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1. Gioi thigu

Nghién ctru hién tuong dong chay trén bé mit vat cé vai trd quan trong trong tu nhién va ky
thuat. Thong qua cau tric dong chay, co thé danh gia dugc lyc, md men va ng Xuat tac dung lén
moé hinh. Tir @6 cho phép dé xuit cac bién phap kiém soat dong chay phu hop. Céc hién tuong
dong chay quanh m6 hinh nhu dong chay nudc qua try cau, dong chay chat khi qua cac tda nha
cao tang, hoic dong chdy quanh céac thiét bi Chuyen dong nhu 6 t6, dan phao, may bay, tén lua,
thuong tuong ddi phirc tap voi ddc trung chay rdi cao [1]. Phén tich dic trung cau trac dong chay
¢6 vai trd quan trong trong hudng t6i toi wu hoa thiét ké va giam thiéu tac dong 1én mo hinh [2].

Véi vai tro trén, nghién ctru co hoc chit luu ngay nay c6 dong gop 16n cho thiét ké va xay
dung mo hinh. Théng thuong phuong phap nghién ciru co thé bao gom phuong phap tinh toan
moé phong sb hoic thuc nghiém. Mic du cac gia tri chi 1a dinh tinh, mé phong sé dong gop 16n
trong qua trinh nghién ctru va xay dung md hinh ban dau. Tran Thé Hung va cong su [3]-[7],
nghién ctru dong chay trén m6 hinh duéi vat chi ra rang, khi m6 hinh m6 phong s6 phu hop duoc
lya chon, céc két qua tinh toan twong d6i dong nhat véi thyc nghiém. Lé Dinh Anh va cong su
ciing cho thdy mé hinh mé phong sb rat hiéu qua trong nghién ciru dong hai pha [8]-[10] ciing
nhu (g dung hiéu qua trong xay dyung va tdi wu héa mé hinh tua bin gi6 truc dung [11], [12].
Trong cac diéu kién nghién ctiu tai Viét Nam, mo phong cho thay trién vong Ién trong nghién
ctu thiét ké véi kha ning xdy dyng, tinh toan nhanh va chi phi phu hop.

Bén canh md phong so6, cac phuong phap thuc nghiém ciing dang dan duoc st dung nham
danh gia hiéu qua va kiém chang két qua mé phong. Trong phuong phap thuc nghiém co hoc
chat Iuu, thi _nghiém thuong dugc xay dung cho mo hinh thu nho va danh gia déc tinh khi dong
thong qua két qua trén 6ng thoi khi dong. Ngay nay, cac dit li¢u trong qua trinh thi nghiém c6 thé
dugc xac dinh thong qua hé théng quan tric st dung camera. Thong qua cac phuong phap xur ly
anh thyuc nghiém, vi tri cua vat cung truong dong chay quanh vat c6 thé dugc xay dung [13], [14].
Mot trong cac tng dung cia phuong phap trén 13 x4c dinh truong ma sat quanh bé mat vat. Tran
Thé Hung va cong su [15], [16] da do dac trudng ma sat trén md hinh dudi vat thong qua phuong
phap mo phong sir dung dau phan quang. Phuong phap xtr 1y anh thuc nghiém bang thuat toan
bién phan ciia Liu va cong su [17] dugc tng dung cho cac nghién ctru trén. Uu diém cua phuong
phap trén 13 bd tri thi nghiém tuong dbi don gian véi chi phi thap Ngoai ra, truong dong chay
trén toan bo bé mat vat c6 thé thu duge. Thém vao do, cac két qua tuong déng voi nghién ciu
khac. Dua trén phuong phap ciia Liu va cong su [17], Tran Thé Hung va Lin Chen [18], [19] da
phat trién thuat toan xur 1y di liéu mai, cho phép phén tich chi tiét hon dong chay trén bé mat caa
mo hinh. Tuy nhién, & rang phuong phap trén con twong ddi méi va chua duge ap dung rong rai
trén cac md hinh khac nhau. Viéc tmg dung cu thé cho phép xéac dinh tinh phd quat va hiéu qua
cua phuong phap.

Trong nghién ctru nay, cac dic tinh co ban cia phuong phap nghién ciru truong ma sat trén bé
mat vat s€ duogc trinh bay. Thong qua do, bai bao danh gia kha nang tng dung cua phuong phap
trong tinh toan cic mo hinh khac vao diéu kién thyc té tai Viét Nam. Cac két qua tinh toan cho
md hinh canh tam giac ciing dwgc trinh bay va cong bd lan dau tién trong nghién clru nay. NOI
dung con lai cta bai bao duoc t6 chirc nhu sau: Myc 2 cta bai bao trinh bay vé phuong phap bd
tri thi nghiém, thuat toan xir 1y dit liéu nham xac dinh truong ma sat (dong chay sat bé mat mo
hinh), muc 3 cia bai bao trinh bay két qua tinh toan cho mé hinh canh tam giac va trién vong cua
phuong phap. Bai bao duoc két luan trong muc 4.

2. Phuong phip tinh toan va bé tri thi nghiém
2.1. Phwong phap tinh todn trwong dong chay

Phuong phap tinh toan trudng dong chay trén bé mit mé hinh dya trén giai phuong trinh phén
bd d6 day dau trén bé mat bang thuat toan xir Iy anh. Phuong trinh phan bd d¢ day dau trén bé
mit duoc biéu dién bang cong thirc sau [20]:
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Trong d6 7 1a truong ma sat trén bé mat mo hinh, h 1a 6 day 16p dau dwoc phi trén bé mit, p
1a mat do cua chat long, p 1a ap suét trén bé mat, u 1a d6 nhot dong hoc, t 1a bién thoi gian va g 1a
véc to gia toc trong truong. Phuong trinh (1) 1a dang phuong trinh Navier- Stockes cho dong chay
sat bé mat vat. Pay 1a dang phuong trinh vi phan bac cao va chua c6 1oi giai 6. Viéc do tryc tiép
d6 day 16p dau theo thoi gian la tuong dbi phirc tap va khong thuc hién dugc trong thuc té. Tuy
nhién d6 day 16p dau c6 thé do thong qua cuong do sang cua dau. Pé thuc hién diéu nay, dau st
dung trong md phong dugc tron Idn voi chat phan quang, dong thoi dugc chiéu sang bang anh
sang don sic trong qua trinh thi nghiém. Su thay ddi cudng do sang cua dau dwoc ghi lai bing
camera don sic. Gia thuyét do day cua dau ti 1¢ véi cudng do sang 1a chia khoa quan trong, giup
giai phuong trinh dau va mo phong truong dong chay trén be mat cua vat. Gia thuyet nay c6 the
biéu dién thong qua cong thic: h = xI. Trong do, « 1a hang s6 véi don vi quy doi, | 1a gia tri cua
cuong d6 sang trén bé mat mo hinh do. Vi gia thuyét trén, phuong trinh (1) s& tré thanh:

ol

a +V[(lu)=0 (2
Trong d6 u dugc goi 1a véc to van téc xac dinh qua xir 1y anh, duoc biéu dién thong qua

phuong trinh sau:
212

xl K

Anh huong caa ap suét va truong trong luc toi véc to luyc ma sat thong thuong la nho va dugc
bo qua trong qua trinh tinh toan. Phwong trinh (2) cho thdy méi lién hé giira véc to van tdc va su
thay dbi theo khong, thoi gian cua cudng do sang. Thong thuong, véi mdi cap anh khac nhau &
thoi gian t, sy thay d6i ctia cuong do sang 1a hoan toan xac dinh. Tuy nhién, cudng do sang thu
dugc tir camera thuong c6 d6 nhidu cao, Tran va Chen [18] dé xuét ap dung bo loc Gausian cho
toan bd phuong trinh (2). Khi d6 phuong trinh trén s€ tré thanh:

%' +VI{(Ul)-DAI =0 (4)

Trong d6 Dy 12 hé s6 duoc xac dinh théng qua cac thanh phan cua u, dau gach trén dau thé
hién gia tri da duoc loc qua Q@ loc Gauss. o o
Phuong trinh (4) chira 2 an. Viéc giai bai toan hai an bang mot phuong trinh la khong the. @)

day, phuong phap bién phan duoc sir dung. Ham bién phan dugc xac dinh nhu sau:
I(@) = ([T, +71 +1, - DIAI_dedy +af [(U +7,) +(T, -7, )Z}dxdy (5)

Q Q

Trong d6, a duoc goi 1a hé s6 Lagrange va dugc cho trudce trong qua trinh tinh toan. Bing viéc
su dung xac dinh cuc tri cia ham bién phan thong qua phuong phap Euler-Lagrange, véc to van

t6C U co thé duge xac dinh. Cu thé héa vé phuong phép rdi rac va tinh toan dugc mé ta trong cac
tai liéu [18], [21].

1, I — e
L 1
I, | Mean —
e 1‘
I_l Loy | — Un-1 T
| | Dong chay

Hinh 1. So d6 gidi bai todn
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Phuong phap trén cho phép xéac dinh truong ma sat tir mdi cap anh. Bang cach trung binh hoa
nhiéu cap anh tai cac thoi gian khac nhau, truong ma sat cé thé dugce xac dinh. So do giai bai toan
trén duogc trinh bay trén Hinh 1.

2.2. Bé tri thi nghigm cho tinh todn trwong ma sdt

So d6 b tri thi nghiém dién hinh cho phép do truong ma sat dugc chi trén Hinh 2. M hinh ¢6
thé khac nhau, tuy nhién vi tri ctia camera va dén LED dugc bd tri twong ty nhu trong cac nghién
ctru khac nhau. Thong thudng camera dugc dit phia trén sao cho sen so song song véi bé mat do.
Céc dén LED duoc bd tri hai bén, nham dam bao chiéu sang déu trén bé mat mo hinh. Trude khi
tién hanh thi nghiém, dau phan quang duoc son trén bé miat mé hinh. Sy thay ddi cudng do sang
cuia dau phan quang sé& dugc ghi lai bang camera, phuc vu cho qué trinh tinh toan va xu 1y dir liéu
sau nay.

CMOS camera— ﬁ

™ UV-LED
-
i
|
|
|

|
Mo hinh

z Ve
Té’
Ve
XL

Hinh 2. B6 tri thi nghiém do truwong ma sat, dong chdy trén bé mdt mé hinh

Do chuyén dong cua dau thuong cham, do vdy khong nhat thiét phai sir dung camera téc do
cao trong qua trinh thuc nghiém. Gia thanh cho m¢t camera thuong giao dong trong khoang 200-
10003, trong khi dén LED c6 gia ré hon va théng thuong co thé tu ché tao. Dau phan quang
thong thuong c6 gia dudi 100$/lo. Co6 thé thay riang, néu dng thdi dugc trang bi sin, thi viéc bd tri
va tién hanh thuc nghiém cho nghién ctru khong dat. Thi nghiém nay hoan toan c6 thé tién hanh
va thyc hién tai Viét Nam. Trong phan tiép theo, hai vi du vé dong chay trén bé mit canh c6 do
gidn dai nho tai goc tan 16n va canh dang tam giac duoc md ta, nham danh gia hiéu qua cua
phuong phap trong hién thi truong dong chay quanh vat.

Chuong trinh xir Iy anh trén phan mém Matlab dugc xay dung nham phan tich dic trung dong
chay trén bé mat vat. Thuat toan va chuong trinh dugc xay dung béi nhém tac gia, va di duoc
cong bd trong cac cong trinh nghién ciru trude day [15], [16]. Trong phan tiép theo cua nghién
clru nay, cac két qua trudng ma sat cho canh co do gidn dai nho va canh tam giac sé& dugc phan
tich. Chu y rang, cac dit liéu tho ban dau duoc lay tir cac ngudn da duoc cong bd trude do.

3. Ung dung phwong phap trong phén tich dong chay va thao luin
3.1. Canh co d¢j gian dai nho

Cénh c6 d9 gian dai nho 14 dang canh c6 chiéu dai nho hon rat nhiéu so voi sai canh. Twong
tu nhu canh thong thudng, tai goc tan 16n c¢6 su tach dong xdy ra trén bé mat canh. Thém vao do,
do anh huong cua hiéu tng hinh hoc, hai bén canh xuét hién cac dai xody doc theo huéng chuyén
dong [22]. Trén Hinh 3a dua ra hinh anh phan b dau trén bé mit canh. O day, dong chay cia khi
¢6 chiéu tir trén xuong dudi. Thi nghiém trén dugc thuc hién tai dai hoc Tohoku, Nhat Ban. Hinh

anh phan bd dau co thé duoc tai tir trang web cua trudng. Tir hinh anh dau co thé thay rang, hién
tuong tach dong xay ra tai mép trudc va hai bén suon canh. Tai vi tri nay, dau tap trung va cuong
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d6 sang 16n hon cac ving khéac. Tai cac ving tach va hop dong, gia tri truong ma sat gan bang 0
(Hinh 3b). Két qua tinh toan truong dong chay trén bé mit canh duoc chi ra trén Hinh 3c. Ving
tach dong c6 dang hinh cung va c¢6 thé moé ta rd tir phdan b dudng dong chay. Phia mép sau xuat
hién diém hop dong. Gitta diém tach va hop dong trén canh, hinh thanh ving xody chay nguoc.
Thong thuong ving xody ndy anh huéng xau toi chit luong khi dong ciia canh. Puong tach dong
thir cap tai hai suon canh c6 thé quan sat rd tir hinh anh dong chay. C6 thé thay rang, thuat toan
xtr 1y cho két qua tét vé phan bd dong chay trén bé mat cua canh.

Cé'
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100 100
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>250 100 >‘250 0.02
0.015
300 300
50 0.01
350 350¢ 0.005
T ; 3 0
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, © ‘ )
Hinh 3. Két qud tinh todn cho canh dé dan dai I6m, (a) Hinh anh dau trong buc anh cuéi,
(b) Gia tri truong ma sat, (c) Hinh anh dong chay tir truong ma sat

3.2. Dong chdy trén bé mt cdnh tam gidc

Canh tam gidc, hay delta wing la dang canh c6 hinh dang tam giac, thuong dugc ng dung
cho thict bi bay trén 4m. Ddc diém chung cua dang canh nay 1a xuat hién dai xody chay doc theo
hai mép canh. Tai van toc dudi am, hai dai xody nay twong doi on dinh, giup hinh thanh vang ap
suat thap tai bé mat trén cia canh. Pi€u nay giup tang luc nang va tang goc that toc cho canh.
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Céanh tam giac di dwgc nghién cttu nhidu trong cac nghién ciru trude. Liu va cong sy [23] sir
dung phuong phap mé phong dau da chi ra cau tric cuia dong chay trén canh. Trong nghién ciru
nay, phuong phap xir 1y dir liéu ciia nhom tac gia duoc sir dung dé hién thi dong chay trén canh.
Céc dir liéu vé anh ban dau co thé tai vé trén trang web ciia trudng Dai hoc Mi-chi-gan, Hoa Ky
(https://wmich.edu/mechanical-aerospace/directory/liu).

Hinh 4 dua ra két qua vé& phan bd dau, d6 16n cua truong ma sat va dong chdy trén canh tam
gidc. Co thé thiy rang, phuong phap cho hién thi kha t6t hién twong dong chay trén bé mat canh.
Sy xuét hién cua hai dai xoay trén canh c6 thé quan sat thong qua diém hop dong trén bé mat
canh. Tai mép ngoai, xuét hién diém tach dong thur cap. Piéu nay co nghia 1a mot dai xody nho
nam trong xoay chinh xuat hién trén bé mat ciia canh. Két qua ciia phuong phép trong bai toan
phu hop Véi cac tinh toan trude do dugc chi ra boi Liu va cong su [24].
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Hinh 4. Két qua tinh todn cho canh d¢ dan dai I6n, (a) Hinh anh ddu trong bic anh cudi,
(b) Gia tri truong ma sat, (c) Hinh anh dong chay tu truong ma sat
Hinh 5 dua ra két qua vé anh huong cua hé sé Lagrange t6i két qua tinh toan. Nhu d3 trinh
bay tai muc 2.1, s6 Lagrange c6 tac dung lam muot két qua. Khi s6 16n, dong chay trén be mat
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tré nén muot hon. Piéu nay ciing dong nghia véi viéc cac ddc tinh nho cua dong chay bi loai di.
KEt qua co the thay rd vai so Lagrange l6n hon 2000. Tai so Lagrange nho, nhiéu hién tugng cua

dong chay co thé dugc mo ta rd rang. Do vay, so Lagrange can duoc lua chon chi tiét va can than
trong qua trinh xir 1y di lidu.

100 100

Tach dong A\l
200 ac Ong |}" =
= I\

y (pixels)

100 200 300 400 500 300 400 500
x {pixels)

X (pixels)
(c) (d)

Hinh 5. Dong chay trén bé mdt canh tai cdc s6 Lagrange: (a) a = 20, (b) a = 200,
(¢) a = 2000 va (d) o. = 20000
4. Két luan

Bai bao da trinh bay phuong phap thuc nghiém va xtr ly dit li¢u trong phan tich dong chay
trén bé mat vat. Phuong phap thuc nghiém véi chi phi thap c6 thé thuc hién hoan toan tai Viét
Nam. Két hop véi xir 1 dit lidu tién tién, phuong phap co thé cho két qua tét trong md phong cac
hién twong vé dong chay quanh mé hinh. Tuy nhién sé Lagrange can duoc lya chon chi tiét trong
qué trinh tinh toan dua trén quan sat sy pht hop giita phan bé dau va két qua vé& dong chay.
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Ap dung trén canh c6 do gidn dai nho va canh tam giac, phuong phép trén cho thdy cac hién
tuong dong chay c6 thé duge phan tich va hién thi ddy du. Tai goc tan 16n, trén bé mat canh co
thé xuat hién viing chay nguoc, bi giéi han giira diém tach va hop dong. Tuong tu nhu canh tam
gidc, trén canh c6 do gidn dai nho c6 thé xuat hién ving xody chay doc theo bé mat cua canh. Két
qua phan tich trén canh tam giac cho thiy, ving xody thtr cap xuat hién tai mép ngoai cua canh.
Céc két qua nghién ciru ndy c6 thé cung cip dit liéu tham khao cho mé phong sb trong phén tich
dac tinh dong chay quanh mé hinh.
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