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Tém tit. Bai bao nay trinh bay nghién ciru dic tinh khi dong luc hoc 6 t6 théng qua phan tich md hinh 6
t6 SUV. Téac gia st dung phan mém thuong mai CFD v&i phuong trinh RANS két hop mé hinh rdi
Realizable k — & dé md phong dic tinh khi déng luc hoc md hinh 6 t6 SUV. Bai bao trinh bay phuong
phap va két qua md phong sy phan bd 4p suat, sy phan bd van tdc va vecto van tdc quanh mo hinh. Khu
vuc dau xe, nap capo, mui xe va dudi xe anh huong nhidu dén lyc can khi dong luc hoc. Két qua nghién
ctru duoc thé hién thong qua cac hinh anh va gia tri moé phong tinh toan Cq, ddng thoi gitip hiéu rd hon
dac tinh khi dong luc hoc quanh md hinh 6 t6 SUV

Tir khéa: Mo phong CFD, khi dong luc hoc 6 t6, SUV, hé sO can, RANS.

NUMERICAL SIMULATION AERODYNAMIC CHARACTERISTICS
OF SUV MODEL

Abstract. This paper studies the aerodynamic characteristics of SUV model. Numerical investigations
were conducted with the model. The results of the numerical simulations were obtained using Reynolds-
averaged Navier-Stokes (RANS) equations with Realizable K — & model. The Time-averaged velocity
field, magnitude of the velocity, static pressure magnitude and velocity vectors of the flow fields around
SUV model are presented in this paper. The results of this study elucidate the key aerodynamic
characteristics around around SUV model. The results obtained from the study are presented graphically
and values of drag coefficient (Cy) were calculated and validated, which helps better understanding
aerodynamic characteristics around SUV model.

Keyword: CFD simulation, Vehicle acrodynamics, SUV model, drag coefficient, RANS.

1. GIOI THIEU

Khi dong luc hoc 6 to da phat trién trong nhiéu thap ky qua va di tré thanh mot yéu t6 quan trong dbi voi
cac dong xe hoi nén rat nhiéu cc cong trinh khoa hoc trong linh vyc nay dugc cong bd [1-4]. Khi 6 t6
chuyen dong trong méi truong khong khi s€ bi cac luc va mo ment khi dong hoc tac dung lam anh hudng
dén tinh ning chuyén dong cua 6 t6 va lugng tiéu hao nhién lidu. Tong trong lwong va hinh dang ben
ngoai xe 1a mot trong nhing yéu td quan trong nham cai tién dic tinh khi dong luc hoc cua xe [5-7]. B

hiéu duoc su tac dong khi dong luc hoc 1€n 6 td, cac nha nghién ctru da tién hanh nghién ctru dic tinh khi
dong luc hoc quanh 6 t6 bing hai phuong phap mé phong va thuc nghiém. Mot s6 nghién ciru md phong
vé anh huong khi dong luc hoc dén 6 t6 da dugc thyc hién bai cac nha khoa hoc. Cu thé, nghién ctru vé
hé s6 can xe buyt khi thay d6i thiét ké hinh dang xe buyt nham lam giam tiéu hao nhién liéu va khi xa giy
6 nhiém méi truong duge trinh bay trong [8]. Két qua nghién ciru di két luan rang véi mé hinh mé phong
roi Realizable k — &, khi thay d6i hinh dang xe buyt so v6i hinh dang ban dau, hé s6 can giam 28% va
tiét kiém dugc 20% nhién liéu khi xe di chuyén véi van toc 80 km/h, nghién ciru [9] da tién hanh phan
tich lyc can khi dong hoc cta xe du lich va két luan réng két cau vung dau xe, dudi xe co anh hudng 16n
dén luc can khi dong tac dung 1én vo xe. Nhiéu nhom nghién ctru da thuc hién cac thi nghiém thyc té, cu
thé nghién ciru [10] di tién hanh thuc nghiém PIV nham phan tich sy anh hudng ctua goc nghiéng dudi
dén dic tinh dong khi quanh mé hinh Ahmed. Két qua nghién ciru di trinh bay cac hinh anh cu trac dong
khi & phan dudi mé hinh tai mit phang dbi ximg cia md hinh Ahmed. Pong thoi nghién ctru ciing mo ta
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cac diém tap trung va cac diém yén ngya trong dong khi & sau dudi mé hinh. Nghién ciru [11] da tién
hanh thyc nghiém dé phén tich tmg xtr khi dong luc hoc cta b tao xody ting véi bdn vi tri khac nhau trén
6 t6. Két qua nghién ctru da trinh bay cac hé sd can va hé s6 nang giam nhiéu nhét 1a 4,53% va 2,55%
trong truong hop bo tao xody c6 canh tiép xtic ciia hai chi tiét nim phia sau xe va mot chi tiét nam gitta va
duoi 6 t6. Nghién ctru [12] da thyuc hién thtr nghi€ém khi dong Iyc hoc trén mé hinh Mira véi Kkét qua dat
dugc 1a 1am rd cdu trac dong réi sau md hinh va phat hién co ché hinh thanh dong khi tirc thoi trén mo
hinh. Nghién ciru [13] d4 tién hanh sir dung cac phan mém CFD phan tich lyc can khi dong d6i v6i dong
xe SUV. Két qua, nghién ctru da tinh toan dugc hé s ap suét trén bé xung quanh mé hinh va mo ta cac
dong khi ciing nhu sy phan b ap suat va van tbc quanh mo hinh. Nghién ciru da dé xudt lip thém canh
dudi cho mé hinh véi goc nghiéng 10°-15° s& t6i wu giam luc can khi dong. Nghién ctru [14] di tién hanh
thuc hién mé phong CFD va thuc nghiém dé phan tich dong khi dong quanh mé hinh SUV véi két luan
két qua mo phong va thuc nghiém sai léch trong 5%.

Trong bao nay, tac gia tién hanh nghién ciru dic tinh khi dong luc hoc 6 to véi dong xe SUV nham cung
cap cho ngudi doc cai nhin tong quan va 16 nét hon sy anh huéng cta khi dong luc hoc. Pay ciing chinh
1a mot budc quan trong trong qué trinh thiét ké hinh dang 6 t6. Két qua md phong duoc so sanh voi
nghién ciru [15]. Dé dat dugc muc tiéu nay, tac gia s dung phuong trinh Reynolds trung binh héa cho
dong chay r6i (RANS) két hop voi mo hinh rdi Realizable k — & d& mo phong dic tinh khi dong luc hoc
dong khi.

2. MO HINH HINH HQC O TO DONG SUV VA MIEN TiNH TOAN
2.1 Xay dung mé hinh 3D

=

- Fiog | "émaie

Hinh 1 M0 hinh 6 t6 dong SUV
Trong bai bao nay, tac gia da thiét ké mo hinh 6 t6 dong xe SUV dugc tham khao tir xe Toyota Fortuner

v6i kich thude 1an luot 1a chiéu dai toan bo L = 4795 mm, chiéu cao H = 1835 mm, bé rong toan bdo W =
1855 mm trén 3 truc cua hé toa d¢ x, y,z.
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Hinh 2. Mt phéng thé hién sy phan bd ap suit, van tdc va vecto véan tde

Trong qua trinh mo phéng phan tich s€ thé hién su phéan bd ap suit, van téc va vecto van tdc tai mat
phang (P1) va mit phang (P2) mé ta ¢ hinh 2.

2.2 Mién tinh to4n.

Mién tinh toan 1a ving khong gian bao quanh vat thé dwoc giéi han trong qua trinh mo6 phong. Mién tinh
toan phai c¢6 kich thudce di 1on duoc gidi han boi cac mat phang dé dam bao dong khong khi khong chiu
anh hudéng cia mé hinh nghién ctru. Tuy nhién ciing khong thé lya chon mién tinh toan quéa 16n din dén
lam lang phi tai nguyén may tinh, ting thoi gian mo phong tinh toan. Vi vay, két hop vdi cac nghién ctru
[4, 16, 17], tac gia tién hanh xay dung mién tinh toan véi cac thong sé dwoc mé ta & hinh 3.

Hinh 3 Kich thudc ciia mién tinh toén.

3. PHUONG PHAP MO PHONG SO

3.1 Phuong trinh diéu chinh

Dé mo ta chuyén dong ciia luu chat thuong st dung phurong trinh Navier-Stokes 1 hé cac phuong trinh
bao toan khi lwong (phuong trinh lién tuc), phuong trinh bao toan dong lwong va phuong trinh bao toan
ning luong. Trong nghién ctru vé khi dong luc hoc 6 to dit gia thiét rang chat khi khong chiu nén, do do,
bai toan khi dong luc hoc chi con lai hai phuong trinh 1a phuong trinh lién tuc va phuong trinh bao toan
dong luong.

Phuong trinh lién tyc:

ou 0Ov Ow

ox 0Oy Oz

Phuong trinh bdo toan dong luong:

3.1)
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O, +u;0,u = —%Qp +v0,0 u, (3.2)

Trong bai nghién ctu nay, tic gid sir dung phuong trinh Reynolds Navier — Stokes trung binh hoa
(RANS) d¢ giai bai toan khi dong hoc:
ou =0 (3.3)

A= 1._ 1 —
Ou, +u 0 u, =—;6ip+;6j (rij—puiui) (3.4)
Ngoai ra, dé giai phuong trinh RANS téc gia sir dung mé hinh r6i Realizable k — & , ddy 1a mé hinh r6i da
dugc nhiéu tac gia sir dung trong nghién ctru khi dong luc hoc 6 t0.

3.2 Chia luéi va diéu kién bién.

Chia luéi chinh 1a roi rac hoa ving khong gian mo phong thanh cac phan tir dé thuc hién tinh toan gin
dung bang phuong phap sb. S6 lwong phén tir ciia mo hinh anh huéng dén d6 chinh xac két qua ciing nhu
thoi gian tinh toan. Trong nghién ctru nay, tac gia st dung ludi tir dién do mo hinh mé phong phtc tap.
Mién tinh toan dugc chia lai v6i kich thude cua phan tir ludi & ving bién va gan mé hinh phan tich phai
da nho dé dam bao d6 chinh xac cta két qua khi mo phong tinh toan [3,18], trong khi cac ving xa ving
bién va mo hinh phan tich ¢6 kich thudc ctia phan tir lugi 1on hon nham tiét kiém tai nguyén ctia may tinh
cling nhu thoi gian tinh toan. M6 hinh 6 t6 dong xe SUV da chia ludi hoan chinh dugc mo ta ¢ hinh 4 véi
tong phan tir ludi 4.816.671, chi sb “Aspect ratio” c6 gia tri trung binh 13 3,946, chi s6 “ Orthogonal
quality” c6 gia tri 0,843.

Hinh 4. M6 hinh 6 t6 SUV d4 chia luéi véi dang ludi ttr dién khong c6 céu triic

Sau khi chia lu6i xong, tién hanh dat cac diéu kién bién dé mo phong tinh toan két qua. Van tdc dong khi
duoc thiét 1ap 1a 30m/s, ddu vao thiét 1ap “velocity inlet”, ddu ra thiét 1ap « pressure outlet” bang gié tri ap
suét khi troi, thuat toan SIMPLEC dugc sir dung dé giai bai toan lién két giita thanh phan vén toc va ap
suét trong phuong trinh RANS.

4. KETQUA
4.1 Phan b truong 4p suit quanh mé hinh SUV.
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Hinh 5. Phén b6 4p sudt tai mat phéng doc (P1) dbi xung quanh mo hinh SUV
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Hinh 5 thé hién su phan bd ap sudt tai mat phéng ddi xtmg doc (P1) quanh mé hinh SUV. Quan sat thang
mau sic xung quanh mo hinh tir xanh da troi dén mau do thé hién d6 16n ap sut tai nhimg ving khac
nhau quanh mb hinh. Ap suét tai nap capo giam nhung ap suét ting tai ving tiép ndi gilta nap capo va
kinh chén gio, sau d6 ap sudt giam trén mui xe dén khu vuc dudi xe. Hién tugng nay xay ra do dong khi
bi phan tach khi tac dung 1én bé mit mé hinh 1am xuét hién cac diém tach roi, diém ngung tu va cac vung
xody xung quanh mé hinh. Ving trudc mé hinh tiép xtic truc tiép voi dong khi ludn co ap suét 16n hon so
v6i nhitng ving khac trén mo hinh do van tde dong khi tai khu vyc nay giam. Cu thé, ap sut tai khu vue
trudc md hinh 16n hon nhiéu so véi ap suét tai khu vuc dudi mo hinh. Nhur vy, su phan bd 4p suat quanh
mo hinh luén tuan theo dinh ludt Bernoulli. Chinh su chénh I¢ch ap suit & cac khu vue khac nhau xung
quanh mé hinh 1 yéu t§ co ban tao nén lyc can khi dong khi 6 6 di chuyén. Sy chénh ap giita khu vuc
trudec mo hinh va khu vie dudi mé hinh cang 16n 1am cho luc can khi d6ng cang ting. Nhu vay, dé lam
giam lyc can khi dong can giam sy chénh ap gitra khu vuyc phia truée va sau mo hinh.
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Hinh 6. Phan bé 4ap sut trén mé hinh SUV

Quan sat hinh 6 thé hién su phéan bd ap suét trén mo hinh SUV. Tai khu vuc du xe va phén trudce cua hai
banh xe trude ta thiy xuat hién phd mau d¢am vi tai cac khu vuc nay tiép xtc truc tiép voi dong khong khi
tac dong Ién xe. Tai cac khu vyc con lai trén mo6 hinh SUV khong tiép xuc truc tiép véi dong khi nén tai
khu vuc nay sy phan bd phd mau nhat hon. Hinh 6 ciing gitip md ta & hon sy phan bd 4p suat xung
quanh mé hinh di duoc d& cap trong hinh 5.

4.2 Phan b trwdng van téc quanh mé hinh SUV
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Hinh 7. Phan bd vén tdc tai mat ph'fmg doc (P1) dbi xtrng quanh m6 hinh SUV

Hinh 7 thé hién truong van tdc tai mat phang doc dbi xtmg (P1) quanh mé hinh SUV. Quan sat thiy dong
khi bi cén lai tai khu vyc trude mé hinh. Thang mau sdc tir xanh da troi dén mau do thé hién do 16n van
toc tai nhimg ving khac nhau quanh mé hinh. Tai ving dau mé hinh luén luén ¢ van téc nho hon &
nhimg ving khac do dong khi khi di chuyén dén ving nay s& xuat hién mot diém ding. Ngay tai diém
dirng, van tdc dong khi bang khong va dong khi s& chia 1am hai phin, mot phan di doc theo phia trén than
md hinh va mot phan di doc theo phia dudi thin mé hinh. Bén canh d6, bién dang mé hinh thay ddi (cac
goc bo tron, goc nghiéng) din dén sy phan bd van tdc tai nhimg ving d6 ciing thay doi. Tai nhitng khu
vuc c6 bién dang thay ddi dot ngot, dong khi bi tach roi day 1a mot trong nhitng nguyén nhan 1am thay doi
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su phan bd van tbe quanh mo hinh. Cu thé, tai khu vuc phia trudc mui xe xuét hién viung mau ndu chung
t6 tai khu vuc nay van tdc dong khi ting 1én dang ké do su thay d6i bién dang mé hinh dot ngot.

Quan sat hinh 5 va hinh 7 ta thay c6 mdi lién hé giita phan b ap suat va phén b van téc tai cac khu vuc
tlep xuc voi dong khi xung quanh mé hinh. Tai khu vuc trude xe, khu tiép glap gura nap capo va kinh
chén gi6, khu vuc mui xe quan st rd nhat sy thay d6i twong quan gitra phan bd 4p suét va van toc. Khu
vuc phan b 4p sut cao mo ta trén hinh 5 chinh 1a khu vuc phéan b van tdc thap dugc mé ta trén hinh 7.
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Hinh 8. Phén bd vecto van tdc tai mat phéng doc (P1) dbi xtng quanh md hinh SUV

Quan sat ving trude ddu xe voi banh xe, nép capd, phia trudc mui xe, phia dudi sau dudi xe trén hinh 8
thé hién cudng do vecto tai cac khu vuc nay 16n hon so véi cac khu vuc con lai ching to van tdc tai cac
khu vyc nay 16n hon van tdc tai cac khu vuc con lai. Khu vuc phia sau du6i mé hinh SUV, hinh thanh hai
tAm xody thap 4p anh huong dén luc can khi dong ctia mo hinh va s& tang 1én nhiéu khi van téc chuyén
dong 6 t6 tang 1én. Vay dé giam luc can khi dong can phai loai boé hodc giam kich thudc ciing nhu sb
lugng ving xody.
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Hinh 9. Phan bd vecto vén téc tai mat phing (P2) cach phin sau xe 100 cm mé hinh SUV

Hinh 9 thé hién sy phén bd vecto van tdc tai mét phang cach phin sau xe 100 cm. Quan sat phé mau sic
trén mit phang (P2) ta thiy tai ving sau dudi xe van téc dong khi 1a nho nhét (xanh da troi) vi tai khu
vuc nay dong khi bi vé xe chin lai. Tai khu vuc phia sau dudi mé hinh trén mit phang (P2) xuét hién cac
tam xo4y do su thay d6i dot ngot hinh dang ctia mé hinh va cac tim xody nay 1a mot trong nhitng nguyén
nhan 1am anh huong t6i sy chuyén dong 6n dinh ctia 6 t6. P& giam sy anh hudng niy, cic nha thiét ké
khi dong luc hoc can diéu chinh lam giam t6i da do 1on cling nhu sb Iwgng tdm xoay xuat hién sau dudi 6
to.

4.3 Luc khi dong luc hoc

Theo két qua tinh toan hé s can mé hinh 6 t6 SUV trong hdm gi6 cta nghién ciru [13] 12 0,4, trong khi d6
gid tri hé so can Cy4 dugce tinh todn mo phong trong nghién cuu la 0,419 Gia tri Cy4 dugc tinh toan tu két
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qua mo phong sai s6 4,76 % gia tri Cy tham khao tir két qua thuc nghiém. Vay két qua tinh toan déng tin
cay. Tu gia tri Cq4 tién hanh tinh dugc luc can khi dong thong qua cong thirc:

Luc can khong khi: F, = %CdAprz (3.5)

5. KET LUAN

Bai bao d trinh bay két qua tinh toan mo phong dic tinh khi dong luc hoc cho mé hinh 6 t6 SUV, st
dung phuong trinh RANS két hop véi mé hinh rdi Realizable & — & d6i véi mo phong CFD. Sai sb gitta
két qua tinh toan mo phong gia trj Cq4 Vi gia tri thuc nghiém 1a 4,76%. Bén canh d6, bai bao nay ciing da
minh hoa 16 bang hinh anh sy phan bd 4p suét, van tdc va vecto van tc trén mit phang ddi xing quanh
mod hinh SUV. Khu vuc déau xe, nap capo, mui xe va dudi xe anh hudng nhiéu dén luc can khi dong luc
hoc. Két qua nghién ciru 1a tién dé dé thyc hién tinh todn mo phong trén mo hinh 6 to thyc té, thong qua
mod phong s6 CFD sé& giai quyét dugc van dé thi nghiém khi dong luc hoc 6 t6 khi hién nay phong thi
nghiém khi dong luc hoc 6 td ¢ nudc ta con rat han ché.

Cac ky hi¢u

— u, v,w: Van tdc ctia phan tir luu chét theo 3 truc toa do x, y, z
— O,u, :Daoham riéng theo thoi gian ctia u.

- p : Khéi lwong riéng cuia khong khi (kg/m?).

- D : Ap suat (N/m?).
- v : P nhét dong hoc cua khong khi (kg.m/s™).
- Cy4 - Hé sb can.

- pzm : Ung sut Reynolds.

T : Ten so Gng sut

- A : Dién tich can chinh dién(m?®)
U : Van tc chuyén dong (m/s)
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