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TOM TAT

Bai bado nay khao sat sw phan bé nhiét @ trén mat dé cia bé thu nhiét dwoc sir dung cho
bo phat nhiét dién sw dung khi thai xe gd'n may. Bon mé hinh bién dang canh dwoc dé xudt dé mé
phong; trong do co mo hinh nguyén thuy co bién dang canh thu nhiét hinh chir nhat va ba bién dang
canh con lai c6 dang hinh thang dwoc chinh sira tir mé hinh nguyén thity. Két qua cho thdy, bién
dang canh bo thu nhiét anh huong dang ké dén su phan bé nhiét do trén mat dé cia no. Véi mot két
cau bo thu nhiét cho trude sé cé6 mét bién dang canh 161 wu dé tao ra su déng nhat nhiét do trén mdt
dé. Trong nghién civu nay, M6 hinh 3 ¢6 bién dang hinh thang véi chiéu cao canh nhé la 34 mm, cho
két qua phan bé nhiét do déng déu nhdt; va chénh 1éch nhiét dé 1ém nhat gitta cdc vi tri lcfp bo phat
nhiét dién cé thé duoc cdi thién 87 — 92% iy vao toc dé cua dong co.

Tw khoa: Bién dang canh; Bo thu nhiét; Phan bé nhiét do; Su déng nhat nhiét dé; Bo phat
nhiét dién.

ABSTRACT

This paper investigates the temperature distribution on the base of the heat exchanger used
in the motorcycle thermoelectric generator. Four fin profile models are proposed for simulation; the
original model with a rectangular fin profile and the other three with a trapezoidal shape modified
from the original model. The results show that the fin profile of the heat exchanger significantly
affects the temperature distribution on its base. With a given heat exchanger configuration, there
is an optimal fin profile to produce temperature uniformity across the base surface. In this study,
Model 3 has a trapezoidal profile with a small side height of 34 mm, resulting in the most uniform
temperature distribution; and the maximum temperature difference between the thermoelectric
generator positions can be improved by 87 - 92% depending on the engine speed.

Keywords: Fin profile; Heat exchanger,; Temperature distribution, Temperature uniformity;
Thermoelectric generator.
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1. GIOI THIEU

Su can kiét cac nguén nhién liéu hoa
thach va van dé nong Ién cua trai dat 1a mot
trong nhiing mdi quan tdm chinh cua cac quéc
gia trén the gidi trong nhimg nam gan day. Dé
gidi quyét cic van dé nay, doi hoi con nguoi
phai c6 céc giai phap nhu sir dung cac ngudn
ning luong thay thé, ning luong tai tao, ning
cao nang sudt va hiéu qua st dung nhién ligu,...
Nhu chiing ta da biét, viéc st dung dong co dét
trong hién nay ciing chi dat hiéu suit khoang
35 - 40% hiéu suat, mot luong nang luong 16mn
dudi dang nhiét thai ra moi truong rat lang phi.

V6i sy phat trién cong nghé ban din
hién nay, viéc st dung bo phat nhiét di¢n
(Thermoelectric Generator — TEG) duoc xem
nhu 13 mot giai phap kha thi dé thu hoi luong
nhiét trong khi thai dong co ddt trong va chuyén
hoa thanh dién nang. Linh vuc nay thu hat duogc
rat nhiéu nha nghién ctu quan tdm. Dac biét
trong d6 c6 Karnoven va cong su [1] két luan
rang TEG c6 thé thu hdi ning lwong hiéu qua
hon viéc str dung chu trinh Rankine cho dong co
dot trong. Tuy nhién, de ng dung TEG vao thyc
té th1 con rat nhiéu van dé can nghlen clru giai
quyét. Su phan b nhiét do khong dong déu trén
mat nong theo chiéu dong chay khi thai 1a mot
trong s nhitng van dé d6. Hién tuong nay khién
cac moé dun TEG phét ra cong suat khong déu
nhau, dan téi giam cong suit cua hé thong gom
nhiéu mé dun [2]. Ngoai ra, su phan b nhiét do
khong déu ciing 1am giam tudi tho cua cac TEG
do tng suét nhiét va do nhiét do cuc bo tai cac
vung trén nd cao hon nhiét do cho phép.

Nhiéu nghién ctru di dé xuat cac két
céu va hinh dang khac nhau cta bd trao doi
nhiét cho hé théng TEG dé ting su dong déu
nhi¢t d§. Musial va cong su [3] nghién ciru mo
phong anh hudng cua céu trac hinh nén dit ¢
trung tdm cua hé théng TEG dén sy dong déu
nhiét do doc theo bo trao doi nhiét. Két qua mo

phong cho thiy, cdu triic nay da nang cao su
ddng déu nhiét do trong bo trao ddi nhiét, gitp
nang cao dang ké hiéu qua cua hé théng TEG.
Tang va cong su [4] m6 phong CFD dé nghién
ctru dong khi thai bén trong cua ba bo trao doi
nhiét voi cac cau hinh khac nhau cta canh thu
nhi¢t. Cac canh thu nhiét da ting cuong su phan
b truong van toc dong khi thai va gop phan cai
thién sy d6ng déu nhiét do va ap suat nguoc cua
hé thong TEG. Liu va cong su [5] thiét ké mot
b trao d6i nhiét méi véi cac canh hudng dong
& dau vao va cac canh thu nhiét dat 1on xon bén
trong khoang. So v&i thiét bi trao d6i nhiét ban
dau khong c6 canh tan nhiét bén trong, thiét bi
méi c6 dién trd dan nhiét thap hon, nhiét do bé
mat cao hon va phan bd nhiét do déng déu hon.

Tuong tu nhu cac nghién ctru trén, mot
s6 két cau dd duoc dé xuét va khao sat trong
cac nghlen ctru trude cua ching toi [6- 9] dé cai
thién sy déng déu nhiét do trén mat cat ngang
cta bd trao d6i nhiét. Cac két cAu tdi wu cua
canh huéng dong ¢ phan dau va cach b tri éng
thoat thai & phan dudi da ting sy dong déu nhiét
do6 trén mit cat ngang cua b trao doi nhiét. Tuy
nhién, tang su dong deu theo chiéu doc ctia bd
trao d6i nhiét 1 van can thlet vi su chénh 1éch
nhiét do theo chiéu doc dng khi thai 1a twong
ddi 16n.

Trong nghién ctru nay, chiung t6i dé
xuat cac bién dang canh khac nhau ma co thé
tao ra sy dong déu nhiét d¢ trén dé bo thu nhiét
cuia thiét bi phat nhiét dién str dung khi thai xe
gan may, sau do tién hanh khao sat mo phong
truong nhiét do trén dé bo thu nhiét bang phan
mém ANSYS Fluent.

2. MO PHONG CFD
2.1. Két ciu ciia b phat nhiét di¢n (BPND)

Chu tao cua BPND duoc ké thua tur
cac nghién cuu trudc, két cau cia BPND duoc
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thé hién trong Hinh 1. BPND bao gém 4 phan
chinh: Ong khi thai, bo thu nhiét, m6-dun nhiét
dién, bo tan nhiét. Ong khi thai c6 dang hinh
hop chit nhat v6i kich thude mat cat 1a 90x68
mm, va dai 350 mm, dugc chia thanh 3 ngan
bang hai ludi tiéu 4m. Phan dau duoc lap dit 2
canh huéng dong, dugc tdi uu dé tao su d@)ng
déu dong khi trong 6ng thai [8]. Phan gitta 14 vi
tri ldp dat b thu nhiét.

Mi-dun

P B0 thu nhiét
nhigt dign '

B4 tan nhigt

Cinh hurdng i

dong
Cmng thai
Piu vio

Hinh 1. Két cdu cuia bé phat nhiét dién.

2.2. Cac két ciu ciia bd thu nhiét (BTN)

Hinh 2. Két cau cdc BTN sir dung trong mé phong:
a) Mo hinh 1 (mé6 hinh nguyén thuy), b) Mo hinh 2,
¢) Mo hinh 3, va d) M6 hinh 4.

B0 thu nhi¢t nguyén thiy c6 céc canh
v6i bién dang hinh chit nhat duogc lién két voi
nhau théng qua mot dé day 10 mm véi cac thong
s6 két cdu gom: kich thude tong thé, DxRxC =
180x100x78 mm; kich thudc ctia canh DxR =
160x68 mm; s6 luong canh N, = 21; do day
canh, t = 1 mm va khoang cach canh, s = 3mm.

Céc tac gia dé xudt 3 mo hinh bo thu
nhiét cai tién trén mo hinh nguyén thuy dé khao
sat lai sy phan b nhiét do trén dé BTN. Véi y
tudng la nang lugng nhiét cua dong khi thai tai
dau vao sé& cao hon tai dau ra 6ng khi thai, nén
dién tich canh thu nhiét ctia phan dau can thiét
s& nho hon so v6i phan sau. Do d6, cac mé hinh
dé xuit s& c6 bién dang hinh thang vé6i chiéu
cao canh dau, h, lan luot 12 51, 34, va 17 mm
s€ tuong ung cho cac Mo hinh 2, M6 hinh 3 va
M0 hinh 4. Cac md6 hinh khao sat trong nghién
ctru nay dugc thé hién trong Hinh 2, trong d6
Mo hinh 1 1a m6 hinh BTN nguyén thuy duoc
su dung trong cac nghién ctru trude [6-9].

2.3. M0 tad mo phéng va luéi tinh toan

Trong nghién ctru nay, muc tiéu la khao
sat su déng déu nhiét do6 trén dé mat néng BTN
theo chiéu doc dng khi thai, do 6 mé hinh mo
phong chi bao gdbm dng khi thai, va BTN. Su
trao d6i nhiét trong m6 hinh mo phong xay ra
gitra khi thai, BTN va méi truong ngoai tai dé
ctia BTN. Cac bé mit con lai cia ong khi thai
dugc gia dinh khong trao doi nhiét. Bé mat dé
ctia BTN duoc cai dit trao doi nhiét dbi luu véi
mai truong bén ngoai ¢é nhiét dd 30°C va hé s6
trao doi nhiét d6i luu 1a 5 W/m’K.

M&i mé hinh duoc md phong & 3 tée do
dong co 1a 990, 2955 va 4925 vong/phut, cac
gid tri ndy tuong ung véi van toc xe khoang
10, 30 va 50 km/h. Céc thong sd van tdc, khoi

lwong riéng, d6 nhét va hé sé dan nhiét cua khi &
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thai dugc tinh todn tir qua trinh chay ctua dong
co xe Honda Wave Alpha 110cc. Ap suat khi
thai ¢ dau ra dugc cai dat bang bang vai ap suit
khi troi. Thong s6 vat li ciia khi thai dugce trinh
bay trong Bang 1.

Bdng 1. Théng s6 vt li cia khi thdi & cdc toc do
khdc nhau cua dong co.

Théng sb vat Ii Toc do (vong/phit)

cua khi thai

990 2955 4925

Van toc (m/s) 3.55 10.62 | 17.71

Nhiét d6 dau vao 387 584 712

X)
Khéi(ifg‘-/’;%)ﬁéng 0.981 | 0583 | 0.474
e (N 105, | 2018 | 2818 3653
Hé s6 dan nhiét 0.03 0.0435 | 0.0518

(W/mK)

Lu6i khong céu tric Tetrahedral dugc
su dung dé roi rac ha mé hinh. Hinh 3 thé hién
md hinh chia ludi ctia khi thai trong ong xa va
BTN. Bé dam bao do chinh xac cta két qua mo
phong, tiéu chuan chat luong ludi Skewness
duoc ap dung. H¢ s6 Skewness trung binh cta
cac ludi tinh toan nam trong khoang 0,223 +
0,245, déu nam trong vung chi s chét luong
t6t. Dé danh gia sy doc lap két qua cua ludi
tinh toan dugc thyc hién cho M6 hinh 1. Bang 2
trinh bay gia tri nhi¢t do trung binh trén bé mit
dé ctia BTN véi nhiéu mirc ludi khéc nhau. Sai
s6 ctia muc 1udi 9 triéu phan tir so véi 10 triéu
phén tr 1a 0,003%. Do d6, muc ludi 9 triu
phan tir dugc chon dé st dung cho tt ca truong
hop dé dam bao tinh chinh xac va tiét kiém tai
nguyén may tinh.

Khi thai

Paura

Piu vio Bo thu nhiét

Hinh 3. Luoi tinh toan cua mé hinh mo phong.

Bdng 2. Nhiét do trung binh trén bé mdt ciia BTN
VOi cdc so phan tw khdc nhau:

S6 phén tir Nhiét “1@ . £
luéi trung’blnh Sai s0 (%)
mit dée BTN
5,018,976 691.87 0.221
6,250,547 690.34 0.146
7,201,674 689.33 0.075
8,017,682 688.81 0.028
9,025,763 688.62 0.003
10,134,592 688.60 0.000
2.4. Co s6 ly thuyét

Cac mo hinh dugc phan tich mé phong
CFD thong qua phan mém ANSYS Fluent. Cac
phuong trinh tinh toan gdm: phuong trinh lién
tuc, phuong trinh momen va phuong trinh nang
lugng [10] :

P4 pii)=0 (1)
i)+ V.( i) =—Vp+Vr+ pg @

%(,;E)W.(V( PE+p))=V.

keﬂvr—Zthﬁ(?qﬂj] 3)
J

Trong d6: p 1a khdi luong riéng cua khi
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. \ N — A e \
thai; t 1a thoi gian; u 1a véc-to van toc; p la
I3 —> . e N =
ap suat tinh; g 1a gia toc trong truong; =
la tensor ung suat; E la tong nang luong; T 1a
nhiét do; k , 12 h¢ s6 dan nhiét;
flux; h 1a enthalpy.

3 1a diffusion

Mé hinh rdi k — & duoc sir dung dé giai
cac phuong trinh lién tuc va momen. M6 hinh
nay dugc danh gia phu hop cho dong khi thai
chay trong dng vai hé s Reynold cao va réi
nhiéu. Phuong trinh ctia mé hinh k — & dugc thé
hién nhu sau [10]:

0

d
P

(;Hﬂ’]a }C G, Cgp";—k2 (5)

o
an P =g || Ao, Ja, [FGer G

Do nhot rdi [T

ty=pC,— (6)

Trong do: p 1a do nhdt dong luc hoc; k
la dong nang 16i; € 1a te do tiu tan nang lugng
r0i; u. la véc-to van téc thanh phan; X, X, la h¢
toa do hinh chir nhat; G, 1a sy tao ra dong nang

ri do gradient Van toc trung binh; G, la sy tao
ra dong nang rdi do luc ndi; C,.= l 44, C,

%(pg) 66 (pkul) ai [,u+ ]aak +G, +Gy —pe (4) 1,92,C,=0,09,0, =1vac =1 3 la cac hang sO
%k )y cia mo hmh
3. KET QUA VA THAO LUAN
3.1. Phan b nhiét do trén mit dé cia BTN
aj )
g;ﬁ 3761 | a7e | 1ma 1o | ymse | amg | a7
76 4
| 376.3
376.2
3761 33 | %60 | 358 a0 | 3739 | ams | 37
1760
3?'5‘3'

| Tea

| a75 7 )
| 3756
| 3754

ﬂg-; yiue | 3maa | sms | smsa
781
T
iT49

5753

ITES | WAR | AVSS | A0S4 3753

Hinh 4. Phdn bé nhiét d trung binh trén mdt @é BTN tai cdc vi tri TEG tai 990 vong/phiit:
a) M6 hinh 1, b) M6 hinh 2, ¢) M6 hinh 3, d) M6 hinh 4.
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bs)
560 5il4 5620 3605 561.0 56006
ML Hil4 2.0 ] I S50 5606
00 | 398
55 5600 3508

Hinh 5. Phédn bé nhiét dé trung binh trén mat dé BTN tai cac vi tri TEG tai 2955 vong/phut: a) Mo hinh 1,
b) M6 hinh 2, ¢) M6 hinh 3, d) M6 hinh 4.

a) h]
6BT.R BEG.D aEny ka0 B8, 3 5847
GETS BHGS GET.T GEOD G863 GRS T
0849 6847 684.T (R4 6
684,58 6847 6847 684.6

Hinh 6. Phédn bé nhiét dé trung binh trén mat dé BTN tai cac vi tri TEG tai 4925 vong/phut: a) Mo hinh 1,
b) M6 hinh 2, ¢) M6 hinh 3, d) M6 hinh 4.

Nhiét d6 trung binh tai cac vi tri lap
TEG trén mit d& BTN & cac toc do dong co
990, 2955 va 4925 vong/phut, dugc trinh bay
trong cac Hinh 4, 5 va 6. Nhi¢t do trung binh
ciia mit d& BTN giam dan khi dién tich cach
thu nhiét gidam. Tuy nhién, su phan bd nhiét do
¢o su khac nhau r6 rét. M6 hinh 1 va 2 ¢6 nhiét
d6 cao nim & phia ddu vao dng thai va giam

dan vé phia dudi; trong khi d6 M6 hinh 4 thi
nguoc lai, nhiét d6 thip ndm & phia dau vao éng
thai va ting dan vé phia dudi; M6 Hinh 3 cho
nhiét d6 twong dbi dong déu. Piéu nay duogc
giai thich nhu sau: M6 hinh 1 va 2 ¢6 chiéu
cao canh phan dau nhan ning luong nhiét 16n
hon, lam cho nang luong khi thai gidm manh
dan dén phan dién tich canh phia sau hp thu
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lwong nhiét nho hon, két qua 1a nhiét do trén
dé phia sau thép hon trude. Nguoc lai, M6 hinh
4 ¢6 chiéu cao canh trudc qua nho khong nhan
duoc lugng nhiét béng canh phia sau mac du
1a nang lwong khi thai vao phan trudc canh 16n
hon phan sau. M hinh 3 cho thdy c6 sy can
bang tuong d6i cua viéc hip thy ning lugng
qua cac vi tri trén canh thu nhiét & ca 3 tdc do
dong co khac nhau.

3.2. Chénh Iéch nhiét d9 16m nhat tai vi tri
diat TEG

4.0

3.5 4{ ®Mohinhl
3.0 - ® M6 hinh 2
55 | @M hinh 3 =
O M6 hinh 4 2.0

2.0
15 4 14 12
1.0 -
0.5 1
0.0 4

Chénh Iéch nhiét d¢ 1on nhit (K)

990 2955 4925
Téc 46 dong co (vong/phiit)

Hinh 7. Chénh léch nhiét @ 16n nhdt giita cdc vi
tri dat TEG trén mat dé ciia 4 mé hinh BTN & cdc
téc do dong co khac nhau.

Chénh 1éch nhiét do 16n nhét giita cac vi
tri ¢4t TEG trén bé mat BTN cua cac mo hinh
tai cac toc do dong co khac nhau dugc khao sat
va so sanh trong Hinh 7. Két qua cho thay do
chénh léch nhiét d6 ting 1én khi téc do dong co
tang. M0 hinh 1, m6 hinh nguyén thuy, c6 gia
tri chénh léch nhiét d6 cao nhét dén 3,5K & tée
do dong co 4925 vong/phut. M6 hinh 3 c6 do
chénh léch thép nhét, trong khoang 0,1 + 0,3K.
Mo hinh 3 cdi thién dugc khoang 87 + 92% do
chénh 1éch nhiét dg so v1 mo hinh nguyén ban.

4. KET LUAN

Su phan bd nhiét do trén bé mat dé cua
4 md hinh bd thu nhiét (BTN) c6 bién dang
canh khac nhau da dugc khdo sat trong nghién
ctru ndy thong qua mo phong CFD. Két qua cia

nghién ctru dugc két luan lai nhu sau:

- Nhiét do trung binh tai cac vi tri lép
TEG trén mat dé BTN bién thién theo dién tich
canh thu nhiét. Dién tich cang 16n nhiét do
cang cao va nguoc lai.

- Tuy vao bién dang canh ma do dong
nhit nhiét do trén dé BTN c6 gia tri khac nhau.
Két qua khao sat trong nghién ciru nay, nhiét
d6 trén dé BTN c6 thé tang nhung ciing c6 thé
giam tir vi tri dau dng khi thai cho dén cudi dng.

- Mbi m6 hinh s& c6 mét bién dang canh
thu nhiét nhat dinh d¢ tao ra sy dong déu nhiét
dd. Trong bai bao nay, M6 hinh 3, canh c6 bién
dang hinh thang va canh dau c6 chiéu cao 34
mm, cho két qua phan bd nhiét do dong déu
nhit. Chénh léch nhiét d6 16n nhat giita cac vi
tri lip TEG c6 thé dugc cai thién 87 — 92% tiy
vao toe do cua dong co.

bé c6 duoc su déng déu nhiét do trén
mit dé ciia BTN, c6 thé lam giam luong nhiét
hép thu qua canh, diéu nay c6 thé dan dén cong
suét phat dién cua thiét bi nhiét dién giam. Tuy
nhién, sy dong déu nhiét do cua trén mat dé
BTN c¢6 thé dem lai su déng déu dién ap va
dong dién phat cta cac TEG, tor do gitp cai
thién cong suit va hiéu sudt chung cta bo phat
nhiét dién. Hon ntra, nhiét do déng déu gitia
cac TEG giup tang tudi tho cua ching do giam
duoc Gmg sudt nhiét.

Loi cam on:

Chuing t61 xin cam on Truong Pai hoc
Bach Khoa, Pai hoc Quéc gia Thanh phdé Ho
Chi Minh di hd trg thoi gian, phuong tién va
co s vat chat cho nghién ctru nay.

Ngay nhan bai: 08/9/2022
Ngay phan bi¢n: 23/9/2022

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 295, thang 10 nam 2022
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

Tai liéu tham khao:

[1].
[2].
[3].
[4].

[5].

M. Karvonen, R. Kapoor, A. Uusitalo, V.
Ojanen; Technology competition in the internal
combustion engine waste heat recovery: A
patent landscape analysis, J Clean Prod. 112
(2016) 3735-3743. https://doi.org/10.1016/j.
jelepro.2015.06.031.

Z.G. Shen, L.L. Tian, X. Liu; Automotive
exhaust thermoelectric generators: Current
status, challenges and future prospects,
Energy Convers Manag. 195 (2019)
1138-1173. https://doi.org/10.1016/j.
enconman.2019.05.087.

M. Musial., M. Borcuch, K. Wojciechowski;
The Influence of a Dispersion Cone on
the Temperature Distribution in the Heat
Exchanger of a Thermoelectric Generator, J
Electron Mater. 45 (2016) 1517—1522. https://
doi.org/10.1007/s11664-015-4090-0.

Z.B. Tang, Y.D. Deng, C.Q. Su, X.H. Yuan;
Fluid Analysis and Improved Structure
of an ATEG Heat Exchanger Based on
Computational Fluid Dynamics, J Electron
Mater. 44 (2015) 1554-1561. https://doi.
org/10.1007/s11664-014-3472-z.

X. Liu, C.G. Yu, S. Chen, Y.P. Wang, C.Q.
Su; Experiments and simulations on a
heat exchanger of an automotive exhaust
thermoelectric ~ generation system under
coupling conditions, ] Electron Mater. 43
(2014) 2218-2223. https://doi.org/10.1007/
s11664-014-3015-7.

[6].

[7].

[8].

[9].

T.D. Hong, Q.T.P. Nghiem, T. v. Mai, L.T.
Le; A numerical simulation and experimental
study on thermal uniformity of heat exchanger
in motorcycle thermoelectric generator unit,
JP Journal of Heat and Mass Transfer. 22
(2021)  89-105. https://doi.org/10.17654/
HM022010089.

T.D. Hong, Q.T.P. Nghiem, B.T. Nguyen, T.
van Mai; Study on the effects of guide fins
structures on the flow and thermal uniformity
of the motorcycle exhaust thermoelectric
generator, Multidiscipline Modeling in
Materials and Structures. 18 (2022) 430-444.
https://doi.org/10.1108/MMMS-02-2022-
0027.

T.D. Hong, Q.T.P. Nghiem, T.T. Le,
TM.H. Tran, L.T. Le; Thermal uniformity
enhancement of the motorcycle exhaust
thermoelectric generator—Part 1: Guide fins
optimization, Heat Transfer. (2022). https://
doi.org/10.1002/htj.22587.

T.D. Hong, Q.T.P. Nghiem, P.B. Hua, T.V.
Vo; Thermal uniformity enhancement of
the motorcycle exhaust thermoelectric
generator—Part 2: Muffler outlet optimization,
Heat Transfer. (2022). https://doi.org/10.1002/
htj.22600.

[10]. Fluent Ansys. Ansys Fluent Theory Guide. Vol

15317;2013.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 295, thang 10 nim 2022
cokhivietnam.vn / tapchicokhi.com.vn



