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NGHIEN CUU CAI THIEN HINH DANG KHi BONG HOC
CUATHAN VO XE DIEN HaUI-EV2

STUDY ON THE BODY AERODYNAMICS IMPROVEMENTS OF THE ELECTRIC VEHICLE HaUI-EV2

TOM TAT

Bai bao trinh bay ndi dung nghién ctiu cai thién dac tinh khi dong hoc than vo
xe 0 t0 dién HaUI-EV2. Trong thuc té, viéc xac dinh lrc can khong khi téc dung Ién
0 t6 1a digu rét kho vi than xe la tng hop clia nhiéu hinh dang vat thé don gian voi
nhitng hé s6 can khdng khi khac nhau. Do d6 md hinh than vo xe dién duroc thiét ké
s0' b trén phan mém solidworks va duoc dira vao md phong khi dong lc hoc béng
phan mém CFD trong Ansys. Céc thang s quan trong dé danh gia chét lrong khi
dong lyc hoc than vo xe bao gom hé s6 can chinh dién, lyc nang va dong chy
khdng khi tac dong I&n than va xe. Tir d6, d& xuét mdt s thay dai hinh dang két ciu
phia trrde clia than vo xe dé céi thién déc tinh can. K&t qua dat duoc clia bai bao s
I cor st trong cong tac thiét ké, ché tao, thir nghiém va tdi uu hda nhdm nang cao
chét lrgng khi dong luc hoc clia than vo xe dién HaUI-EV2,

Tir khod: Khi dong lyc hoc, CFD, Than vd xe, HaUI-EV2.

ABSTRACT

This paper reveals the research on the aerodynamics improvements caused
by the vehicle’s body shape of an electric vehicle HaUI-EV2. In reality, the drag
force calculation of a vehicle is very hard because the vehicle’s body is assembled
by many components that their drag coefficients are not the same. Therefore,
the electric vehicle’s body model is basically designed by SolidWorks software
and simulated by CFD tool in Ansys. To evaluate the quality aerodynamics of a
vehicle, the important factors such as the drag, lift force and air tube flow must
be concerned. The results of this article are the significant factor to design,
manufacture, experiment and optimization in order to enhance the the body
shape’s aerodynamics characteristic of the electric vehicle HaUI-EV2.
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1. TONG QUAN NGHIEN CUU

Véan dé 6 nhiém méi truong dic biét 1a 6 nhiém khong
khi va tiéng on hién dang dwgc quan tam cla cac chinh
phl dé tim ra cac giai phap nham gidm thiéu 6 nhiém va
bao v& moi truedng. Ngudn gay 6 nhiém Ion nhat trén cac
loai phuong tién giao thong hién nay la dong co dét trong
slr dung nhién liéu hoa thach la xang hodc diesel. Do do, dé
gidm phat thai cla cac phuong tién giao thong, bién phap
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chu yéu la cai tién cac thdng s6 ky thuat clia dong co; st
dung cac loai ddng co than thién véi moi tredng nhe dong
co dién, hydro, hybrid... Khdng ndm ngoai xu thé trén,
nhém nghién clru da dé xuat phwong an thiét k€ mét chiéc
xe dién mang thuvong hiéu Bai hoc Céng nghiép Ha Noi véi
tén goi HaUI-EV2. D& nham tiét kiém hon nita ning luong
tiéu hao trong qua trinh chuyén dong, cac phuong an thiét
ké khi dong luc hoc khung vé clia xe duoc dé xudt. Luc can
khi dong luc hoc tac dung Ién than vo xe khi chuyén dong
bao gom hai thanh phan chinh la liyc can chinh dién F, va
lyc néng F,.

Khi di chuyén trén duong, khdi khdng khi bao quanh vé
xe sé sinh ra cac lyc c&n khi dong lwc hoc ¢6 do Ién phu
thudc vao hinh dang khi dong hoc ctia vé xe, mat do khéng
khi, tc do twong d6i gitra xe va gio... Luc can chinh dién
dugc theo cong thirc duGi day [1]:

F, = %pVZCdA

Trong dé, Fy; Luc can chinh dién (N);
p: mat do khoéng khi (kg/m?);
V: tdc do twong déi (m/s);
Cg4: hé s6 can chinh dién;
A: dién tich can chinh dién (m?).

Lyc can, lye ndng va lyc nén cha khdi khi téc dung 1&n khung vé xe
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3 T8c d6 khi / mat do
D3 dai chi thi tdc do
Mau chi thi méat d&
P (Xanh = thép -> D6 = cao)

Khu vire chén khéng
Hinh L. Cac lwc can khi dng lyc hoc
Luc can F4 khién cho viéc tang toc tré nén khé khan vi
né ti Ié voi binh phrong van téc. Nghia la khi van téc gia
tang v&i mot tri s6 nho thi lwc can lai gia tdng véi mot tri s6
rat Ion. Thir nghiém cho thay khi xe di chuyén véi toc do
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trung binh trong thanh phd (60km/h) khoang 25% lwgng
nhién liéu tiéu thu s& chi duoc dung dé khac phuc lyc can
khong khi.

Hé s6 can chinh dién C, la théng s6 phu thudc vao hinh
dang khi dong luc hoc clia vé xe. Thong sb nay dugc cac nha
thiét ké xe hét sirc quan tdm vi né 1a nhan t6 chinh dé lam
gidm stic can khi dong hoc chinh dién. Vao dau thap nién 20
cla thé ky truéc, hé sé nay déi véi xe du lich vao khoang 0,7
nhwng ngay nay né gidm téi 0,3 cho mét s6 loai xe du lich
dat tién [2]. Viéc gidm dwoc hé s6 can nay dong nghia voi
gidm lyc can khdng khi hay gidm mic tiéu hao nhién liéu clia
ddng co cai ma cac nha khoa hoc trong Iinh viec céng nghé 6
t6 van dang tiép tuc nghién ciru va phat trién.

Bén canh do, lyc nang F, cling déng vai trd rdt quan
trong trong viéc cai thién chat lvgng kéo, phanh, quay
vong cling nhu 6n dinh cla xe. Hé so lyc nang duoc tinh
theo céng thirc sau [3]:

FL
CL= via @)

V@i xe du lich ¢& nho, C, ndm trong khoang 0,106 dén
0,143 [4]. Tuy nhién, dbi v6i xe dua thi hé s6 nay thuwong
nam trong khoang -1,602 dén -0,048 [3].

Hé s6 can khong khi C4 phu thudc nhiéu vao hinh dang
than xe. Tri s6 cla C, thap khi xe ¢6 dang khi dong tét do
do6 lwc can khong khi cling sé nhd hon. Trong thuec té, tinh
toan lyc cdn khong khi cho xe hoi la diéu rat kho vi than xe
la téng hop clia nhiéu dang vat thé don gian véi nhitng hé
s6 can khong khi khac nhau. Cong viéc thiét ké tinh toan
khung vo xe dién khong thé thiéu viéc thiét ké hinh dang
khi dong lic hoc. Nhém nghién cru da st dung phan mém
CFD trong ANSYS dé mé phéng khi déng lvc hoc khung vd
xe va tim ra cac hé sd can chinh dién cling nhv lyc nang.

2. THIET KE VA PHAN TiCH KHi BONG HOC XE PIEN
HaUI-EV2

Hé théng khung gam xe dién da duwgc thiét ké va kiém
nghiém bén trong mot nghién ctru khéc clia nhém tac gia.
Trong nghién cru nay, nhém nghién ctru da st dung két
qua tinh toan kiém nghiém bén do dé thiét ké so bo vd xe
dién. Céc thong s chinh clia khung gam xe dién HaUI-EV2
duwgc cho trong hinh 2.

Hinh 2. Két cau khung gam xe dién HaUl-EV2

Dva vao cac thong so thiét ké hé thdong khung gam va
cac mau xe co trén thj truéng nhém nghién ctru da dua ra
mo hinh than voé xe. Than vo xe ban dau duoc thiét ké so bd
vé kich thuwéc cling nhu hinh dang khi dong lwc hoc, nhw
trén hinh 3.
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Hinh 3. M6 hinh khung vd xe dién HaUI-EV2

Pé kiém tra dong khi va cac luc tac dung Ién xe ta dua
mo hinh vao phan mém CFD trong ANSYS dé mo phong.
Qua trinh md phdng dwoc thuwc hién theo cac buc sau:

+ Budc 1: Tao m6 hinh mé phéang (do mé hinh dugc tao
tlr phan mém solidworks nén file lvu phai dua vé dang step).
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Hinh 4. M6 hinh md phdng xe dién

+ Buwéc 2: Chia phan ti lién két (Mesh)

Phan mém dwa trén phuong phap phan t& hiru han dé
phan tich cac bai toan vat ly co hoc, chuyén cac phuong
trinh vi phan phuong trinh dao ham riéng tir dang giai tich
vé dang s6 v6i viéc str dung phuong phap roi rac héa. Vi
vay can chia lwéi cac phan tir cho phu hop véi tirng loai méi
trwdng lam viéc cdia cac phan tir nghién ctru, hinh 5.
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Hinh 5. Chia lwéi m@ hinh m6 phdng xe dién
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+ Budc 3: Thiét 1ap cac diéu kién dau vao va diéu kién
bién: Bé dap (ng dwoc diéu kién thuc té clia méi tredong
tlrng virng va van toc xe cdn md phéng, can tao diéu kién
va tinh chat cta dong khi. M6i truong mo phdng la phan
hinh hép chi* nhat bao quanh xe véi vat liéu chinh la khdng
khi bén ngoai xe, hinh 6.

oQa 2 AT S

Hinh 6. Thiét 1ap mdi treong mo phdng

Do dé, khéi lvgng riéng; van toc; mat dd khdng khi; do
nhat... 1a cac thdng sb chinh cling rat quan trong dé thiét
lap cac diéu kién ban dau. Viéc lam nay dan toi két qua mod
phoéng dugc chinh xac, tin cay so véi thuc t€, hinh 7.

Gowor. ¥y [dvetem

Ore O qany o,

Hinh 7. Nhap d{r liéu vé tinh chat khdng khi

+ Buéc 4: Tinh todn mé phéng.

+ Budc 5: Tra ra két qua mé phéng.

3. KET QUA MO PHONG VA THAO LUAN.

Ngay nay voi st phat trién clia cong nghé may tinh, cé
rat nhiéu phan mém hoan thanh tot véi nhiém vu thiét ke,
ché tao va kiém nghiém mot chiéc xe nhu SolidWorks,
Inventors, Catia,... M6i phan mém c6 nhitng wu, nhuoc
diém khac nhau tly theo si danh gia ctia nguoi sir dung. Su
chon phan mém duoc dua ra khi nguoi thiét ké cam thay
né hitu ich, c6 hiéu qua doi véi nghién clru ctia minh. Trong
nghién ctru nay sé gi¢i thiéu phan mém md phéng Ansys.
DPay la phan mém duoc sir dung phd bién trén thé gidi
trong linh virc k§ thuat. V6i tool CFD thi né la phan mém
hitu hiéu dé€ mo phdng khi dong luc hoc clia than vo xe.

Cac két qua mo phéng ctia mo hinh than vo xe dién ban
dau dwoc cho trong hinh 8. Téc dd gid trung binh tac dung
Ién xe khoang 29,6m/s va thay doi & mot s6 diém xung
guanh vi tri dau va dudi xe nhu trén hinh 8.

5000 (m)

1250 3750

Dviewer  TobleViewsr | ChartViewer | CommentViewer | Report Viewer

Hinh 8. Ap suét va dong khi bao quanh xe
Céc két quad md phong so bd clla md hinh xe 6 t6 dién
HaUI-EV2 nhu ap sudt va téc dod chuyén dong ctia dong khi
tac dung lén bé mat xung quanh than vé xe; luc can chinh
dién va luc nang duoc thé hién qua cac hinh 9 va 10.
Forces
Forces (n)

Zone Pressure
wall-solid (250.33155 -50,139525 -1.3299271)

Viscous
(8.393162 0.54936534 -0.101462€5)

Net (250.33155 -50,139525 -1.3299271) (8.393162 0.54936534 -0.10146265)
Forces - Direction Vector (1 0 0)
Forces (n)
Zone Pressure
wall-solid 250.33158

Coefficients
Pressure
0.54129647

Viscous Total
0.018148687 0.55944515

Viscous Total
8.393162 258.72471

Net 250.33158 8.393162 258.72471 0.54129647 0.018148687 0.55944515

Hinh 9. Lirc can khong khi chinh dién theo phuong X

Trén hinh 9 la két qua tinh toan lyc can chinh dién cta
khéng khi tac dung lén toan bo xe. Két qua trén hinh tra ra
gia tri 258,72471N, hé s6 can khong khi la 0,541 hé s6 can
nhot 1a 0,01814 téng hé s6 can (hé so can Cy) 1a 0,55944.
Giam duogc gia tri cha lwc nay sé gitp xe di chuyén dugc dé
dang hon déc biét & nhitng dai toc dd cao. Khi d6 nhién
liéu tiéu thu s& dugc gidm gidp cho viéc gidm phat thai va
b&o vé moi treong. DE gidm luc can chinh dién, can thay
d6i cau tric va hinh dang than vé xe cho phu hgp nhat.
Pay cling la yéu cau kha phc tap dat ra cho nhém nghién
clru trong giai doan tiép theo.
Forces - Direction Vector (0 1 0)

Forces (n)

Zone Pressure
wall-solid -50.139525

Coefficients
Pressure
-0.10841761

Viscous Total
0.0011879027  -0.1072297

Viscous Total
0,54936534 -49,59016

Net -50.139525 0.54936534 -49.59016 -0.10841761  0.0011879027  -0.1072297

Hinh 10. Lyc nng téc dung Ién xe theo phuong Y
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Hinh 10 la két qua tinh toan lwc nang clia khéng khi tac
dung Ién toan bo xe khi chuyén déng vai van tdoc 60km/h.
Ké&t qud trén hinh tra ra gia tri -49,59N, va hé s6 can C, la
-0,107. Gia tri nay am chirng té lyc nay ngugc chiéu voi
phuong cuda truc Y va né la luc nén tac dung Ién xe. Khi xe
di chuyén vai van tdc cao hé s6 cdn am gilp xe bam dudng
t6t hon. Nhwng lwc nén 16n cling c6 thé lam giam téc do xe
vi vay khi thiét ké can phu thudc vao nhu cau clia xe macan
bang gitta luc nang va luc can.

Tl cac két qua cla luc va dong khi tac dung Ién xe,
nhédm nghién ctru da dwa ra cac mo hinh kiém nghiém dé
tao duoc md hinh t6i wu nhat. By md hinh moé phéng xe
V@i céc cdi tién vé hinh dang khi dong hoc va thiét ké khac
nhau dugc cho trong bang 1.

Bang 1. Cac thdong s ctia md hinh md phdng khac nhau

M@ hinh Thay ddi so v6i thiét ké ban dau Gid | Giatri
md phéng triCy | C
No.l Dau xe nghiéng mot goc 80° so vdi san 0,629 | -0,265
No.2 Bau xe vudng gdc voi san xe véi d0 cao | 0,620 | -0,121
200mm rdi nghiéng mot gdc 80° so vdi san
No.3 Pau xe v6i vudng goc voi san véi do cao | 0,597 | -0,119
300mm rdi nghiéng mot gdc 80° so vdi san
No.4 Bau xe v6i vudng goéc voi san voi do cao | 0,598 | -0,108
400mm rdi nghiéng mot gdc 80° so véi san
No.5 Pau xe v6i vudng goc voi san voi do cao | 0,585 | -0,095
500mm rdi nghiéng mot gdc 80° so véi san
No.6 Pau xe v6i vubng goéc voi san voi do cao | 0,590 | -0,100
600mm rdi nghiéng mot gdc 80° so vdi san
No.7 Bau xe véi vudng goc voi san va tiép tuyén | 0,559 | -0,107
voi kinhxe

Céac thong sb vé hé s6 can chinh dién va hé s6 lic nang
cla cac md hinh mé phéng xe trong cac truong hop trén
dugc biéu dién trong db thi & hinh 11.

BIEU DO HE SO CAN XE HAUIL-EV2

6 e ———————
629 0,62 —‘x__
0,597 0,598 8 0,59
s s ol 0,559
01
0
0
-0,095 0,1 0,107

Hinh 11. Hé s6 can khong khi téc dung I&n khung v xe trong

Tl d0 thi ta thay, khi hé s6 can C, gidm thi hé s6 nang C,
tdng va nguoc lai, dé phl hgp véi nhu cau clia xe va moi
treng can chon xe sao cho can bang gitta hé s6 can C, va
va hé s6 nang C, Vi nhitng xe chay & t6c do thap va trung
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binh, lyc nang hay lwc bam cé vai tro khdng quan trong
bang lyc can chinh dién. Do d6, nhém nghién cttu lwa chon
mé hinh s6 7 voi lwc can chinh dién l1a nho nhat dé lam
thong s6 lva chon cho cac nghién ctru vé sau trén xe dién
HaUI-EV2.
4. KET LUAN

Bai bao da xay dwng duwgc ban thiét ké so bd mé hinh
than vé xe dién HaUI-EV2 dé xac dinh céc thanh phan cla
lwc can khéng khi tac dung 1én & t6 bang phan mém
ANSYS. M6 hinh xe sau khi thiét ké dwoc dwa vao phan
mém mo phong CFD dé tinh toan ap suat va van téc dong
khi tac dung lén than vé xe. Tl d6 tinh dwoc cac lyc can va
lvc nang tac dung Ién moé hinh khi xe chay & t6c d6
60km/h. Két qua la gia tri luc can chinh dién la 258,72471N
va lyc nang la -49,59N. Mt thdng s vé cau tao clia khung
v xe dién cling da duwgc lya chon dya trén mic dd wu tién
gidm lyc can chinh dién dé gilip xe cai thién dac tinh khi
dong lwec hoc.
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