinh phd bién
nhat bén canh mé hinh k- Ly do tac gia sir dung mo
hinh nay duoc giai thich trong Vu et al., (2015).

2.2. Giéi thiéu vé “Lagrangian Coherent
structures”

Tir hinh 1 cho thay LCS 1a cac duong ranh cia
cac mién chat 16ng va né bi an di dudi trudong van
tdc. Theo Shadden et al., (2005) thi LCS c6 thé
dugc tim thong qua hé sé mii Lyapunov hitu han
(FTLE) trén trudong van téc. FTLE 1a hé s thé
hién muc d6 phan tan cta cac phan tr vat chat.
Theo d6 tai noi c6 FTLE 16n thi cac phin tir s&
phan tan nhiéu hon. Trong trudng FTLE vira dugc
tinh toan, tap hop diém c6 FTLE 16n duoc coi 1a
cac dudng cdu trac LCS. Chi tiét v& LCS ciing
nhu cach tinh todn co 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 dudng di cia cac phan
tir trong mot moi truong thi khdi Iugng cia dbi
tuong du doan, hay noéi cach khac chinh 1a sy khac
nhau giita khéi luong d6 so véi khdi luong cua
mdi trudng dong chay chira no, s& nhitng théng sb
quan trong anh hudng tryc tiép dén két qua du
doan. Do dic diém nay va ciing dé dong nhat
khong phan bi€t moéi truong nudc, khi, hay céac
moi trurong khac, cac nghién clru trude day thuong
dung hé s Stoke (stk) dé dién ta dic diém cua ddi
twong di chuyén so véi méi truong chia nod
(Jacobs et al., 2004; Luo et al., 2004). Viéc su
dung hé s6 nay s€ lam cho vi¢c tinh toan, so sanh
két qua duoc thuan loi hon khi cung dwa vé mot
hé sb chuén.

Hé s6 nay dugc dinh nghia 1 ti s6 vé thoi gian
di chuyén ctia phan ti £, so voi thoi gian di chuyén
cia dong chay mang phan tir z (Jacobs et al.,
2004; Luo et al., 2004):

Stk =2 3)

L
trong do:

ppdi \ A \ £,
*t,=——va p, dplan luot 1a khoi lugng

7 18u
riéng va Qu’c‘mg kinh cta phan tir di chuyén.
4 1a hé sO nhét dong luc hoc cua dong chay
mang phén tir.
Lf D . A X 1A

*t,=—L=—va L, U, lan luot thé¢ hi¢n
‘ ;U
chidu dai ddc trung va van tdc ciia dong chay, D,
U, 1a duong kinh cua hinh try tron va van tde &
bién thuong luu.

3. THIET LAP MO HINH

3.1. M6 phéng thiay lwc tim trwong véc to
dong chay

Hinh 3a thé hi¢n mo hinh toan hai chiéu cua
dong chay qua véat can hinh tru tron. Trong mo
hinh bién vao va bién ra duoc bd tri ¢ hai dau va
cach vat can hinh try mét khoang du lon dé cac
bién nay khong anh huéng dén ciu tric dong cha
khi m6é phong. Trong nghién clru nay cac vi tri
bién nay lan luot 1a 8 va 24 1in dudng kinh hinh

tru theo (Meneghini et al., 2001). Twong tu nhu
vdy, bién phia trén va phia dudi ciing dugc bd tri
cach hinh tru mot khoang du 16n bang 10 lan
duong kinh hinh try. Bién vao duogc vdi dang bién
“van téc cira vao”, va thiét 1ap van téc dong chay
U,; con bién ra la dang bién “dp luc cua ra”. Bién
“dp e cira ra” c¢6 thé cho phép hién twong dong
chay “nguoc” nén cac xoay nudc khi di ra khoi
bién nay dugc mo phong chinh xac hon. Pay la
cac dang bién dugc st dung phé bién trong Fluent
khi m6 phong dong chdy qua cac vat can (Vu et
al., 2015).

(a) Bién 1 (wall) =
= 7 3
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Hinh 3. Thiét ldp bién va luoi tinh cua
mé hinh, (a) Vi tri cdc bién, (b) Chia hedi mién

tinh toan

Hinh 3b thé hién cach chia lué6i tinh toan cua
md hinh. Céc 6 Iudi dugc chia nho khi & gan hinh
tru va co6 kich thudc 16n hon khi ra xa hinh tru.
Trong céc bai toan md phong st dung mo hinh sd,
kich thudc 6 ludi s& c6 tac dong 1on dén két qua
md phong. Pé danh gia d6 nhay cia kich thude 6
luoi cling nhu dam bao d6 chinh xac cia mo hinh,
cac kich ban mo6 phong voi cac kich thudc 6 ludi
khac nhau di duoc tac gia kiém dinh trong cac
nghién ctru trude day. Trong nghién clru cua Vu et
al. (2015) va Vu et al. (2016), tac gia da thyc hién
md phong voi cac kich ban co s 6 ludi xung
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quanh hinh try lan Iuot 13 160, 240 va 320 6 ludi.
Theo d6, s6 6 luéi trén toan bd mién tinh toan lan
luot 14 173760, 193920 va 215680 6 ludi. Cac két
quéa nghién ciru d6 da cho thay kich ban hai v6i s6
0 ludi xung quanh hinh try 1a 240 6 ludi thi dam
bao dugc do chinh xac ctia mo hinh (xem Vu et al.
(2015) va Vu et al. (2016)). Trong nghién clru nay
tac gia khong kiém dinh lai ma st dung két qua
ctia kich ban hai voi toan bd mién tinh toan dugc
chia thanh 193920 6 ludi. M6 phong dugc thuc
hién trén may tinh Intel(R) core (TM) i3, CPU
3.6GHZ, bd nhé Ram 4GB. Véi s6 6 luéi nhu
trén, thoi gian moé phong bao gém thoi gian lam
am mo hinh va thoi gian chay dén khi mé hinh 6n
dinh (14 lac hinh dang céc xody nudc xuat hién
tuan hoan va déu dan, khoéng thay ddi phia sau
hinh tru) chiém khoang gﬁn 45 phut.

Nhu di dé cép trong cac nghién ciru trudc,
viéc kiém dinh mé hinh thuy luc c6 thé duoc
thuc hién trén kiém dinh cac hé sé luc can (Co),
luc nang (Cy), hay hé sb lién quan dén tan suat
xuét hién cua xody nuéc (hé s Strouhal) theo
Vi, H. C., (2017b). Trong nghién ciru nay, hé sb
luc can s& duge ap dung dé kiém dinh mé hinh.
Hé sb nay duoc tinh theo cong thic:
C,=2F,/(pU;D), trong @ U,: van tdc tai
bién vao; Fj,: lyc can tac dung 1én hinh try; D:
duong kinh hinh try.

Bang 1. H¢ s6 Cq trong két qua mé phéng
va cac nghién ciru trudc day

Hé sb|Cac nghién ciu | Kétqua
Reynold | truéc day 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 mo phong 1.259

Bang 1 di thé hién két qua so sanh ciia hé s6 Cq
tim duoc so voi cac nghién clru trude day khi hé
s6 Reynold thay ddi tir 60 dén 1000. Két qua cho
thdy hé s6 Cq tim dugc tir mé phong 13 trong dong
voi cac nghién ciru trude day. Két qua nay cho
thdy mo hinh mé phong duoc thiét 1ap voi cac
didu kién nhu & trén 1a 6n dinh va co6 thé ap dung
dugc cho cac bai toan nghién ctru tiép theo.

2.2. M6 phéng theo vét doi twong

Trong phin ndy, mé dun “mé hinh pha rdi rac”
(DPM) duya trén ky thuat theo dau vét chuyén
dong cua phan tir dugc ap dung. M6 dun DPM
cling nam trong bd phin mém Ansys - Fluent va
c6 thé chay song song véi méd dun thuy luc. Co s&
Iy thuyét cia mé dun DPM 1a sy can bang giita
quéan tinh phan tir v6i cac lyc tac dung 1én phan tir
(Ansys Fluent, 2012):

du, =F, (u_up)+g(pp——p)+F
a Py @

Trong phuong trinh trén, « 1a thanh phan véc to
cua dong chay, u, la thanh phan véc to van tdc

clia phan tir, oy la khéi lugng riéng cua phan tir, F
la ngoai luc tac dung trén mdt don vi khéi luong
phin tir. Biéu thirc dau tién ¢ vé bén phai phuong
trinh trén lién quan dén luc can trén mot don vi
khdi lwong phan tir, trong d6 Fp duoc dinh nghia
(Ansys Fluent, 2012):

Fo_ 18u

D™ 2
AepiCe )

trong d6 la x4 d6 nhot cua chat long, d, la

duong kinh cua phan tir. Hé s6 C. 1a hé sb lién
quan dén 1y thuyét Stokes. Chi tiét vé nhimng Iuc
ndy co thé tham khio thém trong cac tai liéu
hudng dan cua bd phdn mém Ansys Fluent.

Dé thuc hién mo phong theo vét dbi tuong,
nhitng gia thiét sau da duoc sir dung:

- Cac phan tir ¢6 hang hinh cau véi dudng
kinh dong nhat 1a d,, va khéi lugng riéng 1a p,.

- Cac phan tir nay khong bién déi va tuong tac
sinh — 1y — hoa vé6i nhau trong qué trinh chuyén
dong duoi tac dong cua dong chay.

- Chi xét tac dong cta dong chay 1én phan tir,
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tac dong nguoc lai cia phan tir 1én dong chay
duoc bd qua.

Trong mo6 phéng theo vét dbi tuong, cac phﬁn
tir nay lan luot duoc tha vao dong chay c6 hé sb
Reynold biang 200. Céc phan tir duoc tha tai vi tri
phia trudc cach hinh try mot khoang 7.5D vé phia
thuong Iwu (xem hinh 4). Mdi gidy tha 20 phan tir
va tha lién tuc trong 120s. Nhu vay sau thoi gian
120s, s6 lugng phan tir trong mién tinh toan sé& 1a
2400 phan tir néu khong ¢ phan tir nao di ra khoi
bién ctra ra cia mo hinh. Can lwu ¥ rang cac phan
to nay dugc tha vao truong dong chay sau khi mo
hinh d3 dat duoc sy 6n dinh vé& mat thuy lyc. Sy
6n dinh nay duogc xac dinh qua sy xuét hién mot
cach tuan hoan cac xody nudc hoic 1a dao dong
tudn hoan cua cac luc tac dung trén hinh try (xem
Vi, 2017b).

Dé danh gia pham vi du doan cta phuong phap
LCS khi nghién ciru su di chuyén cta cac phan ti,
trong nghién clru nay tac gid da su dung 3 nhom
phan tir co kich thudc va khdi lugng twong tmg
v6i cac hé sb Stoke bang 0.001, 0.1 va 1 tinh theo
cong thie (3). Néu gia thiét cac phan tr dang xét
1a cac hat cat c6 khdi lugng riéng trung binh
khoang 1800 kg/m’ thi kich thudc twong ng clia
cac hat d6i v6i ba hé s6 stoke & trén lan luot la
5.6x10” m (cat min); 5.6x10™*m (cat hat trung);
1.7x10° m (cét hat tho).

20 phan ti/1 1an tha
Dong '
cle Vit can

1y

| 15D |

Hinh 4. Vi tri tha cdc phan tir

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

trudng van tdc, LCS dugce tinh toan va vé dua trén
phin mém Matlab. Ngoai phu thudc vao cdu hinh
may, thoi gian tinh toan LCS s€ phu thudc vao cac
cach gidi khac nhau trong thuat toan LCS, bién
thoi gian |T| trong LCS, va @6 phan giai cua ludi
tinh (xem thém Vi, H.C 2017a). Trong nghién
ciru nay, viéc tinh toan vé& duong LCS s€ mét
khoang thém mot gio dong hd cho mdi kich ban.
Két qua du doan LCS va két qua mo phong di
chuyén cia cac phin tir & trén duoc thé hién trén
hinh 5. Céac hinh 5(a), (b),(c) tng v6i cac hé sd
Stoke 1a 0.001, 0.1 va 1. Trong cac hinh nay,
duong mau do 1a cac duong LCS.

3] T T T T T
(a) Stk=0.001 Lcs

23r Cdc phan i

' i
—_ : .,

i] IF " 1
Py - .
“ﬁ\ ..-_v.'_.--"--.

23 F Cac xoay

(b) Stk=0.1

Hinh 5. Sy phdn b6 ciia cdc phan tir dwge
tha vao dong chay va cdc dwong dy dodan LCS,
(a) Stk = 0.001, (b) Stk = 0.1, (c) Stk =1.

Trong truong hop cac phan tir vat chat dugc
tha ing voi hé sé Stoke=0.001 (hinh 5a), cac phan
tor nay di chuyén trong dong chdy va luén bam
theo cac duong ciu trac LCS. O vi tri nao c6
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duong LCS thi & d6 c6 cac phin tir bam theo.
Diéu nay cho thdy néu dung LCS dé du doan
duong di cua cac hat nay thi cho thidy muc do
chinh x4c rat cao. Khi hé s Stoke bang 0.1 (hinh
5b), cac phan tir nay van di chuyén va phan bd gan
cac duong LCS va mirc d6 trung khop giam xudng
mot chit so voi trudng hop & trén.

Pbi v6i cac phan tir c6 khodi lwong riéng va
duong kinh thoa min hé s Stoke bang 1 (hinh
5¢), chung van c6 xu huéng bam theo dudong LCS
tuy nhién mirc do theo sat thi giam han so véi hai
truomg hop trude. Cac phan tir phan bd cha yéu ¢
vOng ngoai, cach xa ving xody va khong tim thay
bat ky phan tir ndo ¢ viing gan tdm xody. Sy phan
tan clia cac phan tir ting 1én va diéu nay c6 thé
giai thich boi luc quéan tinh tic dung 1én chung
trong truong hop nay la 1én hon nhiéu so voi hai
truong hop trén, ching khong con bam theo sat
cac duong LCS. Khi hé s Stoke 16n hon thi cac
phan tir ning hon va do d6 luc quan tinh tic dung
1én n6 cling 16n hon (Luo et al., 2004).

Nhu vy c6 thé thiy rang, khi hé s6 Stoke 16n,

TAI LIEU THAM KHAO

cac phan tr di chuyén kém linh dong hon va &
cach xa hon so véi cac duong LCS. Khi hé sb
Stoke nho hon 0.1, cic phan tir thé hién tinh linh
dong cao trong di chuyén va bam kha sat vio cac
duong LCS. Hay ndi cach khac, trong truong hop
nay LCS s& tré thanh cong cy hitu hiéu dé dy doan
duodng di cta cac phan tir loai nay.

5. KET LUAN

Nghién ctru da tim ra pham vi &p dung cua
phuong phép LCS trong du doan duong di cua cac
phan tir dya vao su phan tich dong thoi két qua
ctia LCS va két qua mo phong truc tiép. D6i véi
cac phan tir c6 kich thudc va khdi luong thoa man
hé sé Stoke nhé hon 0.1 khi di chuyén chiing gan
nhu bam sat theo cac duong LCS. Do d6 LCS s¢
la mét cong cu hitu hiéu khi du doan dudng di cia
cac phan tir loai nay. Con d6i v6i cac phan tir thoa
man hé s6 Stoke 16n honl, chung van c6 xu hudng
bam theo LCS tuy nhién c6 sy phan tan va ciling
niam cach kha xa cac dudong LCS; do d6 khi du
béo dudng di cua ching bing LCS thi muc do
chinh x4c 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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