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XAC DINH TRUONG VAN TOC VA AP SUAT XUNG QUANH VAT
NGAP TRONG DONG CHAT LONG CHUYEN PONG BANG
PHEP NOI SUY VA XAP Xi HAM

EVALUATE THE VELOCITY AND PRESSURE FIELDS AROUND AN OBJECT
SUBMERGED IN A FLUID STREAM BY INTERPOLATION AND APPROXIMATION
METHOD
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TOM TAT

Bai bdo gidi thiéu mot phwong phdp dwoe sir dung dé mé hinh héa céc trieong vée-to van toc
ciia dong chay, do la ngi suy va xdap xi ham. Phwong phdp nay dwoc sie dung véi co so da thire ndi
suy la da thire triee giao ciia Legendre (1752-1833). Két qua thu dwge dudi dang la truong véc-to
dwoc mé hinh héa thanh cdc ham da thire da bién. Sau do, trieong gradient dp sudt dwoc tinh todn
bang phwong trinh Navier-Stokes. Budc tiép theo, chiing ta cé thé sir dung phwong phdp tich phdn
tuan tw dé tinh todn trieong dp sud't

Khi ap dung trén mét bg s6 liéu thiee nghiém, két quad thu du’Uc cho thdy rang, do chinh xdc
cia trieong van toc va trwong dp sudt dege tinh todn trén toan mién ciia dong chay xung quanh
profile hoan toan twong dong voi co sé Iy thuyét ciing nhu khi so sanh véi két qua thu dwoc ciia céc
phuwong phap nghién curu khdc.

T khoa: Phuong phdp PIV; Pa thire triec giao Legendre; Noi suy va xdp xi ham,; Phwong
trinh Navier-Stokes; Truwong véc-to vén toc; Truong dp sudt.

ABSTRACT

This article introduces a method used to model flow velocity vector fields, which is
Interpolation and Approximation. This method is used with the interpolation polynomial basis which
is the orthogonal polynomial of Legendre (1752-1833). The results are obtained as vector fields
modeled as multivariate polynomial functions. The pressure gradient fields will then be calculated
using the Navier-Stokes equation. After that, we can use the sequential integration method to
calculate the pressure field.

When applied to a set of experimental data, the results obtained show that the accuracy of
the velocity field and pressure field calculated over the entire region of the flow around the profile is
completely similar to the theoretical basis, also when compared with the results obtained by other
research methods.

Keywords: PIV method; Legendre polynomials, Interpolation and approximation, Navier-

Stokes equation, Velocity vector field; Pressure field. &
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1. PAT VAN PE

Nghién ctru vé sy tac dong cua dong
chay 1én cac vat thé ngap bén trong dong chay
d6 ludn 1a mot van dé phuc tap. Su phuc tap
do cac thong sb cta dong chay ludn bién d6i
khong ngimg, din dén viéc nam bat dugc quy
luat cia dong chdy 1a vo cung kho khan. Ngay
nay, nho tién bd cua khoa hoc va sy tro gitip
dac lyc ciia may tinh, con nguoi da dat duoc
nhitng thanh tyu hét strc kha quan trong nghién
ctru va ing dung cac quy luat thudc vé linh vuc
co hoc chét long.

Trong bai bao nay, cong viéc nghién
ctru duge dé cap lién quan den viéc xéac dinh
cac truong ap suat, tir cac s6 liéu thue nghiém
clia trudng véc-to van toe thu duge nhd phuong
phap PIV (Particle Image Velocimetry). Trong
phuong phép nodi suy va xap xi ham, da thirc
duoc st dung dé xap xi cac truong véc-to van
téc 12 ho da thic truc giao cia Legendre [1,
2]. Sau d¢, truong gradient ap suit dugc tinh
toan theo phuong trinh Navier-Stokes. Cudi
clng, tir cac truong gradient ap sudt, chung ta
di xac dinh truong ap suat bang phuong phéap
tich phan tuan ty [4, 5].

2. MO HINH HOA VA TINH TOAN CAC
THONG SO CUA DONG CHAY

Trong phan nay, ta thyc hién mé hinh
hoa cac truong véc-to van toc bang cac da thirc
tryc giao da bién, dua trén phuong phap trudc
day da dugc phat trién trong luan an tién si cia
Martin Druon [1, 2].

2.1. Xép xi cac trwdng véc-to vin toc

Trong cong viéc cuia chung téi, mot
truong véc-to van tdc hai chiéu duoc xac dinh
nhu sau:

Fil -1+ x [-LH] xRt > Ry (X, Y. t) » (u(x,y,t),v(x,y,t))(])

Pé md hinh hoa mot truong véc-to, moi
thanh phan cua trudng véc-to dugc xap xi bang
mot két hop tuyén tinh véi cac ham da thic
Legendre.
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Trong do: U, (t) va Vv, (t) 1a cac hé sd
chiéu tai thoi diém t; P (X Y) la cac da thic 2D
Legendre.

b)

Truong véc-to tdi tao (bdc 15)
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d)
Truong véc-to tdi tao (bdc 5)
Hinh 1. Truong véc-to goc va cdc truong véc-to tdi
tao voi co so da thire co bac 5, 15 va 25.

Trén Hinh 1a 14 hinh anh thu duoc bang
PIV, truong véc-to van tbc bao quanh mdt
profile NACA 0012 ngap trong nudc, voi goc
tan 30°, dong chay véi sb Reynolds Re = 1000,
ta tam goi 14 truong véc-to goc. Trén cac Hinh
1b, ¢ va d 1a két qua cua phép xdp xi truong
véc-to gbc bang cac ham da thirc voi bac cia
da thirc 1an lugt 12 25, 15 va 5.

Tir két qua thu dugc, ta thiy: véi co
so da thie co bac 25 (Hinh 1b), cau tric cia
truong véc-to van tdc dugce tai tao béng ham da
thire 1a kha chinh xac so voi trudng vée-to gbc
ban dau (Hinh 1a). Trong qua trinh nghién ciru,
bac cua da thue da dugc thir nghiém véi bac 30
nhung két qua hau nhu khong doi so véi bac
25. Mat khac, thoi gian xir Iy ciia may tinh khi
thuc hién cac phép tinh vdi da thue bac qua cao
cling 1a mot véan dé nan giai. Do do, bac da thtic
duoc str dung trong phép ndi suy va xap xi ham
tam dung lai ¢ bac 25.

2.2. Tinh toan truong gradient ap suat

Y tudng ctia phuong phap duoc dé xuit
1a thay thé cac thanh phan cua trudng véc-to
van téc trong phuong trinh Navier-Stokes,
bang cac xap xi cta chung dudi dang cac ham
da thirc. Tir 46, ta c6 thé dé dang tinh duoc
truong gradient ap sudt.

Cu thé, véi truong véc-to F (x,y)=
(u(x,y,t),v(x,y,t)) s& duoc thay thé biang ham

‘T‘ﬂ (X’ Y’ t) (Un(X,Y,t),Vn(X,Y,t)) trong
phuong trinh Navier-Stokes:

—

Vp=—p (g + (VF.F) — vAF — g’) 3)

Luu ¥: Tir mién quan sat caa dong chay
(x,y) E [0, 1] x [0, L] (Hinh 2a), khi dugc diéu
chinh sang mién da thirc Legendre (X, Y) €
[-1, +1] x [-1, +1] (Hinh 2b), h¢ so chuyén doi
s€ co dang nhu sau:
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Hinh 2. Mién cua dong chay va mién cua da thuc.

Lac nay, cac truong gradient ap suat
nhan duoc nhu sau:

ax 1ax P\ TT1%ax "Iy Eaxz T are 5
o _200__ (W 2, Dk 2, O (2P 2, ()
TP G Tumax Trmay V\izaxz Trzavz )

dp 20dp (aﬂﬁuai Evai_ (iazu 432u) g)
X

Trong budc tinh nay, chiing ta st dung
5 truong véc-to lién tiép dé tinh truong gradient
ap suat. Vi dy, voi 5 truong vée-to tai cac thoi
diém t, t, 6, t, va t,, budc thoi gian gitra hai
truong lién tlep la At Trudng gradient ap suat
tai thoi diém t, duoc tinh nhu sau:
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Biéu dién duéi dang cac ham da thic:
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Trong d6, N = 2n — 1 va cac hé s

Dii F 1(t) va pz (t) dugc thé hién dudi dang
cac ham cua cac hé s6 U, (t) vaVv, (t)

2.3. Tinh toan trudng ap sudt (tich phan truc
tiép tir truwdng gradient ap suat)

Céc truong ap suat duoc tinh toan bang
cach tich phan cac truong gradient ap suat da
tinh trong phan trudc. Phuong phap tich phan
tuan tu dugc ap dung dya trén cac phuong phap
cua Thibaut cung cac cong su [4] va Young Jin
cung cac cong su [5].

3. KET QUA

Mo hinh thyc nghiém cho cong viéce
tinh toan duoc trinh bay chi tiét trong nghién
ctru cua Leroux va cac cong su [3]. O do, mot
dong chay bao quanh mot profile NACA 0012
c6 chiéu dai day cung ¢ = 60 mm, s6 Reynolds
cua dong chay Re = 1000, goc tan 30° duogc dit
trong 6ng thity dong c6 tiét dién mat cat ngang
vuong (160mm x 160mm). Phép do PIV dugc
thuc hién voi nguén laser Nd-YAG Quantel

(nang lugng xung 2 x 120 mJ), may anh toc
d6 cao voi cam bién c6 do phan giai 2.048 x
2.048 pixels, cac hat polyamide dugc sir dung
¢6 duong kinh trung binh 15 pm. Khéi lugng
riéng cua nudc p = 0,000001 kg/mm’; hé¢ 5O
nhét dong v = =] mm?/s; thoi gian gitra
P,
hai files anh lién tiép At =0,07813 s.

Hinh 3a minh hoa két qua cua truong
ap suét tai thoi diém t, = 10 At duoc tinh qtoén
tir 5 trudng véc-to lién ti€p tai cac thoi diém ¢,
=8 At t,=9At, t,= 10At, t, =11 Atvat, = 12
At. H1nh 3bla ket qua tinh toan bang phuong
phap FTEE + tich phan tuan ty (FTEE_ Fluid
Trajectory Evaluation based on Ensemble-
averaged Cross-correlation) cia mdt nhém
nghién ctru khac [5].

X [mm|

b)
Hinh 3. Truong dp sudt bao quanh profile diroc
’tl'nh bang hai phirong phdp khdc nhau.
4. KET LUAN

Trén day, chung ta da duoc gidi thi¢u
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vé mot phuong phap xap xi ham bang co s da
thirc truc giao, dung cho viéc tinh todn truong
gradient ap suat két hop voi phuong phap tich
phan tuan tu. Phuong phép nay dudng nhu 1a
mot giai phap hiru hiéu ddi véi viéc tinh toan
cac trudng ap suét, ap dung cho cac s6 liéu thu
dugc bang phuong phap thuc nghiém PIV.

Phan tiép theo, viéc tinh todn truong
ap luc xung quanh profile canh s& tuong d6i
thudn lgi. Hon nita, phuong phap nay hoan toan
c6 thé mo rong ddi véi truong hop dong chay
trong khong gian ba chiéu (3D).
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