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Bai bao nay trinh bay nghién ctru déc tinh khi dong luc hoc xe buyt
thong qua phan tich phan bd trudng van toc va ap suat. Nghién ctru
dugc thuc hién trén mo hinh xe buyt duge lap rap tai Viét Nam. Tac
gia sir dung phan mém thwong mai CFD vé6i phuong trinh RANS két
hop mb hinh rdi Realizable k — & dé mo phong dic tinh khi dong lyc
hoc xe buyt. Két qua phan tich thé hién sy phan bd 4p suit, sy phin
b van téc quanh md hinh. Két qua nghién ciru duge thé hién thong
qua cac hinh anh va gia tri mé phong tinh toan C,, ddng thoi giip
hiéu rd hon dic tinh khi dong luc hoc quanh md hinh xe buyt dong
thoi. Thong qua két qua nghién ctru la tién dé cho cac nghién ciru tiép
theo tién hanh cai tién hinh dang xe buyt nham giam lyc can khi dong
cling nhu gidm ti€u hao nhién li¢u.

Abstract
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This paper studies the aerodynamic characteristics of bus model
through the analysis of the distribution of speed and pressure.
Numerical investigations were conducted with the model. The bus’s
aerodynamic characteristics were simulated using Reynolds-averaged
Navier-Stokes (RANS) equations combined with Realizable k — &
model and CFD software. The analysis results demonstrated time-
averaged velocity field, magnitude of the velocity and static pressure
magnitude of the flow fields around the bus model. The results
obtained from the study are presented through graphics and
calculation simulation value C,, providingbetter understanding of
aerodynamic characteristics around bus model.The results also serve
as the basis for future studies on improving the bus exterior in order

to reduce aerodynamics forces and bus fuel consumption.
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1. GIOI THIEU

Ngay nay, khi dong luc hoc 6 6 da tr¢ thanh mét yéu t6 quan trong ddi v6i cac dong xe
hoi nén réat nhidu cac cong trinh khoa hoc trong linh vic nay duge cong bb [1, 2, 3, 4]. Khi 6 t6
chuyén dong ‘trong moi truong khong khi s€ bi cac lyc va m6 ment khi dong hoc tac dung lam
anh huong dén tinh ning chuyén dong cua 6 t6 va lugng tiéu hao nhién liéu. Tong trong luong
va hinh dang bén ngoai xe 1a mot trong nhitng yéu t6 quan trong nham cai tién dic tinh khi dong
luc hoc cua xe [5, 6, 7]. Dé hiéu dugce su tac dong khi dong luc hoc €n 6 t0, cac nha nghién ctru
da tién hanh nghién ctru ddc tinh khi dong luc hoc quanh 6 t6 bang hai phuong phap mé phong
va thuc nghi¢m.

Trong nghién ctru nay, tac gid tap trung nghién ciru moé phdong déc tinh khi dong luc hoc xe
buyt lip rap tai Viét Nam. M6 hinh xe buyt da dugc cac nha khoa hoc trén thé gii nghién ctru va
da cong bd, cu thé tac gia [8] da nghién ctru vé hé sé can xe buyt khi thay doi thiét ké hinh dang
xe buyt nham lam giam tiéu hao nhién lidu va khi x4 gdy 6 nhiém moi truong. Két qua, tac gia da
két luan rang véi mo hinh mo phong rdi k —e Realizable, khi thay d6i hinh dang xe buyt so voi
hinh dang ban dau, hé s6 can giam 28% va tiét kiém dugc 20% nhién liéu khi xe di chuyén véi
van toc 80 km/h. Tac gia [9] dd nghién ctru thuc nghiém va mo phong anh hudng khi dong luc
hoc d6i v6i hinh dang bén ngoai ctia xe buyt nhim lam giam lyc can khi dong luc hoc ciing nhu
giam tiéu hao nhién lidu. Két qua, tac gia két luan rang khi diéu chinh thiét k& hinh dang bén
ngoai xe so voi hinh dang gdc, lyc can khi dong giam khoang 30% va giam dang ké lugng tidu
hao nhién li€u. Tac gid [10,11] da sir dung cong cu CFD phan tich anh hudng luc can khi dong
hoc dén tiéu hao nhién liéu trén xe buyt. Hai nghién ciru ndy di dua ra cac hinh dang xe sau khi
diéu chinh, cac tac gia déu két luan rang lyc can khi dong déu giam khi diéu chinh hinh dang ctia
xe. Ngoai ra, tai Viét Nam tac gia [12] da nghién ctru thay d01 hinh dang bén ngoai xe buyt nham
t6i wru luc can khi dong hoc véi md hinh xe buyt don gian, tdi gian guong chiéu hau.

Maic du khi dong luc hoc da dugc nghién ctru tir 1au trén thé gioi nhung day van 1a linh vuc
nghién ctru ma tai Viét Nam chua dugc sy quan tdm cia cac nha khoa hoc cling nhu cac cong ty
san xudt, lap rap 6 to. Hau nhu rét it hodc khong tim thay cac nghién ctru chuyén sau vé khi dong
lyc hoc 6 t6 dugc cong b6 trén cac tap chi chuyén nganh va cac ky yéu hdi nghi khoa hoc. Vi vy,
tac gia tién hanh nghlen clru dac tinh khi dong luc hoc 6 t6 v6i md hinh xe buyt nhim cung cap
cho ngudi doc cai nhin tong quan va rd nét hon sy anh hudng cua khi dong Iuc hoc dbi voi mau
xe buyt lap rap tai Viét Nam. Day ciing chinh 1a mot budc quan trong trong qua trinh thiét ké
hinh dang 6 t6. Dé dat dwoc muyc tiéu nay, tac gia sir dung phuwong trinh Reynolds trung binh hoa
cho dong chay réi (RANS) két hop v6i mo hinh rdi Realizable k — & dé mé phong dic tinh khi
dong luc hoc dong khi.

2. MO HINH XE BUYT VA MIEN TINH TOAN
2.1. M6 hinh xe buyt

M5 hinh xe buyt 2D va 3D dwoc mb ta chi tiét nhu hinh 1 véi chiéu dai toan by L = 12000
mm, chiéu cao H = 3975mm, bé rong toan bd W = 2500 mm trén 3 tryc cua hé toa do x, y,z.

Trong qué trinh m6 phong déc tinh khi dong luc hoc xe buyt sé thé hién su phan bd ap
suét, van toc quanh mo hinh nghién ciru theo cac mit phang mo ta ¢ hinh 2. Cuy thé, mit phing
d6i xtmg doc ciia mo hinh dugc ky hidu P1, hai mat phang song song v6i mit day md hinh dugc
ky hiéu 1an luot 1a P2 va P3.
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Hinh 1. M6 hinh 2D xe buyt lap rép tai Viét Nam[12] va xdy dung mé hinh 3D

Hinh 2. Cac mit phing thé hién sy phan bd 4p sudt va van tdc quanh xe buyt

2.2 Mién tinh toan

Mlen tinh toan 14 ving khong gian bao quanh vét thé duoc gidi han trong qua trinh mo
phong. Mién tinh toan phai ¢6 kich thudc dii 1on dugc gioi han boi cac mit phang dé dam bao
dong khong khi khong chiu anh huéng ciia md hinh nghién ctru. Tuy nhién ciing khong thé lya
chon mién tinh toan quéa 16n din dén lam ldng phi tai nguyén mdy tinh, ting thoi gian mé phong
tinh toan. Vi vay, két hop véi cac cong trinh nghién ctru ciia cc tac gia [13-16], tac gia tién hanh
xdy dung mién tinh toan v6i cac thong sb dugc mo ta & hinh 3. Trong d6, H 1 chiéu cao xe buyt,
W 13 bé rong xe buyt, L 14 chiéu dai xe buyt.

4H

Hinh 3. Kich thudc ctia mién tinh toan
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3. PHUONG PHAP MO PHONG SO
3.1. Phwong trinh diéu chinh

Pé mo ta chuyén dong cua luu chit thuong st dung phuwong trinh Navier-Stokes 14 hé cac
phuong trinh bao toan khdi lugng (phuong trinh lién tyc), phuong trinh bao toan dong lwong va
phuong trinh bao toan niang lugng. Trong nghién ctru vé khi dong lyc hoc 6 to dat gia thiét rang
chét khi khong chiu nén, do do, bai toan khi dong luc hoc chi con lai hai phuong trinh 1a phuong
trinh lién tuc va phuong trinh bao toan dong luwong [12,19].

Phuong trinh lién tyc:

ou N ov ow

—+—=0 1
ox oy Oz M

Phuong trinh bao toan dong lugng:
Ou; +u;0 u, :—laip%rv@jajui (2)
P

Trong bai nghién clru nay, tac gid st dung phuong trinh Reynolds Navier - Stokes trung
binh hoa (RANS) dé giai bai toan khi dong hoc:

0,1, =0 3)

O, 1,0, =0, 0, (1, ~ i) 4
Ngoai ra, dé giai phuwong trinh RANS téc gia két hop voi mé hinh rdi Realizable k — & _

3.2. Chia hréi va diéu kién bién

Chia lu6i chinh la roi rac hoa ving khong gian mo phong thanh cac phﬁn tir dé thuc hién
tinh toan gan dung bing phuong phap s6. Ludi c6 hai dang d6 1a ludi c6 cau tric va luéi khong
c6 cu trac va moi loai deu c¢6 nhitng diém manh riéng. Trong bai nghién ctru ndy sé sir dung
lu13. tir dién khong co cdu truc do md hinh md phong phure tap. Mién tinh toan duoc chia lai véi
kich thudc cua phan tr lwdi & ving bién va gan mo hinh phan tich phai du nhé dé dam bao do
chinh x4c cua két qua khi mé phong tinh toan [3, 17], trong khi cac ving xa ving bién va md
hinh phan tich kich thudc ciia phan tir ludi 16n hon nham tiét kiém tai nguyén ctia may tinh ciing
nhu thoi gian tinh todn. M6 hinh xe buyt da chia ludi hoan chinh duwge mo ta ¢ hinh 4.
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Hinh 4. M6 hinh xe buyt di chia lu6i v6i dang ttr dién khong c6 cu tric

DPé xac dinh sb lugng phﬁn tir trong mién tinh toan, tic gia tién hanh thuc hién kiém tra
ludi dya vao két qua tinh toan Cq4 161 so sanh véi két qua duoc nghién ctiru cong bo trong [18] két
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hop véi thoi gian tinh toan. Sau khi chia ludi xong, tién hanh dat cac diéu kién bién dé mé phong
tinh toan két qua. Van téc dong khi duoc thiét 1ap la 30my/s, thuat toan SIMPLEC dugc stir dung
de giai bai toan lién két giita thanh phan van tdc va ap suét trong phuong trinh RANS. Cac thong
s6 moi truong ma tac gia st dung bao gdm nhiét do la 27° C kh01 luong riéng khong khi 1a
1 225(kg/m ), 46 nhét dong hoc ciia khong khi 1a 1,7894 x10”. Két qua, so luong cac phan tir
trong mién tinh toan thu¢c truong hop 3 duoc lya chon 1a khoang 5,596x10° phan tir vi gié tri Cg
dugc tinh toan xp xi voi gia tri Cq tham chiéu va thoi gian tinh toan nhanh hon. Quan st bang
1, ta thiy co su chénh 1éch hé sd can va thoi gian tinh gitra cac truong hop. Nguyén nhan do sb
phén tir ludi thay d6i theo xu hudng ting dan din dén kich thudc phan tir lu6i cang nho nén két
qua md phong cang chinh xac va thoi gian tinh ciing ting. Tuy nhién can phai luu y cu hinh
may tinh voi s6 lwong phan tir ludi [12, 20].

Bang 1. Bang lya chon s6 phan tir ludi tmg véi gia tri tinh toan hé sb can Cy

Dir liéu Trudng hop 1 Trudng hop 2 Trudng hop 3 Trudng hop 4

S6 phan tir 3,532 x10° 4,318x10° 5,596x10° 6,248x10°

Cq 0,366 0,398 0,420 0,430

Thoi gian(h) 3 4 4,5 7
4.KET QUA

4.1. Phan bd trwdmg vén téc quanh xe buyt theo thoi gian trung binh

welositemagnitude Datazet UMKHOWH freloctymagninde] W1 10: 4.83402 14,5021 241701 33.8382 4346062

Hinh 5. Phan b6 van téc tai mat phang doc ddi xting ciia mé hinh xe buyt

Hinh 5 thé hién truong van toc tai mat phing doc ddi xing ctia mé hinh xe buyt véi budge
lap thoi gian 1a 2x10°. Thang mau sdc tir xanh da troi dén mau do thé hién dg l6n van toc tai
nhitng ving khac nhau quanh mé hinh. Tai ving dau xe buyt luén ¢6 van tdc nhé hon & nhiing
ving khac do dong khi khi di chuyén dén ving nay s& xuit hién mot diém dinh tré (stagnation
point). Ngay tai diém dinh tré van téc dong khi bang khong va dong khi s& chia lam hai phan,
mot phﬁn di doc theo phia trén xe va mot phﬁn di doc theo phia dudi xe. Bén canh do, bién dang
xe thay d6i (cac goc bo tron, goc nghiéng) dan dén su phan bd van tdc tai nhitng ving d6 ciing
thay d6i. Viing sau dudi xe buyt hinh thanh xoay thip 4p anh hudong dén luc can khi dong cia xe,
vay dé giam lyc can khi dong can phai loai bo hodc giam kich thudc viing xoay.
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*

welocitymagnitude Dataset UNKNOWN. frelocitymagnindel N1 10: 4.83402 14 5021 241701 33.8382 435062

a. Mit phiang P2

A

welocitymagniude Datasst:UMIKHOWON, feelo ctwmagninde]. N1 10: 483402 14 5021 241701 338382 43 6062

b. Mit phang P3

Hinh 6. Phan bd van tdc tai mat phang tai mit phang cit ngang xe buyt

Hinh 6 thé hién hién truong van tdc tai mit phang cat ngang di qua diém gilra cua xe buyt
lan Iuot 1a mat phang P2 va P3. Quan sat truong van téc phan b trén hai mit phing nay, ta thay
¢6 sy khac nhau rd rét. Cu thé, tai mit phang P3 di qua guong chiéu hau, khu vic phan dau xe,
than xe va vung sau xe so Vo1 mat phang P2 khong di qua guong chiéu hau, phan bd trudong van
tbe khac nhau vé d¢ 16n van tdc ciing nhu do 16n vung anh huong (thé hién thong qua sy phan b
mau sic quanh xe). Quan sat hinh 7 mé ta rd hon vé su phan b truong van tdc tai dau va guong
chiéu hdu cua xe. Tai ving dau xe va guong chiéu hau trén mit phing P2 phan b trudng van tdc
¢6 d6 16n nho hon so voi viing dau xe trén mat phang P3.

ey I [ s o — -]
10 108336 198002 21917 31.7338 416506 51 5675 19: 198336 119002 21.817 31,7338 416506 515675
a. Mat phang P2 b. Mait phang P3

Hinh 7. Phan bd van tdc tai ving du va guong chiéu hau trén mat phang P2 va P3



HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

4.2. Phan bd ap suit quanh xe buyt

Prassure Dataset PRESN 110

| I || [ [T

Pressure Dataset:FRES.NT10: -2339.34 -1850.89 156245 -1174 -785551 -397103 -B.65466 370.793

Hinh 8. Phan bd 4p sut trén mo hinh xe buyt va tai mat phiang d6i ximg doc

Hinh 8 thé hién sy phan bd ap suét trén xe buyt va tai mit phing dbi ximg doc quanh mé
hinh. Thang mau séc tir xanh da troi dén mau d6 thé hién d6 16n ap sudt tai nhitng ving khac
nhau quanh mé hinh. Tai phia truéc mo hinh ludn cé ap suat 16n hon ¢ nhirng viing khac trén mo
hinh do sy tach roi cua dong khi, chinh sy chénh ap nay la yéu t6 co ban tao nén luc can khi
dong khi 6 t6 di chuyén vé phia trude. Su chénh ap cang 16n thi lwe can khi dong cang tang va dé
lam giam lyc can khi dong thi can ting ap suat phia sau md hinh.

4.3 Lwe khi dong luc hoc

Theo két qua tinh toan méd phong mé hinh xe buyt trong dng khi dong, két qua tinh toan
gia tri Cq dugce trinh bay ¢ bang 1. Tur gia tri Cq4 tién hanh tinh dugc luc can khi dong thong qua
cong thirc:

Luc can khong khi [1]: F, = %CdAprz =2086,502 (N) (5)

Trong d6: C,=0,420; 4= 9,021m’ (tlr két qua md phong); p =1,225(kg/m’); U, = 30(m/s)

Gia tri Cq4, Fq duroc tinh toan tir két qua moé phong nam trong khoang gia tri tham khao tir
cong trinh nghién ctru trude [12,18]. Nhu vay, két qua tinh toan md phong cua tac gia cho két
qua phu hop va tin cay.

5. KET LUAN

Bai bao da trinh bay Kkét qua tinh todn mé phdng dac tinh khi dong lyc hoc cho md hinh xe
buyt, s dung phuong trinh RANS két hop v61 m6 hinh rdi Realizable k —¢ d6i voi mod phong
CFD. Két qua tinh toan mé phong gia tri Cq nam trong khoang gia tri tham khao. Bén canh do,
bai bao nay ciing da minh hoa r6 bang hinh anh sy phan b ap suét, van tc quanh mo hinh trén
cac mit phiang khic nhau. Két qua nghién ctru 13 tién dé dé thuc hién tinh toan mé phong dic
tinh khi dong luc hoc thong qua md phong sb CFD sé& giai quyét dugc van d& thi nghiém khi
dong lyc hoc 6 t6 khi hi¢n nay phong thi nghi¢m khi dong luc hoc 6 t6 ¢ nude ta con rat han ché.
Thong qua két qua tinh toan gitip cho cac nghién ctru tiép theo tién hanh cai tién hinh dang xe
buyt dé giam luc can khi dong ciing nhu giam tiéu hao nhién liéu.



HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

LOI CAM ON

Nghién ciru ndy duge sy hd tro tai chinh ciia Truong Dai hoc Cong nghiép Tp. HCM, ma
$0: 171.1031. Tac gid cam on sy ho trg cia truong.

DANH MUC DANH PHAP/KY HIEU

u, v,w : Van tdc cta phan tir luu chat theo 3 truc toa do x, v, z.

ou, : Dao ham riéng theo thoi gian cla u.

P : Khéi lwong riéng cta khong khi (kg/m”).
p : Ap suat (N/m?).

% : D6 nhot dong hoc cua khong khi (kg.m/s™).
Cq :H¢ s@ can.

C : HE s nang.

pulu! : Ung suit Reynolds.

T, : Ten 5o g suét

A : Dién tich can chinh dién(m? )

U, : Van tdc chuyén dong (m/s)
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