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Tém tit:

Bai bao trinh bay mot mo hinh phan tich dong chay qua may nén ting ap truyén dong co gidi. Ddi twong nghién
ctru 1a may nén ly tam, dugc truyén dong truc tiép tir truc khuyu dong co, dung dé ting ap suit khi nap. Cac
diéu kién dau vao trong mo phong may nén dugc tinh toan dwa trén mdi quan hé cong tac giita dong co va may
nén tiang ap. M6 phong hinh hoc duogc thuc hién bang bang phin mém CFturbo, sau d6 mé phong dong chay
trong moi trudng Ansys Workbench dua trén nén tang 1y thuyét CFD. Cac két qua md phong cho thiy, mdi
quan hé giira luu lugng khi nap qua may nén véi cac thong sé ki thuat nhur hiu suat may nén, ap suét ting ap.
Céc két qua mo phong c6 thé duoc sir dung dé nang cao hiéu qua ciia b ting ap bang may nén truyén dong
co gioi trong khai thac st dung.

Tir khoa: May nén truyén dong co gidi; hiéu suat; ty sé tang ap; CFturbo; Ansys Workbench.

Abstract:

This paper presents a flow analysis model through a mechanically driven compressor of the supercharger. The
object was a centrifugal compressor directly driven from the engine crankshaft, which was used to increase
the intake gas. The initial conditions for the compressor simulation were estimated based on the working
relationship between the engine and its compressor, the geometry model was completed by CFturbo software,
thereafter the fluid dynamic was simulated in the Ansys Workbench environment, which was based on CFD
theory. The simulation results showed the relationships among the intake mass flow through the compressor
and technical parameters such as the compressor efficiency and pressure ratio. The results can be applied to
improve the efficiency of mechanically driven compressors in practical operation.

Keywords: Mechanically driven compressor, efficiency, pressure ratio, CFturbo, Ansys Workbench.

1. Giéi thigu sau day. Cac dac tinh gioi han ho va gisi han
nghén caa may nén dugc nghién ciu bang ly
thuyét CFD boi Bergquist [3], tac gia da xac dinh
khoang gidi han hoat dong cho may nén tang ap,
dia trén co s6 md phong dong chay réi. Harley
[4] x4y dung mo hinh CFD dé nghién ctu dic
trung dong chay xody tai ctra vao va cua ra, tac
dong 1én dac tinh may nén tang ap. Clayton [5]

M6 phong bang Iy thuyét CFD da trd nén phd
bién va duoc sir dung rong ri trén thé gioi [1].
Nho ¢ong cu manh, hiéu qua, cac dac tinh caa
dong chay dugc xem xeét, nghién cuu toan dién
va cu thé. Piéu nay dic biét quan trong di véi
dong chay réi, phuc tap trong may nén (MN) ting
ap duoc truyén dong tir truc khuyu dong co diesel )
tau thay [2]. Trén thé gisi, da cé nhidu nghign Nghién ciu md hinh dong chay roi k-¢ qua may
ctu, tng dung Iy thuyét CFD vao may nén ly tam nén Iy tdm bang phan mém Star CD d¢ xac dinh
ctia bo tang ap, tiéu bidu nhu mat sé nghién cau van toc trung binh cua dong khi trong may nén.
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Jong Sik [6] nghién ciru bién dang caa canh may
nén, véi 15 bién dang khac nhau cua may nén
dugc mé phong bang CED dé xé4c dinh téc do
vong quay vung gidi han ho cua may nén. Nhin
chung céc nghién ctru d phan tich twong d6i day
da nhirng khia canh cta dong chay qua may nén
ly tAm, tuy nhién d6i véi may nén ly tdm tang ap
truyén dong co gidi sir dung trén dong co diesel
hau nhu chua dugc dé cap dén.

Dong co diesel ting ap bang may nén ly tam
truyén dong co gigi duoc s dung trén mot s6
dong co diesel tau thuy M50, M50® do Nga san
xuat. Uu diém cua loai ting ap truyén dong truc
tiép nay la kha nang thich ung cao vai tiing ché
do tdc @6 ciia dong co [7], vi vay dam bao tinh co
dong cua tau hai quan. Nhuoc diém co ban lai 1a
cong suat va hiéu suat caa dong co giam di kha
nhiéu do MN hoat dong nho sy truyén dong tir
truc khuyu [8]. Tuy nhién, do két cau don gian va
wu diém nai trén nén loai ting ap nay van dugc
st dung trén mot sé dong co diesel 2 ky va 4 ky.
Xac dinh ddc tinh MN dang st dung dé nang cao
hiéu qua khai thac t6 hop diesel — ting ap 1a muc
tiéu cia nghién ctru nay.

M0 phong MN tang ap duoc thyc hién dya trén
mo phong hinh hoc trong CFturbo va mé phong
dong luc hoc trong moi truong Workbench caa
Ansys. Cong cu dé phan tich va md phong dong
luc hoc 1a Ansys CFX, mot chuong trinh dong luc
hoc chat long duoc sir dung rat rong réi trong ky
thuat mé phong, tich hop trong Workbench, da
duoc ap dung dé giai cac bai toan dong chay da
dang trong thuc té.

Trinh ty c&c céng viéc chinh cua nghién ctru
bao gom:

e X4c lap didu kién lam viéc cua dong co va
MN;

M0 hinh hinh hoc MN bang phian mém
Cfturbo;

e Chia ludi va md phong trong mdi truong
Ansys Workbench (Turbogrid, CFX);

e Danh gia va két luan.
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2. Co sé ly thuyét
2.1. Tinh toan cac thong s6 hinh hoc ciia MN

M4y nén duoc tinh toan, xay dung cac thong sb
hinh hoc bing phan mém CFturbo, mét ¢ong cu
tinh toan tua bin (turbine), may nén dang duoc
ung dung rong rai.

Xac dinh théng s6 hinh hec dong khi vao:
Dong chay qua MN duoc xac dinh bai cac trang
thai nhu trén hinh 1. Géc twong dbi cua dong khi
va canh cbng tac pu:

c
tan g, = "L

1 @)

Trong d6, Cm1, Wu1 lan luot 12 hinh chiéu van
téc tuyét doi 1én phuong hudng kinh va phuong
tiép tuyén, duoc xac dinh dua trén van toc Cmo,
budc canh t; va chiéu day canh o1 khi xét dén géc
S1s nhu & biéu thac (2), (3) [9].
=C, L

t—o

Wy =U; —Cy

¢ (2)
3

Véi ug 1a van téc tiép tuyén tai dau canh may
nén, u1 = rrdine; Ne 1a toc dd may nén; di 1a duong
kinh trung binh tai cira vao MN. Céc théng sb ti,
01, Cmo, Cu1 duoc xac dinh nhu sau [9]:

ml
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Trong d6, z 1a s6 canh trén banh cong tac; b,
s1 lan luot 1a chiéu cao céanh, chiéu day canh tai
dau vao canh cong tac; us 1a van toc dong khi tai
ctra vao; & 1a hé s duong kinh; Sis 1a goc vao
canh cong tac (hinh 2), dbi voi MN ly tam gié tri
Bis t6i uru khoang 30°[10].

Xiac dinh théng s6 hinh hec dong khi ra:
Goc tuong d6i cua dong khi va canh cong tac Sz

c
tan g, = —0%;
u2

(8)
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Véi Cmz, Wyz lan luot 12 hinh chiéu van tdc
tuyét ddi 1én phuong hudng kinh va phwong tiép
tuyén, duoc xac dinh dua trén van toc cms, budc
canh t2 va chiéu day canh o khi xét dén goc fzs
nhu & biéu thuc (9), (10) [9]:

- ©

(10)

uz 12 van téc tiép tuyén tai diu canh MN, uz =

mdaNe, N 1a tbe o MN, d 1a dudng kinh canh MN

tai cira ra. Cac thong so tz, o2, Cma, Cuz dwoC X4c
dinh nhu sau [9]:

Wy, =U, —Cp,

d
t,="2 (11)
z
s
Oy = (12)
sin S,
Chs = M, 13
™ zd,b, (13)
U,Cys —UCho +UF (1=5 )
Cpp =22 13 - (14)
2

z 1a sb canh trén banh cong tac; by, sz lan luot
la chiéu cao cénh, chiéu day céanh tai dau ra cua
canh cong tac; §1a hé s6 duong kinh; S 1a goc
ra canh cong tac (hinh 3), d6i véi MN ly tam gié
tri f2g tbi wu khoang 70°+90° [10].
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Hinh 1. Céac ky hiéu hinh hoc co ban

Hinh 2. Tam giac

- C . -

-

Hinh 3. Tam giac

cua canh cong tac MN.

Hiéu suat MN [11]:

k-1

2
_py

Ne
T,
:

1t

V6i pat, put lan luot 12 &p suét tong cong trudc
va sau MN; Tz, Tz 12 nhiét d6 téng cong trude va
sau MN. Cong suat may nén [11]:

(15)

van tdc cira vao.

van toc cua ra.

Coon, (16)

Trong d6, Ahsc 12 hiéu sé entanpi tai ctra ra va
ctra vao MN, dugc xac dinh nhu sau [11]:
k-1

ko
Ahg =c,T, 1—(%}

1

(17)

Cp, k 1an luot 12 nhiét dung riéng dang &p va hé
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s6 nén doan nhiét dong khi tai ctra vao; T1 1a nhiét
d6 tai ctra vao; p1, p2 lan luot 13 4p suét tinh cua
khong khi tai cira vao, cira ra may nén. Két qua
tinh toan tir biéu thic (1) dén (14) duoc &p dung
dé moé hinh hinh hoc trén phan mém CFturbo
(hinh 4, hinh 5), biéu thuc tir (15) dén (17) duoc
dung dé tinh cac chi tiéu cong tac caa MN, két
qua dugc thé hién trong bang 3

2.2. Tinh toan luu lwgng khi nap

Luu lugng dong khi nap dugc tinh toan trén co

s6 toe do dong co va dung tich xi lanh (cylinder)
[12].

N A
“~ MI20RT,
V6i 5y 1a hé sb nap; Vq 1a dung tich tong cong
cta céc xi lanh; ne 1a tbc d6 dong co; Ra 13 hing
s6 khi nap; Ts la nhiét do khi truéc xu pap nap.
Tinh toan luu lwong khi nap & cac ché do toc do
khac nhau (bang 1).

(18)

Bang 1. Tinh toan luu lugng Khi nap.

Téc do dong co

Ap suit khi nap

Luu lwgng Khi nap

(v/ph) (Pa) (kg/s)
500 1,00 0,198
750 1,05 0,312
1000 1,20 0,476
1200 1,40 0,665
1500 1,60 0.892
1850 1,75 1,210

2.3. M6 hinh hinh hgc MN trong CFturbo

Thiét Iap cac tham s6 ban dau cho CFturbo duoc md ta trén hinh 4.

Global setup
Design point
Mass flow ~ m kg/s
Total pressure ratio ~ mtt
Revelutions n 15000 | /min
Gas
MName |Air ~ &
Model |Perfect w
Inlet conditions
Pressure (total) pts Pa
Temperature (total) TS *C

~ Optional

X

General machine type:  Radial (medium pressure)
A "
o
specific spead

Specific speed (EU) ne 26
Specific work ¥ 43336 m/s’
Total-to-total pressure difference Apt 60000 Pa
Power cutput PC 41.32 kW
Volume flow (total) o1 2957.2 m/h
Sonic speed (total) atl 343.26 m/s
Total density ptl 1.1882 kg/m*

Mo messages

| v OK |xCanceI| ? Help |

Hinh 4. Thiét lap cac tham s6 ban dau cho CFturbo.
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M6 phong hinh hoc MN ting 4p bang phan mém CFturbo (hinh 5):

® Mx-= Component 3D View

FlleNN PROJECT  SETTINGS  HELP | IMPELLER | 3DMODEL | BLADES

3DView 3 Comp.cft (COMPRESSOR) - CFturbo 2020 R1.0
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e z
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[®// Blade
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mYy

EQ Cut-water

Dw Flow domain
v [m] Geometry
[] Points
Curves
[® Surfaces
Solids
Imports.
Reference designs

Diffuser

A

Expand to level: @ 1 2 3 all
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]

Information ¥

Licensed for:
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Hinh 5. M6 phong hinh hoc may nén trong CFturbo.

3. M6 phéng CFD bang Ansys
3.1. Phwong phap mé phéng CFD

M6 phong CFD (Computational Fluid
Dynamics), con duoc goi la mé phong dong luc
hoc dong chay, hay phuong phap s6 dé giai cac
bai toan dugc mo ta boi cac phuong trinh vi phan
dao ham riéng trén mién xac dinh. Co so cua
phuong phép nay 1a lam roi rac hda mién xac
dinh cua bai toan, bang cach chia né thanh nhiéu
mién con (phan tir), cac phan tir nay duoc lién két
Vv6i nhau tai cac diém nat chung. Phuong trinh co
ban dé giai bai toan CFD la hé phuong trinh
Navier - Stokes, bao gém cac phuong trinh co
ban (19), (20), va (21) nhu sau [13]:

- Phuong trinh lién tuc:

P .2 (pu)=0

ot ox

- Phuong trinh m6é men (moment):
- O(puu; Lo

opy; (pu ,):_@+ﬂ+pﬁ
ot X; OX;  OX;

- Phuong trinh nang lugng:
a(pey) n d(pu;e,) _
ot OX;

_o(py) g, , Ou;0y)
ox, O OX;

(19)

(20)

(21)

a7

Trong do, t 12 bién thoi gian; p 1a mat do; xi 1a hé
toa do Descartes (i = 1,2,3); ui la van téc theo
phuong Xi; p 12 4p suét; o la ung suét; Fi 1a ngoai
luc; gi nhiét luong, eo = e+§Uin, Vai e la noi nang,
eo x4c dinh nang lugng tong cong cho mot don vi
khéi luong.

3.2. Trinh te mdé phéng trong AnNsys
Workbench

Ansys Workbench 12 méi truong nén tang ding
chung, tich hop nhiéu mé dun (module) x Iy lién
quan dén nhiéu linh vuc: Nhiét dong hoc, két cau
v.v... Nhitng mé dun méi ¢ thé duoc nhing
trong Ansys va két hop khai thac nhitng cong cu
san ¢6 ciia n6. CFturbo ciing 1a mot phan mém
duoc nhing trong Workbench va tan dung cac
cong cu xur Iy cua Ansys dé mé phong dong luc
hoc dong chay qua tua bin, may nén. Két cau hinh
hoc duoc thiét ké ban dau tir CFturbo duoc tich
hop trong moi truong Ansys Workbench (hinh
7). Sau d0, cac ddi tugng caa CFturbo duoc chia
lugi bang Turbogrid, thiét 1ap mé phong voéi
CFX-pre, xur ly bang CFX-solver va hién thi két
qua trong CFX-post (hinh 6).
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Geometry
CFturbo

CFturbo

@ setup ' ‘-/—. Wo Turbo Mesh < a rﬂﬁ Setup
. [Impeller_1][TurboGrid] " 4 Turboisrid ) I|' % Solution
. [Woluke 1] [SpaceClaim] " 4 \ ||I 9 Resulks
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|

|
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\ | % Solution "
|| | 0 Results "
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Mesh
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Hinh 7. M6 phong trong Ansys Workbench.

3.3. Chia lwéi trong Turbogrid cho tua bin va may nén, dwoc tich hgp trong
Ansys. Cum may nén dugc chia thanh cac 6 ludi,
V6i 65697 nlt va 59999 phan tir. Mdi phan tir 1a
mot 6 ludi duge ¢ dinh trong khong gian (hinh
8). Cong tac chia ludi dugc thuc hién dé ap dung
phuong trinh bao toan khéi luong va dong luong
trong CFX- solver.

Sau khi thiét Iap md hinh hinh hoc bang CFturbo,
cong tac chia ludi dugc thyc hién bing
Turbogrid, dua trén nguyén ly thé tich hitu han
(FVM - Finite Volume Method). Turbogrid la
phan mém chia luéi ty dong, chuyén dung ding

Hinh 8. Chia ludi trong Turbogrid.
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3.4. X ly trong CFX-Pre

Trong CFX-pre, cac cong tac dugc thyc hién bao
gom:

e X4c dinh cac diéu kién bién, mo ta diéu kién
hoat dong;

« X4c 1ap cac bé mit twong tac gitra cac thanh
phan, cac mat cat vao va ra;

« X4c lap cac diéu khién (solver controls);

e X4c lap gid tri hoi tu.

Xac dinh céc diéu kién bién cho mé phéng:
Céc diéu kién bién Ia cac thdng sé méi truong
hoat dong va luu lugng dong chay. Cac thong s6
mdi trudng duge xac dinh tir diéu kién khai thac
ctia dong co & vung nhiét déi, &p suit khong khi
la 1 atm (101325 Pa); nhiét do duoc Iy tir nhiét
d6 budng may, 350C (308 K). Luu lugng khi qua
MN duge xac dinh ban dau theo cong thic (18).
Két qua mo hinh duoc xac lap trong CFX-pre
(hinh 9).

Hinh 9. Xac ldp cdc diéu kién bién trong CFX-Pre

4. Két qua va ban luan
4.1. Pdi twong nghién ciéu

Péi tuong nghién ciru va md phong la may nén
tang 4p cua dong co diesel tau thuy M500, dang

dugc lap dat tai phong thuc hanh May tau,
Truong Cao diang K§ thuat Hai quan va sir dung
trén mot sé chung loai tau hai quan Viét Nam
(hinh 10), c4c thdng sé k¥ thuat chinh caa dong
co va MN duoc trinh bay tai bang 2.

Bing 2. CAc thdng s6 chinh ciia dong co va MN.

Thong sé Gia tri Thong sb Gia tri

B4 tri xi lanh Chir V, hai hang Cong suat dinh muc, cv 1200
S xi lanh 12 Chiéu quay Quay trai
Duong kinh xi lanh, mm 180 Kiéu ting ap Co gi6i
Hanh trinh piston: Kiéu MN Ly tam

Nhanh chinh, mm 200

Nhanh phu, mm 209,8
Ty s6 nén 13,5+0,5 Ty s6 truyén dong MN 1:10,875
Téc @6 dinh mic, v/ph 1850 S6 canh MN 16
Téc d6 6n dinh nho nhét, v/ph 500 Puong kinh MN 290
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Hinh 10. Bong co M50® tai phong thuc hanh.
4.2. Két qua mo phéng
M6 phong trudng ap suat (hinh 11) va md phong trudng nhiét do (hinh 12).

Hinh 11. M6 phong ap suit trong Ansys CFX. Hinh 12. M6 phong nhiét do trong Ansys CFX.
4.3. Xac dinh hiéu suit, cong suat MN & cac ché d¢ téc dd khac nhau

e Dic tinh MN khi tdc d6 dong co ne = 1000 v/ph.

1.4
&12
en
,§ 1 y =-0.5215x2 +0.1589x + 1.
\(8
208
N
R 0.6
; 0.4 —@— Hiéu suit y =-2.2193x2 + 1.7409% + 0.4518
«@D-
T 0.2 —@— Ty s0 tang ap
0
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Luu luong MN, kg/s

Hinh 13. B4 thi ¢, 7 & ché d6 ne = 1000 v/ph.

Véi tée d6 dong co 1000 v/ph, ty sé tang ap giam  dai tai luu luong me = 0,38 kg/s, hiéu suit dat #c
khi luu lwong ting, hiéu suat MN dat gié tri cuc = 0,7932; ty s6 tang ap dat .= 1,2070.
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e Dic tinh MN khi téc dong co ne = 1200 v/ph.

y =-0.5438x% + 0.1983x + 1.35

t, ty sb tang ap

7
A

éu sua

y =-1.2334x% + 0.9396x + 0.679

0.4 —@— Hiéu suat

A

Hi

0.2 —@— Ty so tang 4p

0 0.2 0.4 0.6 08 1
Luu luong MN, kg/s

Hinh 14. D6 thi ¢, 7 & ché do ne = 1200 v/ph.

Véi toe d6 dong co 1200 v/ph, ty sé tang ap giam  dai tai luu lugng mc = 0,38 kg/s, hiéu suat dat #c
khi Iuu Iwong ting, hiéu suat MN dat gia tri cuc = 0,8581; ty sb ting ap dat . = 1,3478.

e Dic tinh MN khi téc dong co ne = 1500 v/ph

=
~

=
)

y =-0.5961x% + 0.2612x + 1.613

[N

t & ty s6 tang ap
o
&%

¢u sua

©
)}

y =-0.9209x2 + 0.9222x + 0.648

—e&— Hi¢u suat
—o—Ty s0 tang ap

©
i

A

Hi
o
[N}

o

0 01 02 03 04 05 06 07 08 09 1 11 12
Luu luong, kg/s

Hinh 15. Bb thi ¢, 7 & ché d6 ne = 1500 v/ph.

Véi toe 46 dong co 1500 v/ph, ty s ting ap giam  dai tai luu lwong me = 0,5 kg/s, hiéu suat dat 7 =
khi lwu lwong ting, hidu suat MN dat gia tri cuc  0,8792; ty s6 ting ap dat e = 1,5948.
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e Dic tinh ty b tang ap va luu luong ¢ cac ché do toe d6 may nén khac nhau (hinh 16).

2

1.8

Ty sb tang ap, (-)
= o

=
N

]

0.8
0 0.2 0.4 0.6 0.8 1 1.2 1.4

Luu luong MN, (kg/s)

—e—nc=5000 v/ph —e—nc=7500 v/ph nc=10000 v/ph nc=12000 v/ph
—e—nc=13500 v/ph —e—nc=15000 v/ph —e—nc=16500 v/ph —e—nc=18000 v/ph

Hinh 16. D4 thi dic tinh luu luong — ty s6 tang ap & cac ché do khéc nhau.
Hinh 16 cho thay MN c6 thé hoat dong & nhiing Panh gia cac cac ché dd khai thac: Tir céc két
viing ¢6 ty s tang ap cao va luu lugng I6n, tuy  qua md phong tir hinh 13 dén hinh 16, cho thay c6
nhién, do sy dan dong tir truc khuyu dong co, nén  thé xac dinh ché do khai thac dat hiéu suat MN cao
tc d6 ciia méay nén phu thudc toe dd dong co, pham  nhét (bang 3).
vi hoat dong ciia MN ciing dan thu hep.

Bang 3. Hiéu suat MN 16n nhét ¢ cac ché d toc do.

Téc d6 dong co Téc d6 MN Luwu lwgng Ty s6 Hiéu suit

v/ph v/ph kg/s tang ap (-) ¢)

500 5438 0,15 1,000 0,1302
750 8156 0,26 1,075 0,6514
1000 10875 0,38 1,207 0,7932
1200 13050 0,38 1,3478 0,8581
1500 16312 0,50 1,5948 0,8792
1850 20118 0,98 1,6501 0,7625
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M& phdng may nén ting ap truyén dong co giéi ctia dong co diesel tau thay bang ly thuyét CFD

Két qua ¢ bang 3 cho thay, khai thac & sé vong
quay thap 500 v/ph, hiéu suit MN rat thap, hiéu
qua ting ap khong dang ké, &p suét ting ap chi
trong duong ap suat khong khi. Hiéu suat MN
cao nhat 5¢ = 0,8792 khi khai thac dong co & ché
d6 1500 v/ph, véi ty sb ting ap 1,5948. Khi khai
thac & s6 vong quay dinh muc, luu lwong MN
ting cao, tuy nhién ton that khi dong hoc ciing
tang, nén hiéu suat MN s& giam. Pay 1a co sd can
chu y trong khai thac dong co M50 tai phong
thyc hanh cling nhu trén tau hai quan.

5. Két luan

Ung dung ly thuyét CFD dé nghién ctru xac dinh
cac dic tinh cia may nén ting ap truyén dong
truc tiép cua dong co diesel tau thuy 14 rat can
thiét. Pac biét, trong diéu Kién co s& vat chat cho
thuc nghiém con khiém tén. Bang phan mém
thiét ké may nén CFturbo chuyén dung, hién dai,
nghién ctru nay da xay dung dugc moé hinh hinh
hoc méy nén gan dung vai thyc té. Bén canh do,
nghién ctru da sir dung cdng cu md phong so hién
dai, trén nén tang ly thuyét CFD 1a Ansys dé md
phong dong chay may nén. Tir d6 xac dinh dac
tinh may nén va cac ché do khai thac. Trong cac
nghién ciu tiép theo, co thé phét trién mo rong
md phong méi quan hé té hop diesel va b ting
ap, dé xac dinh thém cac dic tinh, du doan cac
diém khai thac t6i uru trong thuc té khai thac dong
co tai phong thuc hanh cua Truong Cao dang Ky
thuat Hai quan va thyc té trén tau.

Lo&i cdm on: Nhom tac gia chan thanh cdm on
phong thuc hanh May tau, khoa May tau, Truong
Cao dang K§ thuat Hai quan da hd tro dé thuc
hién nghién clru nay.
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