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TOM TAT
Trong bai bao nay, phwong phap bién nhing dwoc si dung dé mé phong dong chay ciia leu
chdt qua mot tru tron dwoc gan boi 2 tam phang Mo phong nay duwgc thic hién trong ché do
dong chay bdt 6n dinh c6 hé s6 Re = 100. Hai tam phang dwoc sdp xep theo dang song song va
doi ximg nhau qua mdt phang doi ximg nam ngang cia tru tron. Géc gan tam phang c6 the thay
doéi trong pham vi 6y = 10° — 80°. H¢ thong ndy tao ra Cac xoay chinh va xoay phu nam doi
xung nhau qua dwong tam chinh gitra 2 tam. Hai logi xody ndy twong tac voi nhau dan dén sy
thay d6i ciia hé s6 can va hé sé nang ciia heu chdt tac dung 1én két cau. Sw tirong tdc ndy co thé
triét tiéu CAC rung dong dwroc hinh thanh do sy tong tac gitka heu chdt va két cdu gay ra. Ngoai
ra, sy anh huong cua 6y dén hé so can va hé s0 nang ciia luu chdt tac dung len két cau ciing

dioc khdo sat. Két qua chi ra rang cdc hé sé do dat gid tri nhé nhdt khi 0¢ nam trong pham
Vi30° < 6 < 40°.

Tir khéa: phwong phap bién nhing; tdm phang; diéu khién bi déng; dong xody; dong chdy qua
tru tron.

ABSTRACT

In this paper, the immersed boundary method is used to simulate of flow around a circular
cylinder with two splitter plates. This simulation is performed within the unstable flow regime
with the Renolds number of 100. Two splitter plates are arranged in parallel and symmetric
through the horizontal centerline of the circular cylinder. Attachment angle of splitter plates
can change within a range 6y = 10° — 80°. This system creates the main vortex and sub-vortex
which are aligned symmetrically through the centerline between the two plates. These two types
of vortex interact with each other that leads to changes in drag and lift coefficient of the fluid
acting on the structure. This interaction can suppress vibrations is formed by the interaction
between fluid and structure. In addition, the influence of 6, to the drag and lift coefficient of the
fluid acting on the structure is also investigated. The result shows that these coefficients reach
the minimum value when &, within range 30° < 6, < 40°.

Keywords: immersed boundary method; splitter plate; passive control; vortex flow; flow

through cylinder.

6n dinh sang bat 6n dinh. Khi d6 s& bat dau

1  GIOI THIEU R A N ] ,
xuat hién cac xody co6 chu ki ¢ phia sau ket

Hién tuong dong chay qua vat thé
thuong gip phai rat nhiéu trong cdc ing dung
ctia k¥ thuat va 1a mot cha dé co ban cia co
hoc Iuu chat. Chung ta biét rang, khi hé s6 Re
> 47 dong chay s& chuyén dan tir trang thai

ciu. DBdi voi cac két ciu co tiét dien can 16n
thi s& xuét hién dao dong rat I6n do céc xody
nay gay nén. Hién tuong nay gap rat nhiéu
trong thuc té nhu: cdc két cau trong nganh
hang hai, két ciu cau treo,...Do do, viéc
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nghién cau co ché hinh thanh céc xody gay
ra dao dong ciling nhu tim ra phuong phap
hiéu qua dé diéu khién ching thi dong vai trd
rat quan trong trong cac tng dung thuc té.

Str dung tim phang dé diéu khién dong
Chay dugc xem nhu 13 mot phuong phép diéu
khién bi dong. Vi phuong phap nay hiéu qua
va dé dang thuc hién do cau hinh hinh hoc
don gian nén da thu hut dwoc rat nhiéu su chu
¥ truée day. Phuong phap nay ban dau duoc
phét trién boi Roshko (1954, 1955) [1, 2].
Ong di tién hanh thuc nghiém va chang minh
duoc riang viéc gan tim phang vao phia sau
mot tru tron c6 thé hoan toan triét tiéu cac
dong xoay. Tir nhiing nghién ctru ban dau nay,
nhiéu nha nghién ctru di tap trung vao viéc
nghién ctru anh hudng caa cac tim phang diéu
khién 1én cac dic diém khi dong hoc, két cdu
cua dudi dong va cac co ché dong chay co ban
can thiét cho viéc diéu khién ching.

Bearman (1965) [3] da tién hanh kiém
tra thuc nghiém cac du6i dong phia sau mot
mo hinh vat thé hai chiéu duoc gén mot tim
phang va ong thdy ring khoang cach cua
xody hinh thanh tr m6 hinh ty 1¢ nghich véi
hé sb &p suat. Apelt va West (1975) [4] da
kiém tra cac anh huong cta viéc gan mot tam
phang phia sau mét hinh tru tron. Ho dua ra
két qua la tai ving gan dudi dong, anh huong
cua tim phang cung lén mién luu chét c6 thé
duogc thay d6i bang cach thay doi do dai tam.
Akilli va cong su (2005) [5] da xay dung mo
hinh thir nghiém ma trong d6 vi tri cua tam
phiang va tru tron dugc dat cach nhau mot
khoang céch nhat dinh. Ong nhan thay rang
tam phang loai bo dang ké céc xody cho
khoang hg gitra hinh tru va canh dau caa tim
thay doi tir 0 dén 1,75D.

Gan day, cac dic tinh cua X0y cho dong
chay qua mot hinh try tron bang céch si
dung mét tim phing dao dong cudng bic da
dugc thyc nghiém s6 bdi Wu va Shu (2011)
[6]. Theo ket qua s6, bién do va tan so dao
dong ctia tim phiang c¢6 anh huéng rat 1on
dén chuyén dong dong chay, luc can, luc
nang va hé sb Strouhal.

Trong 2 nam tr¢ lai day, cac nghién ctru
tap trung vao viéc st dung mot tam phang

mém c6 thé udn luon theo dao dong cua
dong chay (Wang va cong su (2018) [7];
Yayla va Teksin (2018) [8]; Abdi va cong su
(2019) [9]). Cac ket qua diéu chi ra rang, viéc
gan tim phang mém c6 thé triét tiéu hoan
toan dong xody nhung Vviéc triét tiéu xoay
chiu anh huéng rat 16n boi d6 dai ciing nhu
d6 ciing cua tAim phang.

Trong céc nghién ciru trén, hau hét cac thi
nghiém d3 duoc thuc hién cho cac cu hinh
cua tim phang don. Trong nghién cau hién
tai, phuwong phap bién nhing duoc sir dung dé
mo phong dong chay cua luu chat qua mét try
tron duoc gan bai 2 tim phing duoc bé tri dbi
xung theo cau hinh song song.

2 XAC PINH VAN DE

Mo hinh bai toan dugc xay dung cho mot
két cdu c6 dang tru tron duoc gan véi 2 tim
phang mong duge dat song song va déi xung
nhau qua mit phang dbi Xtng nam ngang cua
try tron. Vi tri cia tam phang dugc xac dinh
bing goc 6 nhu Hinh 1. Géc nay dugc thay
doi trong pham vi 10° < 6, < 80°. 2 tam
phang c6 chiéu dai 1a L = 0.3D (D la duong
kinh tru tron) va bé day h = 0.01D. Phuong
phép bién nhing dugc sir dung dé md phong
dong chay cua luu chat qua mét try tron duoc
gan bai 2 tim phang trong ché do dong chay
bat on dinh vai gia tri hé s6 Re = 100.

Hinh 1. Sq do cua mét hiph truotrdn duoc
gan voi 2 tam diéu khien.
3 PHUONG PHAP SO

Phuong phap bién nhing ban dau dugc
nghién ctru va phat trién bai Peskin (1977)
[10] dé nghién ciru dong chay cua méau thong
qua nhip dap cua tim va tr do dia dugc
nghién ciru va ap dung rong réi cho nhiéu van
dé FSI (Fluid Structure Interaction).
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3.1 Cong thirc toan hoc

Chiing ta xem Xét vén d& v&i mo hinh cua
luu chat nhot khong nén duge trong mot mién
hai chieu Q; chira mot bién nhung dudi dang

mot duong cong khép kin don gian T, (Hinh
2a). Cac phuong trinh tuong tac gitra luu chat
va két cau trinh bay nhu sau:

p (aue(;' D 4 [t o) - Viucx t)> +Up(x,t) = phu(x,t) + f(x, 1) @)
V-ulx,t) =0 (2)
f(x,0) = f F(s,£)8(x — X(s,£) ) ds &)
Iy
axgst, D u[X(s, 0] = f u(x, )8(x — X(s, 1) ) dx (4)
Qf

Trong do6: x = (X, y) la toa d6 ludi
Cartesian, u(x, t), p(x, t) lan luot 1a van téc
va ap suat cua luu chat, cac hé s6 p va u
lan luot 1a khéi lugng riéng va d6 nhét dong
hoc cta luu chat. Ngoai ra, f(x, t) 1a luc khoi
cuia bién nhiing tac dung 1én toan bo mién luu
chat, 8 1a ham Dirac delta hai chiéu va F(s, t)
= (Fx(s, ), Fy(s, 0) 1a lyc khoi tai cac
diém bién nhing.

Trong céc phuong trinh trén, phuong
trinh (1), (2) la phuong trinh Navier-Stokes
cho dong luu chat nhdt, khong nén duoc.
Phuong trinh (3) x4c dinh lyc khi tac dung
lén toan b mién luu chat cua bién nhing.
Phuong trinh (4) thé hién sy di chuyén cua
bién theo mién luu chét.

Fb I} e} o o o}
4<’—\> o(ﬁ\o.\)o
X(50 T g o

a) Qf b) o o] o o o

Hinh 2. a) M6 hinh ciia hé huu chat - bién
nhing;b) Ludi Eulerian (diém sang) va luoi
Lagrangian (diém den).

3.2 Phwong phap so
3.2.1 Roi rac hoa khong gian va thai gian

Phuong phap bién nhing la mdt phuong
phép sai phan httu han Eulerian-Lagrangian
hdn hop dé tinh toan dong chay tuong tac véi
mot bién nhung. Vi dy ta thiét lap trong mo
hinh 2D véi mot duong cong bién nhing
duoc thé hién trong Hinh 2b. Trong do, lugi
Lagrangian biéu thi cho két ciu duoc nhing
va lugi Eulerian biéu thi cho mién luu chét.
Trong bai bdo nay, phuong phép phan doan
thoi gian duoc s dung dé giai cac phuong
trinh cha dao cua luu chét theo timg budc
thoi gian.

3.2.2 Xir li mién két cdu

Luc khdi caa bién nhung dugc tinh tai
cac diém lugi Lagrangian va phan bb dén cac
diém lu6i Cartesian 1an can cia mién luu
chat théng qua ham xap xi Dirac delta. Gia
tri caa luc khdi tac dung vao toan bo mién
lwu chét duge xac dinh theo cong thic sau:

Np
£ = Z Fi (06, (x}; — X7)As, ()
k=1

Véi 6,() = (1/h®)p(x/h)p(y/h)IA ham
Dirac delta hai chiéu va ¢ la ham lién tuc:

X

(3-2Irl+ T+ 4l —4r%) /8,

0<|rl<1

0,

¢ (E) =¢ (%) =¢(r) = {(5 —2|r| = /=7 + 12|r| - 4r2) /8,

1<ri<2  ©

2< |
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Vin dé dat ra 1a x4c dinh gia trj lyc F tai
cac diém bién nhiing dé dam bao dieu kién
bién khong truot. Boi vi bién nhing la bién
dan hoi nén theo dinh luat Hooke ta co:

F(s,t) = —k(X(s,t) = X°(s,1))  (7)

Trong d6 k 1a d6 ctng cua 10 xo lién két o,
X®(s, t) 1a toa d6 ban dau cac diém bién
nhung trong hé toa do Lagrangian. Khi tuong
tac voi dong luu chat thi cac diém bién nay di
dX;(H-l

dt

Lj
3.2.3 B giai phwong trinh Navier - Stokes

chuyén theo dong luu chat va c6 toa d6 méi
la X(s, t). Sau do ta giai phuong trinh
Navier-Stokes dd co thanh phan hrc khéi dé
tim truong &p suat pn+1va truong van téc

:‘Jj’l bang cach s dung phuong phap sai

phan hitu han. Sau d6, truong van téc nay
duoc noi suy dé tim van toc tai cac diém bién
nhiing theo phuong trinh:

_ z ul 18, (X — X151 h2 (8

Phuong trinh Navier-Stokes cho dong luu chat nhét, khong nén duoc di ¢ cac thanh

phan ngoai lec trong mién khéng gian 2 chiéu:

:l]+1 l])

At

V- uTL+1 =0

Phuong trinh (9) va (10) duoc giai tai budc
thoi gian thir (n + 1) theo 3 budc chinh sau:

Xz 1 thanh phdan phi tuyén, dé nhét, luc khoi:

Phuong trinh (9) s& duoc giai bang céch
sir dung truong van toc trung gian. Truong

+ [(u - V)u]? l —Vpit + p(aufft) + £ 9)

(10)
van toc trung gian nay duoc xac dinh bang
cach gidi phuong trinh (11) khi céc dieu ki¢n
phi tuyén, do nhot va luc khoi da dugc xac
dinh.

* _ on 1
% =~ V)u" + (g) (Au™) + (,—)) fr (11)
(un+1 _ u*) _ (Vpn+1) (12)
At p

Piéu chinh &p suat:

Hiéu chinh truong van téc trung gian u*
boi gradient cua &p suat p™**, nhan (V- )
vao hai ve cua phuong trinh (12) ta dugc mot
hé phuong trinh tuyén tinh.

(ap™")  (V-u")
p At
Phuong trinh (13) 1a phuong trinh Poisson cua
trrong ap suat p™*1 tai thoi diem (n +1).

(13)

Cdp nhdt truong vdn toc:

Tinh truong van téc moi u™ ! theo
phuong trinh: untt = u—

At(Vp™ D) /p véi gia tri &p suat p™*t! da
duogc tinh ¢ budc phia trén.

3.2.4 Gial thuat ciia phwong phap bién
nhang

Trong bai bao nay, chung toéi st dung
giai thuat twong minh tac 12 luc khéi tai cac
diém Lagrangian duoc tinh tai budc dau tién.
Toan b giai thuat ciia phuong phap trinh bay
nhu sau:

(1) Xac dinh luc F"(s,t) tir bién cua két

cau X"(s,t) theo phuong trinh (7).

(2) Ap dit lyc cua bién nhing Ién toan bo
mién Iuu chat theo phuong trinh (5).
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(3) Giai phuong trinh Navier- Stokes da co
cac thanh phan ngoai luc.

(4) Nbi suy van tbc mai cua cac diém bién
nhung theo phuong trinh (8). Quay lai
budc (L).

Ngoai ra, dé bai toan hoi tu thi sau mdi
khi noi suy duoc van tbc méi ta can cap nhap
lai gi& tri At tai budc thoi gian thae n + 1. Gia
tri At nay duoc xac dinh bang cach tim gia
tri nho nhat giira gia tri At vatisé h/u® (h
la kich thude lugi Eulerian) tai buac thoi
gian tht n.

Vv

4 MIEN TINH TOAN VA PIEU KIEN

BIEN

Mién tinh ton va hé toa do clng véi cac
diéu kién bién duoc minh hoa trong Hinh 3.
Trong d6, diéu kién bién Dirichlet véi U,=1
va V = 0 duogc dat tai bién dau vao; diéu kién
bién Neumann voi 0U / dx = 0 va dV / ox
= 0 duoc dit véi dau ra; 2 bién mat bén la
bién truot tu do véi dU/ dy =0vaV = 0;
va bién cua try tron duoc gin 2 tim phéng la
bién khong truot (U =V = 0). M6 hinh duoc
mo phong trong luu chat ¢6 hé s6 Re = 100.

48D

=0
=0

16D

au/ay =0,V =0

aU/ox =0
aV/dx=0

10D

Q

oo

T au/dy =0,V =0
0

38D

Hinh 3. Piéu kién bién cho dong chay qua mét hinh try tron ¢é cdc thanh diéu khién.

5 KET QUA MO PHONG SO

5.1 Kiém tra phwong phap: dong chay
qua tru tron

Khi dong chay cta luu chit di qua tru
tron thi cac 1op trugt s€ dugc tach ra tur ca hai
mat trén va dudi ctia vat thé va cun lai dé
toa ra mot loat cc x0dy xen ké ¢ phia sau vat
thé. Hién tuong nay gay ra sy dao dong cua
dong luu chat nim vé phia sau try tron. Cac
két qua mo phong c6 thé duoc quan sat trong
Hinh 4.

Hinh 4. M6 phong nfong tac gitta tru tron va
liew chdt c6 Re = 100.

Dé xem xét, danh gia cac dic tinh dong

chay va su twong tac cua luu chat véi tru tron

thi ta coO thé dua vao cac so liéu so cua hé so
can, Cp va hé so nang, C; theo tung budc roi
rac cua bién thoi gian.

Fp

Co = 050020 (14)
Fi

‘= 95p0zD (19

Trong d6 F, va F, lan luot 1a lyc can
va luc néng cua dong luu chat tdc dung 1én
tru tron.

Két qua cua cac hé sb nay c6 thé duoc
quan sat trong Hinh 5. Tu Hinh 5, ta dé dang
nhan thiy rang tai thoi diém méi bit dau khi
déng chay con chua 6n dinh thi hé sb can
Cp va hé sb nang C, bién thién thay d6i lién
tuc theo thoi gian. Khi dong chay bét dau 6 on
dinh thi ca hai hé sé dat duoc trang thai 6n
dinh va chung chi dao dong trong mot
khoang gia tri nhat dinh.

Ngoai ra, dé danh gia duoc sy dao dong
ciia dong luu chit trong tuwong tac gitra két
cau va luu chét thi ta thuong xem xét, danh
gia gia tri cua hé sé Strouhal, S;. Trong do,
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hé sé Strouhal dugc dinh nghia 1a mot hé sb Trong d6, f 1a tn s6 xoay tach ra phia

vO thir nguyén dung dé mé ta cac co ché dao
dong cua cac dong Iuu chat.

£.D
S, = — 16
¢ U (16)
25
2.
S
515
Q
Nie)
o 1
-
T
0.5
0
0 100 200 300

thoi gian T° (vo thur nguyén)

4
A

sau két cdu cua hinh tru tron; D 1a duong
kinh cua hinh tru tron; va Uy, la van toc dau
Vao.

0.4
0.2
en
=
e
= o
w2
«-
T

0.2

0.4

0 100 200 300

thot gian 77 (vo thir nguyén)

Hinh 5. Do thi biéu dién s thay d6i ciia hé s6 can va hé sé ndng theo tung budc thoi gian T
(T 1a gi& tri v6 thir nguyén) cua luu chat co hé so Re = 100.

Dé danh gia vé mirc do chinh xac cua két
qua mo phong mo hinh trong nghlen ctu nay,
ta tién hanh so sanh cac két qua nghién ctru

dat duoc voi két qua cua cac tac gia khac ti
do rut ra dugc muc do kha thi cua mod hinh
dang nghién ctru.

Bdng 1. Bang so sanh két qua nghién cieu hién tai voi két qua nghién civu ciia cac tac gid khdc.

Re | Cac dai luong dac trung | Hién tai | [11] | [12] | [13] | [14]
Cp 1.397 1387 1135 | 135 | 1.38
100 o 0.305 |0.298 | 0.237 | 0.339 | 0.3
St 0.162 |0.164 | 0.164 | 0.165 | 0.169
Cp 1.298 131 |1.29
200 (o 0.533 0.69 |05
St 0.19 0.192 | 0.195

Tur bang so sanh ta c¢6 thé thiy dugc ring
d0 sai 1éch cia mo6 hinh nghién ctru hién tai
voi cac tac gia khac nam trong khoang tir 1 —
7 % murc d6 sai léch 1a twong ddi nho tir do
c6 thé thiy dugc do chinh xac cia mé hinh la
tuong d6i kha thi.

5.2 Két qua qua tru tron diéu khién bang
tAm phang

Khi tru tron duoc gin 2 tdm phing diéu
khién thi su tuong tac giita né va luu chét s&
lam thay doi vi tri va kich thudc cac xody
hinh thanh phia sau két cdu dang xét. Cu thé

khi ting dan g6c gin 2 tim diéu khién thi
kich thudc xody chinh giam dan va vi tri
xody chinh c¢d xu huéng dich chuyén vé
duong tam gitta 2 tim phang. Ngoai ra, su
tuong tac do con hinh thanh cic xody phu
nam dbi xing véi cac xody chinh tai duong
tam chinh gitra 2 tim. Cac xody phu nay co
thé tuong tac véi xody chinh lam cho sy dao
dong cua dong chay co sy thay doi; hoc tang
cuong hoac ché. Hién twong nay thi phu
thugc rat 16n vao goc gin 2 tam phang Cac
két qua mo phong sy tuong tac gita hinh try
tron c6 gan 2 tam phang diéu khién va luu
chét c6 thé quan sat trong Hinh 6.
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Hmh 6. M6 phong fwong tac gzu"a tru tron co
gan 2 tam diéu khién va luu chdt ¢6 Re = 100.

15 z z 3
gan 2 tam phang
tru tron

S
< 10
T
o
Mo
w
<«D-
I 5
0
20 40 60 80
Goc gan tam phéng 6, (°)
0.6 - -
~-gan 2 tdm phang
0.5 —tru tron
%)
2047
c
E
«O 0.3
w
«@- L
0.1 1
0

20 40 60 80
Goc gan tam phang 6y (°)

Hinh 7. Bé thi biéu dién su thay déi ciia hé
s0 can va hé so ndang theo géc gan 2 tam
phang vao mgot tru tron.

Ta ciing tién hanh so sanh gié tri caa hé
s6 can va hé sé nang trong truong hop gan
tam phang so véi truong hop chi ¢é tru tron.
Tur két qua thu duoc, dé& dang nhan thay rang:
viéc gan 2 tim diéu khién vao phia sau cua
try tron c6 tac dung lam thay d6i hé sé can va
hé s6 nang cua luu chit trong mién luu chét
ta dang khao sat. Cu thé tai cac goc gin tam

phang trong khOang 30° < Of < 40° thi h¢
s6 can va hé sb nang dat gia tri nho nhat.
Trong d6, gia tri nho nhét cua hé s can va hé
s6 nang dat duoc lan luot 1a Cp = 0.3713
(giam 73.42 % so véi truong hop chi cé tru
tron) va C, = 0.1303 (giam 57.28 % so Vi
truong hop chi cd tru tron) tai goc gan tam
phang 6y = 40°.

Tur két qua ta thay rang, lac dau khi goc
gan tam phang 6, = 10° thi h¢ s6 can 16n
hon so vai truong hop chi ¢6 tru tron. Khi
taing dan goc gan tim phang thi hé sé can
giam dan va khi goc gin tm phang 6, = 40°
thi hé s can dat gia tri nho nhat va nho hon
rat nhiéu so véi truong hop tru tron. Khi do,
néu ta tiép tuc tang goc gan tam phang thi hé
s6 can ting nhanh va dat gia tri Ion nhét
tai 6 = 70° vakhi tiép tuc ting goc gan tam
phang thi hé s6 can giam dan. Khi xem xét
anh huong cua goc gan tim phang dén hé sd
nang, ta nhan thiy rang: luc dau khi géc gan
tam phang 6y = 10° thi hé sé nang nhé hon
50 v6i truong hop chi c6 try tron. Khi ta tién
hanh tang goc gan tam phang thi ban dau h¢
s nang glam lién tuc va dat gié tri nho nhat
tai goc gan tim phang 8 = 40°. Khi do, néu
ta tiép tuc ting goc gin tim phang thi hé s6
nang tang nhanh dan va téi mot gia tri nhat
dinh thi gia tri cia hé sb nang co thé vuot
qua gia tri trong truong hop chi co tru tron.

6 KET LUAN

Tir két qua md phong cua md hinh trén
ta rat ra duoc mot sé két luan. Khi cho dong
chay qua mot két cau dang tru tron thi cac
16p truot cia mién Iuu chat s& bi phan tach
Vvé 2 phia trén va dudi cua hinh tru va ching
s& két hop lai tai bé mat phia sau cua hinh tru
tao thanh mot loat cac xoay dao dong vai chu
ky nhét dinh tai phia xa ha luu caa dong chay.
Nhitng dao dong nay co thé gay nén céc rung
dong dir doi cho két cau tham chi la phéa hay
két cau.

Viéc gan 2 tim phang diéu khién phia
sau tru tron c6 tac dung lam thay ddi luc can
va luc nang cua luu chit tic dung 1én két cau.
So v6i viéc st dung két cau chi co tru tron,
viéc st dung tim phang kép co thé triét tiéu
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dudi dong mot cach hiéu qua do sy twong tic  hiu qua diéu khién va pham vi hiéu qua nhit
phurc tap gitta cac xody dugc hinh thanh phia  lién quan dén viéc giam t6i da luc can va luc
sau try tron va tém phang. N6 con chi ra rﬁr}g nang la 30° < 6; < 40°.

gbc gan tam phang c6 anh hudng rat 1o6n dén
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