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XAC DINH LUC KHi DPONG TAC PONG LEN VO XE KHACH
CcO LON BANG PHUONG PHAP MO PHONG SO

DETERMINATION OF AERODYNAMIC FORCES ACTING ON A GRAND BUS BY
NUMERICAL SIMULATION

Nguyén Tién Diing, Ha Vin Hiéu, Vii Vin Nghia, D Tuin Dat
Truong Co khi, Pai hoc Bach khoa Ha Noi

TOM TAT

Khi mét chiéc xe buyt Ion di chuyén trén dwong, do dic diém ciia né la cé kich thude Iom,
cdc liec va mémen khi dong hoc tac dong 1én than xe c6 thé la nguyén nhan gdy ra sw mdt on dinh
va tai nan. Vi vay, viéc nghién cvuu xac dinh cdc luc va mé men khi dong lam co so cho bai todan
ddnh gid s mdt on dinh cia xe buyt la vdn dé can quan tam. Bai bdo nay tdp trung nghién ciru xdc
dinh cdc e va mé men khi dong tac ddng 1én xe bus I6n trong diéu kién gié ngang tinh. Cdc hé sé
liee va mé men khi déng dwoc xdc dinh bang phirong phdp mé phong sé. Két qua nghién ciru cé thé
dwoc sw dung lam co so cho bai toan danh gid sw mat on dinh cia xe bus 16m khi chuyén dong trén

dwong co gio ngang.
Tir khéa: Xe khdch ¢ 16n; M6 phong s6,; Lwc khi dong; M6 men khi dong.
ABSTRACT

When a grand bus is traveling on the road, due to its large size, the aerodynamic forces and
moments acting on the body of the bus can be the cause of instability and accidents. Therefore, the
study of determining aerodynamic forces and moments as the basis for the problem of bus instability
assessment is a matter of concern. This paper focuses on determining the aerodynamic forces and
moments acting on the grand bus in the condition of static crosswind. The aerodynamic force and
moment coefficients are determined by numerical simulation method. The research results can be
used as the basis for the problem of assessing the instability of the grand bus when moving on the

road in crosswind condition.

Keywords: Grand bus, Numerical simulation; Aerodynamic forces, Aerodynamic moments.
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1. CAC LU'C VA MO MEN KHi PONG

Trong thyc té, khi mot 6 t6 chuyén dong
v6i van toc tuyét doi V, trong diéu kién co gid
ngang voi van toc V  nghiéng v6i mat phang
doc xe mot goc B . Tac dong cua gid ngang
trong truong hop nay gidng véi mot gié twong
duong tac dong 1én xe khong chuyén dong. Gid
trong dwong ndy ¢ van téc V va tao mot goc
nghiéng vy v6i truc doc x cua xe (hinh 1, [1, 2,

3)).

B,

bt euan b i e b

Hinh 1. Vin toc gié tiwong dwong khi xe chuyén
déng trong diéu kién gi6 ngang

Theo quan hé hinh hoc trén hinh 1, ta
co:

V2 =(V,+V, cosB,) +V, sinf2 (1)

V, sinf,

vy, =arctan —————
V,+V,_ cosB,

)

Dudi tac dong cua gio twong duong, cac
lyc, m6 men khi dong tac dong Ién trong tam xe
buyt khi dé bao g@)m: Luc can chinh dién F_,
luc bén Fwy, lyc néng khi dong F_ , m6 men lic
ngang M, m6 men lac doc M, ,, m6 men xoay
thdn xe M (hinh 2). Cac lyc, m6 men khi dong
tac dong dugc tinh nhu sau:

2
F_=CA pv
2

E =CA ;

wy y

2
sz = CZA p;/ ;wa = CMxAh_ (3)

_ pv? .
M,, = Cy A PZoM

wz

, Trong do, C, Cy, C,C,. CMy, C,, la
hé s luc, md men khi dong twong Gng véi cac
truc toa do. A 1a dién tich can chinh dién, h la
chiéu cao trong tam, p 1a mat d khong khi. Cac
luc va m6é men khi dong co thé duoc xéac dinh
bang phuong phdp mé phong khi dong (CFD
- Computational Fluid Dynamics) st dung cac
phan mém chuyén dung.

k.
z

Hinh 2. Cac lyc va moé men khi dong tac dong lén
than xe buyt

2. MO HINH XAC PINH CAC LUC VA
MO MEN KHi PONG

2.1. Xay dung mo hinh hinh hoc

Trong dé tai ndy da lya chon xe buyt
THACO HBI120SL-H380R-14 san xudt va
lap rép tai Viét Nam lam ddi tugng nghién
ctru. Hinh 3 thé hién cac thong s kich thudc
tinh toan thiét ké st dung trong nghién ctu
voi cac kich thude bao co ban LxWxH Ia
12050x2500x3500 mm.
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Hinh 3. Théng s6 kich thudc ciia xe buyt THACO
HBI120SL-H380R-14

Trong tinh toan mé phong s khi dong
hoc 6 to (CFD), can thuc hién xdy dung mo
hinh tinh todn mo6 phong. Mo hinh xe buyt
duge mo phong trong khong gian 3 chiéu (3D)
thong qua str dung phan mém Solidworks 2016
(hinh 4, [4]).

Khi thue hién mé phong, dé phu hop
v6i kha ning tinh todn ctia may tinh nhung van
dam bao duoc tinh ding dén va do tin cay, bai
toan mo phong khi dong xe khach sir dung mot
s6 gia thiét: M6 hinh vo xe 1a tuyét dbi cing,
khong xay ra su bién dang cua vo xe trong subt
qua trinh mo phong; Bo qua qua trinh trao doi
nhiét gitra vo xe va khong khi; Bé mit vo xe 1a
bé mat nhin (khong xét dén cac chi tiét phu nhu
guong, gat mua, tay nam cta,...).

Hinh 4. M6 hinh 3D cua xe buyt tham khao
2.2. Vung khong gian mé phong

Vung khong gian moé phdéng la viung
khong gian bao quanh vét thé, duoc gidi han
trong qua trinh mo6 phong. Trong tu nhién,
khong khi chuyén dong quanh vét thé ding
yén hodc vat thé chuyén dong va do d6 ving

khong gian quanh vat thé s& ¢ gidi han ¢ vo
cung (hay no1 cach khac 1a khong c6 gidi han).
Tuy nhién, khi mé phong trén may tinh, viéc
lya chon cac kich thude cua ving khong gian
nay duoc thyc hién sao cho bai toan mé phong
sat v6i diu kién van hanh thyc té, nhim dat
duoc két qua c6 do chinh xac va do tin cay cao,
dong thoi khdi luong tinh toan phu hop (yéu
cau vé dung luong bd nhé, cAu hinh may tinh,
thoi gian tinh toan,...).

Hinh 5. Ving khong gian mé phong khi dong cua
xe khach trong Ansys

Trong nghién ctru nay, st dung vung
khong gian m6 phdng c6 dang hinh hop chir
nhat. V&i cac tinh toan khi dong hoc yéu ciu
dd chinh xac khong qué cao véi thoi gian tinh
toan chap nhan dugc thi kich thudce ving khong
gian dugc lga chon 1a 30.000mm x 20.000mm
x 10.000mm.

2.3. Chia lwéi

Chia ludi thuc chat 1a viéc roi rac hoa
ving khong gian mo phong thanh cic phan
tar dé thyc hién viéc tinh toan gan dung bang
phuong phap s6 (trong Ansys Fluent 1a phuong
phap thé tich hiru han). Viéc chon kiéu luédi, s6
lwong phan tir, kich thudc ludi, mat do ludi phu
thudc vao cac yéu t6 sau: Tinh chét ctia bai toan
mo phong, d6 chinh xac can thiét cua két qua
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mo phoéng, cdu hinh may tinh hién c6 va thoi
gian dé thuc hién mo phong bai toan.

Do vay, khu vuc nao ma viéc chia luéi
anh huong manh dén két qua mo phong thi ludi
phai dugc chia day, min, dam bao kich thudc va
ti 1& phat trién lu6i thich hop. Con & cac khu vire
ma chét luong ludi ¢6 anh huong khong nhidu
t61 két qua mo phong thi c6 thé chia ludi thua
hon, thadm chi 1a ludi thd. Trong mo hinh tinh
toan cac hé s6 luc va mé men khi dong, khong
gian chia lu6i trong mé phdng dugc chia thanh
3 khu vyc riéng biét, ving khong gian gan xe
nhat c6 dang hinh hop chir nhat véi kich thudc:
Dai x rong x cao = 15.000mm x 6.000mm x
4.500mm; vung thtr hai ciing c6 dang hinh hop
co kich thudc: dai x rong x cao = 30.000mm x
16.000 mm x 10.000mm va vung thtr 3 1a ving
con lai. Vi bién dang vo xe buyt ¢& 16n réat phirc
tap, do do, vung 1 dugc chia ludi rat min, vung
2 duoc chia twong d6i min con ving 3 dugc
chia tho. Két qua sau khi chia ludi, mé hinh c6
558293 niit, 2354550 phan tir ludi (hinh 6).

Hinh 6. Viung khong gian tinh toan trong
Ansys Fluent

V61 mo hinh 3D hién nay, cac dang
phan tir co ban dang dugc st dung dé hinh
thanh nén ludi 1a phan tir t dién (tetrahedral),
phan tr dang lang tru (prisms), phan tir dang
kim ty thap (piramids), phén tor dang luc dién
(hexahedral) va phan tir da dién. Do bé mat vo
xe buyt ¢& 16n 1a phirc tap (c6 nhidu bé mat nho
v6oi do cong khac nhau) nén bai bao st dung
luéi tir dién dé dam bao kha ning dap tng véi

cac md hinh c6 cu trac phirc tap [6]. Qué trinh
chia lué6i va chat luong ludi da dam bao duoc
cac chi ti€u danh gia sy hoi tu va do chinh xac
ctia két qua theo cac tiéu chi danh gia cta phan
mém Ansys Fluent.

2.4. Lwa chon md hinh dong roi

Trong nghién ctru khi dong hoc 6 to,
dé mo ta dong chay khong khi bao quanh vo
xe, cac nha nghién ctru st dung phuong trinh
navier — stoke. Vi van toc dong khi khong 16n
(hé s6 m<0,3) nén co thé coi dong khi chay xung
quanh v6 xe 6 t0 la dong khong nén va duogc
mo ta dudi dang hé phuong trinh vi phan dao
ham riéng. Tuy nhién, trong thuc té, dong chay
khong khi bao quanh vo xe 6 to 1a dong réi. Dé
giai quyét cac van dé phuc tap do, trong phan
mém Ansys Fluent sir dung mé hinh gan dung
dé mo ta cac dong rdi bao gdbm cac mo hinh:
K-EPSILON, K-OMEGA, TRANSITION
K-KL-OMEGA, TRANSITION SST. Qua thw
nghiém cho thay, mo6 hinh dong rbi K-EPSILON
c6 két qua phu hop nhat [5].

2.5. Thiét 1ap thuit gii, dat diéu ki¢n bién

Trong Ansys Fluent c6 hai loai by giai:
Pressure - based va density - based. By gidi
density - based thuong st dung cho dong chay
¢6 s6 Mach 16n (m > 3). Vi viy, trong mé phong
nay su dung bd giai Pressure - based (st dung
cho dong chay c¢6 s6 Mach m < 3). Trong mo
phong nay, sir dung sai s6 dé kiém soat hoi tu 1a
10+, khi @0, két qua s& hoi tu sau khoang 1.400
vong lap. Dé c6 thé chay mo phong bai toan khi
dong can cac diéu kién bién (hay cac thong s6
ban dau) cho bai toan. Céc diéu kién bién cua
bai toan ciling duogc thé hién trong bang 1.
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Bdng 1. Thiét ldp thudt gidi trong Ansys [5, 6]:

Simulation 3d
Processing option Serial
Pressure — velocity coupling
Scheme Coupled
Time Steady
Solver
Gradient Least squares cell based
Pressure Standard
M6 mentum First order upwind
Turbulent kinetic energy First order upwind
Turbulent dissipation rate First order upwind
Iteration First order upwind for 10000 iterations
Explicit relaxation factors
Pressure 0.25
Mo mentum 0.25
Under — relaxation factors
Turbulent kinetic energy 0.8
Turbulent dissipation rate 0.8
Turbulent viscosity 0.8
Monitors
Residual, statistic and force monitors Residual, drag, lift
3. KET QUA MO PHONG qua vé pho van téc dong khi c6 thé dugc thé
hién trén toan by khong gian nghién ctru, hodc
3.1. Vén tdc va ap suit dong khi thé hién trén cac mat cit dic trung.

Hinh 8. Véc to van toc tai mdt phcfng nam ngang

Hinh 7. Phé vin toc tai mdt phang nam ngang cach mat dwong 2m
cach mat dwong 2m

Hinh 7, mé ta phd véan toc dong khi tai

Van téc va ap suat dong khi 1a mot mit phang nam ngang cach mat dudng 2m. Do

trong nhimg két qua mo phong véi mdi tinh xe di thang, nén pho van tdc tai mit phang nam
toan khao sat & mot trudng hop gid tinh. Két ngang gan nhu ddi xtmg (hinh 7). Tai phia dudi &
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xe xudt hién ving rdi (ving mau xanh nudc
bién), sé lwong vecto van toc it (hinh 8), ving
rdi nay 1a nguyén nhan chinh gy luc can khi
6 t6 chuyén dong. Mubn giam lyc can trén xe,
vé mat thiét ké phai giam khong gian cta ving
chan khong nay.

e
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Hinh 9. Phé van téc tai mdt phcfng doc chinh
gitra xe

Hinh 10. Vecto vén toc tai mat phcfng doc chinh
gitia xe

Hinh 9, mé ta phd vén tc dong khi tai
mat phang doc chinh giira xe (mit phiang xOz).
Vung khong gian chay rdi ¢6 mau xanh da troi
¢ phia duo6i xe (hinh 17), trong do, xuét hién
nhiéu véc to van tdc c6 hudng chuyén dong
nguoc véi hudng chuyén dong cua xe (hinh
10). Cling nhu phan tich & trén, vung khong
gian chay rdi nay la nguyén nhan gay ra lyc can
chuyén dong cua xe. Tai phia gﬁm xe, do dai
clia vecto van tbe ngén, tirc 12 van toc & dudi
gim xe thap, van tdc phia trén noc xe c¢6 do dai
16m, tirc 1a van toc & s6 16n hon. Sy chénh léch
van toc dong khong khi phia gdm xe va trén
ndc xe la nguyén nhan gy ra lyc nang than xe
(hodc luc ép theo phuong thiang ding 1én 6 t6).

3.2. Lwc va mo men khi dong

Trong nghién clru nay, cac dinh luc, mé

men tac dong 1€n vo xe buyt dugc xac dinh tai
géc toa dg dat trung vdi trong tdm O cua xe. Gi6
xién tac dong Ién vo xe ¢ trang thai tinh, nghia
la xe dung yén, mdt gi6 twong duong c6 van
téc v (tinh theo m/s) va co gbc nghiéng véi truc
doc cua xe (tinh theo dg) tac dong 1én vo. Gia
trj van toc gi6 khao sat tir 0 m/s dén 40 m/s (144
km/h). Gié tr1 goc nghiéng khao sat 1a tir 0 do
(gi6 thang) dén 60 do so véi truc doc. Vi mdi
truong hop cua véan tde gio va mot goc nghiéng,
mo hinh mo phong khi dong hoc cua xe s€ tinh
toan phan tich ra cac thanh phan luc va mé men
khi dong. Két qua mdi lan mod phong s& tinh
toan ra lyc can F_(luc khi dong doc truc x), luc
bén F_ (lyc khi dong doc truc y), luc nang F,

(luc khi dong doc truc z), md men lic ngang M

(md men khi dong quanh tryc x), mé men e
doc M, (m6 men khi dong quanh truc y) va mo
men xoay thdn xe M_ (m6 men khi dong quanh
truc 7). Tong hop céac lyc khi dong trong toan
mién khao sat duoc thé hién trén cac hinh 11
dén hinh 16.

. 1

AERE

Hinh 11. Ly can theo vin téc va goc nghiéng

N 2 = -

Hinh 12. Luc bén theo goc nghiéng va vin toc
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Hinh 13. Lirc ngang theo géc nghiéng va vin toc

Hinh 14. Mé men ldc ngang theo géc nghiéng va
van téc

Hinh 15. Mé men ldc doc theo goc nghiéng va
van toc

Hinh 16. M6 men xoay than xe theo goc nghiéng
va van toc

3.3. Cac hé s6 khi dong

Khi st dung cac phin mém chuyén
dung cé thé tinh toan truc tiép cac luc va mo
men khi dong trong mdi truong hop gié tuong
duong (trong cong thirc 3). Tuy nhién, dé su
dung ching cho céc bai todn mo6 phong dong
luc hoc (vi du nhu bai toan 6n dinh chuyén
dong), viéc xac dinh cac hé s6 khi dong 1a c6
¥ nghia hon. Khi d0, tai mdi trang thai chuyén
dong cua xe (twong tmg véi toc do V, va gbc
nghiéng than xe voi ludng gi6 v ) s& xac dinh
dugc gio twong duong (V, B ) va nhu vay, tinh
toan duoc cac luc khi dong mot cach dé dang
hon théng qua cac hé sb khi dong dwoc xac
dinh bang phuong phap ndi suy. Dbi v6i bai
toan xac dinh cac van toc c6 thé gay mét on
dinh cho xe (& c4 trang thai tinh va khi chuyén
dong, can thiét phai xac dinh cac hé sb clia cac

luc, m6 men khi dong theo goc nghiéng v .

Viée xéac dinh cac hé sd khi dong bz‘ing
mo hinh mo6 phong duoc thyc hién khi st dung
gia thiét xe dimg yén (V,=0), mot ludng gi6 c6
van tdc V_ va tao mot goc nghiéng B voi truc
doc cua xe. Nhu vay, trong truong hop nay, van
tbc gio6 trong duong trong tinh todn nay V =
V, vay, =B . Ciche¢ s6 khi dong tai cac goc
nghiéng v  dugc tinh toan theo phuong phap
phan tir hitu han tir phan mém chuyén dung thé

hién trong Bang 2.
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Bdng 2. Hé s6 khi dong tai cdc géc nghiéng:

0 Cic h¢ s6 khi dong
WW( ) Cx Cy Cz CMx CMy CMz
0 0.51 0.00 -0.18 0.00 -0.12 0.00
10 0.65 0.97 0.13 0.04 0.03 0.28
20 0.69 1.91 0.77 0.06 0.03 0.53
30 0.61 2.93 1.37 0.08 0.02 0.64
40 0.44 3.88 1.67 0.12 -0.04 0.66
50 0.17 4.54 1.75 0.17 -0.09 0.61
60 -0.12 4.61 1.60 0.20 -0.08 0.55
70 -0.25 4.30 1.11 0.21 -0.05 0.32
80 -0.27 4.13 0.74 0.22 -0.05 0.04
90 -0.23 4.06 0.62 0.28 -0.07 -1.40

Nhu da dé cap ¢ phan 1, trén thuc te,
khi van toc chuyén dong cia xe, hodc van toc
vV, va goc nghlqng B, cua gio thay doi s€ lam
thay doi thong so cua gio twong duong (véan toc
\% va goc tac d(_)ng V) Tu cac két qua tl‘nh toan
r01 rac nay, co thé xac dinh cac ham noi suy dé
tinh todn cac hé s6 khi dong lam thong s6 dau
vao cia mo hinh on dinh cua xe.

4. KET LUAN

Bai bao da trinh bay co s& 1y thuyét
va cac budc xdy dung md hinh xac dinh lyc
khi dong bang phuong phap mo phong sb sir
dung phdn mém chuyén dung. Cac luc va mod
men khi dong dugc phan tich trong céc truong
hop thay dbi van téc chuyén dong cia xe va
diéu kién gi6 ngang (van tc gid, hudng gio).
Két qua tinh toan xac dinh cac hé sd khi dong
cling duoc khao sat theo cac yéu t6 phu thudc
vao diéu kién van hanh (van téc doc cua xe) va
diéu kién ngoai canh (van téc va hudng gio).
Céc két qua tinh toan nghién ctru vé luc va mé
men khi dong sé& 14 co s& thong s6 dau vao cho

bai todn phan tich va danh gid anh huong cua
luc khi dong chiung dén sy mat 6n dinh cua xe
khach trong di¢u kién c6 gio ngang. <
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