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PHUONG PHAP CHIA LUGI CAU TRUC DU'A TREN PHAN VUNG
DA KHOI DE MO PHONG 3D DONG PHUN LAM MAT PIN XE DIEN

Nguyén Anh Tuin'’, Nguyén Vin Kyu'

Tém tat: Cdc phicong phdp chia luéi truyén thong thuong gap khé khan Zrong viéc duy tri tinh lién tuc va dam
bao chdt heong hedi khi lam viéc véi cac trieong dong chdy phike tap, hodc ¢é hinh hoc phirc tap. Viéc nay dan dén
glam do chinh xdc tinh todn dong thoi lam tang chi phi tinh toan. Phwong phap chia ludi cau triic dya trén phan
ving da khoi la mot hwong Zlep cdn méi dé tang hiéu qua tinh todn khi glal quyet cdc bai toan mé phong sé dong
liee hoc chdt long cho cac cau hinh dong chay phirc tap. Trong nghién ciru ndy, nhom tac gia su dung phuong
phdp chia lwdi cau triic dwa trén phdn viing da khoi dé mé phong 3D dong phun vuéng goc voi mat phang dé lam
madt pin xe dién. Két qua cung dwoc so sanh voi so sanh VO’l cac phuong phap chia ludi Wuyen Zhong

Tir khoa: CFD, chia ludi cdu tric, phan ving da khi, truyén nhiét.

1. PAT VAN PE

Trong cac md phong s CFD hién nay, thoi gian
danh cho viéc tao ludi thuong chiém khoang 60% tong
thoi gian ctia toan bg chu trinh tinh toan (Zhang, 2017).
Hon nira, chat lugng cua ludi anh hudng tryc tlep dén
d6 chinh xac cta két qua, dic biét 1a khi xét dén cac
dinh dang yéu cau d6 chinh xac va do phan giai cao.
Trong cac bai toan dong chay hai pha nhu song va tia
nude, can phai su dung ludi c6 mat do du cao va cang
vudng goc cang tdt tai cac bé mat hodc giao dién ty do.
Mot vi du khac 1a qué trinh cap nhét lwdi dong trong
chuyén dong sau bac tu do, ciling doi hoi ludi co chat
lugng cao (Cai et al., 2017; Zhan et al., 2017). So véi
ludi khong c6 cau tric, ludi cd cau tric ¢ cau tric luu
trit dir liéu don gidn hon va s lugng 6 ludi giam déng
ké. Do d6, ngy cang nhiéu nha nghién ciru ua chudng
st dung ludi cod cAu truc, dic biét 1a cac loai ludi ¢6 clu
trac gan khoi, ludi cé cu tric ghép khdi va ludi ¢ cau
trac chong ldp (Romero Gomez & Richmond, 2016).
Trong nghién ciru ndy, nhom tic gia dé xuit phuong
phép tao ludi cd cau trac voi sy can thiép cia nguoi
ding, img dung trong trudng hop mo phong sd dong
phun lam mat cac thiét bi sinh nhiét, nhim cai thién chét
luong ludi, do chinh xac va thoi gian tinh toan.

2. CONG CU VA PHUONG PHAP NGHIEN CUU

2.1. Phuong phap chia ludi ciu tric trong cac bai
toan dong chay phiic tap dua trén phan ving da khoi

Trong md phéng dong luc hoc chit luu, viée lua
chon va chia lugi dong vai tro quyét dinh dén ca hiéu
qua tinh toan 1an do chinh x4c két qua ctia bai toan md
phong. Luéi cau triic duoc sir dyng nho tinh 6n dinh s6
hoc cao, kha ning giam thiéu sai sé roi rac va yéu cau
bo nhé thip. Tuy nhién, nhugc diém 16n cta ludi cau
trac la kho ap dung cho hinh hoc phtrc tap do rang
budc vé sy sap xép tudn tu va quy luat hoa phan tir. Dé
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khic phuc han ché nay, k¥ thuat phan ving da khéi
dugc ap dung. Phuong phip ndy cho phép mién tinh
toan phirc tap duoc chia tach thanh nhidu khéi con c6
hinh dang don gian hon, tir d6 dé dang xay dung ludi
cAu tric cuc bo trong tirng khdi. Céch tiép can nay vira
duy tri dugc cac uu dlem truyén thong cia ludi céu
trac (tinh on dinh, tiéu ton RAM thap) vlra mo rong
kha niang ing dung cho hinh hoc cong, gip khic hoic
nhiéu chi tiét phirc tap. Su két hop nay dem lai nhiéu
wu diém nhu:

e Tinh chinh xic va hiéu qua tinh todn: Ludi ciu
trac duy tri cht lugng cao trong ting khdi (block),
gitp giam sai s6 va ting toc do hoi tu.

o Kha nang thich nghi v6i hinh hoc phitc tap: Phan
vung da khéi tao diéu kién cho viéc diéu chinh do min
ludi theo tirng ving, céi thién kha ning bat dugc cac
hién teong dong chay cuc bd nhur dong 16p bién mong,
dong xoay hay dong tach 16p.

e T4i wu tai nguyén: So véi viée ding ludi phi cdu
tric trén toan mién, phuong phap nay tiét kiém dang ké
bd nhé va thoi gian tinh toan, dong thoi vAn bao toan
duogc kha nang mo6 ta hinh hoc phure tap.

Hinh 1. M6 hinh cd dudi khi sir dung chia hedi
cdu truc va phan vung da khoi
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Nhu vay, su két hop giira ludi cdu triic va k¥ thuat
phin ving da khdi khong chi 1a mot giai phap dung
hoa gilta tinh chinh xac va tinh linh hoat, ma con
huéng téi viée toi wu hoa tai nguyén tinh toan — yéu t6
déac biét quan trong trong cac mo phéng CFD quy md
16n, dién hinh nhu nghién ctru cta tac gia (Wen-Hao
Cai, 2021) d& md phong chuyén dong cia ca dudi nhu
trén hinh 1. Do chiéu rong co thé ca dudi 16n hon nhiéu
so v&i chidu dai cua nd, va chuyén dong ludt cha yéu
dién ra trong mit phing XZ nén néu chia ludi thong
thuong thi s& khong tip trung vao cic chuyén dong
chinh ma chia déu trén cac ving. N6 anh huong dén do
chinh xic va ting sb lwong cac phan tir tinh toan trén
nhitng viing khong can thiét. Do d6 can thay thé bang
k¥ thuat phan viing da khéi. Dé 1am rd hon tinh wu viét
trén, nhom tac gia dé xuat phuong phap tao ludi c6 cau
trac voi su can thi€p ctia nguoi dung, ung dung trong
truong hop mé phong s dong phun lam mat cac thiét
bi sinh nhiét nhu pin trén xe 6 t6 dién, nhim cai thién
chat lwong ludi va do chinh xac tinh toan.

2.2. Trwong hgp nghién ciru

Trong hé théng lam mat pin ctia xe 0 t0 dién, viéc
duy tri nhiét d6 6n dinh va kiém soat hiéu qua qua trinh
tan nhiét dong vai tro then chdt trong viéc dam bao
hiéu suét van hanh, do bén va d an toan cia bd ngué)n.
Trong sb cac phuong phap lam mat da dugc dé xuit,
k¥ thuat dong phun tir trén xudng ndi bat nho kha ning
tao ra dong chay truc tiép tac dong lén bé mit lam mat,
tir ¢ nang cao hé s6 truyén nhiét cuc bo va lam giam
dang ké nhiét do tai cac vung sinh nhiét tap trung. Muc
tiéu cia nghién ctru ndy 1a mo phong sé qua trinh dong
chay va truyén nhiét trong hé thong 1am mat bang dong
phun tir trén xudng, trong d6 dong phun tic dong truc
tlep vao c4c vay tru gan trén tam tan nhiét. Nghién curu
dac biét tip trung vao viéc danh gia anh hudng cia ky
thuat chia lu6i cau tric dya trén phan vung da khéi so
v6i cac loai lugi phi cAu triic thuong dung. Thong qua
do, nghién ciru nhim 1am o sy khac biét vé& hiéu qua
tinh toan, do chinh xac cia két qua mo phong va mirc
d6 phu hgp cua tirng phurong phap chia ludi trong viéce
tai hién ddc trung dong chay phuc tap va qua trinh
truyén nhiét ctia hé thong.

2.2.1. Xdy dung mé hinh bai toan

Hé thong lam mat pin duoc thiét ké dwa trén
nguyén 1y truyén nhiét tir day tim lam mat 1én bé mat
va cac vay tan nhiét, noi nhiét lvgng duoc loai bo nho
dong chét long lam mat. Cu thé, chat long dugc bom
qua voi phun tai 18i vao (inlet), phun truc tiép dén bé
mit tim tan nhiét. Khi va cham voi bé mit, dong chit
long hinh thanh cac dong chay phu va tiép tuc di
chuyén qua cac kénh vi mé giira cac vay, tir 46 lam mat
déng thoi ca vay va bé mit tan nhiét, trude khi thoat ra
ngoai qua hai ctra ra vai kich thudc cua bd tan nhiét
dugc mo ta nhu trén hinh 2, chit lam mét dung trong
hé théng 1a dung dich nudc véi cac thong s nhu trong
bang 1.
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Hinh 2. M6 hinh hé théng lam mat sir dung dong phun

Bang 1. Thong s6 ciia chit 1am mat

Théng s6 Gia tri
Nhiét do 293,15°K
Khdi lwong riéng (p) 998,2 kg/m3
Nhiét dung riéng (Cp) 4182 J/(kg.°K)
He¢ sb dan nhiét (k) 0,6 W/(m.°K)
Do nhot () 0,001003 (Pa.s)

2.2.2. Thiét Ip diéu kién bién va chia hréi cdu tric

Trong nghién cru ndy, viéc chia ludi va mo phong
dugc thyc hién trén phin mém Ansys Fluent. Tuy
nhién, do dac tinh aoi Xung truc thuong gap trong cac
cau hinh dong phun, viéc md phong toan bd mién tinh
toan ba chiéu (3D) s& dan dén tiéu tén dang ké tai
nguyén tinh toan. Dé nang cao hiéu qua md phong ma
van duy tri d6 chinh xac, nghién ciru da khai thac tinh
d6i xtmg hinh hoc cuia bai toan bang cach ap dung md
hinh 3D mét phan tu (Y4) d6i xirng truc. Theo d6, chi
mdt phin tu cua hinh hoc géc duoc gilt lai, nhom tac
gia tién hanh chia ludi cdu trac v6i su can thiép thu
cong dam bao ludi dugc chia min tai cac vung quan
trong nhu bé mit va cham va cac khe gilta cac vay.
Ngoai ra, sir dung cong cu Fluent Meshing trong phan
mém Ansys dé chia ludi phi cdu tric: ludi hexcore,
polyhexcore tetrahedral, polyhedral dé so sanh danh
gia chit luorng gilta chia 111'0'1 cau tric ap dung phan
ving da khdi va cac ludi phi cau trac nhu trén hinh 3.

a) Lurdri e tric Hexa

b) Lurcri Poly-Hexcore

) Ludr Polyhedral

o) Lurdd Hexcore

&) Lurd Tetrahedral

Hinh 3. Chia ludi cho mé hinh voi cac logi woi khac nhau

Sir dung cong cu kiém tra lugi trén phan mém ta c6
bang thong k& so phan tr cua cac loai ludi nhu trén
bang 2, cho thay su khac biét 15 rét gilra cac loai ludi
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vé sb phan tor va dic diém hinh hoc. Luéi
polyhedral c¢é s6 phan tir it nhat, chi can 727.025
ph?m tir, trong khi ludi tetrahedral 1én t&i 2.030.019
phan tir, tic gap khoang 2,5 lan. Ludi poly- -hexcore
cing thé hién wu diém khi giam khoang 10-20% s
phan tir so véi lugi hexcore nhd sir dung phan tir da
dién ¢ ving chuyén tiép, dong thoi sd phén tir ling
try trong 16p bién cling giam twong ng. Mic du
lu6i tetrahedral c6 sb phan tir nhidu gan gip doi

ludi hexa khi dung cung kich thugc chia ludi, dieu
nay khong dam bao ket qua chinh xdc hon. Ludi
cau tric hexa thuong on dinh va tin cdy hon nho
phan tir déu din va sap xép logic, cho phép mo6 ta
gradient nhiét d6, ap suat va van toc chinh xac hon,
dac biét ¢ 16p bién. Nguoc lai, ludi tetrahedral va
cac bién thé st dung phén tir da dién c6 thé gap han
ché vé d6 chinh xac tai vung hinh hoc phuc tap,
ngay ca khi tong s phan tir 1on hon.

Bang 2. Téong s6 phan tir ciia cac loai luéi

Loai ludi Hexa

Poly-Hexcore

Polyhedral Hexcore Tetrahedral

S phan tir 1077213 939821

727025 1139403 2030019

- Mot cht 52
Mgt ot 51

(a) Mo hinh

(b) Phiin rin (c) Phén long

Hinh 4. Diéu kién bién mé phong

Tiép theo, ta thiét 1ap cac diéu kién bién cho bai
toan. Mo phong dugc thuc hién trén mién ba chiéu
(3D) véi gia thiét trang thai 6n dinh (steady-state), sir
dung mo hinh k - epsilon. Van téc dong chiy mo
phong 14 v = 2 m/s; Nhiét do dau vao cta dong
293.15°K; Cudng do xody 4%; Diéu kién bién cira ra
duoc thiét lap 1a ap sudt; Cac mit cit truc S; va S,
dugc thiét 1ap vaoi diéu kién bién doi xing; Bé mit lién
Kkét gilra chat long va ran dugc thiét lap 1a bé mit
khong truot; Thong lwgng nhiét dudi day tAm tan nhiét
dugc thiét 1ap 1a 200 kW/m?; Cac bé mit khac dugc
thiét 1ap 1a cach nhiét nhu mo ta trén hinh 4.

3. KET QUA VA THAO LUAN

Tién hanh chay mo phong bai toan ta thu dugc céc
két qua md phong nhu sau:

- Truong van toc:

Két qua phan b van tdc va cac duong dong trén bé
mit tAm tan nhiét, nhu thé hién trong hinh 5, cho thfiy
sy khac bi¢t rdo rét gitta cac loai ludi. bdi véi
ludi tetrahedral, dong chay qua cac ving hep thé hién
mirc d6 nhiéu dong cao hon, véi gradient van tde tai
16p bién khong duge mo ta rd nét. Piéu nay dwuoc phan
anh qua su phan tan mau sic tai cac khu vuc c6 bién
thién van toc 16n, cho thiy kha ning bat gradient ctia
ludi con han ché. Trong khi d6, ludi polyhedral cho
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thay sy cai thién vé tinh 6n dinh ctia dong chay tai cac
vung hep va phan bd van tdc hop Iy hon, mac du do
chinh xiac & 16p bién van con han ché.
Ludi polyhexcore thé hién kha ning mé ta phan bd van
tdc tot hon, véi gradient van toe & vung bién dugc cai
thién 0 rét so véi polyhedral. Tuong tu,
ludi hexcore cho thiy sy mo ta dong chay tai ving bién
on dinh va rd rang hon ca polyhexcore va polyhedral,
nho cau tric lai gitta phan tir luc dién va phan tir phi
cAu trac. Pang cha y, ludi cdu tric hexa dat dugce két
qua vuot trdi, voi gradient van tdc duge md ta sic nét
nhét, phan bd van tbec muot ma va khong xudt hién cac
nhiéu loan gia tao tai ving hep cling nhu 16p bién. Sy
khéc biét ndy cho thiy vai trd quan trong ctia hinh dang
phan tir trong viéc tai hién cic dic trung dong chiy
phirc tap va anh hudng truc tiép dén do tin cay cua két
qua mo6 phong CFD.
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Hinh 5. Dong chay thir cdp trén bé mdt tam tan nhiét
voi cac loai luwoi khac nhau

- Trudng nhiét do:
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{¢) Polyderal

(&) Tetrahedral

[d) Hexcore

Hinh 6. Nhiét @6 cuia tam tan nhiét
voi cac loai lwoi khac nhau

Duya trén két qua phan bd nhiét do trinh bay trong
hinh 6, c6 thé nhan thay su khac biét dang ké giira cac
loai luéi. Ludi tetrahedral cho thdy phan bd nhiét trén
bé mit tim tan nhiét va cac vay bi phan manh, khong
dong déu tai cac ving tiép xtc. Sy chuyén doi mau sic
khong muot ma phan anh hién tuong gradient nhiét do
bi dut gdy. Ludipolyhedral cai thién hon so voi
tetrahedral v&i sy mo ta gradient nhi¢t do 6 nét hon,
tuy nhién van xuat hién hién twong chuyén tiép khong
lién tyc, dac biét tai cac bién va cac goc hep. Nguoc
lai, lugi polyhexcore cho thiy phan bd nhiét kha dong
déu, dic biét & vung trung tam va trén bé mat tAim, véi
gradient nhi¢t d6 duoc cai thién dang Kké.
Luéi hexcore tiép tuc ning cao muirc d chinh xac, phan
bd nhiét 4o gin twong duong v6i ludi ciu tric hexa,
déng thoi thé hién sy mugt ma trong gradient nhiét do
gilra bé mit tim va céc vay. Dac biét, ludi hexa cu
trac dat duoc két qua tot nhat, voi phan bd nhiét do
dong déu trén toan mién tinh toan. Cac ving tiép xic
gitta tim va vay ciling nhu khu vuc bién dugc mo ta
chinh xac, phan anh dung ban chat vat Iy cua hién
tugng truyén nhiét.

Mat khac, ta stir dung cong cu va phan tich dit liéu
trong phin mém Ansys Fluent dé théng ké vé tai
nguyén sit dung trén may tinh khi sir dung céac loai ludi
khéc nhau nhu trén hinh 7, két qua tong hop tir bang s6
liéu va biéu do cho théy su khac biét rd rét gilta cac
loai ludi theo ba tiéu chi: mirc ti€u thu bd nhd RAM,
thoi gian hoi tu va sai sb tinh toan. Ludi cdu trac don
khdi giit vai trd chuan tham chiéu, véi RAM va thoi
gian hoi tu thap nhit, dong thoi dat sai s6 chi 2,5%.

TAI LIEU THAM KHAO

Khi ap dung phan ving da khdi, RAM va thoi gian hoi
tu tdng nhe (~8%) va sai sb tang 1&€n 3,5%, phan anh sy
danh do6i gilra tinh linh hoat hinh hoc va hi¢u nang tinh
toan. O nhom Iuéi phi cdu trac, Hexcore va
Polyhexcore cho két qua can bang hon, véi RAM ting
tir 25 dén 30%, thoi gian hoi tu tang tir 30 dén 35% va
sai s6 & mirc trung binh (tir 6 dén 6,5%). Trong khi do,
Polyhedral va dac biét Tetrahedral kém hi¢u qua hon,
khi RAM ting 140-150%, thoi gian hoi tu tang 45—
60% va sai sd cao nhat (7-8,5%). Nhin chung, ludi cau
triic van 1a lya chon t6i wu vé& d6 chinh xac va chi phi
tinh toan. Cac dang lai (Hexcore, Polyhexcore) ¢ thé
coi 1a giai phap trung gian hop ly, dung hoa gitra kha
ning mo ta hinh hoc phirc tap va hi¢u suét tinh toan,
trong khi ludi Polyhedral va Tetrahedral chi nén dung
khi hinh hoc qué kho tao luéi cu tric.
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Hinh 7. So sanh murc do svr dung RAM
va thoi gian hoi tu gitka cac logi ludi

4. KET LUAN

Ludi cdu triic dua trén phan ving da khéi 1a phuong
phép phu hop hon khi mé phong cac hé thong dong
chay va truyén nhiét phuc tap, dac biét trong cac bai
toan c6 hinh hoc va diéu kién bién 1 rang nhu hé
thong 1am mat qua céc vay tru. N cung cap do chinh
xac cao hon va kha ning kiém soat tot hon trong qua
trinh m6 phdéng. Tuy nhién, trong cac trudng hgp mod
phong v6i hinh hoc khong dong nhit hodc phuc tap
hon, ludi phi céu trac van c6 thé 1a mot lua chon phu
hop voi su linh hoat va tinh toan hiéu qua.

Loi cam on: Nghién ciru ndy dugc tai trg boi Quy
Do6i méi sang tao Vingroup (VINIF) trong Dy An ma
s0 VINIF.2023.DA210

Cai, W. H., Zhan, J. M., Gong, Y. J., & Hu, W. Q. (2017), Further investigation of the six-dof hollow gravity
anchor: Impact of the internal slant angle, Marine Structures, 56, 85-98.

Zhang, L. P. (2017), Grid generation technology for computational fluid dynamics, Beijing, China. Science Press.

Zhan, J. M., Chen, X. B., Gong, Y. J., & Hu, W. Q., (2017), Numerical investigation of the interaction between
an inverse T-type fixed/floating breakwater and regular/irregular waves, Ocean Engineering, 137, 110-119.

56

KHOA HOC KY THUAT THOY LOI VA MOI TRUONG - SO 96 (12/2025)



Romero-Gomez, P., & Richmond, M. C. (2016), Numerical simula- tion of circular cylinders in free-fall, Journal
of Fluids and Struc- tures, 61, 154.

Wen-Hao Cai, Jie-Min Zhan, Ying-Ying Luo. (2021), User-intervened structured meshing methods and
applications for complex flow fields based on multiblock partitionin, Journal of Computational Design and
Engineering.

Abstract:
STRUCTURED MESH GENERATION BASED ON MULTI-BLOCK PARTITIONING FOR 3D
SIMULATION OF JET COOLING IN ELECTRIC VEHICLE BATTERY PACKS

Traditional meshing methods often face difficulties in maintaining continuity and ensuring mesh quality when
applied to complex flow fields or geometries. These limitations can lead to reduce computational accuracy and
increase computational cost. Structured mesh generation based on multi-block partitioning represents a novel
approach to improve computational efficiency in solving numerical fluid dynamics problems involving complex
flow configurations. In this study, we employ the structured meshing method based on multi-block partitioning to
perform a three-dimensional simulation of a jet impinging perpendicularly onto a surface for cooling electric
vehicle battery packs. The results are also compared with those obtained using traditional meshing methods.
Keywords: CFD, structured mesh generation, multi-block partitioning, heat transfer.
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