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Abstract

The most economic speed for the truck in transportation is from 60km/h to 150km/h. When the truck
operates at high speed, the air resistances acting on it increase significantly. In case of bad weather
operating conditions as strong wind, the aero dynamic forces acting on the truck cause safe situation. In this
paper, the authors present a study on aero dynamic performances of a 40 feet container truck and the
effects of 20 feet container which locates on truck at several positions to reduce its air resistances by using a
commercial Computation Fluid Dynamic (CFD). By using CFD, the pressure distribution, velocity distribution
around truck and air resistances acting on the truck are investigated. From analysis simulated results of aero
dynamic performances of the truck, the authors give some comments and propose ideas to reduce air
resistances acting on the truck. The study on reduction of resistances acting on truck contributes improving
economy efficiency of the truck transportation.

Keywords: Truck; air resistance; aero dynamic force; CFD; reduce air resistance.
Toém tat

Trong qué trinh vén tai hang héa chuyén tuyén cta doan xe ché container, van téc xe luu théng khé cao,
trong khoang ttr 60 dén 150 km/h. Khi doan xe luu théng véi van téc cao, luc can gid téc déng Ién than vé
doan xe tdng l1én dang ké. Trong truong hop diéu kién thoi tiét xau, gié manh, luc khi dong tac déng lén than
vé doan xe c6 thé gdy mét an toan cho xe. Trong nghién ctru nay, tac gia thuc hién khdo sét cac dac tinh
khi dong luc hoc thdn vé doan xe ché container 40 feet va nghién ctru sw dnh huéng cda vi tri xép container
20 feet dén déc tinh khi dong hoc doan xe ché loai container c6 kich thuée nay. Théng qua viéc st dung
cbéng cu mé phdng so tinh toan déng luc hoc chét Iéng CFD (Computation Fluid Dynam/cs) téc gid cu thé
tinh todn mé phéng sé cac yéu té phan bé ép suét, van téc dong bao quanh than v doan xe va luc can khi
doéng tac dung Ién than vé doan xe. Tir két quéd cua viéc phén tich cac yéu tb khi déng luc hoc théan vé xe,

téc gid dwa ra mét sé nhan xét va dé xuat giai phdp nhdm giam lwc can gié tac déng 1én doan xe gdép phén
néng cao hiéu qua khai thac cho doan xe ché container.

Tw khoéa: Boan xe ché container; lwc can gio; lwc khi dong; CFD; gidm Iwc can gi6.

hodc 2 container 20 feet. Viéc chuyén chd 1 container

X , C X 20 feet va vi tri cua nd dat trén doan xe liéu c6 anh
Trong nhiing nam gan day, ¢ nudc ta voi loi thé

lugng hang hoa xuat nhap khiu ngay mot ting, da
thuc day phat trién manh mé doan xe chd container.
Cung vdi su phat trién vé sb lugng, kiéu loai, chat
lugng xe va cac hang xe khac nhau cling dugc da
dang hoda trong d6i xe chd container. Trong van tai
container, thuong giap hai loai container dugc vén
chuyén chu yéu 1a container 40 feet va 20 feet. Trong
thuc te van chuyen hang, tuy thudc vao luong hang,
yéu cau van chuyén vé sb lwong container ma doan xe
dugc bb tri chuyén ché 1 hay 2 container twong tng.
Thong thuong doan xe duoc thiét ké véi didu kién
chuyén chd 1 container 40 feet, 1 container 20 feet
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hudng gi dén cac dic tinh khi dong hoc va lyc can khi
dong tac dong lIén doan xe hay khoéng, day chinh la
van dé dat ra can giai quyét trong nghién ctru nay cia
nhom tac gia.

Dic tinh khi dong cia doan xe tai gan day da
duge cic nha san xuit va khai thac quan tim dén.
Mot trong nhitng dac tinh khi dong hoc quan trong
can phai quan tdm ddi v6i doan xe 1a lyc khi dong,
bao g6m ca lyc can va luc nang tac dong 1€n doan xe
trong qua trinh luu thong. Luc can lién quan dén cong
suét tiéu hao ciia dong co, lién quan dén luong tiéu
hao nhién liéu ctia doan xe. Luc nang anh huong dén
tinh an toan 6n dinh va bam mat duong cua xe. Trong
nghién cuu nay nhém tac gia chi gidi han nghién ctiu,
khao sat d6i v&i thanh phén luc can khi dong tac dong
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lén than vo doan xe. DAi v6i cac doan xe khi khai
thac & dai van toc thp, thi hinh dang than vo xe it
anh huong dén cac thanh phan luc khi dong tic dung
lén xe. Trong truong hop nay, luc can khi dong tac
dung 1én xe chi khoang dudi 10% luc can tong thé.
Tuy nhién, khi doan xe khai thac ¢ dai vén téc cao thi
su anh hudng cta hinh dang than vo xe tang 1én dang
ké, thanh phan luc can khi dong tic dung 1én xe c6
thé tang 1én téi 53%, tham chi 1én téi 80% tong luc
can tong thé cua xe ¢ dai van téc 100km/h [1, 2, 3].
Trong modt sb nghién ciru dd cong bd cho thay, viéc
thay d6i hinh déng hinh hoc thin vé xe bing céc
phuwong phép don gian nhu gin thém céc tim khi
dong, thém mui tai dinh cabin xe, cai thién hinh dang
khi dong ndc container, cai thién hinh dang gém xe
hay thém tim bit chin banh xe déu c6 thé gitp giam
luc can khi dong tac dung lén doan xe khi luu thong.
Viéc lam cai thién hinh dang khi dong hoc cho doan
xe ndy ¢ thé lam giam duoc t6i 25% tong luc can
khi dong tac dong 1€n xe thong qua thuc nghiém trén
mo hinh xe thuc va tinh toan mé phong sé CFD [1, 2,
3, 4, 5]. Trong cac bién phap cai tién hinh dang khi
dong cho doan xe thi viéc gin thém mui néc cabin
gitip cai thién déng ké luc can khi dong tac dong 1én
xe, viéc cai thién nay don gian va khong lam anh
huong dén tinh nang van tai cua xe. Bién phap che
chan khoang trong va thay ddi khoang céch gitia
container va du kéo cling mang lai hi¢u qua dang ké,
tuy nhién viéc cai tién nay chi thich hop véi cac doan
xe luu thong trén cac hanh trinh thing, it quay trg. Vi
viéc thay d6i nay s& anh hudng dén tinh quay tro cia
Xe.

Nghién ctru cua nhéom tac gia Ch. Hakansson va
M.J. Lenngren (2010) dua ra cic nghién ciru cai tién
hinh dang khi dong hoc cho than xe tai thong qua Gng
dung CFD tinh todn va phan tich dac tinh khi dong
hoc. Két qua nghién ctru da chi ra anh hudng cua hinh
dang khi dong dén viéc giam luc can khi dong & dai
van tdc 90 km/h véi goc nghiéng doc cua xe tir 0-5
d9. Viéc cai thién hinh dang ndéc cabin va duoi xe
giup giam dugc luc can khi dong tac dong 1én xe mot
cach rd rét tir khoang 2 dén 22% luc can khi dong
téng thé tac dong 1én xe [4].

Nghién clru ciia nhém tac gia H. Chowdhury cung
cong su (2013), thong qua phuong phap thuc nghiém
mo hinh vdéi ty 1€ 1/10 so véi kich thudc thuc cua xe,
trong dng thir khi dong véi mot s6 bién phép cai thién
hinh ddng mui xe va che chin than xe, nhém tic gia
da thuc nghiém véi 6 md hinh xe khac nhau. Két qua
thuc nghiém dugc thyc hién trong dai véan tde tur
40km/h dén 145km/h ddi véi cdc mé hinh do nhém
nghién ctru dua ra. Két qua thuc nghiém da cho thay
v6i cdc md hinh cai tién hé sd luc can khi dong cua
xe ¢6 thé giam dugc t6i 26% so voi ban dau, két qua
thir nghiém mo hinh cho thay hé sb luc can khi dong
tadc dong 1€n xe dao dong trong pham vi gié tri tir 0.5

32

dén 0.69 giam di khoang 26% so vdi gid tri cia mo
hinh xe ban dau [3]. Tong hop két qua nghién ctru ctia
t6 chtrc nghién ctru van tai chau au nim 2010 cho
thdy v6i mot sd nghién ctru cai tién phan dudi xe tai
nham diéu khién dong thoat sau xe c6 thé gitp cai
thién dugc dac tinh khi dong hoc cua xe, nghién clru
nay da chi ra rang viée cai tién dudi xe co thé gitp
giam dugc téi 7% tong lwong khi thai CO2 cua loai
xe tai nay [2].

Trong bai bdo nay, tac gia thuc hién khao sat
dac tinh khi dong hoc cia moé hinh doan xe cho
container 40 feet v6i hinh dang co ban tuong tng véi
mot s mau xe hién dang dugc khai thac van tai
chiém phan 16n ¢ Viét Nam, thong qua tinh todn dong
luc hoc chat long CFD (Computation Fluid
Dynamic). Trén co s& do tac gia thuc hién khao sat sy
anh hudng dén cac dac tinh khi dong luc hoc cua
doan xe khi thay d6i vi tri xép container 20 feet trén
ro méc. Tir két qua so sanh vé phan b van téc dong
bao quanh than xe, phan bd ap suét trén bé mit than
xe va luc khi dong tdc dung Ién xe, ching t6i dua ra
céc nhan xét nham cai thién than vo xe hop 1y nhat
v6i diéu kién khai thac sur dung doan xe tai Viét Nam,
dé c6 thé gop phan nang cao hiéu suat kinh té van tai
cho doan xe chd container.

2. Mo hinh doan xe ché container nguyén ban

Trong nghién cru nay, doan xe chd container 40
feet v6i dau kéo dugc ldy theo hinh dang co ban cua
loai déu kéo thong dung ¢ nudc ta hién nay nhu
HD700; HD1000 do tap doan Hyundai sdm xuét duge
sir dung trong tinh todn mé phong sé CFD. Bang 1
thé hién mot sd kich thude chu yéu cia dau kéo va
container 40 feet dugc mo6 hinh héa trong cac tinh
toan mo phong. Hinh dang doan xe st dung trong
nghién ctru dugc thé hién trén Hinh 1.

Bang 1. Thong s6 kich thudc co ban cia doan xe

Thir tu Tén Trj s6 Dv‘zn
Chiéu dai co s& 435 m
Dai 6.68 m
Kich thuéc bao Rong 2.49 m
Cao 3.13 m
Trudc 2.04 m
Vét banh
¢t banh xe Sau 185 m
A Trudc 1.49 m
Phan nho cu
an nho cua xe Sau 0.84 ~
Dai 12.25 m
Kich thud
molgc XI;LO:g Réng 248 m
Cao 1.50 m
Kich thuéc Dai 12.19 m
) Rong 2.44 m
container 40 feet
Cao 2.59 m
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Hinh 1. M6 hinh doan xe ché container 40 feet

Tu mo hinh doan xe nay, cac dac tinh khi dong
luc hoc than vo xe s€ dugc tinh toan phan tich chi tiét
thong qua st dung cong cu md phong s CFD. Mb
hinh dugc mo phong trong hai trang thai voi xe
nguyén ban gém, xe khong ché container va xe chd
container 40 feet vdi ty 1€ 1:1. M6 hinh tinh toan st
dung trong nghién ctu nay c6 hinh dang va kich
thudc co ban tuwong ng vdi hinh dang kich thudc
doan xe thuc té.

3. M6 phéng sé6 CFD cac dic tinh khi dong luc
doan xe ché container

Trong nghién ctru nay, cac dac tinh khi dong luc
hoc cia doan xe dugc tinh mé phong thong qua su
dung cong cu md phong sb thwong mai Ansys —
Fluent v.14.5. Viéc tinh m6 phong $6 CFD, dugc tién
hanh theo cdc budc 1ap mé hinh tinh toan, thiét ké
mién khong gian tinh toan, chia ludi va dat cac diéu
kién bién. Trong qua trinh mod phong sb tat ca cac
budc thyc hién déu c6 anh huéng dén két qua mo
phong. Vi vdy viéc thuc hién phai tién hanh theo cac
tai liéu chi dan chuyén mon do cic t6 chirc qudc té da
cong bd [15, 16] va dua trén nhitng kinh nghiém tinh
toan da dugc thuc nghiém kiém tra da cong bd két
qua [2-12]. Trong nghién ctru nay qua trinh tinh mo
phéng s6 CFD da dugc thue hién theo tai liéu chi dan,
theo cac nghién ciru da cong bd két qua va da dugc
kiém nghiém bang thuc nghiém mé hinh tai éng thir
khi dgng [2-16].

Trong nghién ctru nay, mién khong gian tinh
toan dugc thiét ké v6i chidu dai 68m, chiéu rong 16m
va chiéu cao 8m, vai kich thudc thuc cua doan xe nhu
trong Bang 1. Chia ludi mién khong gian tinh toan
v6i kiéu Iudi khong cdu tric tir dién dwoc 4.7 tricu
ludi. M6 hinh réi k-epsilon ap dung cho ham khéng
dung dugc st dung, van tdc vao dat cho diu vao, diu
ra dat voi diéu kién bién 4p suat ra [2-16]. Bang 2 thé
hién cdc thong s tinh toan. Hinh 2 thé hién ludi chia
trén bé mat doan xe.

Bang 2: Cac thong s dau vao tinh toan

Tén Gia tri Pon vi
Vian toc vao, V 14.5 m/s
Ap suatra, p 1.025 10°N/m?
Khoi lwong riéng ctia 5
khong khi, p 1.225 kg/m
Do nhét dong hoc, v 1.789 10-kg/ms
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Hinh 2. Chia luéi trén bé mat than vo doan xe trong
khong gian mo6 phong CFD

4. Dic tinh khi dfng ciia doan xe ché container

Trong phan nay, doan xe chd container nguyén
ban (Hinh 1) dugc khao sat cac dac tinh khi ddng hoc
& hai truong hop c6 hang va khong chd hang khi hoat
dong trong dai van tdc khai thac tir 40km/h dén 120
knv/h [1-16]. Hinh 3, 4 thé hién két qua mo phong
phan bd ap suat, dong bao quanh thin xe & van tbc
80km/h v6i 2 truong hop khai thac cliia doan xe.

Két qua phan bd 4p sudt va dong bao quanh
doan xe cho thdy rd su thay doi van toc va 4p suét
xung quanh than xe. V&i m6 hinh doan xe khong cho
container dién tich ving 4p suat thap giam di ro rét,
khéng c6 anh huong cua ving nhiéu dong gin
container. Thong qua viéc phan tich két qua nay s&
gitip cho viéc t6i wu héa hinh dang hay diéu khién
dong bao quanh xe dé c6 thé lam giam Iuc can khi
dong tac dung 1én doan xe.

Hinh 3. Phan bé ap sut dong tai mat cat doc tAm
doan xe ¢ van toc V=80km/h
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Hinh 4. Van toc dong bao quanh than xe trong trang
thai doan xe chd container 40 feet
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Hinh 5 thé hién phan bd ap suét trén bé mat than
vo xe trong hai trang thai khai thac xe. Két qua cho
thdy rd su thay d6i va anh huong cuia hinh déng thiét
ké cua xe dén su phan bd ap suét trén than xe. Day l1a
két qua quan trong trong viéc xac dinh cic nhan to
lam gia tang luc can khi dong cho xe.
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Hinh 5. Phan bd 4ap suét trén bé mat than vo doan xe
O vén toc khai thac 80km/h

Hinh 6 thé hién d6 thi lyc can khi dong tac dong
1én doan xe theo van téc khi xe c¢6 va khong chd
container. Tur két qua tinh toan lyc can khi dong tac
dong 1én doan xe cho thay khi van tdc chay xe cang
16n thi lyc can khi dong tac dong 1én xe cang tang
cao. Hé sb luc can khi dong tac dong 1én doan xe khi
khéong ché container xdp xi bang nhau va dao dong
quanh gia tri 0.75, hé s6 luc can khi dong cua doan xe
khi ché container 40 feet x4p xi 1.2 trong dai van tdc
khao sat 40km/h — 120km/h.
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Hinh 6. D6 thi hé sé luc can khi dong theo van tdc
cua doan xe

25 30 35

5. Anh hwéng cia vi tri xép container 20 feet dén
déc tinh khi dong luc doan xe

Trong phan nay, viéc nghién ctru anh huong cua
vi tri dat container 20 feet dén cac dic tinh khi dong
Iuc doan xe dugc thuc hién dua trén co sd so sanh,
phan tich cac két qua md phong sd doan xe trong 3
truong hop bd tri container 20 feet khac nhau khi van
chuyén hang cua doan xe. Hinh 7 thé hién mé hinh
tinh todn md phoéng 3 trudong hop xép container trén
xe voi cac vi tri khac nhau teong tng N1, N2 va N3.
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Hinh 7. M6 hinh doan xe chd container 20 feet voi
cac vi tri dit container khac nhau, N1, N2, N3

Trén co so tinh toan md phong s, cac md hinh
xe nay dugc thuc hién mo phong sé nhu di trinh bay
& trén [1-16]. Dé khao sat cac dic tinh khi dong luc
hoc than vo xe. Trong nghién ctru nay, cac moé hinh
dugc khao sat dugc thuc hién véi van toe khai thac
tuong ung cua xe la 80 km/h.

Két qua mo phong thé hién trén hinh 8, 9 va 10
thé hién két qua phan bd ap suit va dong bao quanh
doan xe tai mit cit doc tam, khi thay do6i vi tri xép
container 20 feet. Su thay ddi vi tri container da lam
thay d6i phan bd 4p suat va dong bao quanh doan xe
rd rét. Dién tich cac ving nhiéu dong dong, vung ap
suat dong thap tai khu vuc giita diu xe va container,
tai phia sau doan xe giam di khi khoang cach tuong
d6i gitta dau xe va container giam di. Két qua nay cho
thdy lyc khi dong tac dong 1én doan xe c6 thé thay
dbi thry theo vi tri cia container 20 feet.

1.008+02 1.100-02 3208402 5300+02 7 400402 9.506-02

Cantours of Dynamic Pressure (pascal)

0.006-00 5006-00
I

Velacity Veclors Colored By Velocity Magnitude (m/s)
Hinh 8. Phan bd 4p suat va van toc dong bao quanh
xe tai mat cat doc tam, N1

3000-01  400e-01
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Hinh 9. Phan bd 4p suét va van toc dong bao quanh
xe tal mat cat doc tam, N2
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Hinh 10. Phan b 4p suat va vén tdc dong bao quanh
xe tal mat cat doc tam, N3
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Hinh 11. H¢ s6 luc can khi dong tac dong 1én doan xe
tai van toc khai thac 80km/h

Hinh 11 thé hién két qua tinh luc can khi dong
tac dong 1én doan xe & van tdc khai thac 80km/h. Két
qué cho thay viéc thay ddi vi tri container 20 feet da
lam thay d6i luc can khi dong tic dong lén doan xe.
Nhu vay. khi bd tri container tai vi tri thir 3 s& gitp
giam duogc lyc can khi dong than vé doan xe.

Trong nghién ctru lyc can khi dong, luc can khi
dong tong c6 thé dugc phan chia thanh hai thanh phan
luc can khi dong do 4p suat, nhiéu dong dong giy ra
va luc can khi dong do ma sat gitta khong khi va
thanh tic dung giy ra. Pic trung cho hai thanh phan
nay 1a cac hé sé luc can khi dong ap sudt C, va hé sb
luc can ma sat Cy, hé sd luc can khi dong téng C:. Cac

35

hé sb luc can khi dong dugc xac dinh theo cong thic

(D).

R

* 7 0.5pV2S

(1)
Trong d6: R 1a lyc khi dong tac dung 1én xe, N

V 1a van tdc chuyén dong, m/s

S 1a dién tich mit himg gi6, m?

Hinh 12 thé hién két qua so sanh hé sb luc can
khi dong trong cac truong hgp xe chd container 40
feet va xe chd container 20 feet. Két qua so sanh chi
tiét dugc thé hién trong bang 3. Tir két qua nay cho
thdy, hé s6 luc can khi dong tac dong lén than vo
doan xe xap xi gi4 tri bang 1. Tuy nhién c6 su khac
biét rd rét vé cong suét tidu hao trong cac truong hop
xe cho theo container va xe khong chd theo container
nhu thé hién trén biéu d6 luc can hinh 12 va bang so
sanh cong suat Bang 3.

Bang 3. Hé s6 lyc can khi dong va cong sudt tiéu hao
cho thanh phan lyc can khi dong

Phuong an cho
container
Khoéng ché
container
20 feet
40 feet

4000

Cx Py, CV %Py

0.724
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1.145

48.33
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Hinh 12. Lyc can khi dong tac dong 1én xe
6. Két luin

Trong bai béo ndy, tac gia da trinh cac két qua
nghién ctru vé dac tinh khi dong cua doan xe cho
container. Trén co s& phan tich két qua tinh toan cta
mo hinh doan xe nguyén ban, bai bao da trinh bay két
qua nghién ctu vé sy anh huong cua vi tri dat
container 20 feet trén doan xe dén cac dac tinh khi
dong doan xe. V6i gii han ndi dung nghién ctru vé
dac tinh khi dong hoc va lyc can khi dong doan xe,
dudi day 1a mot s6 két luan cua bai bao nay:

- Viéc st dung cong cu md phong sé giup nha nghién
ctru ¢6 thé hiéu & duge sy phan bd dong, ap sudt tac
dong 1én than doan xe. Pay la viéc cé thé thuc hién
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dugc bang thuc nghiém, tuy nhién tén kém hon rét
nhiéu.

- Thong qua két qua cua bai bao cho thdy, khi xe luu
thong vdi véan tdc cao luc can khi dong ting nhanh
theo toc do khai thac. Viée bd tri xe chay khong chd
theo container va xe chi chd 1 container 20 feet voi
cac vi tri dat khac nhau cé anh huong dén Iuc can khi
dong tac dong 1én doan xe. Ngoai viéc nghién ctru vé
vi tri xép container dé co lgi nhat vé giam lyc can khi
dong, can thlet phai nghién ctru thém v€ anh huong
ctia viéc xép container dén tinh an toan cho xe khi
quay vong, d6i hudng xe dé c6 thé c6 két luan cu thé
ve€ viéc ap dung giai phap k¥ thudt nay. Van dé nay
con lién quan dén cac quy dinh va luat xep hang khi
lvu thong xe trén duong. Vi han ché vé noi dung
nghién ctru, trong bai bdo nay tac gia chua thuc hién
nghién ctru ndi dung nay.

- Trén co so phan tich két qua tinh mé phong sé CFD
nhu phan b 4p suét va luc tic dong 1én doan xe da
cho thdy nguyén nhan lam ting hay giam lyc can khi
dong tac dong 1én than xe. Cac két qua nghién ctru vé
sw anh hudng nay sé 1a co so dé tdi wu hinh dang khi
dong cho doan xe dé ¢6 loi nhat vé luc can khi dong.
Péy chinh 1a co so dé giam tiéu hao nhién liéu can
thiét cho doan xe va nang cao hiéu qua kinh té khai
thac doan xe.
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