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ANALYZING FLOW OF AHMED BODY IN YAW ANGLE CONDITION
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Nowadays, new vehicles are being developed to replace traditional
internal combustion engines. These types of vehicles require light
weight to save energy, their movement is greatly affected by
surrounding objects and wind direction. This paper examines the effect
of the yaw on coefficient drag in the process of moving by using the
numerical simulation method on the Ansys Fluent software. This
simulation is applied on the Ahmed Body Y2 scale model by the RANS
k- turbulent mode. The research paper builds a grid communting,
model selection, identifies aerodynamic characteristics such as
coefficient drag and vortex velocity field around the model when
moving. The results of this research allows to assess the effects of the
yaw angles with the aim of studying reducing drag and increasing
aerodynamic perfomance for the vehicles.
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Hién nay, cic phuong tién méi dang dwoc chi trong phat trién nham thay
thé cho cac phuong tién st dung dong co dbt trong truyén théng. Cac loai
phuong tién nay yéu cau trong lwong nhe dé tiét kiém ning luong, chuyén
dong cuia chiing bi anh hudng nhiéu boi céc vat thé xung quanh va hudng
gi6. Bai bao nay khao sat anh huéng cua géc nghiéng tai luc can khi
dong trén duong di chuyén bing phuong phap mé phong sb trén phan
mém Ansys Fluent. M phong nay dwoc 4p dung trén mo hinh Ahmed
Body % scale bang md hinh roi RANS k-e. Bai nghién citu xay dung ludi
tinh todn lya chon mé hinh, xac dinh dwoc dic tinh khi dong nhu hé sb
lyc can va truong van toc xody xung quanh md hinh khi chuyén dong
Két qua cua nghién ctru nay cho phép danh gia anh huong cua gio
nghiéng toi dac trung khi dong lam co s¢ dé nghién cau xay dung hé
thdng giam lyuc can va ting chat lugng khi dong cho mé hinh.

DOI: https://doi.org/10.34238/tnu-jst.7330

* Corresponding author. Email: tranthehung_k24@Iqdtu.edu.vn

http://jst.tnu.edu.vn

3 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn
https://doi.org/10.34238/tnu-jst.7330

TNU Journal of Science and Technology 228(10):3-11

1. Giéi thiéu

Nghién ctiu hién tugng dong chay quanh cac phuong tién giao théng trén mat dat nhu 6 t6, xe
buyt dugc chu trong trong nhitng nam gan day. Theo udc tinh, luc can khi dong sinh ra do cac
hién tuong dong chay c6 thé chiém ti 50% tong luc can caa toan bo xe trén cao tc [1]. Giam
lyc can khi dong giGp giam muc nhién liéu tiéu thy, nang cao chat luong cua xe va giam céc van
dé vé 6 nhiém méi trudng. Picu ndy co vai tro quan trong khi nguon nhién lieu hoa thach dang
ngay cang can kiét. Miac du xe dién duoc phat trién va da di vao hoat dong, sé luong xe st dung
nhién li¢u hoa thach con twong ddi Ion [1].

Trong nghién ctu vé dic trung khi dong cho mé hinh xe, nhiéu dang mé hinh chuan nhu mé
hinh xe Ahmed [2], [3], md hinh xe Windsor [4] va m& hinh Genenal Motor [1] da duoc st dung.
Trong d6, mé hinh xe Ahmed duoc sir dung kha phd bién trong nghién ctru dong chay quanh
dudi boi tinh don gian ciia mé hinh va mang ddy du cac dic trung dién hinh cua dong chay. Mo
hinh ¢6 than dang hinh hop chit nhat véi phan dudi c6 goc vat thay d6i. Khi goc vat nho, dong
chay bam sat bé mat dudi vat va ko hinh thanh tach dong, giup luc can ciia md hinh giam theo
g6c vét. Tai goc véat khoang 12,5°, ving chay nguoc va hai xody doc xuit hién trén bé mat dudi
vét. Ciu tric nay c6 xu hudng mé rong va ting dan khi goc vat ting, lam ting dang ké luc can
ciia mo hinh. Tai g6c vat tir 25-30°, ciu trac xody dat cuc dai. Khi goc vat tiép tuc ting, ving
xody nguoC va hai dai xody doc bi pha v, luc can cia mo hinh giam. Nghién ctu dong chay
quanh dudi cho mé hinh c6 goc vat 25° va phuong phap giam luc can duoc thuc hién béi nhidu
nha nghién ctu [5] — [11]. Pac trung dong chay quanh mé hinh 6 t6 dugc chi trén Hinh 1.

Trong nhitng nam vira qua, md phong sé cho thay nhitng tién bo dang ké trong viéc hiéu rd
dong chay xung quanh cac phuong tién. Ly do chinh cho su tién bo nay Ia céc quan sat dong chay
khong con gigi han trén mot s6 bé mit cua xe nhu thue nghiém ma bao gom toan bo khéng gian
xung quanh xe. Cac nghién ctru st dung mé phong sé da dugc tng dung rong réi trong nghién
clru dic trung nhiéu dang dong chay va dac tinh khi dong ciia md hinh khéc nhau [12] — [14].

a) Quasi-2D-Vortices

Hinh 1. Cac hién turong dong chay sau 0 to

Diéu kién mdi truong ciing 14 mot khia canh quan trong anh huéng truc tiép téi dong chay
xung quanh 6 t6. Dong chay sau md hinh Ahmed Ia dong chay réi véi nhidu loan 16n, bé mat
nghiéng c6 cac xody doc vé huéng gié phan tich cau tric xung quanh mé hinh va luc khi dong
ctia mo hinh trong diéu Kién gi6 nghiéng. Theo wdc tinh, khi goc nghiéng ting tir 0 téi 15°, lyc
can tac dung 18n mo hinh c6 thé tang toi hai lan. Do vdy nghién ciiu dong chay ciaa md hinh khi
goc nghiéng thay doi c6 y nghia quan trong, giup dé xuat phuong phap giam luc can phu hop.
Céc nghién ciru vé dong chay quanh mé hinh trong diéu kién gi6 nghiéng duoc thuc hién boi
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Tran Thé Hung va cong sy [2] bang phuong phéap thuc nghiém. Tuy nhién, géc nghiéng gidi han
nho duéi 15°, véi mot s tham sé nhat dinh dugc do.

Trong nghién cau nay, hé s6 luc can ciia md hinh Ahmed body ¥ scale dugc md phong bang
phan mém ANSYS FLUENT tai s reynold 2 x 105. Goc vat cua Ahmed body la 25° va cac goc
nghiéng nam trong khoang 0° dén 15°. Nghién ciru nay tap trung vao viéc xay dung mé hinh
nghién ctru ddc tinh khi dong ciia mé hinh xe Ahmed, danh gia cau tric dong chay trén bé mat
nghiéng va cac géc nghiéng khac nhau.

2. Phwong phap nghién ciru
2.1. M0 hinh bai toan

Mo hinh xe Ahmed body dugc trinh bay boi Ahmed va cong sy [3] 1a mé hinh co ban nhat dé
nghién ciru dac tinh khi dong cua 6 td, véi mdi goc nghiéng khac nhau thi déc tinh khi dong ciing
khéac nhau. Boi vay bai bao nay str dung mé hinh xe Ahmed 1am co so dé tinh toan phan tich luc
can, &p suat va truong ma sat bé mat 1én céc goc gio6 nghiéng khac nhau tr d6 lam co s¢ dé cai
tién md hinh nham c6 thé san xuat ra loai xe tiéu ton it ning luong nhat. O nghién ciu nay, mo
hinh ¥2 Ahmed body ¢6 chiéu dai 522 mm, chiéu cao 144 mm va rong 194 mm. G6c vat phia sau
dudi cia mo hinh 1a 25°. Kich thudc va thdng sb thiét ké cu thé cia mé hinh % Ahmed body
duoc thé hién trong Hinh 2a.
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Hinh 2. Théng sé 2D cia md hinh xe Ahmed (a) va mién tinh toan (b)

Vang tinh toan ¢6 dang hinh hop chix nhat véi kich thudc chiéu dai x chiéu rong x chiéu cao =
15L x 15W x 11H véi L la chiéu dai, W 1a chiéu rong va H 1a chiéu cao ciia md hinh xe Ahmed.
Hinh 2b hién thi ¥ mién tinh todn. Nghién ciru ndy tap trung vao do léch cua gio tac dong 1én md
hinh, 1én cac dic diém phuc tap cua dong chay tap trung ¢ phan phia sau caa mod hinh. Khoang
cach tir dudi ctia xe Ahmed dén dau ra 1a 5172 mm gitip dam bao thu dugc toan by ving xody
phia sau mé hinh.
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2.2. Phwong phdp tinh todn va diéu kién bién

Phuong phdp trung binh Reynolds-averaged Navier-Stokes (RANS) dugc st dung trong tinh
toan phan b trudong van téc va &p suat trung binh quanh mo hinh. Phuong phap nay dua trén
trung binh phuong trinh Navier-Stocks va bo qua anh huong cua thoi gian 1én dac tinh caa dong
chay. Mic du han ché trong phén tich cu thé dac tinh khéng dirng ciia dong chay, mé hinh RANS
dugc biét cho két qua twong dbi chinh xac d6i véi dong chay trung binh, dong thoi gidp giam thoi
gian tinh toan va dugc sir dung rat rong réi trong nghién cau gan day [15] — [17]. Phuong phap
RANS duya trén trung binh hoa phuong trinh Navier-stockes (1) dwoc viét nhu sau:

op O

P .9 () =0

o o M

2 i)+ 2oy = Py O 0 ®
at(pU|)+8Xj(pu|uJ)— 6xi+ﬂ8Xj x; axj)+aj(pu'ul)

Trong d6 i, j=1,2,3; 1 1a thanh phan van téc trung binh; p 1 &p suét; p 1a mat do khong khi.
Pé tinh toi anh huong cua rdi, mé hinh chay rdi k-o SST duoc sir dung trong nghién ciu nay.
Pay 1a mo hinh hai phwong trinh, sir dung cho dong chay can mé ta 16p bién do chinh xéc cao,
dugc phét trién boi Wilcox va dong nghiép [18]. M6 hinh két hop wu diém cua mé hinh réi k-e &
khu vuc dong chay cach xa dbi tuong nghién cau, trong khi d6 mé hinh rdi ko duoc st dung
gan bé mat d6i twong cho tinh toan dong chay chinh xac trong 16p bién. Cu thé, phuong trinh cho
dong nang chay rdi k va toc do tiéu tan rdi dic trung o trong md hinh SST k-w (2) duoc tinh toan
théng qua cdng thirc (2):
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Trong d6 hé s6 nhét vr duoc x4c dinh nhu sau:
ak
max(a,w; QQF,)

Lud6i khong ciu tric voi cac phan tir pyramid duoc sir dung trén toan khéng gian tinh toan.
Trén bé mat mod hinh Ahmed body, phan tir luéi hexahedron véi 20 16p ludi duoc khoi tao nham
tinh toén chinh xé4c dong chay trong 16p bién (Hinh 3). Trong d6, chiéu day I6p ludi dau tién 1a
10* m, twong (tng Véi gia tri y* = 5.
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http://jst.tnu.edu.vn 6 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 228(10):3-11

3. Két qua va thao luan
3.1. Anh hwong cia gi6 nghiéng téi luc cin khi dong

Luc can khi dong c6 vai tro quan trong trong danh gia chét luong khi dong ciia md hinh. Gia
tri nay c6 xu hudng ting khi goc gié nghiéng ting. Trong phan nay luc can tinh toan bang mo
phong sé duoc so sanh véi két qua thie nghiém khao sat trén mo hinh c¢6 cung kich thuéc nham
danh gia hiéu qua ciia phuong phap trong xac dinh tham sb khi dong. Hinh 4 dua ra két qua tinh
toan hé s6 luc can cho goc gio nghiéng thay doi tir 0 téi 15°. Cac két qua thuc nghiém dugc cong
bd bai Tran Thé Hung va cong sw [2] trong nghién ciru trudc. HEé s6 lyc can tinh theo dién tich
dic trung cat ngang than 6 to tai goc nghiéng bang 0. C4 thé thay rang xu huong gitra ly thuyét
va thuc nghiém 1a twong déng. Cu thé, hé sé luc can duong nhu khong thay ddi tai goc nghiéng
0° dén 3° sau d6 chung tang dan Ién theo d¢ tang cua goc gi6 nghiéng. Déi voi cac goc gio
nghiéng nho tir 0° dén 8° phép do hé s lyc can trén phan mém md phong rat sat vai két qua thyc
nghiém. Diéu nay khéc vai nghién ciu cua Meile va cong sy [19] cho mé hinh géc vét 25°, trong
d6 1a hé s6 luc can duong nhu khong doi tai goc nghiéng tir -25° dén 25° tai s6 Reynold 1a 2.8 x
10°. Tir d6 cho thdy rang xu huéng luc can trong didu kién gié nghiéng bi anh huéng rat nhiéu
boi sé Reynold. Két qua ciing chi ra rang tai goc nghiéng 15°, sai léch gitta md phong sb véi thuc
nghiém Ion. Diéu nay c6 thé giai thich rang do md hinh mé phong sb chua du chinh xac trong mé
phong truong dong chay khong dirng quanh mé hinh. Tuy nhién, viéc lya chon mé hinh tinh toan
va chia ludi cho két qua kha tét vai gc gié nghiéng nho.

3.2. Dong chdy xung quanh mdt phing déi xieng ciia md hinh

Trong phan nay, truong dong chay quanh mat phang dbi xang cua m6 hinh dugc phan tich
bang mé phong sé cho cac goc nghiéng khac nhau nham 1am rd hon ciu tric xody phia sau cua
md hinh. Hinh 5 thé hién phan b van tdc theo phuong doc véi cac duong dong chay xung quanh
m6 hinh Ahmed body tai cac géc nghiéng tir 0° dén 15°.

[ [ T

X Component Velosity -4 -2 0 2 4 6 & 10 12 14 16 18 20 22 24 26 28

Hinh 5. Truong van toc xung quanh mé hinh
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C6 thé thay rang kich thudc ving xody sau dudi c6 xu hudng giam dan khi goc nghiéng tang.
Tai g6c nghiéng bang khong, tach dong xuat hién tir mép trudc cua dudi vat voi chiéu dai vung
xoay khoang 1H. Tuy nhién tai géc nghiéng 15°, chiéu dai viing xody khoang 0.8H. Vung xoéy
sau dudi dic trung boi van toc thap, lam giam ap Suat trén mat day dimg va tang luyc can cuia mo
hinh. Két qua phan bb dong chay ciing chi ra rang, van toc co xu hudng ting tai mép trudc cia
g6c vat do sy thay doi dot ngot hinh dang caa mé hinh.
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Hinh 6. Phan bé rrurong &p sudt trén bé mat vat

Hinh 6 dua ra phan b &p suét trén bé mit vét cho céc goc gié nghiéng khéac nhau tir 0 téi 15°.
Tai g6c nghiéng bang 0, phan bé &p suét trén bé mat déi xtng theo phuong doc. Su xuat hién caa
dai xody doc C-pillar dan t6i hinh thanh hai ving ap suét thap trén bé mat dudi. Sat mép trudc
cia md hinh, viing &p suat thap dugc hinh thanh do sy xuét hién cua ving chay nguqc trén bé
mit. Tinh d6i xing bi mat di khi tang géc nghiéng cua md hinh. Trén bé mat don gio, vung ap
sut thap dugc ma rong do sy phat trién cia dai xody C- -pillar trén vung nay. Vung ap suat thap
trén vung chan gi6 (bén tral) c6 xu hudéng thu nho va bién mat tai goc gid nghiéng bang 15°.

Tur cac két qua trén c6 thé thiy rang hai dai xoay doc trén bé mat duodi vat la nguyén nhén
chinh dén t6i su thay dbi luc can cia mé hinh. Dé ¢6 céi nhin cu thé va chi tiét hon, dudng dong
trén bé mat vudng goc phia sau mé hinh duge phén tich, nhu chi ra trén Hinh 7. O day duong
dong dugc phan tich v& dya trén van tdc theo phuong Z va Y cho cc goc nghiéng thay ddi tir 0°
dén 15°. Tai g6c nghiéng 0° ta thiy duoc sy ddi xting cua hai xody phia trén. Cac C-pillar thu
dugc 1a cac xody tron déu nhau tir hai phia. Tai bé mat dudi, hai xoay bén ciing dwgc hinh thanh,
1a két qua cuia sy tuong tac giira dong chay quanh mé hinh va bé mat dudi. Khi goc nghiéng ting
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ti 3°, xody bén phan don gi6 mé rong, tuy nhién xody bén bé mat khuét gi6 giam. Tai bé mat
dudi, xody bén phan don gi6 c6 xu huéng bam sat bé mat vat trong khi xoay bén vung khuat gio
di xa mo6 hinh. Cac nhan xét trén cang duoc thé hién rd rang khi goc nghiéng tiep tuc tang.

25
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ﬁ‘\\“\yﬂm..,, =

0.5 0.5 [
Z/h

&
A
]
]

e. 100
Hinh 8. Trurong vén toc cach xe mgét khoang 0,1 m

Hinh 8 thé hién truong van toc phia sau than xe véi khoang céch 0,1m. Véi két qua nay c6 thé
quan sat dugC trang thai truong dong chay cac C-pillar thay doi nhu the nao khi gia tri x thay doi.
Theo quan sat ta thay vai géc nghiéng 0° khoang cach 30 cm sau m6 hinh khéng con xuat hién
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cac vling xoay nita, didu nay khac véi cac goc nghiéng con lai khi viing xody phia bén trai cua
phia sau mé hinh phét trién 16n dan tir goc nghiéng 3° dén 15°. Goc nghiéng 8° va 10° xuat hién
thém mot xody nho bén phai mé hinh. Dac biét véi goc nghiéng 16n nhat xuat hién bén truong
xody hdn loan. So sanh giira Hinh 7 va Hinh 8 thay duoc ving xody phia bén trén bén phai mo
hinh tat ca déu khdng xuat hién khi dong chay cach xa mé hinh, con déi véi viing xody phia bén
trai bén trén mo hinh cang phat trién I6n hon vai cac goc nghiéng l6n hon. Coé mot diéu thi vi doi
Vdi cac truong hop co goc nghiéng do 1a cang xa mo hinh cac dong xoay bén phai c6 xu hudng
x04y kéo xudng dudi, dé dang quan sat dugc ching ¢ goc nghiéng 15°.

4. Két luan

Bai bao nay trinh bay phuong phap mé phong CFD bang phan mém thuong mai Ansys Fluent
v6i do chinh xac bac 2 cho cac truong hop goc nghiéng khac nhau cua mo hinh %2 Ahmed body.
M6 hinh rdi k- SST duoc st dung d& mé phong cac truong hop goc gid nghiéng thay dbi tir 0
t6i 15°. Cac két qua tir md phong dugc so sanh vai thuc nghiém thuc hién trén éng théi khi dong
tai Pai hoc Hiroshima, Nhat Ban, cho thiy rang mé phong kha sat vai thuc nghiém; tir 6 gitip
lam giam thoi gian nghién ciru va kinh phi cho cac hoat dong vé sau. Mo phong ciing cho thiy do
hoi tu khdng tot trong trudng hop géc nghiéng 1on, tuy nhién wu diém ciia mé hinh rdi nay d6 la
mo ta duoc cac dong xody phia sau goc vat ciia mo hinh tir d6 c6 duoc céi nhin tryc quan hon vé
su anh huong khi cac goc gid nghiéng thay doi.

Céc trang thai dong chay khac nhau tai mdi truong hop khac nhau cho thiy dugc voi cac goc
nghiéng cang cao thi luc can cang ting cao, xuat phét tir sy phat trién cia dai xody C-pilar trén bé
mat dudi vat. Phan tich dong chay trén bé mat vudng goc sau dudi vat cho thdy dong xody trén
vung dén gid phat trién trong khi xody trén ving khuat gié co6 d6 1on giam dan khi ting goc
nghiéng ciia md hinh. Két qua ciia nghién ciu hién tai 1am co s& trong phan tich, danh gia anh
huong cuaa gid nghiéng tai dac trung khi dong cta mo hinh.
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