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Tom tat: Bai bao khao sat anh huong cua tim diéu khién dong toi luc can khi dong ciia phwong tién
bang phuwong phap mé phong s6 voi md hinh réi GEKO k- trén phan mém Ansys Fluent 2023R1.
M6 phong nay &p dung trén mod hinh xe Ahmed 75% Scale va duoc thiét 1ap thém tam diéu khién
dong. Qua d6, dic tinh khi dong quanh mé hinh xe Ahmed dugc phan tich cu thé bao gom: Hé s6
luc can, phan b hé sé ap suit, van téc, ma sat bé mat. Két qua ctia nghién ciru co y nghia thiét thyc
trong nghién ciru hé théng can bang luc, giam luc can cai thién hiéu suat cho cac phwong tién trong
tuong lai.

Tur khéa: Md phong sb, tach dong, luc can, mat véat, GEKO k-o.

1. Mé& dau

Néng lugng dong vai tro quan trong trong phat trién kinh té - xa hdi, khoa hoc cong nghe, viéc
lam chu nguon néng luong la vin d& caa moi qudc gia. Hién nay, nhiéu quéc gia phan Ién déu sir dung
ngudn ning luong hoa thach nhu dau mo, than da,...Pay 14 nguyén nhan chinh dan dén bién ddi khi hau
va chung dang dan can kiét. Phan I6n viéc sir dung nhién liéu va xa khi thai dén tir cac phuong tién giao
thong, dac biét 14 cac dong co ddt trong. Cac phuong tién dién méi véi nhicu dac diém duoc cai tién vé
Cc4 mau ma va mirc do tiéu thu nguyén nhién liéu khéng chi 1a muc tiéu cia cac hing xe ma con la dé tai
nghién cuu cua cac trueong, cac vién nghién cau.

Céc thanh phan lyc can xay ra xung quanh phuong tién, dac bit la phia sau cua vat thé, cac dong
X048y anh hudng chinh tgi viéc tao ra tleng dn, do 6n dinh cua phuong tién. Hiéu vé hanh vi khi dong
luc hoc cia mdt mo hinh rat quan trong dé lva chon dwoc mé hinh phi hop tir d6 dua ra duoc chién lugc
kiém soét lyc can. Ahmed body [1] d& duoc chl y va lya chon rat nhiéu khi nghién ctiu vé xe. Tuy day
12 m6 hinh don giian nhung mang ddy du tinh chit cua dong chay véi goc vét co thé thay di. Tai goc
vét khoang 12,5°, xuét hién viing chay nguoc va hai xoay doc trén dudi vat. CAu triic ndy c6 xu huéng
MG rong va tang dan khi goc vat ting, lam ting dang ké luc can cua mé hinh. Tai g6c vat tir 25 - 30°,
c4u triic xoay dat cyc dai. Khi goc vat tiép tuc ting, ving xody ngurgc va hai dai xody doc bi pha v, luc
can cua md hinh giam. Nghién ctru dong chay quanh dudi cho mé hinh ¢6 goc vat 25° va phuong phap
giam lyc can dugc thuc hién boi nhiéu nha nghién ciru [2] — [7]. Trong nghién ciru nay dicu tra tac dong
ctia bo diéu khién dong dugc gan tai mép trén ciia mat vat nghiéng sau md hinh xe Ahmed va bo diéu
khién nay c6 thé thay doi goc hop bai tim diéu khién va mat vat nghiéng.

K§ thuat dugc su dung trong nghién ctru nay 1a phuong phap md phong s6. Trong phuong phap
nay, cac phuong trinh dong luc hoc chat long co ban duoc giai bang cach roi rac hoa va sir dung cac
thuat toan sai phan hozc thé tich hitu han. Cac chuong trinh may tinh c¢6 kha nang tinh toan chinh xéc
thoi gian khong on dinh bang cach sir dung phuong trinh Navier-Stockes. Trong d6 cong cu Ansys
Fluent c6 khd néng tinh toan truong dong co s¢ cho cac truong hop goc hop boi tam diéu khién va md
hinh Ahmed body bing ky thuat tinh toan Navier-Stock tir do da giup giai quyét duoc bai toan lién quan
dén khi dong hoc vat thé.

Trong nghién ctru nay, hé s6 can ciia md hinh Ahmed body 75% dugc md phong bang phan mém
Ansys Fluent tai so reynold 2.8 x 10°. Goc vat cia Ahmed body la 25° va goc hop boi tam diéu khién
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dong va mat vat cua mo hinh trong khoang tur 0° dén 50°. Viéc phan tich cac hé s luc can khi dong, ap
Suat va truong dong chay can duoc tién hanh. Cac két qua cua viéc nghién ctu s& dua ra cai nhin siu
sac vé chién luoc t6i vu phuong tién.

2. M6 hinh bai toan va phwong phap giai
2.1. Md hinh bai toan

Mo hinh duoc str dung trong nghién ciru nay 1a 75% scale Ahmed body, né dugc gan véi tim
diéu khién dong tuong ty véi nghién cau thye nghiém caa Tran Thé Hing va cong su [8]. Céc nghién
ctru sir dung phuong phap mé phong RANS ¢ dién chua dua ra duoc két qua trudng ma sat bé mat
chinh xac, tai déy str dung phuong phap nghién cru méi duoc phat trién boi Ansys da cho dugc cac két
qua ma phuong phap trong qua khtr khdng thé hién dugc. Vi thé viéc str dung mé hinh di co cong bd
thuc nghlem rat ¢ hitu ich cho viéc xac thuc va so séanh két qua. Mic du, kich thuéc cia md hinh nho
hon so véi vat thé tiéu chuan nhung dac tinh dong chay tuong tu d6i véi s6 Reynold 14 2.8 x 10°. Kich
thudc vat thé dugc thé hién nhu hinh 1, tam diéu khién duoc thiét 1ap vai chiéu dai bang 0.9% chiéu dai
mat vat.
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a) Kich thudc 2D ctia mé hinh

Deflector

b) Tam diéu khién dugc gin vao mit vét [8] ¢) Goc léch cua tam di€u khién

Hinh 1. Kich thuéc mo hinh
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Mién tinh toan c6 kich thudc da 16n dé thu dugc cic cAu tric dong chay chi tiét xung quanh md
hinh thé hién nhu hinh 2. Téng cong 9 truong hop goc hop boi tim diéu khién va mat vat dé hiéu vé xu
hudng can va hanh vi caa dong chay xung quanh mé hinh. Pau vao duoc thiét 1ap 1a Velocity- Inlet, dau
ra duoc thiét 1ap Ia Pressure-Outlet. Vi van téc thap nén mat ¢o khong khi va do nhot duge coi nhu
khong thay doi.

V=18.825m/s

Hinh 2. Vung tinh toan

2.3. Lwoi tinh todn

Ludi dang poly-hexcore dwoc st dung cho tinh toan. Dic diém cua loai ludi ndy cho phép tan
dung duoc tbi da tinh chinh xac cua ludi cu trdc trong viing dong khi 16n va khdng phuc tap; trong khi
d6, ugi phi cau triic dugc st dung tai cac viing sat mé hinh dé tao dung chinh xac ciu tric phuc tap cua
mo hinh. Ludi két hop poly-hexcore di duoc ching minh c6 thé cung cap két qua md phong chinh xac
va giam thoi gian tinh toan [9]. Bén canh do, dé dam bao tinh chinh xac md phong céac vi tri gin bé mit
vat thé, 10 I6p ludi da da dugc xay dung véi chiéu day 16p ludi dau tién 1a 3.45m, tuong ng voi gia tri
y' = 2. Bén canh d6 mot vung ludi dém duoc chia day tai khu vyc tam diéu khién nham muc dich nim
bit chi tiét truong dong chay trén mat vat va anh huong cua tam diéu khién. Ludi sau d6 dugc kiém tra
chat luong ludi voi két qua do Orthogonal quality 13 0.07 da dat chat luong ludi tt va dam bao dat yéu
cau dé tién hanh chay mé phong. Cau trac ludi trén, xung quanh mé hinh va sy phan bé y* dugc thé hign
nhu trén Hinh 3.
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Hinh 3. Phan b6 cta ludi va y*

2.2. Phwong phap tinh todn

Phuong phap trung binh Reynolds-averaged Navier-Stokes (RANS) - phuong phap nay dua trén
trung binh phuong trinh Navier-Stocks va bo qua anh hudng cua thoi gian 1én dac tinh ciia dong chay.
Mic du han ché trong phan tich cu thé dic tinh khong dimng cia dong chay, mé hinh RANS duoc biét
cho két qua twong dbi chinh xac dbi véi dong chay trung binh, déng thoi gidp giam thoi gian tinh toan
va duoc sir dung pho bién trong céng nghiép. Phuong phap nay dua trén trung binh héa phuwong trinh
Navier-stockes duoc viét nhu sau:
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Dé xét dén anh huong cua rdi, md hinh GEKO (Generalized k-w) dwoc sir dung, day 1a mot mo
hinh méi trong Ansys Fluent cho phép nguoi dung didu chinh cac tham sé dé phu hop véi cac hiéu tng
vat ly hodc di liéu thuc nghiém nho d6 cai thién két qua tinh todn CFD. Céng thic cia md hinh rdi
GEKO k-w [10] dugc thé hién nhu sau:
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Cac hé¢ s6 ty do cia m6 hinh GEKO duoc trién khai thong qua cac ham (F,, F, , F,) ma nguoi
duing c6 thé diéu chinh dé dat dugc cac muyc tiéu khac nhau. Ddi véi nghién cau nay, tham sé Cgg,, duoc
thay d6i phl hop véi chirc nang chinh dé diéu chinh dy doan phan tach cho I6p bién.

3. Két qua va thao luan
3.1. Két qua luc cin khi dong

Céc két qua cua bai toan duoc tinh toan dua trén dién tich mat cit ngang caa md hinh Ahmed

75% scale ban dau. Quan sat Hinh 4 thiy duoc hé s6 luyc can tang khi tam didu khién hop véi mat vat

goc tur 0° den 25°, sau d6 hé s6 lyc can giam tai goc hop 30°, két qua cho thay rang khi thém tam diéu

khién hé s can giam tbi da 7. 14%. Xu huéng cua hé so6 luc can tuong tw v6i nghién ciru cua Fourrie va

cong su [11] tir d6 cho thay rang phuong phap mo phong duoc lya chon pht hop dé mé ta dac tinh khi

d6ng md hinh. Giai thich cho sy thay doi luc can 1a do sy phé vé cau tric dong chay duoc néu chi tiét &
muc 3.2.
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Hinh 4. HE s0 lyc can tai cac goc hop bdi tam di€u khién va mat vat khac nhau

3.2. Phéin bo ma sdt bé mdt va dp sudt

Hinh 5 thé hién truong dong chay bé mat trén mat vat cia mé hinh. Quan sat thiy rang di voi
g6c 0° dong chay c6 tinh di xtng cao trén dudng y = 0 voi mot xody tach dong 16n trén bé mat. Cau
trdc va chiéu dai cua xody nay tuong tw nhu két qua thic nghiém thu dwoc cua Tran Thé Hung [8] va
cac nghién ciru trude day. Bang két qua md phong sb ciing khang dinh dong chay duoc tach ra ¢ phia
sau cuia mép trén ciia mat vat tuong tu véi dir liéu thuc nghiém. M6 hinh réi GEKO k- vai tinh linh
hoat khi diéu chinh md hinh theo céc g xir khéc nhau caa dong chay tir 46 GEKO 1a lya chon tét khi
dua ra duogc két qua nhu mong mudn.

Céc g6c hop boi tim diéu khién vai mat vat khac nhau thi (g xtr cia dong chay ciing khac nhau.
Xoday tach dong phét trién rong ra tai cac gdc léch am tir 0° dén 25°. Tai goc 30° dong chay trén bé mat
vat da thay ddi hoan toan khong con céac xody doc didu nay din dén hé sb luc can giam. Cac géc léch
cang tang sau goc 30° thi dong chay nguoc tir mép dudi ciia mat vét ting 1én lyc can ting dan. Pang cha
¥ ddi véi goc léch cao dong chay chuyén sang trang théi tach dong hoan toan trang thai nay co dic diém
tuong tu goc vat 35° md hinh Ahmed khong nguyén ban tuy nhién cu triic dong chay cé phan phuc tap
hon ddi véi trudng hop géc vét nghiéng cao hon.
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0=15° - 0 = 25°

0=30° 6=35°

0=41° 6 =50°

Hinh 5. Phan b6 h¢ s6 ap suat va dong chay trén mat vat mo hinh

Hinh 6 thé hi¢n truong phan bd &p suat trén bé mat, qua cach hién thi trén c6 the hicu rd hon vé
méi quan hé gitra truong ma sat bé mat va trudng phan bé &p suat. Sy sut giam &p suat cé thé quan sat
dé dang nhat tai 2 mép trén cua mat vat do c6 sy ton tai cua vung chay ngugc tai do, vung ap suét thap
dugc hinh thanh doc theo hai meép nghiéng cua mat vat. Ap suat tang dan khi tién vao duong thang trung
tam cua mat vat. Sy ton tai ciia ap SUat xung quanh mép trudc va mép bén cua mat nghiéng phu hop véi
cac nghién ctru trude day. Pidu dang chi ¥ 1a su phan bd &p suat twong tu nhau tir goc léch 5° dén 25°
tuy nhién &p suét thap tang 1én va ving ap suét thap do trai rong hon khi goc 1éch ting.
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Hinh 6. Phan bd hé sb ap sudt trén bé mit vat mo hinh
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2.3. Truwong phén bo vin toc

Hinh 7 hién thi cac trueong van tc trén mat phiang cit ngang dé chi ra dong chay xung quanh md
hinh véi tim diéu khién. Quan st thay rang véi goc léch 0° va 9° xuat hién xoay tach dong twong tu nhur
c4c phén tich phia trén, ving tach dong ting manh khi goc l&ch 18n téi 15°. Di véi mo hinh c6 géc léch
25° bo léch hudng 1am nhidu loan dong chay gan bé mit dn dén dong chay bi tach ra hoan toan tai do.
M6 hinh c6 goc léch 30° dong phan tach tron Ian véi dong chay phia dudi tao thanh mét dong chay dao
nguoc 16n & phia sau bé mat. Bidu nay dan dén luc can cia md hinh giam xuéng.

0=50°
Hinh 7. Phan bd dong chay trén bé mit cit ngang

0=41° ’
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4. Két luan

Céc dic diém khi dong dugc phan tich trong bai nghién ciu vé anh huéng cua tim diéu khién
dong thiét 1ap cang véi md hinh xe Ahmed. Céac goc léch thay doi tir 0° dén 50° dé hiéu vé dong chay
va tng dung vao chién lugc giam luc can phuong tién. M hinh réi GEKO k-w 12 mé hinh réi méi duoc
phé bién, chua dugc cong bd nhiéu tuy nhién voi md hinh hién tai két qua cho thay véi viéc md phong
s6 dat duoc nhiéu két qua nhu mong doi va hira hen day s& 1a mé hinh dugc phd bién rong réi trong
cdng nghiép va nghién ciu sau ndy. Cac két qua bang md phong sb cho thiy rang voi tAim diéu khién
duoc thiét 1ap hé sb luc can giam dang ké hon 7% ddi véi goc léch 30°. Dong chay tir tach dong dan dén
tach dong hoan toan & gdc léch 30° téi 50°. Céc trang thai dong chay va &p suat ciing dugc phan tich.
Tir nhitng két qua caa nghién ciru trén tao co s dé nghién ctu, téi wu chi phi cho muc dich giam luc
can trén céc thiét bi xe hién dai bay gio.

Loi cam on

Pham Vin Duy dugc tai tro boi Chuong trinh hoc bdng dao tao thac si, tién si trong nudc cua
Quy doi mai sang tao Vingroup (VINIF), ma s6 VINIF.2023.ThS.026

Tai ligu tham khao
[1] S. R. Ahmed, G. Ramm, G. Faltin. Some Salient Features of the Time-Averaged Ground. SAE Trans, 93,
(1984), pp. 473-503.

[2] G. Vino, S. Watkins, P. Mousley, J. Watmuff, S. Prasad. Flow structures in the near-wake of the Ahmed
model. Journal of Fluids and Structures, 20, (May, 2005), pp. 673-695.

[3] S.Krajnovi¢, L. Davidson. Flow around a simplified car, part 1: Large eddy simulation. Journal of Fluids
Engineering, 127, (2005), pp. 907-918.

[4] M. Miozzi, A. Capone, F. Di Felice, C. Klein, T. Liu. Global and local skin friction diagnostics from TSP
surface patterns on an underwater cylinder in crossflow. Physics of Fluids, 28, (December, 2016).

[5] T.T.Hung, M. Hijikuro, M. Anyoji, T. Uchida, T. Nakashima, K. Shimizu. Deflector effect on flow behavior
and drag of an Ahmed body under crosswind conditions. Journal of Wind Engineering and Industrial
Aerodynamics, 231, (2022).

[6] T. Tunay, B. Sahin, V. Ozbolat. Effects of rear slant angles on the flow characteristics of Ahmed body.
Experimental Thermal and Fluid Science, 57, (2014), pp. 165-176.

[71 D. Kim, H. Lee, W. Yi, H. Choi. A bio-inspired device for drag reduction on a three-dimensional model
vehicle. Bioinspiration and Biomimetics, 11, (February, 2016).

[8] T. H. Tran, M. Anyoji, T. Nakashima, K. Shimizu, A. D. Le. Experimental Study of the SkinFriction
Topology Around the Ahmed Body in Cross-Wind Conditions. Journal of Fluids Engineering, 144, (March,
2022).

[9] K. Zone, B. Sasanapuri, G. Parkhi, A. Varghese. Ansys Mosaic Poly—Hexcore Mesh For High-Lift Aircraft
Configuration. In Proceeding of 21st Annual CFD Symposium, (2019), pp. 1-11.

[10] https://www.ansys.com/content/dam/amp/2022/march/quick-request/Best-Practice-GEKO-Turbulence-
Modeling-in-Ansys-CFD.pdf

[11] G. Fourrie, L. Keirsbulck, L. Labraga, P. Gillieron. Bluff-body drag reduction using a deflector. Experiments
in Fluids, (2011), pp. 385-395.

— 10 —



