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NGHIEN CUU CO CHE DI CHUYEN CUA DONG CHAY
PHIA SAU HINH TRU TRON

Vii Huy Céng'

Tém tit: Trong nghién civu nay, co ché di chuyén ciia cdc khoi chat Iong phia sau hinh tru sé dwoc
nghién ciru diea trén phan tich “Lagrangian Coherent Structure”(LCS) va mé phong theo vét doi
twong “particle tracking”. Dong chay phia sau hinh tru dwoc phdn chia thanh nhitng mién chat
long riéng biét va LCS cho phép dir dodn sie di chuyén ciia cdc mién chat long dé theo thoi gian. Su
di chuyén nay c6 thé dinh luong dwoc dwa trén phirong phdp LCS. Nghién ciru ciing lam ré dnh
hudng ciia hé s6 Reynold (tir 60-1000) doi véi sw di chuyén nay.

Tir khoa: “Lagrangian Coherent Structure”, hinh try, cau tric dong chay, di chuyén.

1. PAT VAN PE

Su xuét hién phé bién cta cac két ciu co
dang hinh tru trong doi séng hang ngay da khién
n6 tré thanh dé tai nghién ciu cua nhiéu cong
trinh khoa hoc (Vi ef al., 2015). Khi c6 dong
chay chay qua va hé s6 Reynold du 16n s& hinh
thanh cac xody nudc phia sau hinh try mdt cach
déu dan. Ngudn gdc cia cac xody niy chinh 1a
su di chuyén tuan hoan cia cac khdi chat long
ngay sat phia sau hinh tru. Cac xody nudc sau
khi hinh thanh s& di chuyén ra xa va lam thay
d6i cau triic dong chay (Vii 2017a). Bén canh d6
su dao dong tudn hoan cua cic xody nudc ciing
dan dén sy dao dong tuan hoan cia cac luc tac
dung 1€n hinh tru. Ngoai ra, sy hinh thanh céc
xody ciing nhu tin sé dao dong cia cac xody
nuée déu phu thude vao hé s Reynold (Re).

Trong cac nghién ctu trudc diy vé dong
chay xung quanh hinh tru, cac tac gia phan 16n
tap trung vao nghién ctru lyc tac dung 1én hinh
try va cac xoay sau khi da di xa hinh tru (V1,
2017b). Véi su phat trién cua khoa hoc ky
thuat thi sy x4o tron vat chat hay su di chuyén
ciia cac phan tr vat chat xung quanh cac vat
can hinh tru dan dan duogc nghién ctru chi tiét.
Céac nghién ctru di tim thdy cac dic diém vé
dong chay ma trudc ddy chung bi an di khi
dung cac phuong phép thong thuong nhu dya
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trén trudng van tdc, duong ddng mic xody
v,v.. Vii (2017a) da dung LCS dé nghién ctru
vé vung khoi tao xody ngay sat phia sau hinh
try, tuy nhién két qua nghién ctru chi ding lai &
viéc xét chiéu dai cia ving ndy. Sy xdo tron
hay vi tri di chuyén cua cac khdi chit long
trong ving ndy chua duoc dé cap dén. Salman
et al. (2007) du doan su di chuyén ciing nhu sy
bién d6i hinh dang theo thoi gian ciia nhiing
mién chit 16ng nho phia sau vat can c6 dang
hinh try pin. Sy x4o tron d6 dugc thé hién mot
cach truc quan gitip nguoi nghién ciru co thé
nhan biét dugc nhirng khdi chat 1ong xuét phat
tr ddu va di vé dau. Tuy nhién du doan d6
chua c6 mod phong hay thi nghiém kiém ching.

Trong bai bao nay, su di chuyén cua cac khi
chat 16ng sat phia sau hinh tru tron duoc nghién
ctru chi tiét dua phan tich LCS. Nghién ciu
cling thyc hién mod phong vét phan tir dé kiém
dinh lai sy di chuyén cua cac khdi chat long.
Ngoai ra, anh hudng ciia hé sb Reynolds (trong
pham vi tir 60 dén 1000) 1én sy di cta cac khoi
chét long s€ dugc xem xét, diéu nay chua dugc
lam 1o trong cac nghién ctru trude day. Nghién
ctru da khang dinh thém dugc nhitng vu diém
ctia phuong phap LCS ngoai nhirng wu diém da
trinh bay trong Vi, (2017a). Piéu nay dic biét
c6 y nghia khi nghién ctru sy x4o trOn, hay
khuéch tan cua cac phan tir vat chit trong cac
chuyén dong phirc tap.
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2. PHUONG PHAP “LAGRANGIAN
COHERENT STRUCTURE”

LCS 1a nhitng duong ranh gi6i an phan chia
chat 1ong thanh nhitng mién riéng va cic phan
ttr vat chat dong chay dugc xem nhu 1a khong di
qua cac duong ranh gidi nay. Vi du nhu céc
duong mau do va xanh & trén hinh 1 1a nhitng
duong LCS. LCS duoc ung dung nhiéu trong
cac nghién ctru vé cAu tric cling nhu sy x40 tron
ctia cac phan tir vat chat. N6 1a cong cu hiru hiéu
dé nghién ctru vé su xdo tron va du bao duong
di ctia cac phan tir. Blake and Kamran, (2008) da
ding LCS dé nghién ctru va giai thich dudng di
ctia cac phan tir khong khi xung quanh canh may
bay. Hay Franco ef al. (2007) cling dya trén LCS
dé nghién ctru sy chuyén dong ctia nude khi mot
con stta dang boi. Pé tinh toan LCS, theo
Shadden et al., (2005) can phai tim “Finite-Time
Lyapunov Exponent”, (FTLE). Thong s6 nay thé
hién mic do phan tan cua cac phan tir vét chat,
va tai noi ¢6 FTLE 16n thi cdc phan tir s& phan
tan nhiéu. Trong trudng FTLE, tap hop diém ma
FTLE c6 gia tri 16n dugc xem nhu la cac duong
cau tric LCS. Chi tiét vé LCS ciing nhu cach
tinh toan ¢ thé tham khao cac cong trinh nghién
ctru cua Shadden et al., (2005).
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Hinh 1. Minh hoa dwong cdu triic LCS
(mau do, nét dut la “LCS backward-time”;
mau xanh, nét lién la “LCS forward-time”)

3. THIET LAP MO HINH SO TRONG
FLUENT

LCS duoc tinh toan dua trén truong véc to
dong chay nén dau tién tac gia di dua vao bod

phin mém Ansys Fluent dé tim truong véc to
dong chay xung quanh hinh try. Sau d6 LCS s€
dugc tinh toan véi ca 2 loai duong la LCS
backward-time va LCS forward-time. Chi tiét vé
viéc tinh toan c6 thé tham khao thém trong Vi,
(2017a). Phan th hai 1a viéc thyc hién mo
phong theo vét phan tr ciing duoc thyc hién trén
phan mém Ansys Fluent. M6 phong nay s& cho
phép nhan biét duoc duong di cua ddi tuong
nghién ctru theo thoi gian.

Fluent dua trén phuong phap thé tich hitu
han dé giai hé phuong trinh co ban. Phuong
trinh bao toan khdi lwong c6 dang (Ansys
Fluent, 2012):

Z—‘ZW-(pu)zo (1)
trong d6 p 14 khdi lwong riéng, u 1a van téc.
Phuong trinh bao toan dong luong c6 dang

(Ansys Fluent, 2012):

o, - . = - —
5(pu)+V-(puu) ——Vp+V-(r)+pg+F 2)
trong d6 p 1a ap suit, 714 tensor Ung sut, va

F 1a ngoai lyc.

Céc phuong trinh dugc gidi theo phuong
phap “semi-implicit pressure linked equations”
(SIMPLE). Mo hinh rbi duoc ap dung 1a Shear
Stress Transport (SST) k-w. Pay 1a mo hinh cai
tién dua trén mo hinh chay réi hai phuong trinh
k-w, mot trong nhitng moé hinh phd bién nhat
bén canh mo6 hinh k-e. Ly do sir dung m6 hinh
nay duoc giai thich trong Vu et al., (2015).

3.1. M6 phong trudong véc tor dong chay

Mo hinh toan hai chiéu cta dong chay qua
hinh tru dugc thé hién trén hinh 2a. Khoang
cach tlr bién vao va bién ra cia md hinh dén tam
hinh tru 1an luot bang 8 va 24 lan duong kinh
hinh try. Bién hai bén dugc b6 tri cach hinh tru
mot khoang bang 10 lan dudng kinh. Viéc bb tri
cac bién voi khoang cach nhu vay dé tranh anh
huong cua bién dén két cdu dong chay xung
quanh hinh try (Meneghini et al., 2001). Bién
vao la dong déu U, véi dang bién “velocity
inlet” con bién ra la bién “pressure outlet”. Day
la cdp bién duoc nguoi st dung Fluent s dung
nhiéu khi mé phong dong chay qua cac vit can
(Vu et al., 2015). Bién “pressure outlet” co thé
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cho phép hién tugng “back-flow” nén cac xoay
nude khi di ra khoi bién ctra ra dugec mo phong
chinh xac.

(a) Bién trén ©
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Hinh 2. Thiét lgp bién va ludi tinh ciia mé hinh,
(a) Vi tri cdc bién, (b) Chia lw6i mién tinh todn,
(c) Chia luoi xung quanh hinh tru.

Mién luéi tinh toan cho md hinh duge thé
hi¢n trén hinh 2. Cac 0 ludi c6 hinh dang t
giac v6i kich thude nhé ¢ gan hinh tru va & xa
hinh tru c6 kich thuéc 16n hon. Toan b mién
tinh toan gdm 193920 6 ludi vdi cac 6 ludi
nhd nhit ndm trén hinh tru c6 kich thudce la
0.5mm. Chi tiét ludi xung quanh hinh try
duoc thé hién trén hinh 2(c). Cach chia luéi
nay da duoc ap dung thanh cong trong cac
nghién ctru cua céc tac gid trudc nhu Vi et al.
(2015), Vi (2017a).

Trong cac nghién ctru dong chay qua hinh
try st dung mé hinh s6, hé sb luc can hoic ap
luc trén hinh tru thuong duge dung dé kiém tra
do chinh xac ciia m6 hinh. Trong nghién ctlru
ndy tac gia ciing st dung hé sb lyc can dé kiém
dinh mo hinh bang cach so sanh véi cac két
qua da duogc cong bd. Hé sb luc can tac dung
1én hinh tru dugc tinh theo cong thic (Robert
et al., 2008):

C = 2}}

pU,D
Trong do:

3)

U,: van tdc tai bién vao
Fy: lyc can tac dung 1én hinh tru
D: duong kinh hinh tru

2 -

-4--Két qua mo hinh
18 T A Meneghini et al. (2001)
L6 r O Surmas et al. (2004)
° 1.4 %Q‘O

- B0 Op g

12 t

1

0 50 100 150 200 250
Re

Hinh 3. Su thay doi hé s6 Cp theo hé sé
Reynold.

Hinh 3 thé hién hé s luc can Cp tir md hinh
tinh so sanh voi cac nghién ciru khac khi hé sb
Reynolds thay dbi tir 60 dén 200. Két qua cho
thiy gia tri mo phong va gia tri so sanh co su
twong dong cao. Piéu d6 ching to cac thiét 1ap
trong mo hinh la ddm bao va dong chay xung
quanh hinh try da dugc mé phdéng chinh xac.

3.2. Mo phong Particle tracking

Trong phan nay, mé dun phan tan Discrete
Phase Modeling (DPM) dua trén k¥§ thuat theo
dau vét chuyén dong cua phan tir duoc 4p dung.
M6 dun DPM nam trong bd phan mém Ansys -
Fluent va c6 thé chay song song véi mod dun
thiy Iyc. Co so 1y thuyét cia md dun DPM 1a sy
can bang gitra quan tinh phan tir véi cac luc tac
dung 1én phan tr (Ansys Fluent, 2012):

%zFD(u—uP)+M+F 4)
Py

Trong phuong trinh trén, u 13 thanh phan véc

to cua dong chay, u, la thanh phan véc to van
téc clia phan tir, p, 14 khdi hrong riéng ciia phan
ttr, F 13 luc ngoai bd sung trén mot don vi khdi
luong phan tir. Biéu thirc dau tién & vé bén phai
phuong trinh trén lién quan dén Iyc can trén mot
don vi khéi luong phan ta, trong d6 F)p duoc
dinh nghia (Ansys Fluent, 2012):
Fp = 21 i
d,p,C

c

)

Trong d6 u 1a d6 nhét cia chat long, d, 1a
duong kinh cta phan tir. Hé s6 C, 1a hé sd lién
quan dén 1y thuyét Stokes. Chi tiét vé nhitng luc
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nay c6 thé tham khao thém trong cac tai liéu
huéng dan cia bo phan mém Ansys Fluent.

Muc dich cua nghién ctu nay la du doéan sy
di chuyén cta cac khoi nudc nén cac phan tir
theo ddi duoc thiét 1ap véi thudc tinh giong nhu
cac phan tr nude. Cac phan tir niy khong bién
d6i va tuong tac sinh — Iy — hda véi nhau trong
qua trinh chuyén dong dudi tic dong cua dong
chay. Cac phan tir ndy dugc tha vao truong
dong chay ¢ cac vi tri can nghién ctu sau khi
mod hinh d3 dat duge su On dinh vé mat thuy luc.
Su 6n dinh nay duoc xac dinh qua sy xuat hién
mdt cach tudn hoan cac xody nude hodc 1a dao
dong tuan hoan cua cac luc tac dung trén hinh
try (xem Vi, 2017b).

4. KET QUA VA THAO LUAN

4.1. Co ché di chuyén ciia khoi chit léng
phia sau hinh tru

Trong phan nay, co ché di chuyén cia cac
khdi chat 1ong & viing khdi tao xody sat phia sau
hinh tru tron dugc xem xét dua trén phan tich
LCS. Vung khdi tao xoay 1a khu vuc chit 1ong
bi x40 tron va di chuyén phirc tap do cac xody
bat dau hinh thanh tir ddy roi méi di chuyén ra
xa hinh try (Vii, 2017a). Khi hé s6 Reynold nho,
su xudt hién cic xody nay 1a tudn hoan va co
chu ky do d6 cac khdi chit 16ng sat phia sau
hinh try cling di chuyén mot cach tudn hoan.
Hinh 4 thé hién cdu tric dong chay phia sau
hinh try, trong d6 duong mau xanh 1a cac duong
LCS forward-time va duong mau do la céc
duong LCS backward-time. Cac duong LCS
forward, backward-time giao nhau va s€ chia
dong chay thanh cic mién nhé hon. Cac duong
nay cho phép xéc dinh rd khdi chat 16ng nao di
vao va khdi chat 1ong nao di ra trong ving sat
phia sau hinh tru. Mién L; chinh 1a thé hién cho
khdi chat 1ong s& di vao ving khoi tao xody sat
phia sau hinh try va khi di vao khéi chat long
ndy s& nam & vi tri F(L,) sau thoi gian mot chu
ky xoay. Tuong ty nhu vdy, chit 1ong trong
mién L, s& di chuyén ra vi tri F(L,) sau mdi chu
ky xody. Nhu vy, sau mdi chu ky chat long L
s& di chuyén vao ving khéi tao xody va nam &
vi tri F(L;) con chat 1ong L, s& di chuyén ra khoi
ving khai tao xody va nam & vi tri F(Ly). Ngoai

ra, mién L, va F(L,) c6 su giao nhau va mot
phan dién tich bi chong 1ip 1én nhau (xem hinh
4). Sy xuat hién cua vung chong lap nay, ki hiéu
1a F(L,)NL, cho thay trong khoi chat 16ng vira
di vao s& c6 mot phan phai di ra. Dién tich cua
ving giao nay da thé hién muc do phirc tap cta
su di chuyén cac khdi chat 16ng phia sau hinh
try. Anh huong cua hé sé Reynold 1én dién tich
ving giao nhau nay s& duoc nghién ciru chi tiét
trong phan 4.3. Nhu vay phan tich LCS da cho
thiy dugc co ché di chuyén cua chat long, noi
chat 1ong di vao va di ra sau mdi chu ky xoay.

Két qua cho thay khi vat can 14 hinh tru tron
hodc hinh tru pin (truong hop nghién ciou cua
Salman et al., 2007) thi dudng di cia cac khoi
chat 16ng sat phia sau vt can 13 tuong tu nhu
nhau trong qud trinh hinh thanh xoay.
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Hinh 4. LCS phdn chia chdt long phia sau hinh
tru thanh cdc mién nhé riéng Ié.

4.2. M6 phéng particle tracking dé kiém
tra su di chuyén ciia cac khdi chit 16ng.

Pé chirng minh khdi chat long L; va L, lan
luot 13 cac khdi chat 1ong di vao va di ra khoi
ving khoi tao xody, mo phong vét phan tir da
duoc thuc hién. Cac phén tr duoc chia thanh 3
nhém (mdi nhom gdm 10 phan tir) duge tha tai
ba vi tri khac nhau nhu thé hién trén hinh 5.
Trong d6, nhom thir nhat va thtr hai dugc tha tai
cac vi tri twong tng véi cac mién L; va Ly, con
nhém thir 3 duoc tha tai vi tri bat ky & ngoai
ving khai tao xody. Cac nhém phan tir dugc tha
vao truong dong chdy ¢ cac vi tri trén sau khi
md hinh di dat duoc do 6n dinh. Thoi gian md
phong vét phan tr duge tinh tir lic bat dau tha
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cac nhom phan tir ndy vao trong méi truong
dong chay. Néu goi thoi gian bat dau tha 1a t=0
(hinh 5), thi tai cac thoi diém diém t=1/4T,
2/4T, 3/4T va t=T (trong d6 T la chu ky xoay) vi
tri cac phan tir duoc thé hién nhu trén hinh 6.
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Hinh 5. Vi tri tha cua cdc nhom phdn tw tai t=0,
(kich thudc cua phan tir dwoc phong to)

Hinh v& 6 thé hién két qua md phong theo vét
phan tr cua 3 nhom phan tr trén va dong thoi
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thoi cac duong LCS ciing duoc thé hién dinh
kém. Tur hinh vé& d& dang nhan thiy rang cac
phan tir & nhém 1 véi vi tri tha ban dau 1a L, da
dan dan di chuyén vao ving khdi tao xody va
cudi cung nam & vi tri F(L;). Két qua nay hoan
toan phtt hop v6i két luan & phan trén. Twong tu
nhu vAy, cac phan tir nhom 2 sau mot chu ky
cling di chuyén ra khoi ving khoi tao xody va
tién dén vi tri F(L,). Ngoai ra, két qua ciing cho
thiy rang nhém phan ti the 3 di khong di
chuyén vao ving khoi tao xody sat phia sau hinh
tru ma di chuyén vé phia ha luu. Ciing can noi
thém rang, cac phan tir thudc nhém 3 trong qua
trinh di chuyén vé phia ha Iuu s& dan dan bam sét
cac duong LCS backward-time ding nhu tinh
chit ctia LCS duoc nhan xét trong Vi (2017a).
Céc két qua vé mo phong vét phan tir nay da gop
ph?m thé hién duoc su di chuyén cia cac khoi
chit 16ng phia sau hinh try, cho thay noi xuat
phat va diém dén cua cac khdi chat 1ong.
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Hinh 6. Vi tri ciia cdc nhém phdn tir theo thoi gian (kich thudc cia cac phan tir dwoc phong to Ién).

4.3. Anh hwéng ciia hé s6 Reynold Ién sy
di chuyén ciia khéi chit 16ng.

Khi hé s6 Reynold ting 1én, cic khdi chat
1ong phia sau hinh tru ciing di chuyén phirc

tap hon. Trong phin nay, nghién ctiru s& thé
hién ti 1& chat long trong mién F(L;)NL,) so
v6i ti 1& chat long trong mién L, khi hé s6
Reynold thay d6i tir 60 dén 1000. Pay 1a ti 18
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chat long di vao rdi di ra trén tong sd chat
1ong di vao ving khoi tao xoay. Ti 1& cac khéi
chat 10ng nay twong ng vdi ti 1¢ dién tich cua
cac mién gi6i han chit long d6. Dién tich cua
cac mién nay duoc tinh toan theo cong thirc 6
(Franco et al., 2007).

n—1

ALy =2 [vya-vw] ©

j=0

Trong d6 x; va y, toa do cia diém thir j trén
duong bao hinh thanh nén mién dién tich L;. Tat
ca cac duong LCS déu duoc vé trén phan mém
Matlab nén toa do cac diém nay dugc trich Xuét
Vo1 sy trg giap cua Matlab.

Hinh v& 7 thé hién su thay ddi cua
F(Li)nLy)/L,. Theo cac nghién cuu trude day,
cac xoay nudc bat dau hinh thanh sau hinh tru
khi hé s6 Reynold 16n hon 47. Khi khong hinh
thanh xoay nudc thi dong chay gan nhu ddi
xing & nira trén va dudi hinh tru. Khi hé s6
Reynold tang 1én, ving khdi tao xody bat dau
hinh thanh va cac khdi nuée bit dau di chuyén
xao tron. Tai Re <100, vung giao nhau
F(L,)L, khong xuét hién. Theo nghién ciru cua
Vii (2017a) Iuc nay ving khoi tao xody da bat
dau xuat hién va kéo dai phia sau hinh try. Khi
hé s6 Reynold nam trong pham vi tir 100-200, ti
1¢ F(Li)nL,)/L, tdng nhanh. Trong pham vi h¢
s6 Reynold nay chiéu dai ving khoi tao xody
giam nhanh va tién dén 6n dinh tai Re =200
(Vii, 2017a). Pay ciing chinh 1a gia tri cua hé s6
Reynold dé phan biét dong chay ting va dong
chay rbi. Khi 200 <Re <1000 ti 1& F(L;)NL,)/L,

TAI LIEU THAM KHAO

it c6 sy thay d6i bai luc ndy ving khoi tao xody
d4 hinh thanh 6n dinh.

O & L L L L L I
0 200 400 600 800 1000 1200
Re

Hinh 7. Anh huong cia hé sé Reynold 1én ti 1é
chat long di vao réi di ra phia sau hinh tru

5. KET LUAN

Dua trén phan tich LCS va phuong phdp mo
phong theo vét ddi tuong, nghién ciru da chi ra co
ché di chuyén cta cac khdi chit 16ng phia sau hinh
tru trong qud trinh cac xody nudc hinh thanh. Sy di
chuyén cua cac khdi chat 1ong ciing nhu diém dén
va di ctia n6 duoc thé hién mot cach rd rang, truc
quan. Thém vao do, anh huéng cua hé sé Reynold
1én lwong cht long di vao rdi di ra ciing duoc dinh
lwgng. Khi hé s6 Reynold nim trong pham vi tir
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Abstract:
STUDY ON TRANSPORT MECHANISM OF FLOW BEHIND
A CIRCULAR CYLINDER

In this study, the transport mechanism of flow behind a circular cylinder will be investigated based
on Lagrangian Coherent Structure (LCS) analysis and particle tracking simulation. The flow
behind the cylinder is divided into different regions and their movements will be predicted over
time. This transport can be quantified based on LCS method. The study also highlights the effect of
the Reynolds coefficients (60-1000) on this transport mechanism.

Keywords: Lagrangian coherent structure, circular cylinder, flow structure, transport,
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