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NGHIEN CUU PAC PIEM CUA DONG CHAY
XUNG QUANH HINH TRU TRON

Vii Huy Céng'

Tém tit: Trong bdi bdo nay tic gia di nghién civu si thay doi cdc dic diém cia dong chay xung
quanh hinh tru khi hé 56 Reynold thay doi. Cac ddc diém nhw la hé s6 luc can tdac dung lén hinh tru
theo phwong dong chay (drag force) va phirong vuéng géc véi dong chay (lift force), tan sé xudt
hién cua cdc xoay phia sau hinh tru ciing nhu la goc “tach dong” trén hinh tru sé dwoc nghién ciru
mt cach c6 hé thong va chi tiét dwa trén mé hinh sé. Céc két qua ciing diege so sanh véi két qua thi

nghiém da céng bé triede day va thé hién do tin cdy cao.
Twr khoa: hinh tru tron, cau trac dong chay, xody, h¢ so luc tac dung.

1. PAT VAN PE

Sy xuit hién phd bién cta két cdu hinh try
trong doi séng da khién n6 tro thanh ddi tuong
nghién ctru cua rat nhiéu cong trinh khoa hoc &
nhiéu linh vuc khac nhau. Khi c¢6 dong chay
chay qua, phia sau hinh try c¢6 thé hinh thanh
cac cudn xody va hinh tru co thé chiu tac dung
cua cac lyc theo phuong dong chay (Fp) va
phuong vuong gbéc voi dong chay (Fr), xem
hinh 1.

Diém tach dong
Cdc xoday

Dong chay

WA

Hinh 1. Minh hoa dong chay xung quan hinh tru

Kumar va Mittal (2006) dd chi ra ring céc
cudn xoay sé& bét dau xuét hién phia sau hinh try
khi dong chay c6 hé s Reynold 16n hon 47. Cac
cudn xody nay sé xuat hién lan lugt phia sau
hinh tru mot cach tudn hoan dan dén céc luc Fp,
F; ciing dao dong tudn hoan theo. Sy xuét hién
cac cudn xody nay s€ lam tang muc do xdo tron
cua dong chay phia sau hinh tru (Kwon va Choi,

" Khoa Xay dung Thiy loi - Thiy dién, Truong Dai hoc
Bach Khoa - Dai hoc Pa Nang.
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1996). Ngoai ra khi dong chay chay trén bé mit
cong cua hinh try s€ c6 hién tugng tach dong
(xem hinh 1). Khi hién tugng nay xay ra, phia
sau hinh try s& hinh thanh 2 ving gdm ving
phia trong c6 xody véi van toc nhé va ving phia
ngoai khong xody c6 van téc 16n hon. Sy thay
d6i vi tri diém tach dong trén bé mat hinh try s&
quyét dinh dén bé rong cua ving xody nudc
phia sau va anh huong dén su phan bd 4p luc
trén hinh tru, do d6 anh huong dén do 16n céac
luc tac dung. Néu goc tao bai 2 diém tach dong
0 mép trén va mép dudi hinh tru cang lon thi
vung xody phia sau cang mé rong va nguoc lai.
Nhu vdy cu tric cua dong chay xung quanh
hinh tru khong nhitng phu thudc vao su Xuét
hién cua cic cudn xody ma con phu thudc ca
vao goc tach dong 6.

Trong cac nghién ctru trude day, cac tac gia
phan 16n tap trung vao thanh phan luc Fp.
Thanh phan lyc F; chua dugc nghién ciru chi
tiét nhat 1a khi hé sé Reynolds thay d6i. Ngoai
ra vi tri diém tach dong ciing chua duoc nghién
ctru nhiéu mic du goc tach dong anh hudng 16n
dén cdu tric dong chdy va né ciing thay doi khi
hé s6 Reynold thay dbi. Bai bao nay s& nghién
ctru su thay ddi cua cac luc, tan sb xuét hién céac
xody va goc tach dong véi hé s Reynold thay
doi tir 60 dén 200.
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2. THIET LAP MO HINH SO

2.1 Gié6i thiéu vé phan mém Fluent

Dong chay xung quanh hinh tru dwgc mo
phong hai chiéu bang phin mém Fluent. Trong
phin mém nay, phuwong phap thé tich hiru han
did duoc Gng dung dé giai hé phuong trinh
Navier-Stokes. Ap lue va van tdc duoc giai voi
thuat toan Semi-Implicit Pressure Linked Equation
(SIMPLE). Dbi véi md hinh rdi, tac gia da lya
chon mé hinh Shear Stress Transport (SST) k-w
dé giai. Ly do st dung md hinh nay 1a do wu
diém cua nd so v6i cac loai khac khi mo phong
dong chay tach dong (Vu et al. 2015). HE phuong
trinh co ban trong Fluent c6 dang nhu sau:

op =~

Loy pv)=0 1

Py p (1)
trong d6 p 14 khdi luong riéng cia nudc, ¢ 1a

thoi gian, va v 1a van téc.

L (po) v (ow)= o9 (| peF 2

trong d6 p 4p sudt tinh,t 1a tensor g sut;

P8gva f lan luot [a trong luc va ngoai luc tac dung.

2.2 Thiét 1ap mé phéng

So d6 md hinh cua dong chay qua hinh try
dugc thé hién trén hinh 2. Pay 1a mé hinh 2
chiéu, vai 2 bién ho (bién vao va bién ra), 3 bién
kin (bién trén, bién dudi va bién bé mit hinh
try). Khoang cach tur bién vao va bién ra cia mo
hinh dén tdm hinh try lan luot bang 8 va 24 lan
duong kinh hinh tru (D). Hinh tru trong m6 hinh
c6 dudng kinh 13 4 cm. Bién hai bén dugc bd tri
cach tam hinh try mot khoang bang 10 lan
duong kinh. Viéc bd tri cac bién véi khoang
cach nhu vay dé giam anh hudng cta bién dén
dong chay xung quanh hinh tru (Meneghini et
al. 2001). Bién cua vao dugc chi dinh la loai
“velocity inlet”, bién cua la “pressure outlet”.
Bién bé mit hinh tru duogc thiét 1ap 14 loai bién
“No-slip”. Bién trén va bién dudi 1a loai bién
“periodic” nham han ché t6i da anh hudng cua
bién dén dong chay. Pay 1a nhing loai bién
duogc thiét 1ap nhiéu khi md phong dong chay
qua cac vat can trong cac nghién ctru trudc day
(Vuet al, 2015).
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Hinh 2. So d6 diéu kién bién cho mé hinh

Hinh 3 thé hién ludi tinh cia m6 hinh sd. Cac
phan tir lu6i & gan hinh tru c¢6 kich thuéc nhé
hon nhim md phong chinh xac nhing thay doi
xung quanh hinh try trong khi cac phan tir lu6i &
xa ¢0 kich thudce 16n hon. Ludi xung quanh hinh
try c6 hinh dang thay doi dan va phu hop véi bé
mat cong cua hinh try, chi tiét ludi duwoc thé
hién trén hinh 3(b). Cach chia ludi nay da dugc
ap dung thanh cong trong cac nghién ciru cua
cac tac gia trude nhu Vu et al. (2015).

Trong bai bao nay phin kiém dinh d6 chinh
xac cua moO hinh khong dugc trinh bay thanh
mdt phan riéng. Tinh chinh xdc nay s& duoc
chirng minh & phan két qua théng qua viéc so
sanh két qua mo phong voi mot vai két qua thi
nghiém cua céc tac gia khac.

@

Hinh 3. (a) Luéi tinh mién tinh toan, (b) Chi tiét
lwoi xung quanh hinh tru. (Cir 6 diém luoi thi co
mot diem luoi duoc ve trén hinh)

2.3 Cach tinh toin cic thong s6 trong md
hinh

2.3.1. H¢ 56 Reynold (Re)

Van tdc tai cira vao mod hinh duoc thiét lap dé
c6 hé s6 Reynold mong mudn theo cong thirc
(3). Trong nghién ctru nay, pham vi hé sb
Reynold thay dbi tir 60 dén 200.

Re=M 3)
u

O day U, 1a van tdc tai cira vao, u 1a 6 nhot

dong luc.
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2.3.2. Luc tac dung lén hinh tru

Khi cdc cudn xody hinh thanh s& din dén su
thay d6i vé 4p luc xung quanh hinh try, tir d6
hinh thanh cac lyc Fp va Fj. Hai luc nay dugc
tinh toan dya vao viéc tich phan cac thanh phﬁn
do ap luc (pressure force) va do ma sat (friction
force) & xung quanh hinh try, thé hién & phuong
trinh (4) ~ (8) theo Kundu (1990).

2 2
Fy=[Rpcos0do+ | R, sin0do  (4)
0 0

trong d6 R (=D/2) 1a ban kinh cua hinh try, 7,
14 shear stress trén bé mit hinh try, 6 13 goc xac
dinh cac vi tri cac diém trén bé mat hinh try.
Tuong ty, luc F; cd thé xac dinh theo cong thirc.

27 2
F, = [ Rpsin0d6+ [ Rz, cos0d0  (5)
0 0

Lyc Fp dugc thé hién & dang hé s6 khong thi
nguyén theo cong thurc:
_2F, 17 1 f
»=pU2D Uz |
O day C, chinh 1a h¢ s6 ap lyc trén bé mat
hinh try va duogc dinh nghia:
C,=(p=p)!GpPUS) (7)
trong d6 py 1a ap lyc tham chiéu & phia cira vao.
Tuong ty nhu lyc Fp, h¢ s6 Cp cling dugc
chia 1am hai thanh phan gdm thanh phan do ap
luc (Cp,) 1a biéu thirc dau tién phia bén phai
phuong trinh (6) va thanh phan do ma sat (CD,«)
1a biéu thtc tht hai. Hoan toan tuong ty, hé sb
luc C;, duoc xac dinh la:
2F
Lo pU D

7,sin0d0  (6)

—jc sin 00 + —— jr cos0dO  (8)
U>

o 0
2.3.3. Tan sé xody
Tan s6 xuét hién cac cudn xoay (f;) dugc thé
hién qua hé sb Strouhal (S7), duoc dinh nghia &
cong thuc (9).
gD
U

Tan s6 xoay f; ciing chinh 1a tan sé dao dong
ctia thanh phan Iyc vudng géc véi dong chay,
Cy, va dugc tinh toan thong qua bién d6i Fourier.
Trong bién d6i ndy, dao dong tuan hoan s& duoc
chuyén d6i thanh dang dudng ning luong
“spectrum” vo1 truc hoanh la St va truc tung la

)
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ning luong. Pudng chuyén d6i nay co thé co
mdt hodc nhiu dinh tuy thudc vao dao dong
nay c6 bao gom nhiéu dao dong nho & bén trong
hay khong, hay noi cach khac dao dong nay co
bi “nhidu” hay khong. Néu 1a dao dong don va
khong bi nhiéu vi du nhu dao dong “hinh sin” &
hinh 4 thi s€ c6 mot dinh, vi tri tuong Ung ctua
dinh nay trén truc hoanh s€ la tan sb dao dong
ciia nd hodc hé sb St (Meneghini et al. 2001;
Surmas et al. 2004). Két qua phan nay s& dugc
trinh bay chi tiét trén hinh 8.

2.3.4. Goc tach dong

Theo Kundu (1990) vi tri tach dong trén bé
mit hinh try dugc xac dinh 1a diém c6 “shear
stress” bi triét ti€u, tuc la:

T = 6—“ =0
W ﬂayy:()

trong d6 u 1a van téc dong chay vay la
khoang cach tinh tir b mat hinh try. O day 1a
bai toan tim “shear stress” trén bé mat hinh tru
nén y=0.

Theo d6, trong nghién ciru nay diém tach
dong dugc xac dinh béng cach tim vi tri co
“shear stress” be‘ing 0 trén bén mit hinh tru.
Nghién ctru nay ciing chi ra rang do ¢ sy dao
dong cua xody nudc nén diém tach dong nay
cling s¢ dao dong theo. Goc tach dong 6 ciing
nhu bién d¢ dao dong nay s€ dugc nghién clru
chi tiét voi cac hé sd Reynold khac nhau.

3. KET QUA VA BAN LUAN

3.1. Hé 56 lue Cp, C.

Hinh 4 thé hién su thay d6i cta hai hé s6 luc
Cp, C;, theo thot gian trong truong hop Reynold
bang 200. Cha ¥ rang tryc hoanh trong hinh v&
thé hién thoi gian dugc khir thir nguyén bang
cach nhan v6i (U,/D). Tir hinh v& c6 thé thiy,
hé sd luc Cp c6 tan sb dao dong béng 2 lan tan
s6 dao dong cua C;. Tan sb dao dong cua Cy
cling chinh bang tin sd cia xody nudc hinh
thanh phia sau hinh try. H¢ s6 C;, dao dong
trong pham vi gia tri tir -0.5 dén 0.5, 16n hon
nhiéu so voi bién do dao dong cua Cp. Su thay
d6i dau thé hién su thay doi hudng cua luc C;.
Lyc nay s& lan lugt hudng 1én va hudng xudng
theo chu ky dao dong cua no. Dé tim d6 16n cua

(10)
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C; trong trudng hop hé s6 Reynold thay dbi, gia
tri trung binh theo thoi gian can dugc tinh toan.
Béi vi gia tri cia C; dao dong xung quanh gia
tri 0 nén tac gia khong s dung cong thirc trung
binh dé tinh, thay vao d6 cong thiic root mean
square s& dugc ap dung. Riéng ddi véi Cp, cong
thire tinh trung binh chung van dugc 4p dung.
Hinh 5 thé hién do 16n cua hé sb luc C; ung véi
cac hé s Reynold khac nhau. RS rang khi van
tbc dong chay cang 16n (hé s6 Reynold cang
16n) thi hé sé lyc tac dung ngang C; niy lai
cang 1on. Két qua cua md hinh ciing duoc so
sanh voi két qua ciia Qu et al. (2013) va thé hién
su twong dong.
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Hinh 4. Sw thay doi ciia Cp va Cy, theo thoi gian,
truong hop vi du Re = 200.
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Hinh 5. Sw thay doi ciia Cy, theo hé s6 Reynold

(Cy tinh theo root mean square)

Téac dong cta hé sé Reynold 1én sy thay d6i
cia hé sb luc Cp duge thé hién trén hinh 6. Két
quéa cho thay rang hé s6 nay giam khi Reynold
tang. Khi Reynold ting tir 60 dén 200 thi Cp
gidm 9%. Xu hudng nay hoan toan tuong tu véi
két qua nghién ciru ctia Surmas et al., 2004.
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16 r O Surmas et al. (2004)

Ro

“~-~&--0-—~0Q0~—~00-o

G

1.4 r

0 50 100 150 200 250

Re

Hinh 6. Sw thay doi hé s6 Cp theo hé s6 Reynold
(Cp tinh theo cong thirc trung binh)

Nhu di trinh bay ¢ trén, hé sb luc Cp tac
dung 1én hinh tru bao gom 2 thanh phan do ap
luc (Cpp) va do ma sat (Cpy) tao ra. HE sd ndy ¢o
thé viét nhu sau:

CD=CDP+CDf (11)

Hinh 7 thé hién su déng gop cua 2 thanh
phan nay trong hé s Cp khi hé s6 Reynold
thay d6i. Khi hé¢ s6 Reynold ting 1én, thanh
phan Cp, ting 1én va thanh phin Cp, gidm
xudng. Ti 1¢ giita 2 thanh phin nay ciing phu
hop voi két qua ciia Braza et al. (1986) & céac
vi tri Re = 100 va 200.
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Hinh 7. Ti I¢ phdn tram Cpsva Cp, trong Cp

3.2. Tan s6 xuat hién xoay (hé sé Strouhal)

Trong phan nay tac gia trinh bay nghién ctru
chi tiét vé& tan s6 xuat hién cta xody phia sau
hinh tru. Tan s6 nay duoc thé hién thong qua hé
sO Strouhal nhu d4 gidi thiéu ¢ phan 2.3.3. Hinh
8 thé hién sy chuyén d6i dao dong sang dang
duong ning luong cho hé sé Reynold tir 60 dén
200. Ung voi mdi hé sé Reynold khac nhau sé
c6 dao dong khac nhau va s€ c6 mot duong
chuyén d6i khac nhau. Cac dao dong nay déu la
nhttng dao dong “hinh sin” (xem hinh 4) nén
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mdi duong chuyén doi s& c6 mot dinh va dinh
do tuong tng gia tri Strouhal trén truc hoanh.
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Hinh 8. Phén tich Fourier cho hé sé Strouhal
véi cdc hé s6 Reynold khdc nhau.

Mdi quan hé giita hé sd Strouhal va hé sb
Reynold duoc thé hién chi tiét trén hinh 9.
Trong pham vi hé sb Reynold nghién ctru, hé s6
Strouhal ting khi hé s Reynold ting. Két qua
md phong ciing duoc so sanh véi két qua thi
nghiém cua Qu et al. (2013) va thé hién su
thdng nhét cao.
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Hinh 9. Su thay doi ciia hé s6 Strouhal
theo hé sé Reynold

3.3. Goc tach dong

Diém tach dong ¢ hai bén hinh try khong cb
dinh ma c6 sy dich chuyén. Khi Re =180 diém
tach dong & mép trén nay dao dong gilra hai vi
tri co goc 1an lugt 1a 106.5° va 117°, do d6 goc
tach dong trung binh 6 1a 111.8°. Goc tach dong
nay anh huong 16n dén ciu tric dong chay phia
sau hinh try. Hinh 10 thé hién sy thay doi cua
goc tach dong trung binh 6, khi sé Reynold thay
d6i. Két qua nay cling twong ty nhu két qua thi
nghiém cua Park et al. (1998). Khi hé sb
Reynold cang 16n thi goc 65 cang nhd hay noi
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cach khac diém tach dong cang dich chuyén vé
phia thugng luu. Ngoai ra khi hé s6 Reynold
ting, bién d6 dao dong cua diém tach dong
quanh vi tri trung binh s€ cang 16n.

130 F --+- ket qua mo hinh
125t O Park et al. (1998)
L ol
120 r '\‘\_é . .
E JERRE é\_- - -
15 | ! ?%
1o | . e
F .
105 E .
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40 60 80 100 120 140 160
Re

180 200 220

Hinh 10. S thay doi ciia diém tach dong
theo hé sé Reynold

4. KET LUAN

Nghién ctru di trinh bay chi tiét cac dic diém
cua dong chay xung quanh mét hinh try tron khi
hé s6 Reynold thay ddi trong pham vi tir 60 dén
200. Két qua mo hinh nghién ctru di thé hién su
thong nhat véi nhiéu két qua thi nghiém. Hé s6
cac luc tac dung, tan s6 xuat hién cia x04y nudc
(thé hién qua hé s6 Strouhal) cling nhur vi tri cta
diém tach dong da thé hién sy phy thudc 16n vao
hé s6 Reynold. Khi hé s6 Reynold ting thi hé s6
luc tac dung Cp giam va C ting, dong thoi goc
tach dong trung binh giam va hé sb Strouhal
tang. Pac bi¢t bién dd dao dong cua diém tach
dong ciing tang khi hé s6 Reynold tang. Két qua
nay da gitp hiéu rd va chi tiét hon cac dic diém
quan trong tir cu trac dong chay cho dén luc
tac dung 1én hinh tru - mot két ciu rat pho bién
trong doi song. Nghién ciu nay ciing chimng
minh sy thanh céng cila md hinh sb trong viéc
mo phéng dong chdy xung quanh mot vt can &
hé s6 Reynold thép, tir d6 co thé giam céc chi
phi trong viéc nghién ctru thi nghiém dac biét la
khi nghién ctru véi nhiéu kich ban khéac nhau.

LOI CAM ON: Nghién ciru nay duoc tai tro
boi Quy Phat trién khoa hoc va cong nghé Pai
hoc Pa Ning trong dé tai c6 ma sé B2017-
DN02-20.
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Abstract:
STUDY OF FLOW AROUND CIRCULAR CYLINDER

In this paper, the variation of the flow characteristics with respect to Reynolds numbers were
presented for single cylinder. These characteristics such as drag force, lift force, vortex shedding
frequency, and separation angle were carried out in detail based on numerical simulation. The
results were also compared to previous experimental data and show a good agreement.

Keywords: circular cylinder, flow structure, vortex street, drag and lift coefficient.
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