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Tém tit. Bai bio nay trinh bay nghién ctru dic tinh khi dong luc hoc xe tiét kiém nhién liéu tham gia cudc
thi Honda EMC théng qua phan tich mé hinh xe ba banh. Téc gia sir dung phuong trinh RANS két hop mo
hinh réi Realizable k — & trong phan mém thwong mai Ansys Fluent dé mo phong dic tinh khi dong luc
hoc md hinh xe ba banh. Bai bdo trinh bay phuong phap va két qua md phong sy phan b ap suit, sy phin
b van toc quanh m6 hinh. Két qua nghién ctru duoc thé hién thong qua cac hinh anh va gia tri mé phong
tinh toan Cq dong thoi gitp hiéu 5 hon dic tinh khi dong luc hoc quanh md hinh xe ba banh tham gia cuc
thi Honda EMC.

Tir khéa: M6 phong CFD, khi dong luc hoc 6 t6, Honda EMC, hé s6 can, RANS.

AERODYNAMIC STUDY OF HONDA ECO MILEAGE CHALLENGE CAR

Abstract. This paper studies the aerodynamic characteristics of Honda Eco Mileage Challenge car.
Numerical investigations were conducted with the motor tricycle model. The results of the numerical
simulations were obtained using Reynolds-averaged Navier-Stokes (RANS) equations with Realizable
k — & model by commercial software ANSYS. The Time-averaged velocity field, magnitude of the velocity,
static pressure magnitude of the flow fields around model are presented in this paper. The results of this
study elucidate the key aerodynamic characteristics around motor tricycle model. The results obtained from
the study are presented graphically and values of drag coefficient (Cq) were calculated and validated, which
helps better understanding aerodynamic characteristics around motor tricycle model.

Keyword: CFD simulation, Vehicle aerodynamics, Honda EMC car, drag coefficient, RANS.

1 GIOI THIEU

Khi dong luc hoc 6 t6 da phat trién trong nhiéu thap ky qua va di trd thanh mot yéu t6 quan trong dbi véi
cac dong xe hoi nén rat nhiéu cac cong trinh khoa hoc trong linh vuc nay dugc cong bd [1-4]. Khi 6 t6
chuyen dong trong moi truong khong khi s€ bi cac luc va mé ment khi dong hoc tdc dung lam anh hu’0’ng
dén tinh niang chuyén dong cua 6 t6 va lugng tiéu hao nhién liéu. Tdng trong lwong va hinh dang bén ngoai
xe 12 mot trong nhitng yéu té quan trong nham cai tién dic tinh khi dong luc hoc ciia xe [5-7]. Bé hiéu duogc
su tac dong khi dong luc hoc 1én 6 t6, cac nha nghién ctru da tién hanh nghién ctru ddc tinh khi dong lyc
hoc quanh 6 t6 bang hai phuong phap mé phong va thue nghiém. Mot s6 nghién ciru m6 phong vé€ anh
hudng khi dong lyc hoc dén 6 t6 ching han nhu tac gia [8] dd nghién ctru vé hé s can xe buyt khi thay dbi
thiét ké hinh dang xe buyt nhiam lam giam tiéu hao nhién liéu va khi xa gdy 6 nhiém mai truong. Két qua,
tac gia da két luan rang v6i m6 hinh m6 phong roi Realizable K — & , khi thay ddi hinh dang xe buyt so vdi
hinh dang ban d4u, hé s6 can giam 28% va tiét kiém duogc 20% nhlen liéu khi xe di chuyen VOl van toc 80
km/h, tac gia [9] da nghién ctru luc can khi dong luc hoc cua xe du lich va két luan rang két cau ving dau
xe, dudi xe c6 anh hudng 16n dén luc can khi dong tic dung 1én vo xe. Bén canh do, nhiéu tic gia thuc hién
cac thi nghiém thuc té, cu thé tac gia [10] d thuc hién nghién ctru thyc nghiém PIV phén tich sy anh hudng
ctia goc nghiéng dudi dén dic tinh dong khi quanh mé hinh Ahmed. Két qua, tac gia d trinh bay cac hinh
anh cau tric dong khi & phan dudi mé hinh tai mit phang dbi xtng ciia mod hinh Ahmed. Pong thoi tac gia
cling mo ta cac diém tap trung va cac diém yén ngua trong dong khi ¢ sau dudi mé hinh. Téc gia [11] da
tién hanh thyc nghiém dé phan tich tmg xtr khi dong luc hoc cua bo tao xody tuong tng vdi bdn vi tri khac
nhau trén 6 t6. Két qua, tac gia da trinh bay cac hé s6 can va hé s6 nang giam nhiéu nhat 1a 4.53% va 2.55%
trong truong hop bd tao xody c6 canh tiép xuc cua hai chi tiét nam phia sau xe va mot chi tiét nam gitra
duo6i 6 t0. Tac gia [12] da thyc hién tho nghiém khi dong lyc hoc trén md hinh Mira véi két qua dat dugc
13 1am rd céu trac dong rdi sau md hinh va phat hién co ché hinh thanh dong khi tirc thoi trén mé hinh.
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Cudc thi Lai xe sinh thai - Tiét kiém nhién liéu Honda EMC 1a san choi noi nhimg nguoi tham gia ap dung
nhiing y tudng va cong nghé cua minh vao dong co 4 thi cia Honda dé thiét ké xe tiét kiém tiéu hao nhién
lidu, di chuyén quing dudng xa nhat véi 11it nhién liéu [13]. Bén canh viéc nghién ctru cai tién hiéu suét
cua dong co, ap dung cac cong nghé mdi, cac doi tham gia con thiét ké cai tién hinh dang cua xe nham cai
thién luc khi dong hoc tac dung 1én xe. Thuc té, trong lwong ciia xe 1a mot trong nhitng yéu t6 chinh ma
cac doi luon nghién ciru dé giam bang cach sir dung loai vét lidu méi c6 két cdu cimg vimg va trong luong
nhe. Ngoai ra, hinh dang cua xe ciing la mét trong nhiing nguyén nhan anh huong dén kha nang chuyén
dong cua xe. Trong khi téc d6 xe ting 1én, luc can lin tuong ddi khong thay d6i nhung luc can khi dong
tang theo binh phuong vén toc. Khi toc d6 xe 16n hon 35 kmv/h, lyc can khi dong lic nay 16n hon lyc can
lan cta xe [14]. Trong bai bao ndy, tic gia tién hanh nghién ctru dic tinh khi dong luc hoc xe dugc thiét ké
tham gia cudc thi Honda EMC nham cung cip cho ngudi doc céi nhin tong quan va rd nét hon su anh huong
ctia khi dong luc hoc. Py ciing chinh 1a mot budc quan trong trong qué trinh thiét ké hinh dang xe. Dé dat
dugce muc tiéu ndy, tac gia str dung phuong trinh Reynolds trung binh héa cho dong chay réi (RANS) két
hop v6i mo6 hinh 16i Realizable k — & dé mé phdng déc tinh khi dong luc hoc dong khi.

2 MO HINH XE THAM GIA CUQC THI HONDA EMC VA MIEN TiNH TOAN

2.1 Xay dung mé hinh 3D

Dura va quy dinh kich thudc xe tham gia cudc thi ciia ban t6 chtrc Honda, mé hinh xe dugc thiét ké véi hinh
dang cac thong s6 dugc mo ta cu thé trén hinh 1 va hinh 2.
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Hinh 2: M6 hinh 3D xe tham du cudc thi Honda EMC.
Dé hiéu 1 dic tinh khi dong luc hoc trén mo hinh nghién clru, trong qua trinh mé phong phén tich s& thé
hién sy phén bd ap suat, van tdc tai mat phang (P1) va mit phang (P2) mé ta & hinh 3. Trong d6, mit phing
(P1) 1a mit phang cat doc dbi ximg mo hinh, mt phang (P2) 14 mit phing cit ngang va va song song voi
mat duong.
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Hinh 3: Mit phang thé hién sy phan b ap suét, van tdc quanh mo hinh.

2.2 Mién tinh toan

Mién tinh toan 1 ving khong gian bao quanh vat thé duoc gidi han trong qua trinh mé phong. Mién
tinh toan phai c6 kich thudc dii 1on duoc gidi han boi cac mat phang dé dam bao dong khong khi khong
chiu anh hudng ciia md hinh nghién ctru. Tuy nhién ciing khong thé lya chon mién tinh ton qua 16n dan
dén 1am lang phi tai nguyén may tinh, ting thoi gian mé phong tinh toan. Vi vay, két hop vdi cac cong trinh
nghién ctru clia cac tac gia [4, 15, 16], tac gia tién hanh x4y dung mién tinh toan véi cac thong s6 duoc mo
ta & hinh 4 véi ap sudt khi trod, van tde 15km/h va chidu dai xe L = 2525 mm.
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Hinh 4: Kich thudc ctia mién tinh toén.

3 PHUONG PHAP MO PHONG SO
3.1 Phwong trinh diéu chinh
Dé mo ta chuyén dong cua luu chét thuong st dung phuong trinh Navier-Stokes 1 hé cac phuong trinh bao
toan khdi luong (phuong trinh lién tuc), phuong trinh bao toan dong lugng va phuong trinh bao toan nang
luong. Trong nghién ctru vé khi dong luc hoc 6 t6 dit gia thiét rang chat khi khong chiu nén, do d6, bai
toan khi dong lyc hoc chi con lai hai phuong trinh 1a phuong trinh lién tuc va phuong trinh bao toan dong
luong.

Phuong trinh lién tyc:

8u8v6w
6x8yaz

Phuong trinh bao toan dong lugng:

OU; +U;0,U; :—léip+v&’jajui (3.2)
Y2,

=0 3.1)

Trong bai nghién clru nay, tac gia sir dung phuong trinh Reynolds Navier — Stokes trung binh hoa (RANS)
de giai bai toan khi dong hoc:

o,u, =0 (3.3)

L 1. 1 =
oU; +U,0,; =——8ip+—8j(rij—puiui) (3.4)
P P

Ngoai ra, dé giai phuong trinh RANS téc gia sir dung mé hinh rdi Realizable K — & , day 1a mé hinh réi da
duoc nhiéu tac gia st dung trong nghién ctru khi dong Iuc hoc 6 t6.
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3.2 Chia lwéi va diéu kién bién.

Chia Iu6i chinh 1a roi rac héa ving khong gian mé phong thanh cac phén tir dé thuc hién tinh toan gan
dung bang phuong phap sd. S6 lugng phan tir cia md hinh anh huéng dén d6 chinh xac két qua ciing nhu
thoi gian tinh ton. Trong bai nghién ciru tac gia sir dung ludi tr dién do mé hinh mé phong phirc tap. Mién
tinh toan duoc chia lai voi kich thudc ctia phan tir ludi & ving bién va gan md hinh phan tich phai da nho
dé dam bao d6 chinh xéac cua két qua khi md phong tinh toan [3,17], trong khi cac ving xa ving bién va
mo hinh ¢6 kich thudc cia phan tir ludi I6n hon nham tiét kiém tai nguyén ctia méy tinh ciing nhu thoi gian
tinh toan. M hinh xe tham du cudc thi Honda EMC d chia ludi hoan chinh duge mé ta & hinh 5 voi tong
phan tir ludi 942242 véi kich thude ludi nhd nhat ciia phan tir ludi gan bé mat 12 2 mm.

Hinh 5: M6 hinh xe tham dy Honda EMC da chia luéi véi dang tir dién khong céd cAu trac

4 KET QUA
4.1 Phén bo trwong ap suat quanh moé hinh.
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(a) Phan b ap suét tai mat phing (P1) (b) Phan bd ap suét tai mat phang (P2)
Hinh 6: Phan bo ap suat tai mat phang (P1), (P2).

Quan sat trén hinh 6, dya vao thang mau sic dugc phan bd trén cac mat phang (P1), (P2) va (P3) xung
quanh mé hinh tir xanh da troi dén mau do thé hién do 16n ap suat tai nhiing ving khac nhau quanh mé
hinh. Hinh 5(a) thé hién phan b ap suét tai khu vuc trude xe va vung tiép ndi gilta ndp capo va kinh chin
gio6 xung quanh mo hinh nghién ciru la 16n nhat. Bén canh do, 4p suat tai cac khu vuc thay dbi bién dang
nhu mii xe, ndp capo va mui xe giam nhiéu nhat. Cac hién tuong nay xay ra do dong khi khi tic dong 1én
bé mit md hinh lam xuét hién cac diém tach 101, diém ngung tu va cic ving xody xung quanh md hinh.
Tai khu vuc trudc md hinh luén tiép xuc tryce tiép voi dong khi nén ludn c6 ap suat 1én hon so voi nhiing
vung khac trén moé hinh. Cy thé, ap suit tai khu vyc trudc mé hinh 16n hon nhiéu so véi ap sudt tai khu
vuc dudi mé hinh. Hinh 5(b) mé ta chi tiét khu vuc trude xe xudt hién ving ap suat 16n 14 vi tri mii xe,
phia trudc banh xe va truc banh xe. Chinh su chénh 1éch 4p suit & cac khu vuc khac nhau xung quanh mé
hinh 12 yéu t6 co ban tao nén Iyuc can khi dong khi 6 to di chuyén. Sy chénh 4p giita khu vuc trude mo hinh
va khu vic dudi mé hinh cang 16n 1am cho luc can khi dong cang ting. Nhu vay, dé lam giam lyc can khi
dong can giam sy chénh 4p gitta khu vuc phia trude va sau md hinh.
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Hinh 7: Phan bd ap suat trén mo hinh xe tham dy Honda EMC.

Quan st hinh 7 thé hién sy phan b ap suét trén mo hinh xe tham duy Honda EMC khi xe di chuyén véi tc
d6 15m/s. Tai khu vire dau xe, phan trudc ciia hai banh xe trude va khu vuc tiép ndi gitta nap capo voi kinh
chén gi6 xuét hién ving phdé mau ddm hon so voi nhimg ving khac trén mé hinh do sy tach roi ciia dong
khi, chinh sy chénh ap nay la mot trong nhung nguyén nhén tao nén lyc can khi dong. Sy chénh ap cang
16n thi lyc can khi dong cang tang va dé 1am giam lyc can khi dong thi can ting 4p suat phia sau mo hinh.
4.2 Phan bd trudng van toc va phan bé dong khi quanh md hinh
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Lo gy i
(a) Phan b van tdc tai mat phéng (P1) ) (b) Phén bd van tdc tai mat phiang (P2)
Hinh 8: Phéan b6 vén tdc tai mit phang doc (P1) doi xiing quanh mé hinh
Hinh 8 thé hién truong van tdc tai mat phiang (P1) va (P2) quanh mé hinh. Quan sat thiy dong khi bi can
lai tai khu vire truée mé hinh thang mau sic tir xanh da trdi dén mau do thé hién do 16n van tdc tai nhitng
vung khac nhau quanh mé hinh. Tai ving dau mé hinh luén ludn ¢6 vén téc nhé do dong khi khi di chuyén
dén ving nay s& xuat hién mot diém dimg. Ngay tai diém dimng, van téc dong khi bang khong va dong khi
s& chia 1am hai phan, mot phan di doc theo phia trén thdn mé hinh va mot phan di doc theo phia dudi than
mo hinh. Bén canh d6, bién dang m6 hinh thay dbi gdbm cac goc bo tron, goc nghiéng ma cu thé 1a khu vuc
tiép ndi giira nap capo véi kinh chan gi6 din dén sy phan bd van tdc tai nhiing khu vyc d6 cting thay doi.
Quan sat khu virc mui xe xuét hién ving mau dam chimg to tai khu vuce nay van toc dong khi tang 1én dang
ké do su thay ddi bién dang mo hinh d6t ngdt. Tai nhitng khu vuc c6 bién dang thay ddi dot ngot, dong khi
bi tach roi day la mot trong nhimg nguyén nhan lam thay déi su phan b van tdc quanh moé hinh.
Quan sat hinh 6 va hinh 8, m61 lién hé gitra phan bb 4 ap suét va phén bd van tdc tai cac khu vue tiép xtic voi
dong khi xung quanh mé hinh. Sy phén bd ap suat va van toc quanh mé hinh ludn tuén theo dinh luat
Bernoulli voi khu vue 4p suét cao chinh 1a khu vuc ¢6 van tdc thap.

Hinh 9: Phan b6 dong kh1 tai mat phang doc (Pl) d01 xung quanh mo hinh

© 2021 Trudng Pai hoc Cong nghiép thanh phé H6 Chi Minh



PHAN TiCH PAC TINH KHI PONG LUC XE TIET KIEM NHIEN LIEU THAM GIA 113
CUOC THI HONDA EMC

Hinh 9 md ta cac duong dong khdng khi chuyén dong trén mat phang doc P1 quanh mé hinh xe. Dong khi
chuyén dong twong ddi 6n dinh tai viing dau xe va khéng xuat hién cac viing xody. Tuy nhién, cang vé phia
dudi xe dong khi lai xuat hién viing xody tao nén su chénh léch vé 4p suét giita phia trudc va sau xe, day 1a
mat trong nhitng nguyén nhan chinh dan tgi sy hinh thanh luc can khi dong luc hoc [1].

4.3 Luwec khi dong lwe hoc
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Hinh 10: Biéu d6 thé hién hé s can ldn Cq sau tinh toan mo phong
Két qua tinh toan mo phong trong nghién ciru hé s6 can khong khi véi khoang 5000 1an 1ap thu duoc gid tri
Cq. Dua vao biéu do hinh 10, sau 1an lap tha 500 hé $6 Cq 6 gia tri dan 6n dinh va két qua mo phéng Cq =
0.17. So sanh v&i hé sb can cua tac gia [18] thuc hién nghién ciru mé hinh xe ba banh hinh dang giot nudc
€0 C4=0.15 c6 su sai 1éch 14% gitra hai m6 hinh. Vay dé mo hinh nghién ctru dat gia tri hé sb can nho hon
can tién hanh cai tién hinh dang mé hinh tuy nhién can quan tdm dén cac quy dinh cta cudc thi Honda
EMC. Tir gi tri Cq tién hanh tinh duoc cac luc can théng qua cong thirc:

Luc can khong khi: F, = %Cd ApU_? (3.5)

5 KETLUAN
Bai bao da trinh bay két qua tinh toan mo6 phdng dac tinh khi dong luc hoc cho xe tiét kiém nhién liéu tham
gia cudc thi Honda EMC, sir dung phuong trinh RANS két hop voi mo hinh r6i Realizablek —& ddi voi
mod phong CFD. Két qua nghlen ctru thé hién tai cac khu vyc c6 sy thay d6i dot ngodt vé bién dang cu the
khu vye dau xe, khu vye tiép giap gitra nép capo va kinh chan gi6 va khu vuc dudi xe c6 su thay ddi 16m vé
su phan bd ap suét ctng nhu van toc. Sy chénh 1éch ap suat & nhitng khu vire ndy mot trong nhirng nguyén
nhan anh huong 16n dén luc can khi dong tac dung 1én xe. Bén canh d6, bai bao nay ciing ¢ minh hoa rd
bang hinh anh sy phan bd 4p sut, van tdc quanh mo hinh trén mat phang cat doc dbi xtrng mé hinh va mat
phing cit ngang va va song song v6i mit duong. Két qua nghién ctru 13 tién dé dé thyc hién tinh toan mo
phong trén md hinh 6 t6 thyc té, thong qua mo phong s CFD sé giai quyét duge van dé thi nghiém khi
dong luc hoc 6 t6 khi hién nay phong thi nghiém khi dong luc hoc 6 t6 & nudc ta con rat han ché.
CACKY HIEU

— u, v,w: Van tdc cta phﬁn ttr lwu chét theo 3 truc toa do x, Y, Z.

- 6tui : Pao ham riéng theo thoi gian cta u.

- p : Khéi luong riéng ciia khong khi (kg/m3).

- p : Ap suit (N/m?).
-V : D6 nhét dong hoc ctia khong khi (kg.m/s™).
- Gy : Hé s can.

pm : Ung suit Reynolds.

T : Ten so ing sut

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