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Tom tit. Bai bao nay trinh bay nghién ctru dac tinh khi dong luc hoc 6 t6 thong qua phén tich mé h‘|r]h
xe don gian Ahmed. Nghién ctu dugc thuc hién trén m6 hinh Ahmed véi cac géc nghiéng dudi xe lan
luot lag =25°. Tac gia st dungphan mém thwong mai CFD v&i phuong trinh RANS két hgp mo hinh roi
Realizable k — & &é mo phong dic tinh khi dong luc hoc mé hinh Ahmed.Két qua phan tich thé hién sy
phan bé ap suat, sy phan b6 van téc quanh mo hinh.Két qua nghién cau duoc the hién thong qua céc hinh
anh va cac gia tri mo phong tinh toan Cq, C; tai goc ¢ = 25° lan luot la Caps= 0.291, Cizs= 0.025, dong thoi
gilip hiéu rd hon dic tinh khi dong luc hoc quanh mé hinh 6 to don gian (mé hinh Ahmed).

Tir khda. M6 phong CFD, khi dong huc hoc 6 t6, md hinh Ahmed, hé s can, RANS.

NUMERICAL SIMULATION OF AERODYNAMIC CHARACTERISTICS OF AHMED MODEL

Abstract. This paper studies the aerodynamic characteristics of Ahmed 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 of the flow fields around Ahmed model are
presented in this paper. The obtained result of drag coefficient (Cq) =0.291 and lift coefficient (C)) =
0.025 in@ = 25°. The results of this study elucidate the key aerodynamic characteristics around simplified

car model (Ahmed model). The results obtained from the study are presented graphically and values of
drag coefficient (Cq4) =0.291, lift coefficient (C) = 0.025 in ¢ = 25°, which helps better understanding

aerodynamic characteristics around simplified car model (Ahmed model).
Keyword. CFD simulation, Vehicle aerodynamics, Ahmed model, drag coefficient, RANS.

1. GIOI THIEU

Khi dong luc hoc 6 to diphat trién trong nhiéu thap ky qua va da tré thanh mot yéu té quan trong ddi
Vi cac dong xe hoinén rat nhiéu cac cong trinh khoa hoc trong linh vuc nay duoc ¢éng bd [Hucho, Katz,
Halil, Tien Phuc]. Khi 6 to chuyen dong trong moi truong khong khi s€ bi cac luc va mé ment khi dong
hoc tac dung lam anh huéng dén tinh ning chuyén dong cua 0 to va lugng tiéu hao nhién licu. Tdng trong
lugng va hinh dang bén ngoai xe la mot trong nhiing yeu t6 quan trong nham cai tién didc tinhkhi dong luc
hoc cuia xe [Heft, Desai, C. Rajsinh]. Dé hiéu duoc su tac dong khi dong luc hoclén 6 td, cac nha nghién
ctru di tién hanh nghién ctru dic tinh khi dong luc hoc quanh 6 td bang hai phuong phap mé phong va
thuc nghiém.

M0 hinh 6 to don gian véi tén goi Ahmed xuat hién vao nam 1984 do tac gia Ahmed S.R. dé xuatda
duoc nhiéu tac gia sir dung dé nghién ctru dic tinh khi dong luc hoc. Céc cong trinh nghién ciu da cong
b gan day, cu thé tac gia Deepakda nghién cau md phong dong khi quanh md hinh 2D Ahmed véi goc
nghiéng duoi 1a 25° v6i nhiéu mo hinh rdi khéc nhau. Tac gia két luan rang cac két qua tinh toan mo
phong vaimd hinh réiRealizable K — & cho két qua twong tng vai két qua thuc nghiém. Tac gia Wang da
nghién ctu thuc nghiém mo hinh Ahmedvéi géc nghiéng dudi xe lan luot 25°, 35°%trong 6ng khi dong dé
xac dinh cau tric dong khi & sau md hinhbang cach st dung phuong phap Particle Image Velocimetry
(PIV).Két qua, tac gia da minh hoa rd nét va lam sang t6 cau trdc dong khi tai thoi diém tic thoi va tai
thoi gian trung binh ma trude dé chua c6 nghién ciru ndo cdng bd. Tac giaTunay da thuc hién nghién ctu
thuc nghiém PIV phan tich sy anh huong cua goc nghiéng dudi dén dic tinh dong khi quanh mé hinh
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Ahmed.Két qua, tac gia da trinh bay cac hinh anhcau tric dong khi & phan dudi mé hinh tai mat phang dbi
xang ciia md hinh Ahmed.Ddng thoi tAc gia ciing mé ta cac diém tap trung (focus point) va cac diém yén
ngua (saddle point) trong dong khi & sau dudi mé hinh. T&c gia Rehan Salahuddin di sir dung phian mém
CFD véi m6 hinh rdi Realizable k —g dé phan tich khi dong luc hoc mé hinh Ahmed. Két qua nghién
ctru cho thay vaigoc nghiéng dudi 259, hé s6 can Cq = 0.32; goc nghiéng dudi 35°, hé s6 can Cq = 0.45 va
cac gid tri nay khi so sanh véi cac két qua thi nghiém c6 sai sb 1an luot 1a 1.073% va 1.703%.

Mic du khi dong luc hoc da dugc nghién ctu tir 1au trén thé gigi nhung day van 1a linh vyc nghién
clru ma tai Viét Nam chua duoc sy quan tdm caa cac nha khoa hoc ciing nhu cac cong ty san xuat, lap rap
0 t0. Hau nhu rat it hoic khong tim thiy cac nghién cau chuyén sau vé khi dong luc hoc 6 t6 dugc cong
bé trén cac tap chi chuyén nganh va cac ky yéu hoi nghi khoa hoc. Vi vay, tac gia tién hanh nghién cau
dic tinh khi dong luc hoc 6 td véi mo hinh don gian Ahmed nham cung cap cho ngudi doc céi nhin tong
quan va rd nét honsy anh huong cua khi dong luc hoc. Pay ciing chinh 1la mdt budc quan trong trong qua
trinh thiét ké hinh dang 6 t6. DBé dat dugc muc tiéu ndy, tac gia sir dung phuong trinh Reynolds trung binh
hoa cho dong chay réi(RANS) két hop véi md hinh réiRealizable k — & & md phong dic tinh khi dong
luc hoc dong khi.

2. MO HINH HINH HQC AHMED VA MIEN TINH TOAN
2.1 M6 hinh hinh hoc Ahmed
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Hinh 1. Théng s6 k§ thuat md hinh Ahmed 2D (C. Rajsinh) va 3D.

Mb hinh Ahmed 2D va 3D dugc M6 té chi tiét nhu hinh 1 v6i chiéu dai toan bo L = 1044 mm, chiéu

cao H = 288mm, bé rong toan b W = 389 mm, ban kinh phan dau mé hinh R= 100mm, goc nghiéng dudi
@=25", chidu cao chan md hinh h = 50 mm trén 3 truc cua hé toa do X, , z.

194.5 mm

Hinh 2. Cac mat phang thé hién sy phan bé ap suit, van toc quanh md hinh Ahmed.

Trong qua trinh md phong phan tich s& thé hién su phan bd &p suat, van téc quanh md hinh nghién
ctru theo cac mat phang md ta & hinh 2. Hai mat phang song song véi mat day mo hinh véi cac gia tri lan
luot z = 170 mm, z =280mm va mit phang dbi xing caa mé hinh vai gia tri y = 194.5mm.

2.2 Mién tinh toan

Mién tinh toanla viing khdng gian bao quanh vat thé duoc gisi han trong qué trinh md phong.Mién
tinh toan phai c6 kich thuéc du I6n duoc gisi han boi cac mat phang dé dam bao dong khong khi khong
chiu anh huong caa moé hinh nghién ctu.Tuy nhién ciing khong thé lya chon mién tinh todn qué lon dan
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dén lam lang phi tai nguyén my tinh, tang thoi gian m6 phong tinh toan.Vi vay, két hop véi cac cong
trinh nghién ctru cua cac tac gia [Corallo, Tunay, Tien Phuc], tac gia ti€n hanh xay dung mién tinh toan
véi cac théng s6 dugc mé ta ¢ hinh 3.

D
%

Hinh 3. Kich thuéc ctia mién tinh toan.

3. PHUONG PHAP MO PHONG SO

3.1 Phwong trinh diéu chinh

pé motachuyén dong cua luu chat thuong sir dung phuong trinh Navier-Stokesla hé cac phuong trinh
bao toan khdi luong (phuong trinhlién tuc), phuong trinh béo toan dong lwgng va phuong trinh bao toan
ning luogng. Trong nghién ciru vé khi dong luc hoc 6 to dat 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 tuc:
8u 8V oW
—=0 (3.1)
X 6y 0z

Phuong trinh bao toan dong lugng:
1

O\U; +U;0,U; =——0;p+Vo,;0,u, (3.2)
P

Trong bai nghién cau nay, tac gid su dung phuong trinh Reynolds Navier — Stokes trung binh héa
(RANS) dé giai bai toan khi dong hoc:

5,0, =0 (3.3)

L 1.1 —

0U; +U,;0;U, :—;aip+;aj<rij—puiui) (3.4)

Ngoai ra, dé giai phuong trinh RANS tac gia két hop véi md hinh rbi Realizablek — &
3.2 Chia lwéi va diéu kién bién

Chia lu6i chinh 12 roi rac hda vung khong gian mé phong thanh cac phan tir dé thuc hién tinh toan
gan dung bang phuong phap sO. Ludi ¢6 hai dang d6 1a ludi ¢6 cau triic va ludi khdng ¢ cau tric va moi
loai déu cd nhitng diém manh riéng. Trong bai nghién ctru nay s& sir dung lusi tir dien khong co cau trdc
do md hinh m6 phong phuec tap. Mién tinh toan dugc chia lai véi kich thudc cua phan tir ludi & ving bién
va gan md hinh phan tich phai du nho dé dam bao do chinh xac cua ket qua khi md phong tinh toan
(Katarzyna, Halil), trong khi cdc ving xa vung bi€n va md hinh phén tich kich thuéc cua phan tir ludi Ion

hon nham tiét kiém tai nguyén ctia may tinh ciing nhu thoi gian tinh toan. M@ hinh Ahmed d chia lu6i
hoan chinh duwgc mod ta ¢ hinh 4.
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Hinh 4. M6 hinh Ahmed d3 chia luéi véi dang ti dién khong cé ciu tric

Dé xac dinh s6 lwong phan trong mién tinh toan bao nhiéu I1a phu hop, tac gia tién hanh thuc hién
kiém tra ludi dya vao két qua tinh todn Cq rdi so sanh véi két qua thuc nghiém Cy= 0.298 cua tac gia
Ahmed S.R. trong cong trinh nghién ciru trude va thoi gian tinh toan.Sau khi chia ludi xong, tién hanh dat
céc diéu kién bién dé mo phong tinh toan két qua. Van téc dong khi dugc thiét lap l1a 30m/s, s Reynolds
dugc xac dinh dwa vao chiéu dai cua md hinh Ahmed 1a 2.144x10°, thuat toan SIMPLECduoc sir dung dé
giai bai toan lién két giita thanh phan van téc va ap suét trong phuong trinh RANS.Két qua, s6 lwong cac
phan tir trong mién tinh toan thude trudng hop 4 duoc lya chon 1a khoang 6.758x10%phan tir vi gié tri Cq
dugc tinh toan xap xi vai gia tri C4 tham chiéu va thoi gian tinh toan nhanh hon.

Bang 1. Bang lya chon sé phan tir lugi ang voi gia tri tinh toan hé sé can Ca.

Dit liéu Truonghopl | Truonghop 2 | Truong hop 3 | Truong hop 4 | Truwong hop 5
S6 phan tir 3.731x10° 4.678x10° 5.734x10° 6.758x10° 7.792x10°
Cq 0.265 0.271 0.280 0.291 0.290
Thoi gian(h) 3 4 4,5 5 8

4. KET QUA

4.1 Phan bé trwong van téc quanh moé hinh Ahmed theo thai gian trung binh

e

.

Hinh 5. Phan b van téc tai mat phang doc déi xingcua mé hinh Ahmed.

E— | -~
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velocty-magnitude: 0 21 4.2 63 84 105126147 168189 21 231 252273 294 31.533.6 357 378 339 42

Hinh 5 thé hién trudng van tc tai mat phang doc ddi xing cua md hinh Ahmed vai budc lap thoi
gian la 2x10°.Thang mau sic tir xanh da troi dén mau do thé hién do Ion van téc tai nhitng viing khac
nhau quanh md hinh. Tai viing dau mé hinh ludn ludn ¢6 van téc nhé hon & nhiing viing khac trén md
hinh do dong khi khi di chuyén dén viing nay s& xuat hién mot diém dinh tré (stagnation point). Ngay tai
diém dinh tré van toc dong khi bang khong va dong khi s& chia lam hai phan, mot phan di doc theo phia
trén than md hinh va mét phan di doc theo phia dudi thAn md hinh. Bén canh do, bién dang mé hinh thay
doi (cac goc bo tron, goc nghiéng) din dén su phan b van toc tai nhiing ving do6 ciing thay d6i.Ving sau
dudi mé hinh Ahmed hinh thanh xo4y thap &p anh huéng dén lyc can khi dong caa mé hinh, vay dé giam
luc can khi dong can phai loai bé hoic giam kich thudc viing xody.
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z=170 mm z=280 mm
Hinh 6. Phan bé van téc tai mat phang tai mat phing cit ngang cia md hinh Ahmed.
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Hinh 6 thé hién hién truong van toc tai mat phang cat ngang di qua diém giira cia mo hinh Ahmed
va mat phang nay cach phan thap nhat caa mé hinh lan luot la z = 170 mm, z = 280 mm. Tai vung phia
sau mo hinh, goc nghiéng du6i lam anh hudng dén sy phan bo van toc.

4.2 Phan bé ap suatquanh mé hinh Ahmed
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Hinh 7. Phan bé ap suat trén md hinh Ahmed va tai mat phang ddi xirngdoc.

Hinh 7thé hién suphan bd p suat trén md hinh Ahmed va tai mit phing déi xangdoc quanh mo
hinh.Thang mau séc tir xanh da troi dén mau do thé hién d6 16n 4p suét tai nhitng ving khéc nhau quanh
mo hinh.Tai phia truéc md hinh ludn c6 ap suét Ién hon & nhiing viing khac trén mé hinh do sy tach roi
ctia dong khi, chinh su chénh &p nay 1a yéu té co ban tao nén lec can khi dong khi 6 t6 di chuyén vé phia
truéc. Sy chénh &p cang 16n thi luc can khi dong cang ting va dé lam giam luc can khi dong thi can ting
&p suat phia sau md hinh.

Quan sat hinh 4 va hinh 5 ta thay tai nhiing vi tri c6 van téc thay doi thi dp suét ciing thay ddi hoic
nguoc lai. Cy thé, tai viing phia truéc mé hinh van téc nho thi &p suét tai do cao. Nhu vay, su phan bd vén
t6c va ap suat quanh mo hinh ludn tuén theo dinh luat Bernoulli.

4.3 Lyc khi dong luc hoc
Theo két qua tinh todn mo6 phong md hinh Ahmed trong dng khi dong, két qua tinh todn cac gia tri
Ca, Ci dugc trinh bay ¢ bang 2.Gia tri Cq dugc tinh toan tur két qua md phong nhé hon gié tri Cq tham
khao tir két qua thuc nghiém vai sai s6 2.405%.Tir cac gia tri Cg, C tién hanh tinh duoc cac luc can théng
qua cong thuc:
1

Luc can khong khi: F, = ECd ApU ° (3.5)
1
Lyc nang: F= EC' ApU_? (3.6)
Bang 2. Két qua tinh ton hé sb nang, hé sb can cia mé hinh.
Céac hé sb Ca Ci
Két qua mo phong 0.291 | 0.025
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5. KET LUAN

Bai bao di trinh bay két qua tinh todn mé phong dic tinh khi dong luc hoc cho mé hinh 6 to don gian
Ahmed, str dung phuong trinh RANS két hop véi md hinh réi Realizable k —¢& d6i véi md phong
CFD.Sai s6 giira két qua tinh toan mo phong gia tri Cq voi gié trj thuc nghiém la 2.34%. Bén canh do, bai
bdo nay ciing da minh hoa rd bang hinh anh su phan bo ap suat, van toc quanh mé hinh trén cac mat
phang khac nhau. Ket qua nghién cau la tien dé dé thuc hién tinh toan md phong trén mo hinh 6 t6 thuc
te, thdng qua md phong so6 CFD s& gidi quyet duoc van de thi nghiém khi dong luc hoc 6 to khi hién nay
phong thi nghiém khi dong luc hoc 6 td ¢ nudc ta con rat han ché.
Céc ky hiéu

— U, v,w: Van téc cia phan tir luu chit theo 3 truc toa do X, y, z.

— 0,U; :Daoham riéng theo thoi gian cua u.
- p: Khéi luong riéng cua khong khi (kg/m?3).
—  p: Ap suat (N/m?).
— V:DJ nhét dong hoc cua khong khi (kg.m/s™).
—  Cq: Hé sb can.
—  Ci: Hé sb nang.
- pulu! : Ung suit Reynolds.

- 7;  :Tensoung suat
- A : Dién tich can chinh dién(m?)
— U, : Vantéc chuyén dong (m/s)
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