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This article presents research on the effects of rear spoilers on the
aerodynamic characteristics of sports cars. The simulation uses
Solidworks to design the original car model, and the car with the
rear spoiler is applied to the Flow Simulation module to analyze
the model's aerodynamic characteristics. The results showed that
the lift coefficient decreased by 11.2%, the drag coefficient
decreased by 5.05%, and the vortex area behind the rear of the
vehicle tended to fade away, reducing the vehicle's restraint. These
values are expressed through the pressure and velocity
distributions around the model. Therefore, it is proposed that a
rear spoiler be added to sports cars to help stabilize them when
running at high speed.

Keywords: Aerodynamics, drag coefficient, lift coefficient, rear
spoiler, Solidworks, sports car

Téng trong lwong va hinh dang bén ngoal xe 1a mot
trong nhitg yéu t6 quan trong nham cai tién dic tinh
Nghién ctru vé khi dong lyc hoc 6 to dang ngay khi dong lyc hoc cua xe (Heft et al., 2012). Bai bao

1. GIOI THIEU

cang phat trién va dang tro' thanh mot yéu té cip nay mo ta ngan gon mo phong déc tinh khi dong hoc
thiét véi nganh 6 t6 hién tai nho biét duoc anh hudng dang hoat dong va cach thirc hoat dong cling nhu
khi dong nhiéu ngudi di cai tién 6 to ciia minh phu cach n6 gitip cai thién chat lugng tt nhat. Bé hiéu
hop véi diéu kién di lai trén duong (Hucho, 1987). biét thém vé khi dong luc hoc 6 6, cdc nha nghién
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clru 1an lugt tim hi¢u nghién ctru ddc tinh khi dong
luc hoc quanh 6 t6 bang hai phuong phap mé phong
va thuc nghiém.

Nhiéu nghién ctru vé mo phong nhiing dong khi
quanh 6 t6 va cai tién sy anh hudong dong khi da
duogc thuc hién. Cu thé cac cong trinh da dugc
nghién ciu gan ddy, cac tic gia Madane et al.,
(2020) da nghién ctu anh huong cua khi dong luc
hoc dén canh lu6t gio khi xe & toc do cao thong qua
md phong CFD (Computational Fluid Dynamics)
bét du tir 0° dén 40°, véi d6 chénh léch khong ddi
1a 10° v&i canh ludt gio ¢ trang thai 6n dinh vé cac
huéng khac nhau ciia cing mot mé hinh. Két qua tac
gia thu duoc biéu dién du6i dang hinh anh db thi cho
thdy khi goc thay ddi, & cac goc do ban dau, dong
chay ty didu chinh ma khéong bi xdo tron nhiéu
nhung khi goc tang 1én hinh thanh mot ving tuan
hoan phia sau cdu triic canh va tao ra nhiéu Iyc can.
Trong nghién ctru Prabhu et al. (2020), cac tac gia
da str dung Solidworks dé thiét ké canh dudi gié phia
sau cua 0 t6 va dung mo dun Flow Simulation cia
phan mém dé phan tich dic tinh khi dong hoc nham
xac dinh lyc can anh huong dén murc tiéu hao nhién
liéu cua xe.

Flow Simulation véi hai canh gi6 sau khac nhau
st dung CFD. Phan tich nay da dugc thyc hién va
két qua thu dugc & cac van toc khac nhau, cac gia tri
luc cén va luc nang khac nhau. Cac gia tri mo6 phong
CFD dugc trinh bay trong két qua khi sir dung canh
luét gio tha hai cho két qua tot hon ngay ca khi van
tc tiép tuc ting. RS rang 1a cac dic tinh khi dong
hoc ¢6 thé duge cai thién hon nita bﬁng cach thay
d6i kiéu dang bén ngoai cua than xe. Cac nha nghién
ctru (Buljac et al., 2016) da phan tich khi dong hoc
0 t0 bi anh hudng bdi canh gi6 phia sau hinh canh
quat, dugc thye hién béng cach nghién ctru tinh toan
str dung phuong trinh Reynolds-Navier-Stokes, goc
gio tdi wu cua canh phia sau da dugc xac dinh 1a 18°.
Két qua tac gia dat dugc néu khong c6 canh sau lyc
nang cda 0 to 1a duong, trong khi lyc nang khi c6 dat
canh sau 1a am. Canh gi6 sau lam tang luc can 0 t6
khong c6 191 cho 6 t6 ti€u thy nhién liéu. Nath et al.
(2021) da nghién ctru giam lyc can bang ung dung
thiét bi khi dong lyc hoc trong mot chiéc xe dua, mo
hinh 6 t6 ba chiéu dwoc phat trién trong Solidworks
v17. Tinh toan bo dong luc hoc chét 16ng tinh toan
(CED). Két qua mo phong va phan tich cho thiy cac
thiét bi khac nhau tao ra mot so chirc nang khac
nhau, nhung lyc can t6i da giam dugc tim thiy trong
truong hop GT voi canh ludt gio va can sau vai muic
t6i da giam 16,53%. Ngoai ra, Yakkundi & Mantha
(2018) da khao sat anh hudng ciia canh luét gio dén
cac dic tinh khi dong hoc clia 6 t6 bang cach tinh
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toan bd dong luc hoc chét long tinh toan (CFD) duoc
thue hién v6i 3 mo hinh nhidu loan. Két qua tac gia
thu dugc cho thiy lyc ning giém nhung luc can
tang 1én. Tuy nhién, loi ich cua viéc giam lyc nang
xudng va ting do bam duong s& bu dip cho su gia
tang lyc can, canh ludt giod thuc hién chirc ndng cua
n6 & te do cao.

Trong bai bao nay, mo phong dac tinh khi dong
luc hoc cua canh ludt gio sau ciia dong 6 to thé thao
duogc nghién clru nham cung cp cho nguoi doc hiéu
13 hon vé su anh hudng cua khi dong luc hoc. biéu
d6 ciing thé hién tim quan trong trong qua trinh san
xudt 6 t6. Két qua mo phong dugc so sanh véi mod
hinh ban dau. Dé dat dugc muc tiéu nay, ph?m mém
Solidworks dugc st dung phan tich trong modun
Flow Simulation dé mo phéng dac tinh khi dong luc
hoc dong khi.

2. MO HINH VA MIEN TiNH TOAN
Nhiing mau xe thé thao 2D tham khao dugc sir
dung d€ xay dung mé hinh 3D cua xe nguyén ban

véi kich thude Dai x Cao x Rong =4430 mm x 1305
mm x 1765 mm nhu Hinh 1.

|

Hinh 1. M hinh xe thé thao nguyén ban
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Hinh 2. Théong s kich thuéc canh luét gié
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’Thiét bi canh ludt gio6 sau trong Hinh 2 dugc
thiét ké dya vao cong trinh nghién ctru ctia Cakir
(2012).

M5 hinh 6 t6 cai tién c6 gin canh luét gio da
duoc phac hoa nhu trong Hinh 3.

Hinh 3. Mb hinh xe thé thao trang bi canh lrét
gio sau

M5 hinh 3D dugc don gian hda hoac lugc bot
mot s6 vi tri phirc tap so voi thiét ké 2D (vi du nhu
hé thong gam duoc don gian hoa, lugc bo cac ong
va can gat nude, mdi nbi cac khe hé nho dudi 10
mm...). Muc dich 1a dé giam tai nguyén tinh toan
trong khi van giir dugc hinh dang ty nhién, dam bao
thé hién duoc cac dic tinh khi dong hoc cua xe.

Mién khéng gian tinh toan 1a ving khong gian
bao quanh vat thé duoc gidi han boi nhitng thong sb
dugc tinh toan trong qua trinh mo phong. Mién tinh
toan can phai c6 kich thudc cu thé va da 16n duoc
gi6i han boi cac mit phang dé dam bao dong khong
khi khong bi tac dong boi md hinh nghién ctu va
khong lot khi ra bén ngoai. Tuy nhién, ta cling khong
thé Iya chon mién qué rong va 16n dan dén lam ling
phi tai nguyén may tinh, tang lugng thoi gian mo
phdéng.Vi vay, dua vao cac cong trinh nghién ctru
trude (Corallo et al., 2015; Dang et al., 2015; Tunay
et al., 2016), mién khong gian tinh toan dugc tinh
toan phu thudc vao kich thude vat thé mo phéng
dugc trinh bay trong Hinh 4.

5xCaoj
\ /—@ﬁ/’/
6xRong 3xDa1

Hinh 4. Kich thwéc mién tinh toan
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3. PHUONG PHAP MO PHONG SO
3.1. Phuong trinh toan hoc mé phong

Phuong trinh Navier-Stokes thuong dugc su
dung dé mo ta chuyén dong cta dong luu chat. No
bao gém cac phuong trinh bio toan nang lugng va
dong lugng, phuong trinh bao toan khéi lwong
(phuong trinh lién tuc). Chét khi dugc nghién ctru
vé dic tinh Khi dong luc hoc thi khong bi nén nén
chi 4p dung phuong trinh bdo toan dong lugng va
phuong trinh lién tuc (Shrivastava et al., 2018;
Shang, 2019) nhu sau:

Phuong trinh lién tuc:
ou oOv ow
—+—+—=0 )
ox Oy Oz

Phuong trinh béo toan dong lugng:
1
Ou;+u,0u, = —;Gip +v0,0u, (2)

Bai bdo sir dung phwong trinh Reynolds Navier
— Stokes trung binh hoa (RANS) d¢ phan tich bai
toan khi dong luc hoc 6 to:

aiu_i:()
L
Ou, +u,0u, =——0,p+—0, (r —pu',u )(3)
p T p

Trong do: u,v,w - Van tde cua phén ttr luu chét
theo 3 truc toa dd X,¥,Z; 6,ul. - Pao ham riéng theo
thoi gian clau; p - Khéi lugng riéng ciia khong khi
(kg/m?); p - Ap suit (N/m?); v - DB nhét dong hoc
cua khong khi (kgm/s'); pu,'u,’

- Ung suét

Renolds; ;- Ung sut Ten-so.

Hé sb can biéu thi kha nang chiu dugc lyc can
khi dong hoc. H¢ s6 cang cao thi lyc can khi dong
hoc tac dung lén vit thé cang 16n. H¢ s6 can phu
thuc vao hinh dang va vi tri ciia vat. Hé s6 nang
biéu thi xu huong kha nang xe bi nang 1én trong qua
trinh di chuyén vi vay can giam hé s6 nang dé banh
Xxe tiép xtic voi mat duong tot hon. Duy tri trang thai
6n dinh cho xe.

Gi4 tri hé s6 can va hé s6 nang dugc tinh toan va
khai bao trong Goals cuia Solidworks thong qua
cong thire (4,5) nhu sau:
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¢ 2Fy W
¢ prVEE4

=2t )
! p*vz*A

V6i: Cqy — tmg voi hé s6 can va hé sb nang cua
xe; Fp; — twong g voi luc can va lyc néng cua xe,
gia tri nay dugc xac dinh thong qua ket qua md
phong khi dong luc hoc (N); v — véan tdc chuyén
dong cuia xe 6 t6 (m/s); A - Dién tich can chinh dién
(m?).

3.2. Chia luéi va diéu kién bién

Viéc phan nho cac viung khong gian mé phdéng
trén moé hinh thanh cac phan tir & phan tich khi dong
hoc gin dung bang phuong phap s6 chinh 1a chia
ludi. M6 hinh chia ludi nay dugc thé hién trong
Hinh 5.

(b)

Hinh 5. M6 hinh chia lw6i 6 t6 nguyén bén (a)
va 0 to cai tien (b)

Trong bai bao nay st dung cong cu Mesh cua
Solidworks dé chia nhé mé hinh 6 t6 nguyén ban va
cai tién thanh cac phﬁn tr nho véi dang luéi tor dién
khéng c6 cdu trac dé tién hanh phan tich (Liu et al.,
2017). Kich thudc ludi vira di nho dé dam bao do
chinh xéc cta két qua mé phong (Hamut et al., 2014;
Stechly et al., 2014) nham han ché thoi gian tinh
toan va dung lugng may tinh.

Tép 60, S6 54 (2024): x-x

Pé thuc hién mé phong khi dong hoc thi sau khi
chia ludi can phai dit cac diéu kién bién dau vao cho
mo hinh nhu sau: khong khi co khéi lugng riéng 1a
1,225 (kg/m®) (Hammad et al., 2019), van t6c cua
dong khi 1a 30 m/s, tiét dién tinh toan ciia md hinh
duoc xac dinh trong Solidworks (Hinh 6).

Area: 1724610.19mm*2

Perimeter:| 6577.75mm

Hinh 6. Tiét dién can ciia mé hinh 6 to
4. KET QUA

St dung moé—dun Flow Simulation cua
Solidworks d& mé phong dic tinh khi dong luc hoc
clia 6 t6. Dau tién nghién ciru tién hanh khao sét su
phan bé truong van tée quanh xung quanh mé hinh
nhu sau:

Hinh 7. Phin b truwong vén téc xung quanh mé

hinh 6 t6 nguyén ban (a) va & td cai tién (b)

Cot thang dung thang mau sic tir mau xanh da
troi dén mau do thé hién d6 16n van tdc tang dan tir
thdp dén cao. Sy khac biét giita mo hinh xe nguyén
ban (Hinh 7a) va xe cai tién (Hinh 7b) & vi tri phia
duodi xe sau khi gin canh lu6t gio phia sau. O Hinh
7a xe nguyén ban thi van tbc sau dudi xe 16n hon
dwa vao mau sic clia chung (mau xanh 14 cdy), sau
khi gén thém canh lu6t gié phia sau thi vén toc tai
day bi khuéch tan di, vi vay van tde tai day s€ nho.
Diéu nay s& dan dén viée phan bd ap suét va dong
xody sau dudi xe thay doi.
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Dbi v6i su phan bd trudng ap suat xung quanh
mo hinh dugc thé hién & Hinh 8.

Hinh 8. Phéan bo truomg ap suit xung quanh mé
hinh 6 t6 nguyén ban (a) va 6 to cai tien (b)

Khi quan sat két qua méd phong trong Hinh 8, ta
d& dang nhan thiy ap suét phia sau dudi xe ciia Hinh
8b ¢6 xu hudng tang 1én (phan dién tich mau xanh
la cay nhiéu hon). Giai thich cho diéu nay la boi
dong khi xung quanh mé hinh tuén theo Pinh luat
Bernoulli (Zhou et al., 2017), tirc 12 vén tdc sé ty 18
nghich véi ap suat. Khi xe trang bi canh ludt gié phia
sau thi van toc giam dan dén ap suét tang 1én.

Két qua mo phong van tdc va ap suét cia hai md
hinh 6 t6 dugc trinh bay trong Bang 1 cho thiy su
thay ddi rd hon vé khi dong luc hoc ddi véi 6 t6 co
gan canh ludt gio.

Bang 1. So sanh gia tri van téc va ap suit phia
sau dudi xe hai mé hinh 6 t6 trong hinh

7 va Hinh 8
Mo Neuvén Cé gin
hinh 0 8 ,y canh luét So sanh
n ban . s
to gio
A A Giam
V(i“vg)’c 15977 12,762 3215
e (20,12%)
Ap suat Giam 98,9
(pay 10142233 10132343 70,0

Hinh 9 bén dudi md phong vung xoay phia sau
duoi xe. Trong Hinh 9a cho thdy viing xody cua xe
nguyén ban tip trung nhiéu hon va gin sat phia dudi
xe. Trong khi Hinh 9b ciia xe c6 gin canh luét gié
thi viing xody nay c6 xu hudng phan tan ra xa phia
sau xe. Didu nay gitp cho xe han ché bi giit lai trong
qué trinh di chuyén toc d¢ cao tuong tu trong cac
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nghién ctu truéc day (Ruia et al, 2015;
Palanivendhan et al., 2021).

Hinh 9. Viing xo4y phia sau mo hinh 6 to
nguyén ban (a) va 6 to cai tien (b)

Cubi cung dwa vao cac mé phong xac dinh dwoc
luc can, luc nang, hé so can va hé s6 nang cua mo
hinh 6 t6 nguyén ban va mo hinh 6 t6 c6 gan canh
ludt gio phia sau dugc thé hién qua Bang 2.

Bang 2. So sanh hé s6 can (Cd) va hé sé nang (CI)
ciia hai mo hinh 6 to

Mo Nouvén Co gz"'m
hinh 6 guy canh luét So sanh
n ban . r
to gio
Luc can Giam
N) 364,895 346,47 18,425
Heé s6 Giam 0,02
can 0,384 0,364 (5.05%)
Lyc Giam
nang 385,505 342,19 43315
(N) ’
Hé s Giam
nAn 0,405 0,36 0,045
& (11,2%)

Cac két qua md phong va Bang 2 cho thiy anh
huong cia canh ludt gié ddi véi 6 to thé thao rat 1a
quan trong. N6 gitip cho dong 6 t6 thé thao di
chuyén 6n dinh va han ché dugc tiéu hao nhién liéu,
didu nay tuong ty nhu cac nghién ctru trude day
(Cakir, 2012; Ayyagari et al., 2017; Verma et al.,
2021).

5. KET LUAN

Solidworks dugc str dung trong nghién ctru dé
xay dung mo hinh 3D cua dong xe thé thao nguyén
ban va xe c6 trang bi thém canh ludt gié phia sau
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duoi xe. Sau qua trinh phan tich dac tinh khi dong
I hoc cta hai mé hinh xe trong truong vén tbc, ap
sudt va ving xody phia sau xe bang mo-dun Flow
Simulation trinh bay dugc sy khac biét vé sy anh
huong cua khong khi tac dung 1én hai mé hinh. Két
qua nghién ciru thé hién mé hinh xe c6 gin canh luét
gi6 phia sau c¢6 hé s6 can giam 0,02 va hé sé nang
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