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TINH TOAN LUC CUA DONG CHAY TAC DUNG LEN PROFILE CANH
BANG PHUONG TRINH PONG LUQNG VA XAP XI HAM DA THUC

Nguyén Vin Tug'

Tém tit: Trong bai bdo ndy, tac gid trinh bay mét phirong phdp xdc dinh lyc thiy déng tac dung Ién profile
canh trong dong chdt long khong nén dwge, diea trén phwong trinh cdn bang dong lwong véi cdc truong vin
toc va dp sudt di dwoc s6 héa. Piém khdc biét ciia phwong phdp dé xudt nam ¢ viéc lwa chon mién tich phan
dang dia tron bao quanh profile canh, cho phép ap dung hiéu qua trong cdac bai toan xac dinh lyc thuy dong
lén profile dao dong. Trén co so do, cac thanh phan luc thiy dong dwoc thiét ldp va phén tich mot cdch
twong minh, qua d6 lam ré déng gop ciia cdc co ché vt Iy khdc nhau vao liwc tong hop. Két qua nghién ciru
la co s cho cdc iing dung trong linh vuee thity — khi ddng lwc hoc bat on dinh va cdc bai todn twong tdc gitta

chdt l6ng véi vit thé chuyén dong.

Tir khéa: Phuong trinh can bang dong lwong, Iy can, lyc ning, ndi suy va xap xi ham, do luong khong xAm nhap.

1. GIOI THIEU

Trong cac bai toan thily — khi dong lyc hoc, viéc
xac dinh chinh xac lyc tac dung 1én profile canh la
mét van dé co ban, co y nghia quan trong trong phan
tich tinh 6n dinh va hiéu sut cua cac hé théng ky
thuat. Cac mg dung dién hinh c6 thé ké dén nhu
danh gia lyc can va luc nang tac dung lén canh may
bay, canh tua bin, canh bom ciing nhu nhiéu thiét bi
chuyén d6i ning luong khéc.

Theo cach tiép can truyén thdng, luc thiy — khi
dong thuong duoc xdc dinh thong qua phan b ap
suat trén bé mit profile. Tuy nhién, trong thuc
nghiém ciing nhu mo6 phdng so0, viéc do hoac trich
xuat chinh xac ap suat bé mit gip nhiéu khé khan,
dic biét doi voi cac dong chay bat 6n dinh. Trong
nhitng thap ky gan day, ciing véi su phét trién ciia
cac ky thuat do luong khong xam nhdp nhu PIV
(Particle Image Velocimetry), nhiéu phuong phap
danh gia lyc dya trén dir li€u truong van tdc toan
phan da dugc dé& xuit. Cac phuong phap nay cho
phép tranh dugc nhitng han ché cta phép do lyc tiép
xuc truyén thong, dong thoi cung cip cai nhin siu
sdc hon vé co ché hinh thanh luc trong dong chay.

Trong sb cac cach tiép can hién c6, c6 thé ké dén
cac phuong phap dua trén phuong trinh cin bang
dong luong (Kurtulus, et al., 2007), phuong phap
xung lugng xoay (Noca et al 1999) va phuong
phap dua trén Iuu sb van toc (Oudheusden et al.,
2007). Nhiéu nghién ctru so sanh di chi ra rang cac
phuong phap nay cho két qua twong duong trong
nhiéu trudng hop nghién ctru. Tuy nhién, phuong
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phép st dung phuong trinh can biang dong lugng
dugc danh gia cao nhd sy vimg chic vé mat vat ly
va kha ning lién hé tryc tiép voi cac dai luong co
ban cua dong chay. Du vay, viéc ap dung phuong
phap nay cho cac bai toan vat thé chuyén dong hoic
dao dong van dit ra nhiéu thach thuc, dac biét lién
quan dén xir 1y s6 hoc cac s6 hang tich phan va do
nhay d6i v&i nhidu cua dit liéu thuc nghiém.

Trén co s& do, bai bao nay trinh bay mot khudn
kho ap dung phuong trinh can bang dong luong trén
mdt mién bao quanh profile, két hop vai ky thuat
xap xi ham da thirc cho cac trudng van toc va ap
suat. Muc tiéu 1a xdy dung mot quy trinh tinh toan
hiéu qua va 6n dinh, cho phép danh gia chinh xac
lyc can va lyc nang tac dung lén profile, dong thoi
lam rd déng gop cia timg thanh phan luc trong
phuong trinh cin bang dong luong.

Bai bao niy 1a phan tiép theo ctia chudi nghién
ctru di duge cong bd trong cac sb trude cua Tap chi
Khoa hoc K¥ thuat Thuy lgi & M6i truong (Van Tué
& Tuong Vi, 2023), (Van Tué, 2025) , trong d6 cac
k¥ thuat do PIV ciling nhu cac phuong phap ndi suy
va xép xi ham da thirc d2 dugc trinh bay chi tiét. Noi
dung cua bai bao hién tai tap trung vao vi¢c phat
trién va 4p dung phuong phap tinh lyc dya trén
phuong trinh cin bang dong luong.

2.COSOLY THUYET VA PHUONG PHAP TINH

2.1. Thiét l1ap bai toan

Xét mot profile dao dong trong dong chit Iong
khong nén duge. Chuyén dong cua profile duge gia
thiét 1a dao dong quanh mot diém cb dinh nam & 1/4
chidu dai day cung phia trude. Muyc tiéu 1a xac dinh
luc tong hop Ft) = [D(t), L(t)]T tac dung 1én mit
cat canh, trong d6 D(t) 1a lyc can va L(t) 14 Iyc ning,
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Trén co so dinh luét II Newton, ap dung cho mot
the tich tinh toan bao quanh profile, luc tong hop

o= ] 2

Trong do

: véc to phap tuyén trén bé mit bao ngoai S;
: khdi lwong riéng cua cht long (kg/m’);

: véc to van toc ctia dong chét long;

: tensor Ung sudt.

o= ] 2

Trong do 17; 1a van tbc cua thé tich tinh toan.

Hai s6 hang dau tién va sé hang cudi ciung & vé
phai ctia phuong trinh (1) ¢ thé thu duoc tir cac
phép do thyc nghiém TR-PIV. Ching lan lugt biéu
thi sy bién thién dong lugng bén trong thé tich tinh
toan, su ddi luu va anh hudng ctua lyc nhét trén bé
mit thé tich tinh toan. Viéc tinh toan sb hang ap suit
doi hoi phai biét truong ap sudt twong ddi trén bé
mit ngoai cua thé tich tinh toan, thu duoc béng cach
tich phéan gradient ctia n6, quy trinh nay da duogc tac
gia mo ta trong (Van Tug, 2025).

2.2. Lya chon mién tinh todn

Trong khuon kho bai bao nay, bai toan dugc gidi han
trong khong gian hai chiéu (2D), twong g vOi mit cat
profile va gia thiét dong chay phang, ky hiéu v =
(Un, V) dugc str dung cho trudng vén toc hai chicu.

Trong cac nghién ctu trudc day (David, et al.,
2009), (Jardin, et al., 2009), mién tinh toan dugc lua
chon 14 mién hinh chit nhét (Hinh 1). Uu diém cua
mién nay Ia viéc tinh dién tich cua no trong trudng
hop profile tinh hét sirc don gian. Tuy nhién, ddi vai
cac truong hop profile dao dong thi lai hoan toan
khac, viéc duy tri vi tri tuong d6i giira profile va
mién tinh toan s& lam ting khdi lwong tinh toan va
d6 phtic tap 1én rat nhidu. Pic biét khi profile dao
d6ng voi nhiéu tan sb va bién do khac nhau.

Hinh 1. Biéu dién mién tinh toan dwoc sir dung
cho phwong trinh can bang dong lwong
(David, et al., 2009)
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—dV — pﬂ (V.7)VdsS - ﬂs pﬁds+ﬂs mds

—dV — pﬂ (V.7) (V- V,)dS — ﬂ pnds+ﬂs Inds

F(t) ¢ thé dugc xac dinh thong qua dang tich phan
ctia phuong trinh can bang dong luong nhu sau:

(1.a)

Trong truong hop mién tinh todn c6 sy dich
chuyén, David va cac cong sy da dua ra cong thuc
dé xéac dinh luc F(¢) c6 tinh dén van tdc cta thé tich
tinh toan (David, et al., 2009):

(1.b)

D¢ giai quyét bai toan 2D cho trudng hop profile
dao dong, tac gia dé xuat str dung mién c6 dang dia
tron, c¢6 tam trung voi tdm quay cua profile, ban kinh
R =k x C (v6i C 1a chiéu dai day cung, k > 0.75).
Luya chon nidy nhim ddm bao profile luén nam tron
trong mién tinh toan. Pong thoi, thong qua viéc khai
thac cac tinh chit ddi xtmg cua tich phan cic ham
lwong gidc, cac biéu thirc tinh lyc dugc don gian hoa
dang ké, giup giam khdi lugng va ting tinh 6n dinh
trong tinh toan.

Luc nay phan dién tich tinh toan D(t) = Dy(t) —
profile(t), voi Dy(t) 1a dién tich cua toan b dia
tron c6 ban kinh R (Hinh 2).

Hinh 2. Mién tinh toan sir dung cho phwong trinh
can bang dong luong

Dé ¢ duge cac phuong trinh mé ta lyc tong hop,
ta bit ddu voi phuong trinh Navier-Stokes cho dong
chit 16ng khong nén dugc, sau d6 tich phan phuong
trinh ndy trén mién D (t).
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ov
Jfa+(§.grad§) ds | = JfgradpdS+vaAvdS

D(t) D(t) D(B)

Trong d6 ¥ 14 van tdc cua dong chat 1ong. (chu vi hinh tron) va bién trong tring véi duong bién ctuia
Véi duong bién cia mién tinh toan D (t) dugc ky  profile canh 9D, (t), cong thioc lic ndy tro thanh:
higu 1a D (t), bao gdbm hai phan: bién ngoai c6 dinh 0Dy

Jf—d5+ J .y dl |= prndl+v Jfgradv ndl

o D(t) aD{(t) aD(t) aD(t)
Néu t6c d6 dich chuyén cia mién D(t) 1a W(x, y, t), luc nay ta co:

J— S——vadS— J w.n)v dl

. D(t) D(t) oD(t)

Vi cac diéu kién bién:

U — W = 0 trén duong bién profile dD,,(t)

w.7 = 0 trén dudng bién ngoai dDs(t)

Céng thirc x4c dinh lyc tong hop F (t) lac nay dugc mo ta nhu sau:

5 d
F(t)=—pa JfﬁdS—p Jﬁ(ﬁ.ﬁ)dl— Jp.ﬁdl+v Jgradﬁ.ﬁdl
D(t)

2
an(t) an(t) an(t)
. lwc bat 6n luc ddi luu ap luc luc nhét
be tién theo doi, ta dat:
F(&) = —pFy(t) — pFy(6) — F3(6) + vE, (8) 3)
Trong do Trén co s6 lya chon mién tich phan nhu trén, cac

Fy : thanh phan lyc do tinh bat 6n dinh clia dong  puge din xuit tiép theo tap trung vao viéc khai thac
chay géy ra;

), . , cdu trac giai tich cua cac truong xdp xi nhim thu
F, : thanh phan lyc doi luu;

dugc biéu thire tuong minh cho timg thanh phan lyc.

Fy : thanh phan lyc do 4p suat; 2.3.1. Thanh phén liec bt én
F, : thanh phan lyc ma sat nhot.
Néu xét riéng theo cac phuong Ox va Oy, ta co: ﬁ1 (t) = i J f ds

Fx(t) = _ple(t) - ,Dsz(t) - F3x(t) +VF4»x(t) t

D(t)

B (0 = =pFry (6) = pFay () = Fay (6) + vy (1) Thanh phén chiéu theo Ox:

2.3. Tinh to4n giai tich cac thanh phin lyc

n n-i
d d o
Fi(t) =7 Jf un(x,y,t)dxdy=a22aij(t) Jf x'yldxdy
i=0 j=0

Do(t) Dy (t)
Do6i voi mién dia tron ban kinh R (x = r.cos8;y = r.sinf), ta co:

n n-i 2w R

Fi.(t) = %22 aij(t)J J(r. cos0)i(r.sin@)/r.drdo

n n-i l+]+2

Fi.(t) = thE a;;(t )L T ZJ (cosB)! (smH)’dG 4)

i=0 j=0
Tuong ty, thanh phan chiéu theo Oy:
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d
Fiy(t) = o Jf v, (x, y, t)dxdy

Do(t)
n on-i l+]+2
Fiy(t) = T 22 b;j(t )L T +2J (cosB)i(sin6)’d6 (5
i= O]

Véi a;;(t) va by;(t) 1a cac hé sb cﬁa truong van toc un (x,y,t) va v, (x,y,t) (Van Tué & Tuong Vi, 2023).
2.3.2. Thanh phén lwc doi lvu

21

Fy(t) = J (3. 7)dl = J B[().7]RdO
an(t) 0
Véc to phap tuyén trén bién ctia mién dia tron 7 = {cosb, sin6}
( 21
iFZX(t) = J Uy (x, v, t). [uy (x, y,t). cosd + v, (x,y,t).sinf]RdO
B = { .

|F2y(t) = J v, (x, v, t). [un (x,y,t).cosd + v, (x,y,t).sin6]RdO

\ 2

Sau khi bién ddi, ta duqc:

2n 2n-i 2m 2m 1
Fyp(£) = Z Z R ¢ (t) J (cos6)*'(sin6) 6 + di(t) J (cos0)i(sin0)i*1do| o
=0 j= | 0 0 |
2n 2n-—i 2m 21
Fopy(t) = 2 2 Ri+i+1 dij(t)J (cos®)*1(sinb)/do + el-]-(t)J (cosB)i(sin6)/*1de 7
i=0 j=0 | 0 0 ]
Trong d6, ¢;;(t) 1a hé s6 cta uZ ; d;;(t) 1a hé s ciia u,. v, va e;;(t) 1a hé s6 cua v2 (Van Tué & Tudng
Vi, 2023). . .
2.3.3. Thanh phan lyc do ap sudt gy ra
2
Fy(0) = J p.Adl = J p.ARA6O
aDf(t) 0
Céc thanh phan hinh chiéu cua F3 (t) theo cac phuorng Ox va Oy:
2 n n-i
F3,(t) = J p cos RdO = 2 Epl](t)R‘““J (cos0)*1(sinb)’/ do (8)
0 i=0 j=
2 n n-i
F3,(t) = J p sind RdO = 22;91 (t)R‘““J (cosB)i(sin6)/*1de )
0 i=0 j=0

Vi p;;(£) 1a hé s6 clia trudng ap suét p, (x,y, t) (Van Tue 2025).
2.3.4. Thanh phin lyc ma sdt nhot

ﬁ4, t) = J grad v.7ndl
an(t)
Cac thanh phan hinh chiéu cua F, (t) theo cac phuong Ox va Oy:

21
ou,(x,y,t du,(x,y,t
F(t) = J (% cos + %sin&) RdO
0

2
v, (x,y,t 0v(x,y,t
Fay (6) = J (%cose + %sin&) Rd6

0
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Sau khi bién doi, ta duoc:
n n-i

Fie(t) = 2 2(1’ +j)-aij(t).Ri+f‘1

i=0 j=0
n n-i

Fyy(t) = 22(1’ +j).bij(t).Ri+j‘1J (cosB)!(sinf)/d6

i=0 j=0

3. KET QUA VA THAO LUAN

Trong nghién ctru ndy, két qua cua phuong phap
dé xuat da dugc ddi chiéu véi dir lidu mé phong sd
cia T. Jardin (Jardin, 2009), thu dugc tur cac mo
phong CFD bang phan mém Star CCM™ 9 va da
dugc cong bd trong cac bai bao quéc té lién quan.

Trong nghién ctru ctia Jardin, dbi twong nghién
ctru la profile NACAO0012 ngap trong dong chay véi
goc toi 45°, cac thong s6 dau vao twong tng voi
% =1000. Mién tinh
toan hinh chit nhat véi kich thudc | = 3.26m; L =
2.34m (Hinh 3a). Trong nghién ctu cia minh, tac

dong chay ting voi Re =

gia str dung cac truong van tde va ap suit duge xap
xi dudi dang cac ham da thirc véi bac 25, mién tinh
toan c6 ban kinh R thay doi trong khoang tir 0.8m —
1.15m (Hinh 35).

Khi ban kinh mién tich phan R thay d6i trong
khoang khao sat, cac gia tri luc thu duwoc hiu nhu
khong thay d6i, cho thay phuong phip dé xuét it
nhay cam voi lya chon kich c& mién tinh toan.

Fx_Jardin
Fy_Jardin
Fx_Van Tue
Fy Van Tue

21
J (cosB)i(sin6)’d6 (10)
0
21
(11)
0
u Eu C L 545 C
/
a) b)

Hinh 3. M6 hinh nghién cuu cua hai phuwong phap

Tir (Hinh 4) c6 thé thiy rang ca hai phuong phap
cho két qua phu hop réat tét, khong chi vé gia tri
trung binh ma con vé xu thé bién thién theo thoi gian
clia cac thanh phan lyc. Didu nay cho thiy phuong
phap dé xuit co kha ning tai hién chinh xac cac
thanh phan luc thay dong. Dic biét, viéc sir dung
mién tich phéan dang dia tron mang lai lgi thé rd rét
khi m¢ rong sang cac bai toan profile dao dong, noi
mién hinh chit nhat truyén théng gip nhidu han ché
vé mit hinh hoc.

Fx_Jardin
Fy_Jardin

Fx_Van Tue
Fy Van Tue

Fx_Jardin
— Fy Jardin

Fx Van Tue

Fy Van Tue

2
uT

R=0.8m

2
uT

R=1.0m

2
ur

R=115m

Hinh 4. So sanh két qua giita cdc phwong phdp

Nhitng két qua trén cho thdy phuong phap tinh
lyc dya trén phuong trinh cin bang dong luong véi
mién tich phan dang dia tron la mot cong cyu hi¢u
qua va 6n dinh. Pay 1a co s¢ dé ap dung phuong
phap cho céac bai toan phuc tap hon, dac biét la cac
truong hop dong chay khong 6n dinh va profile

chuyén dong.
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Abstract:
A METHOD FOR DETERMINING HYDRODYNAMIC FORCES ACTING ON A PROFILE
USING MOMENTUM BALANCE EQUATIONS AND POLYNOMIAL APPROXIMATIONS

In this paper, a method for determining the hydrodynamic forces acting on a wing profile in an
incompressible fluid flow is presented. The method is based on the momentum balance equation using
digitized velocity and pressure fields. The novelty of the proposed approach lies in the selection of a circular
integration domain surrounding the profile, which enables an effective application to problems involving
oscillating profiles. On this basis, the hydrodynamic force components are explicitly derived and analyzed,
allowing a clear interpretation of the contribution of different physical mechanisms to the resultant force.
The obtained results provide a foundation for applications in unsteady fluid dynamics and fluid—structure
interaction problems.

Keywords: Momentum balance equation, drag force, lift force, polynomial interpolation and approximation,
non-intrusive measurement.
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