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\( NGHIEN CUU CAC GIAI PHAP GIAM LUC CAN KHI PONG
TREN VO O TO KHACH BANG PHAN MEM ANSYS

RESEARCH IN SOLUTIONS TO REDUCE AERODYNAMIC DRAG
ON BUS WITH ANSYS SOFTWARE

P3 Viin Quyét', Nguyén Trong Hoan?, Td Hoang Tang’
I'Trirdng Pai hoc Sao Po
?Trudng Dai hoc Bach Khoa Ha Not
3Cuc Piang kiém Viét Nam

TOM TAT

Lire can khi dong tac dung lén vo 6 10 khdch co lon chuyén dong voi vdn toc cao tiéu thu m
phan ddng ké céng sudt cua dong co. Pdy Ia mét trong nhitng nguyén nhdn lam gia fang muc tié

thu nhién liéu va 6 nhiém méi trieomg. Bai bdo, trinh bay phwong phdp va mét 56 két qua tinh tod
xdc djnh lyc can khi dgng trén vo 6 16 khach bdng phan mém ANSYS-FLUENT. Trén co so cac ki

gua nghién cuu, cac tac gia dé xudt mot so gidr phdp thay dsi két céu v xe nham giam thiéu by
can khi @dng ma khong anh hwéng dén khéng gian sir dung citng nhu tinh tham my ctia no.

Tw khoa: Khi dong hoc, luc can khi dong, hé sé6 can khi dong.

ABSTRACT

The force of aerodynamic drag on the body of big buses which are moving at high velocit
consuming a significant share of the engine capacity This is one of the reasons which increase t
Juel consumption and environmental pollution. The research paper presents the methodology ar
calculation results to determine the aerodynamic drag on the bus body with the ANSYS-FLUEN
software Based on the research findings, solutions are vecommended to change the bus boc
structure fo minimize the aerodynamic drag without any impact on the bus space and its aesthetic

Keywords: Aerodynamics, aerodynamic drag, aerodynamic drag coefficient.

1. PAT VAN BE

O t6 khach giudng nam hai ting dang
duoc s dung phé bién & Viét Nam dé van
chuyén hanh khédch trén nhimg tuyén duong
da, trong do 6 t6 1ap rap trong nudc chiém ty
Irgng cac. Do ¢6 kich thudc 1on, loar § td nay
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chiu luye can khi déng rat 16n, dic biét 12 ki
chuyén dong trén dudng qubc 1§ hodc dudr
cao tdc vdi van tée cao. Theo ly thuyé’t,, furce 2
khi dong duoc xac dinh theo cong thirce:

F. :%quw (
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Trong cong thire trén, khdi lugng riéng
ciia khong khi p 12 thong s khéng thé thay ddi.
Pé giam lirc can, néu giam dién tich can chinh
dién A thi khﬂng gian si dung bi giam, con néu
giam van tdc V thi s& 1dm gidm niing sudt vin
chuyén. Vi viy, giai phdp duy nhit dé giam luc
can khoéng khi 1a tao hinh dang khi ddng hoc t6i
wu d€ c6 duogce hé s6 can C_nho nhat.

Be giam C cin cé nhitng nghién curu
siu ca vé 1y thuyet va thuc nghiém nhim xéc
dinh duge cic véu t6 anh humrlg, trén co sO do
dé xuat cac giai phéap cai thién két cau phi hop.
Tuy nhién, cac nghién ctru ly thuyét hién nay
déu duoc thuce hién dua trén viéc giai phuong
trinh Navier — Stokes bang phuong phap sb voi
sir hé tro cua cac may tinh siéu manh. Ngodi
ra, cac nghi€n ciru thue nghiém do1 hdt phai ¢o
trang thiét bi phu hop va chi phi rat cao. Pay la
nhimg khé khin 16m doi vai cac nha nghién ciru
¢ Viét Nam.

V&1 nhitng khé khan trén, nhom tac gia
d3 st dung phan mém chuyén dung ANSYS -
FLUENT dé mo phong dong chdy khéng khi
bao quanh vo xe va tu do tinh toan xac dinh hé
sO can C,- Pay la cong cu mo phong dong chay
hidu qua va c6 dod chinh xac cao, duge nhiéu

nha nghién ciru trén thé giGi chap nhan va si
dung [3].

2. MO PHONG DONG CHAY KHONG
KHi BAO QUANH VO XE BANG ANSYS

Pé md ta dong chay roi bao quanh v
xe, phan mém sir dung phuong trinh Reynolds
Navier  Stokes trung binh hoa (Reynolds
Average Navier Stokes, viét tat 1a RANS):

c i =0

Trong cac phuong trinh trén, cac thanh
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phan vén t6c theo 3 phuong u va ép suat chat
léng p duge mo ta nhu sau:

u = +u ;p=p+p (3)

V&i u, p la gia tri trung binh vau', p' la
thanh phan bién dong cua vén toc va ap sudt.

PDé md td Umg suat cua dong rdi

r; =—pu',u', nguoi ta s dung cac mé hinh
khac nhau tuy theo yéu cau cu thé ctia bai toan.
ANSYS — Fluent ciing cung cAp nhiéu mé hinh
dé giai bai toan nay. Hién nay, mé hinh duge
dung nhiéu hon ci 13 SST k - ®. Khi d6, ngoai
RANS c¢o6 thém 2 phuong trinh sau:

pdk+pir 8 k=08,([,0k)+G, ~¥, +5, (4)
pd.w+pi ,0=8,00)+G,-Y, +D,+85,(5

Trong 4o, 5 dac trung Ehﬂ st hinh
thanh déng néng do gradient van toe; G dac
trung cho su hinh thanh déng roi; I' va F dac
trung cho su khuéch tan cua k va o; Y vayY
dac trung cho su tan xa cua k va @ trfmg dﬂng
chay; D dac trung cho su khuéch tan chéo;
S, vas 14 cac thong sé do nguoi st dung lira
ch{;m trcmg thu vién cua FLUENT. Cac thong
so trong cac phuong trinh duge xac dinh theo
tai liéu hudng dan sir dung FLUENT [4].

3. TINH TOAN CAC THONG SO CUA
DONG CHAY KHONG KHI BAO QUANH
VO XE BANG ANSYS

3.1. Phwong phap tinh toan

Dé tinh toan cac thdng sé ciia dong khi
trong ANSYS can thuc hién cic bude sau: Xay
dung md hinh 3D vé xe, lua chon khoéng gian
tinh toan, chia ludi va dit cac diéu kién rang
budc, giai bai toan va xuat két qua. Trong bai
bdo nay. trinh bay mot s6 két qua thu durge cho

md hinh vo xe khach dugce xay dung trén co s¢F
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cac s liéu cia THACO KB120LSI (hinh 1).

Do FLUENT thuc hién tinh todn bing
phuong phap the tich hiru han, nén két qua duoc
xac dinh tai moi d1em ntt, gdm c6: Ap sudt, cac
thanh phén vén tdc theo 3 phuong. Céc két qua
tinh toan c6 thé dioc thé hién duéi dang céc d6
thi, hinh anh va cac bang s6 ligu [3].

Hinh 1. M6 hinh khéng gian vo xe khach
trong ANSYS

Luc khi déng tai mot diém nut trén ludi
theo mot phuong nhét dinh xac dinh bo1 véc
to bao gom 2 thanh phan cau thanh 1a luc do
chénh ap va luc do ma sat nhot:

—_— -

F =aF +aF (6)

id Ih

Trong do: F, lalyc do ma satnhot: /)
la lue do chénh ap:

JE, :Z{-F_Pmr\’ﬁ; (7)

Trong do: p la ap sual trén mat; p. la
ap suat chuan; n 12 s6 mat; A la dién tich cua

mat (m): » 1a véc to don vi vuong goc vol mat,

Luce can tunh duoc theo phuong doc xe chinh la
E . tu do:
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TAPCH

man

Trong d6: V lavan toc dong chay (mV/s);.
la dién tich (m?); p la mat do khong khi (kg/m’),

Cac thong s0 két cau anh huong dén h
s6 C_ 14 céc goc nghiéng va ban kinh goc lug
clla cdc vung giao tuyen giffa cac mat tao than
vo xe. Trén hinh 2, thé hién 3 géc nghiéng (o,

y) va 5 ban kinh (R, = R;) 1a cac thong so Khay
sat da duoc thuc hién.

Trong qua trinh khao sat, mo hinh c
s ciia vo xe duoc coi 1a hinh hop chir nhat vo
cic thong sb kich thudc bang kich thudc bat
cua xe khao sat (THACO KB120LSI). Cac tinl
toan duoc thuc hién voi vén toc caa dong kh
tai diém bat diu mo phong 1a 30 m/s (tuon
duong véi 108 km/h).

L

Hinh 2. Cac thong $6 két cau chinh anh heong deér
khi dong hoc o t6

3.2, Két qua tinh toan
Dua vao phan mém An.

Trén cJu:: hinh 3, 4 va 5 thé hién su biéi
thién cua he sO can khi dong theo cac thong s

két cdu ¢ phia ddu xe: Gac nghiéng kinh cha
g0, cac ban kinh goc lugn R va R

ORI YR AWM. 86 11 afm S0



NGHIEN CUU - TRAO DOI

0 5 10 1% 20 5 Ja 35 Al 45 1
roc nelyéne cua bnhochan o6 plda tnrde (Aol

Hinh 3. HE s6 cén khi dﬂﬂg C theo goc nghiéng
cia kinh chan gio o
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Hinh 4. Hé s6 cdn khi dong C_theo ban kinh géc
fieon R

Céc két qué cho thay, cac thong sb hinh
hoc & vung dau cta vo xe ¢6 anh huong rit 16n
dén hre can khi dong. Dac biét 1a cac ban kinh
goc lugn ¢ thé 1am thay d6i manh hé sd can
C. Chang han, theo cac s0 ligu khao sat, khi R,
thay d6i tir 0 dén 2.000mm (hinh 4) thi C, giam
fir 0,93095 dén 0,59928 (36,7%). Khi thay doi
ban kinh R, ta thu dugc két qud con an tuong
hon (hinh 5) Hé s6 can nho nhat trong Ung vai
ban kinh khao sat 1250mm 1a 0,34104, nghia
la g1am 63,4% so vai trudng hop khdng c6 goc
fugn (khi R, = 0).
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Hinh 5. Hé $6 can khi dong C theo ban kinh goc
luon R,

P6i véi goc nghiéng ctia kinh chén
216 a, két qua cho &153/ mirc &¢ hudng it hon
(hinh 3). Cu the néu nghiéng goc 45° thi hé
s& can giam xubng cdn 0,66638, nghia 14 gidm
33,9% so vo1 khi khéng ¢6 gbéc nghiéng.

Céc két qua trén mang tinh thuin tuy ly
thuyét. Trén thue té, cdc thong sd khao sat b
2161 han bo1 céng nang sir dung va tinh tham
m¥ cia vo xe. Chang han, goc nghiéng kinh
chin gi6 hodc ban kinh R, qua lon s€ lam giam
dang k€ khdng gian sir dung.
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Hinh 6. Hé 6 can khi-gong C ﬁheﬂ imrr Fink
: ?ﬁ'@ 2% R

I.".

Trén hinh 6, thé huén s bién thién cua
hé s can C, theo ban kinh goc luon g giita ha
thanh bén vm noc xc (R;). C6 thé thiy rang,
anh huéng cua thong s6 nay 1a rat nho. Hon
nira, ban kinh géc lugn R 1on lam giam dang

ké khéng gian st dung ciia xe "5
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() khu vuc phia sau xe, cic két qua khao
sat cho thiy anh huong cua cac théng s6 két
ciu & day toi hé s6 cin C, khéng lon. Chang
han, khi goc nghiéng cia kinh hau (B) thay ddi
tir 0° dén 45°, hé s6 cén C_chi gmm di 1,56%.
Cac két qua tinh todn ciing cho thiy, viéc thay
d6i ban kinh gdéc lugn giita kinh sau va néc
xe khéng 1am anh huéng nhiéu dén hé sb C,:
Chénh 1éch giita gia tr1 lon nhét vi nho nhit
ciia C_chi la gitta 0,93095 va 0,89701, turong

duong vé1 3,65%.
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Hinh 6. Hé s6 can khi déng C_theo géc vat dudbi xe
¥ va khoang cach L,

Céc két qua trén hinh 6 ciing cho thay
Cx khéng thay d6i nhiéu theo gia tri cua gdc
vat & dubi xe y (tir 0 dén 20°) va khoang cach
tir diém bat dau vat cho téi dudi L, (tx] dén

2,5m). Chénh léch 1on nhat giira c4¢ g14a tr] cua
C, 1a5,38%.

Cac két qua trén c6 duge tr cic tinh
todn véi md hinh co sé dang hop chir nhit. Néu
khao sit ving dudi véi ce théng sb hinh hoc
& ving dau di chon theo quan diém khi dong
hoc thi két qua s& khéc. Tuy nhién, viéc khao
sat anh huéng cua cac thong sb ving dubi xe
khong ¢6 v nghia 1én trong viéc thiét k& vo xe
do ddc thu ctia loai 6 6 khach ¢& 16n G loar xe
nay, dnng co duge dit & dudi, nén cac théng s6
két cau gan nhue khong thé thay ddi duoc

Dwra trén cac két qua khao sat trén day,
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cac tac gia da 42 xuit mdt vo xe khach mai
bing cach lya chon cac goc nghiéng va cc ban
kinh g6c hrgn hop ly hon so voi xe co s0. Két
qua tinh toan cho thdy, néu nbu vo xe co s¢
(THACO KBIZOLSI) c6 hé sb can C. =048,
thi v& xe mdi co hé s can thip hon nhle:u C=
0,3671 (giam khoéng 23,5%).

4. KET LUAN

V&i phuong phéap tinh toan khao sat
trén day, cé thé thiy ring, két cau ving déu
xe c6 anh huong lén dén luc can khi dong tic
dung 1én vé xe. Cac két qua nghién ciru cé thé
gitip cho céc nha thiét ké cai thién két cau cia
v xe khach nhim giam thiéu hrc cén khi dong
ma khong giy anh hudng lon dén khong gian
str dung cling nhu tinh thim m¥ clia n6. <
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