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TOM TAT 

Ngdy nay, khi dong luc hpc 6 to dang dong vai trd quan trong trong su canh tranh ngdy 

cdng tdng trong linh vuc 6 to. Khi dong luc hoc dnh huong den cdc thong so chuyen dong cua 6 to 

thong qua luc cdn vd luc ndng, dac biet Id a toe do cao. V&i suphdt trien cua cong nghe mdy tinh, 

cdc nhd sdn xudt da nhin thdy khd ndng tinh todn dong luc hoc dong chdy thay vi thir nghiem a cdc 

hdm gio de gidm thai gian thu nghiem vd tiet kiem chi phi nghien cuu vd phdt triin. Trong bdi bdo 

ndy, luc cdn vd luc ndng cua 6 to duac xdc dinh thong qua viec phdn tich dong chdy quanh no bdng 

cdch su dung phdn mem Ansys Fluent. 

Tir khoa: CFD, he so cdn dong hpc. he so ndng. Ansys, Fluent. 

ABSTRACT 

Nowadays with increase in competition in automobile sector, vehicle aerodynamics plays an 

important role. Aerodynamics affect the performance of vehicle due to change in parameters such 

as lift and drag forces especially at high speed. With improvement in computer technology, 

manufacturers are looking toward computational fluid dynamics instead of wind tunnel testing to 

reduce the testing time and keep the cost of Reaseach and Development low. In this paper, lift and 

drag ofproduction vehicle are determined by the analysis of flow of air around it using Ansys Fluent. 
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l.DATVANDE 

Trong nhiing nam gan day, lupng 6 to 
luu thong d Viet Nam dang tang len rat nhieu 
va du bao xu hudng nay se ngay cang gia tang. 
Cling vdi su gia tang ve so lupng 6 to thi di doi 
vdi no chinh la van de 6 nhiem moi trudng va 
giai quyet van de nhien lieu ttong tuong lai. Do 
do, yeu cau dat ra doi vdi nha san xuat 6 to la 
nghien cuu tim ra each thuc mdi va cong nghe 
mdi de giam lupng tieu thu nhien lieu va tang 
hieu qua sii dung 6 to. Nghien ciiu nang eao dac 
tinh khi dpng luc hpc 6 to la mot ttong nhung 
hudng di ttong xu hudng d6. Trong the ky 20, 
viec thd nghiem khi dpng lire hpc 6 to frong ham 
gid la each pho bien va dem lai hieu qua cao. Tuy 
nhien, hien nay vdi su phat trien cua eong nghe 
tmh toan va mo phong sd dac biet la tinh toan 
dpng lue hpc ddng chay (CFD) da giiip nghien 
cim hanh vi cua dong chay ma khong can phai 
tao ra mpt mo hinh vat ly, gop phan tiet kiem 
thdi gian va chi phi nghien eiiu va phat trien. 

Bai bao nay, chi tap hung vao viec phan 
tich CFD cua mpt ehiec xe eo ban thiet ke xe. 
Mo hinh xe duge tao ra ttong phdn mlm Au
todesk Inventor va dupe phan tich bdng phdn 
mem Ansys Fluent vdi muc dich dl mo phong 
dong chay khong khi xung quanh chile xe dl 
dua ra dupe he so can khi dpng va he s6 nang 
ciia n6. 

2. CO Sd LY THUYET 

CFD hay tinh toan dpng lire hpc chdt 
long la mpt nhanh ciia ca hpc chdt long, vdi su 
giup do cua may tinh, su dung phuang phap s6 
dl giai quylt va phan tich vdn dk lien quan din 
dong chay chdt long. May tinh dupe su dung dl 
thuc hien cac tinh toan su dung mot thu tue lap di 
lap lai ttong d6 dp chinh xac giai phap eai thien 
vdi m5i idn lap. Cac phuong trinh ca ban dl 
giai quylt frong cac vdn dl CFD la cac phuang 

trinh Navier-Stokes. Trong che dp chay tdng, cac 
ddng chay cua chat long cd the duge hoan toao 
du doan bdng each giai quyet cac trang thai 6a 
dinh ciia phuong trinh Navier-Stokes, ed thi dir 
doan dupe van toe va cac mien ap suat. Khi cac 
dong bdt ddu qua trinh chuyen ddi sang chay rli, 
no khong con co the gia dinh rang dong chay la 
bdt biln vdi thdi gian. Trong trudng hpp nay, cdn 
thilt phai giai quyet cac van de frong mien thoi 
gian. Khi he s6 Reynolds tang, cac trudng dong 
chay thi hien bdng cac xoay nho, va khoang thoi 
gian cua cac dao dpng ttd nen qua ngdn de giai 
cac phuang ttinh Navier-Stokes. Trong ehe do 
dong chay nay, mgt he so Reynolds trung binh 
duge su dung de giai phuong trinh Navier -
Stokes, dya fren quan sat mien dong chay theo 
thdi gian co dao dpng nhd, cue bp duge nghien 
ciiu frong mgt khoang thdi gian trung binh. 

a) RANS (Reynolds Averaged Navier-Stokes). 

Cac phuang trinh Navier-Stokes vdi he 
so Reynolds trung binh (con duge ggi la phuang 
trinh RANS) la cae phuang trinh diing dl du doan 
dong chay chat long sii dung ttong mpt thdi gian 
tinh toan trung binh. Cac khai niem chinh dupe 
ap dung la cac he s6 Reynolds dupe khulch tan 
ttong do, bao gom mpt lupng tiic thdi theo thai 
gian trung binh cua no va sy thay dii s6 lugng. 
Thdi gian trung binh hr nhien eiia phuang hinh 
duge lua chgn khi mo phong dong chay roi. Xap 
xi nhat dinh phai dua tten cae kiln thiic vl tinh 
chat cua dong chay roi, cac phuang trinh nay co 
the duge su dyng tinh thdi gian trung bmh de 
giai cac phuang ttinh Navier-Stokes. 

b) Mo hinh k- epsilon 

Mo hinh k - epsilon la mot mo hinh dupe 
sii dung pho bien cho cac mo hmh chay r6i. No 
la mgt mo hinh hai phuang trinh va sii dung hai 
phuang trinh truyin bl sung dl mo ta cho cac 
thupe tinh roi cua dong ehay Dilu nay cho phep 
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mot mo hinh hai phuong trinh dk giai thich cho 
cac anh hucmg mang tinh lich su nhu d6i luu va 
khuech tan nang luong chay r6i. Tuy nhien, mo 
hinh nay khong thuc Men t6t trong cac truong 
hgp gradient ap suit co su thay d6i 1cm. 

Sipt) 

d(pe) 

Mo hinh nay duoc mo ta b ^ hai phuong liinh: 

= div(pkU) = div(P-gradk) + G^- PE(\) 

Vdi Ĝ  la dai luong dac trung cho su 
sinh dpng nang rdi (vdi mpi loai mo huih rdi dac 
tnmg nay se khae nhau). 

C^^,C.,^. Cae hang so cd the dieu chinh dupe; 
â .,â : Lan luat la he sd Prandtl cho k va s. 

c) IVien khai m6 hinh k - epsilon 

Khi trien khai eac md hinh k-epsilon dl 
giai quyet tdt nhirng thieu sdt cua mo hinh k-
epsilon truyen thong can phai ket hgp: 

- Mgt cdng thiic xoay - Nhdt mdi lien 
quan den mgt bien C|x ban dau duge de xuat bdi 
Reynolds. 

- Mgt mo hinh phuang trinh mdi cho su 
khuech tan dya tten phuang trinh dgng luc hgc 
theo su bien dgng van toe binh phuang trung 
binh. Md binh nay lam cho no c6 the de dat duge 
ket qua tdt frong dieu kien ciia cac gia tri tich 
phan (vi dy. Ĉ ) la ttong khoang 2-̂ 5% gia tri 
thuc te. No ciing rat dn dinh va hgi tu mpt each 
nhanh chdng. 

chay, chang han nhu frong ddng chay ben ngoai 
xung quanh d to, de giai quyet cac khu vuc gan 
tudng den tudng la khong thuc tl. D I khae phuc 
dieu nay, ham ciia tudng duge su dyng. NWF 
se dua vao tinh toan cac tac dgng cua bien ddi 
cyc bg ttong do day ciia ldp con, khi tinh toan 
nang lugng dpng hgc roi frong cac phan tu lan 
can tudng. Ben canh dd, NWF ciing nhay cam 
vdi gradient ap suat bat thudng. Dieu nay la phd 
bien ddi vdi dong chay xung quanh 6 td. So vdi 
eac ham truyen thing cua tudng, NWF cung 
cap du doan thuc te hon ve cac hanh vi cua cac 
lap ranh gidi roi, bang each tach dong ehay ma 
khdng CO mdt sy gia tang dang ke frong ea thdi 
gian cua CPU hoac bg nhd dgng. 

3. TIEN Xf LY 

a) Mo hinh hinh hoc cua 6 o 

Doi vdi md hinh hinh hgc, su dyng phan 
mem Autodesk Inventor. Qua trinh xay dyng mo 
hinh lien quan den xuat nhap eae ban thiet ke xe 
vao Inventor vdi sy giiip dd ciia nhung dudng 
cong 3D. Nhung dudng cong sau dd hanh dgng 
nhu ranh gidi de tao ra cac bl mat. Mo hinh bl 
mat cuoi ciing da dupe chuyen doi thanh mpt vat 
ran (hinh 1) trudc khi nhap no vao Ansys. 

Hinh 1. Md hinh hinh hgc cua 6 to 

b) Tao mien bao 

d) Ham trang thai khdng can bang ciia tirdng 
(NWF) 

De mo phong cae luong khdng khi xung 
quanh 6 to can phai tao mpt khoi lupng chat khi 
xung quanh bao gom ca 6 to. Dieu nay da duge 

Ddi vdi he sd Reynolds cao cua dong thuc hien bang each tao ra mpt vimg bao xung*̂  
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quanh 6 to va trir than xe. Vung bao nay ddng 
vai tto nhu cac miln khong khi. Bh giam thdi 
gian tinh toan ting thi, d to dupe eoi la doi xiing 
hai ben. 

c) Tao ludi 

Trong khi tao ludi, su dung chiic nang 
dinh CO ludi d bdt cii noi nao can thiet de xac 
dinh chinh xac cac he so can khi dpng va he so 
nang. Khi tach ldp bien co mot tae dpng dang ke 
tdi can khi dpng, nam ldp duge bom phong duge 
them vao cac bl mat xe de giai quyet dung cae 
ldp bien. Tdng sd phdn tii la 628792 va s6 nut la 
172436. 

- Van tic khong khi d dau vao: 40 m/s; 

- Khu vuc tham khao de xac dinh hS so 
can dgng hgc va he so nang; 

- Dien tich phia trudc: 1,83 ml 

Phuong phap giai thu duge bdng each 
thuc hien lap di lap Isii vdi ba giai doan. Vdi moi 
giai doan, dp chinh xac giai da dupe nang len 
bdng each su dung phuang trinh bac cao. Trong 
giai doan ddu, su dung ldp phuong trinh ddu tien 
di ngan chan cac anh hudng tu khulch tan. Cac 
so d6 qua dp gia duge lua chgn dl tang tic dp 
hpi Ui. Khi da hdi m, cae phuong trinh hr nang 
bac. Yiec lap di lap lai da duge tiln hanh len din 
dilm ma su thay dai ttong gia tri cua he s6 can 
da dupe tim thdy khong dang kl. 

5. PHAN TICH CHINH XAC 

Hinh 2. Tgo ludi cua mien khdng khi xung quanh 6 td a) Kiem tra mo hinh 

d) Dieu Iden biSn 

Mat phdng bien dau vao dupe dat ten la 
"velocity-inlet". Dong khi chay qua bien dau 
vao duge dat d v3n toe 40 m/s. Dudng va than 
xe dupe thilt lap la tudng. Cac be mat bao xung 
quanh la eac be mat tudng tupng, duge dat ten la 
cac cac mat doi xiing va duge thiet lap dieu kien 
khong trugt Dau ra dupe dat ten la "pressure-outlet" 
vdi ap sudt dupe thiet lap khong doi va gia tri la 
ap suat khong khi. 

4. PHAN TICH 

De phan tieh, can sir dung mpt ap sudt 
dua fren ttang thai on dinh. Sii dung cac phuang 
trinh va cae phuang phap giai theo cac dieu kien 
dau vao: 

- Ap suat d frang thai dn dinh; 
- Trien khai mo hinh k-epsilon vdi tudng 

d trang thai khong can bang; 

De kiem fra tinh chinh xae cua cac ket 
qua thu duge bang each su dyng cac thiet l̂ p 
neu fren, md hinh Ahmed duge su dyng de phan 
tich ddu tien. Cac he sd can ttong mo phong 
nay (C^ = 0,295) lien quan chat che den cac dii 
lieu dudng hdm gio cho md hinh Ahmed (Ĉ  = 
0,285). Kit qua phai ndm ttong pham vi chinh 
xac mong muon. 

b) Ung dung cac m6 hinh roi 

Cac ket qua thu duge hang caeh su dyng 
mo hinh k-epsilon (ttong do su dung cac ham 
eua tudng) phy thuge rat nhieu vao tudng Y-plus;' 
Y-plus la thong so khong chieu frong dd xac dinh] 
chieu cao cua 6 dau tien tilp xiic vdi be mat. Doi 
vdi mo hinh k-epsilon, gia tri cua Y-plus thu dupe 
tten be mat d to nen ndm frong khoang 25-̂ 300. 
Dieu nay da dupe thu duge bdng phuang phdp 
thii each tiCp can ldi ttong dd kich thude ludi cac 
be mat da dupe thay ddi cho cac khu vyc khae 
nhau tten 6 to. 
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6. KET QUA P H A N TICH 

He sd can ddng hgc thu duge tii viec phan 
tich la 0,368. Viec phan tieh nhiing tac dpng khi 
dgng hgc cua bg tan nhiet va gdm xe da duge ra 
khoi pham vi cua nghien ciiu nay. Tuy nhien, hai 
yeu td nay co anh hudng dang k l va khoang tir 
15-^20% tdng so lye can khi dpng toan xe. Cae 
thiet lap giai quyet cung vdi eac ket qua sau m6i 
giai doan duge the hien ttong bang 1. 

Bdng 1. Thiet lap gidi quyet vd kit qud mo phdng: 

Thong so 
Md hinh thuat toan 
Thuat toan 
H^ so can dpng hpc Ĉ  
He sd nang 

Gia tri 
k-epsilon 
Couple 
0,368 
0,341 

Hinh 3. Mien vgn toe xung quanh xe 

Hinh 4 Mien dp sudt xung quanh xe 

Hinh 5. Ddng khong khi xung quanh xe 

7. KET LUAN 

Phan tieh CFD da duge thyc hien thanh 
cong tten cac 6 td dupe nghien ciiu va phat trien 
frong thdi gian gan day. Cac ket qua ciia md 
phong (he s6 can khi d6ng, he so nang) c6 dupe 
sau qua trinh phan tich ed the eoi la phu hpp do 
khong CO su sai khae nhieu vdi md hinh thuc te 
ciia mgt 6 t6 cy the. Khi mo phong duge la phu 
hgp vdi thyc te, bude tiep theo la lam eho eae 
thay doi ttong hinh hpc eua md hmh ban dau tich 
cue CO the anh hudng den hieu qua sii dyng.'J* 
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