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TOM TAT 

Phuang phap bien nhiing (Immersed boundary) dugc sii dung de md phdng ddng chay qua 
mpt tru trdn cd gan tSm phing dao dgng di6u hda theo mgt quy dgo xac 13p trudc. Sy tuong tac 
phirc tgp giiia cac xoay dugc hinh thanh tii tru tion va tim phIng dugc khao sat. Ba dang xoay 
hinh thanh ph\i thupc vao bien dp va tan sd dao dgng cua tim phang dd la: xoay thudng, chudi 
xoay va xody tir tam phing. Ngoai ra, moi quan he giUa hp sd can, bien dg va tan so dao ddng 
ciia tSm phing cung dugc trinh bay. Phuang phap bien nhiing sii d\mg tdng hgp hai bien: bien 
Lagrangian cho miSn ket can va bien Eulerianj;ho miSn luu chit. Tuang tac giiia luu chit va ket 
ciu dugc dgc tnmg bdi mpt luc khdi cgng vao phuang trinh dieu khien. Luc khdi dugc tinh dgc 
Igp tai cac diem Lagrangian v^ dua vao ludi Eulerian lan can thdng qua h ^ xip xi Dirac delta. 

Tif khoa: phuang phap bien nhiing, tim phing dao dgng, di6u khien bi dpng ddng chay. 

1. GlOn THIEU 

Khi Re > 47 ddng chay dan chuySn sang trgng thai khdng dn dinh. Bat diu xuit hi?n cac 
xoay cd chu ki d phia sau tr\i tion. Hien tugng nay dugc biet nhu la xoay von-Karman. Ddi vdi 
cac kSt ciu cd tiet dien can Idn tiii xuit hi?n dao dgng rat Idn do cac xoay nay gay n6n ap lire 
dao dgng. Hipn tiigng nay gap rit nhieu tiong thuc tS nhu: he thdng dng dan trong bg trao ddi 
nhiet, cac ket ciu trong nganh hang hai, ket ciu ciu tieo,...Do dd, nghien ciru dgc diem cua cac 
xoay gay nSn dao ddng dh tim ra co ch6 hinh thanh cung nhu phuong phap di6u khien chiing 
trong thuc te thi rit quan tipng dS tranh cac hien tugng pha huy xay ra do dao ddng gay ra. 

Su d\mg cac tim phing de phan chia ddng luu chat nhu la mpt phuang phap dieu khi6n bj 
dpng. Khi chieu dai L ciia tSm phing bing dudng kinh D ciia tru trdn, cac xoay nay khdng hoan 
toan mit hin nhung h? so c^n Co cvia ket ciu va sd Strouhal (St) giam di m^t ckch dang ke. 
Gerrard [1] da khao sat tan s6 xuit hi?n ciia cac xoay tgi vi tri phia sau tru trdn vdi L=2D. 
Nghien cihi da ket luan rSng so St giam khi L tang len va dgt gia trj cue tieu khi L=D. Neu ti6p 
tuc tang i thi sd S'r se tang theo. 
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Cac thi nghi?m ve ddng chay qua tru tidn cd gSn tam ph3ng da dugc thuc hi?n bdi Una! vk 
Rockwell [2] vdi 140 < Re < 1600. Qua vi?c quan sdt, phSn tich hinh knh, ddng chay dugc chia 
lam 2 khu virc d^c lap: co che hinh th^nh ti^dc xoky (pre-vortex) vk ca chS hinh thanh sau xody 
(post-vortex). Ca ch6 hinh thanh tmdc hoac sau Ciia xody dugc d$c tnmg bdi su xuit hien hay 
bien mit cua cac xoay d phia sau ddng tai vi tri diu tim phing. Ap lye khdng dn dinh tac dung 
ISn tim phing thay ddi rit Idn khi tim phing di chuySn tu co che nay sang ca chd khac. 

Nakamura [3] da thuc hien mdt sd thi nghiem ttSn cdc vgt can cd tiet dien khac nhau khi 
gin them tim phing d phia sau vdi 300 < Re < 500. Khi cd tim phing thi dac diem ciia xoay 
thay doi tii xoay von-Karman, xoay cd hai lap khdng on dinh, thinh mOt lap tnrgt khdng dn dinh 
tai dau tim phing. Ngoai ra sd St xac dinh tgi mgt vi tri phia sau ddng chay it phu thudc vao sd 
Re va tiet dien ciia vat can. 

Mgt hudng nghien cuu khac nhim giam he sd can su dyng tam phing vdi 30 < Re < 160 va 
L = Ddk dupe thuc hien bdi Hwang [4]. Trong nghien cihi nay, mgt tim phang cd dinh dugc dat 
song song theo phuang ddng chay tai vj tri each tiai tidn mgt khoang each la G. K6t qua cua 
nghien cim da tim ra vi tri tdi uu cua tim phing. Sir thay ddi d^t ngpt ddng chay tu nhien, h^ s6 
can CD vk sd St tang nhanh khi ti sd G/D tang tii 2,6 den 2,7. Khi C/D > 2,6, tai diu tim phing 
xuit hi?n cac xoay tach rdi theo chu ki. Sir tuong tac phiic tgp ciia cac xoay tir try trdn va tim 
phing khi6n cho he so can Co va sd St tang ISn. 

Kwon [5] da six dung phuang phap the tich hihi han de khio sat anh hudng ciia chi6u dki 
tim phang cd djnh den he sd can CD, SO St vdi nhieu gia tri Re khde nhau. Ngoai ra, Sudhakar [6] 
da md phdng bai toan cd tam phang dao ddng sii dyng phuang phap so. Ket qua bai bao cho biet 
moi quan h? giira chieu dai xoay va sd St thay doi khi tam phang dao ddng. Lai va Peskin [7] da 
sii dyng phuang phap bien nhiing de md ta ddng chay qua try tidn co dinh vdi do chinh xac bac 
2. Cac tac gia da de xuat mgt phuang phap mdi de xtr li bien cung trong phuang phap bien 
nhiing: khi vat the la bien ciing thi cd thd xem la bien dan hoi nhung cd do cung rat Idn. 

Trong ngi dung bai bao nay, dac diem ciia cac xoay khi try trdn cd gin tim phang dao dgng 
theo mgt ham dieu hda se dugc tiinh bay. Tam phang dao dOng vdi nhieu bien do va tin sd khac 
nhau. Anh hudng cua biSn dp va tin sd dao dgng ciia tam phing d6n he sd can cua ket ciu dugc 
khao sat. Trong phan 2 cua bai bao trinh hay v6 phuang phap bidn nhiing. Phan 3 trinh bay cac 
ket qua da dgt dugc. 

2. PHUOfNG PHAP BIEN NHUNG 

Phuong phkp bien nhiing (Immersed Boundary Method-IBM) ra ddi va da tid nen pho bifin 
trong ckc thip nien gaii day. Phuang phap nay cd kha nang md phdng cac bai toan cd bien dgng 
phiic tap, bien di chuy6n va dac biet la cac vat the dan h6i nhung yeu ciu vk thdi gian tinh tokn 
va bd nhd it hon so vdi cac phuang phap thdng thudng. Dugc Peskin C. S [8, 9] gidi thi?u nam 
1972 khi md phdng su tucmg tac giira ddng man va sy co bop eCia cac ea tim dang dap. Cac cdng 
thiic toan hpc tiong IBM sii dung k6t hgp hai bien: bien Eulerian va bi6n Lagrangian. Moi quan 
he giira hai bien nay thdng qua ham xap xi Dirac delta. Bi8n Eulerian cua mien luu chit dugc 
djnh nghTa tien ludi cd dinh Cartesian. Biln Lagrangian cua ket cau dugc dinh nghTa tren ludi 
dudng cong va di chuyen "tu do" tien ludi Cartesian co dinh ma khdng chiu mgt su rang huge 
nao. Cac diem ludi ciia bien nhiing thi dugc md hinh hda thanh cac diem luc va dugc dua vao 
phuang trinh Navier - Stokes nhu la mdt tiianh phin cua ngogi lye tac dyng len mi6n luu chit. 

2.1. Cong thuc todn hoc 
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Xet mien 2 chieu; Q^ =[0, 1,] x [o, 1̂ ] cd ddng luu chit nhdt, khdng nen dugc chira 

bi6n nhiing Ik mdt vdng kin khdng cd khdi lugng T^, Hmh 1. Bien nhiing cd cac thdng 

s6:X(s,t),0<s<L^,X(0,t) = X{Li„t) tiong dd:41a chieu dai cung kin T^va X{s,t)\k mdt 

ham cho biet tga dp ckc diem bien nhung. Anh hudng cua bien nhiing din mi6n luu chit dugc 

dgc tnmg bdi mdt thanh phin luc khdi cdng vao trong phuang tiinh Navier-Stokes. Bdi vi bien 

nhiing tiep xiic vdi luu chit xung quanh, do dd vgn tdc ciia nd phai phu hpp vdi dieu kien bien 

khdng tmgt. Do dd, cac phuang trinh tuong tac giiia luu chit va kit ciu trinh bay nhu sau: 

fau(x,/) 
I l__i_i. J-11 f V / l . V l l f V f\ \-l.\7nlv t\— ,r\..t,r i\^ e{„ t\ / 1 \ u(x,/)-Vu(x,r) +V/j(x,/)=//Au(x,f)+f(x,/) 

V u ( x , / ) = 0 

f{x,/)= JF{s,t)S{x-X(s,l))ds 

? ^ = u[X(s,t)]= ln(x,t)S{.-X(s,t))d. 

(2) 

(3) 

(4) 

trong do: x = (x,y)lk tga do ludi Cartesian, u(x,t), p(\,t)lkn lugt la vgn tdc va ap suit ciia 

luu chat, cac h? so p va // lan lugt la khdi lugng rieng va dp nhdt dpng luc hgc cua luu chit. 

Ngoii ra, f(x,^) la lye khdi ciia bi6n nhiing tac dyng len toiin bg mien luu chit va 

F(s,t) = {^F^(s,t),Fy(s,ty) la lye khdi tai cac diem bien nhiing. 

Hinh 1 a) Mo hinh ciia he luu chat-bien nhung 
b) Ludi Eulerian (diem sdng) va ludi Lagrangian (diem den). 

• Diem muc tieu 
• Diem bien thuc 
k: Lo xo liSn kSt 

Hinh 2 Mo hinh tinh toan ciia phuong 
phap bien nhung. 

i 

L ^,7^ 

[ 
\ \S 
^ S 
1 

' * 
i4 Yv 
rt 

M 'jf 

I'r 

Trong cac phuang trinh tren, phuang trinh (I), (2) la phuang trinh Navier-Stokes cho ddng 
luu chat nhdt, khdng nen dugc. Phuong trinh (3) xac dinh lye khdi tac dyng len toan bg mien luu 
chit ciia bien nhiing. Phuang trinh (4) the hien su di chuySn eua bien nhiing theo mien luu chit. 

2,2. Xxt h' mien ket cau 

Luc khdi eua bien nhiing dugc tinh tgi cac diem ludi Lagrangian va phan bo den cac dilra 
ludi Cartesian lin can ciia mien luu chat thdng qua ham xip xi Dirac delta. Gia tri cila luc khdi 
tac dyng vao toan bg mien luu chat dugc xac dinh theo cdng thiic sau: 

C=Ilf»W'^«K-XL)A!. (5) 
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oi 5,(x) = (l//i')(*(x//i)(l>(y/*)lahamDiracdelta.Trongd6fSlahtailieiitvc[8, 9]: 

|(3-2|r |+7l+4|r |-4j- ')/8, 0<|c|Sl 

jl(;t/).) = »l(j./;.) = »>(r) = |{5-2]/-|-V-7 + 12|r|-4r")/8, l<|r |<2 (*) 
[O, 2 £ H 

v i n dS dat ra la xac dinh gia tii luc F tai cac diem bi6n nhiing de dam bao dieu kien biSn 
khdng tmgt. Gpi X* (.?,/) la tga dp ban dau cac dilm bien nhung trong hf tga dO Lagrangian. 
Khi tuang tac vdi ddng luu chit thi cac dilm bien nky di chuyin theo ddng luu chit va cd tga d^ 
mdi la X{i',r). Nlu bien cung co djnh thi cac dilm bien ban diuX*(,y,?)c6 dinh tren ludi 
Cartesian. Ngugc lgi, nlu bien ciing di chuyen thi cac diem bien ban diuX^(j,?)di chuyen theo 
quy dgo xac dinh trudc. Do la bien cung nen phai ludn dam bao khodng cdch gitta hai tpa 
dgX^(5,?) va X(5,/). Bdi vi bien nhiing la bien dan hdi [7] ndntheo dinh luSt Hooke ta c6; 

r{s,t) = -k{x[s.t)-K-{s,t)) (7) 

vdi k la dp Cling cua Id xo lien ket ao giira cac dilm bien thye vk bien muc ti8u. Neu cd mpt 
diem bien thuc rdi xa vi tri mong mudn, luc keo cua cdc Id xo se keo diem dd ve vi tii ban 
dauX^ (s,t). Do do, tai mdi budc thdi gian, cdc diem bien nay se ludn luon bdm sat vdi mien 
thgt ciia ket ciu, Hinh 2. Giai phuang tiinh Navier-Stokes da cd thanh phin lye khoi dl tim 
trudng ap suit;?"}' va tiirdng vgn tdc u"j' sir dyng phuang phdp sai phan hftu hgn [10]. Sau do, 
tmdng vgn tdc nay dugc npi suy de tim van tdc tai cac diem bien nhiing theo phuang trinh: 

^ = I,<M\,-^r')h' (8) 

2.3. Phuong trinh Navier-Stokes 

Phuang trinh Navier-Stokes cho ddng luu chat nhdt, khdng n^n dugc da cd cac thanh phan 
ngogi luc trong mien khdng gian 2 chilu: 

/'[(«";' - ••LV'^+[( ' ' -^> 'L]=-VP,"; ' +A(AU)".;' +f,̂  (9) 
v.u:*'=o (10) 

Bay gia giai cac phuong trinli tren tai biicrc thai gian thii(n +1) theo 3 buoc chinh sau: 

2.3.1. Xir li thanh phan phi tuyen, donhai, luckhoi 

[a -u")/ At = -{a' ••V)u' + (fi/p)[Ai,") + (\lp)C (U) 

( u " ' - u " ) / A / = - (Vp" ' ) / /7 (12) 

2.3.2. Dieu chinh truang dp sudt 



Mo phdng ddng chay gua tru trdn cd tim phing dao ddng bing phuong phip bien nhung 

Hieu chinh tmdng van tdc trung gianu'bdi gradient ciia ap suat /7'"*'',nhan (V-)vaohai 

vl cua phuang trinh (12) ta dugc mgt he phuong trinh tuyen tinh. 

(Ap"^')//7 = (V-u-)/A/ (13) 

Phucmg trinh (13) la phuong trinh Po«.jonciia tmdng dp suat p"*'tgi thdi diem {n + l). 

2.3.3. Cgp nhdt trudng van tdc 

Tinh trudng van tdc mdi u""*"'theo phuang trinh: u " * ' = u ' - A?(Vp"*'j//7 vdi gia trj ap 

suit /?"*' da dupe tinh d budc tien. 

2.4. Giai thu^t ciia phirong phap bien nhiung 

Trong bai bao tac gia sir dung giai thuat tudng minh [7], tiic la luc khdi tgi cac diem 
Lagrangian dupe tinh tgi budc diu tien. Toan bg giai thuat cua phuang phap trinh bay nhu sau: 

(1) Xac dinh luc V"(s,t) tir bien ciia ket cau X" {s,t) theo phuang trinh (7). 

(2) Ap dat luc cua bien nhiing len toan bg miln luu chit theo phuang trinh (5). 

(3) Giai phuang trinh Navier-Stokes da cd cac thanh phin ngoai lye. 

(4) Npi suy vgn toe mdi ciia cdc diem bi8n nhiing theo phuang trinh (8). Quay lai budc (1). 

3. KET QUA SO 

3.1. Tam phing co dinh 

Miln tinh toan va cac dilu kien bien ciia bai toan dugc the hien trong Hinh 3. Mien luu 
chit dugc rdi rgc sii dung 650 x 325 dilm ludi theo hai phuang x va y. Tong sd dilm ludi 
Lagrangian cho miln kit ciu la 46 dilm. Hinh 4 thi hien dudng ddng ciia luu chat qua try trdn 
vdi tim phing ch dinh khi L=D va Re=100. Cac thdng sd nhu: he sd can Co, sd St va chieu dai 
viing xoay tuin hoan (LJ dugc so sanh vdi kit qua ciia mdt sd nghien cuu khac, Bang 1. 

Hinh 3. Mien tinh toan va cac dilu kî n bien. Hinh 4. Dudng dong khi tim phang co djnh. 

Theo Bang 1, cac ket qua nay thi kha phii hgp so vdi cac nghien ciiu khde, sai sd khoang 
3 %. Sy xuit hi$n ciia tim phang lam dn djnh cac Idp tmgt be mat dugc hinh thanh tir try trdn 
nen can tid sy hinh thanh ciia cdc xoay. Dilu nay dugc nhgn biet khi so sanh so St, Bang 1. Khi 
/, = Z), h? so can CQ cimg giam tir 1,37 cdn 1,16 do su xuit hien cdc dudi xoay cua tam phdng. 
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Tuy nhien chilu dai cua vimg xoay tuin hoan tiii tang len. Hinh 5 cho bilt anh hudng ciia chieu 
dai tim phing cd dinh din he sd can cua ket cau. Khi chieu dai L tang thi he sd can Co giam dan. 
N l u i > 2D thi CD it thay dli khi L tang them. Liic nay gid tij he s6 cdn Co khoang 1,07. 

Bang I Thong s6 ciia dong chay khi L=D va Re =100. 

Khong CO tam 
ph3ng 

Co tam phang 
c6 dinh 

Co 

Sl 

L, 

Co 

St 

[4] 

1.34 

0,167 

1,36 

1,17 

0,137 

3.21 

[5] 

1.18 

0.137 

3,21 

[6] 

1,37 

0,165 

1.42 

1,174 

0,139 

3,30 

Hien tai 

1,37 

0,160 

1,36 

1,16 

0,138 

3,20 

Hinh 5. Anh hudng cua L den he so can Co 

3.2. Tim phang dao ddng tuan hoan 

Tim phing dao dgng tuan hoan quanh mpt diem co dinh nhu hinh 6. Cdc dieu ki?n bien ciia 
bai toan dugc md td trong Hinh 3. Trong ngi dung bai bao tac gia chi khao sat tmdng hop L= D 
vi liic nay sd St cue tilu [1]. Khi tim phdng bat diu di chuyin, cac xoay xuit hien, phat trien va 
tach ra tii dau ciia tam phing. Minh hga cdc xoay ciia tim phang va try tidn dupe the hien trong 
Hinh 7. Bai bao chi ĉ uan tam sy tuang tdc giiia hai loai xoay nay. D I ro ban vl qua trinh tuong 
tac nay, tmdng hgp tam phdng dao ddng vdi bien doA= 0,2D va tin sd_^ = 0,5 dugc khdo sdt. 

^ Xoay cua dau 

Hinh 6. M6 hinh ciia Hmh 7 Cac dang xoay trong bai todn. 

Hinh 8a thi Men hinh dgng xoay khi tim phdng di chuyen xudng bien dudi tir vi tri giiia. 
Trong tmdng hgp nay, xoay tai dau tam phing dang tuong tac vdi xoay cua tru trdn d phia tr8n 
CO chieu quay ngugc lgi. Khi tiep tyc di chuyen xudng dudi, xoay tgi dau tim phing cd kich 
thudc Idn len, Hinh 8b. Khi tim phdng dgt vi tri bien dudi, xoay nay ket hgp vdi xoay phia dudi 
ciia try tidn cd cimg chilu quay, Hinh 8c. Qua tiinh nay Igp lgi khi tim phing di chuyen len bien 
tren. Ngoai ra, quan sat Hinh 8a ta thay cd su xuat hien cdc Idp tmgt dugc hinh thdnh tai be mat 
dudi ciia tam phang. Khi tiep tuc di chuyen xudng dudi, cdc lap tmgt nay di chuyen din diu ciia 
tam phang. Tgi thdi diem nay, tai be mat tren ciia tam phing thi mgt Idp tmgt mdi ciing dugc 
hinh thanh va xody tgi dau tam phing cung kit hgp vdi cdc xoay ben dudi ciia try trdn, Hinh 8c. 
Cac lap XmoX hinh thanh vd di chuyin ra diu ciia tim phing tich liiy va hmh thanh xoay tgi diu 
trong sudt qua tirinh di chuyen len tren tiep theo eua tim phing. 
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Bien dg va tan sd dao ddng ciia tim phing anh hudng Idn den viec hinh thanh xody ciia tim 
phing. Xody tai dau tim phing tuong tac phiic tgp vdi xoay hinh thanh tu try trdn nen cd cac 
logi xody khac nhau ma cd thi phan thanh 3 logi chinh sau: 

3.2.1. Xody thudng 

Trong kilu xody nay, sd lupng cdc dudi xody tuong ty nhu xody von-Karman tii try trdn 
vdi cimg sd Re, Hinh 9a. Cac xoay don dgc lap dugc hinh thanh tai be mat tien va be mat dudi 
cua try trdn. Cdc xody tii diu ciia tim phang khdng lam thay ddi nhieu cdc dac tinh ciia cdc xody 
chinh tir trv trdn. 

3.2.2. Chudixody 

Thay cho cdc xody don hinh thanh tai phia tren va phia dudi cua tru trdn la mdt chudi xoay 
dugc hinh thanh nhu Hinh 9b. Tai vi tri gin try tidn, cac xoay nay khdng ket hgp lai vdi nhau. 
Nhung khi di chuyen ra xa tinh tir vi tri cda tiy trdn thi chudi xoay trd thanh cac xoay thudng. 

3.2.3. Xody tit tam phdng 

Tgi vi tri gin be mat ciia try tron, xuit hien cdc dudi xoay lien tuc gidng nhau nhu cac xody 
thudng, Hinh 9c. Cac xoay nay dupe tach ra tir be mat ciia tam phang dao ddng hon la tir be mat 
ciia try trdn. Tuy nhien, ve phia xa ciia dong chay thi cdc xody nay tuong tu nhu cac chudi xoay. 

Hinh 8. Tuong tac giOa cac xoay khi tam phSng 
dl chuyin vdi A=0,2D vaf,=0,5; hinh a: vi tri 

nim ngang; hinh b: vi tri giiia; hinh c: vj tri thip 
nhit va dang ket hgp vdi xoay cua try tron. 

Hinh 9 Cac dang xoay khi tam phang 6 vi tri 
giira trong qua trinh di chuyen xuong; hinh a: 

A=0,ID va /j=0,7; hinh h\A=0,2D va 
f=0,2\ hinh c: A^0,4D va f,=0,5. 

Hinh 10 cho biet cac dgng xody xuat hien phy thudc vao bien dp va tan sd dao dgng cua 
tim phing. Khi biSn dg va tan sd deu nhd, cdc xody tuong tu nhu tmdng hgp khdng cd tam 
phing, Hinh 9a. Bdi vi vgn tdc dao dgng ciia tim phing nhd nen cac xody hinh thanh d diu ciia 
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tim phing chdm va khdng ro rang. Cac xoay nay tuy dnh hudng din sd St vk CD nhung khdng 
ldm thay ddi nhilu cac d^c dilm ciia xoay chinh tir Xm trdn. Khi bien dp vd tin sd dao dgng tang, 
su khac biet giira cdc xoay bit diu thay ro. Thay cho cdc xody dan la chudi xoay xuit hien. 
Quan sdt Hinh 9b, khi phia tren Id mdt xoay phinh thi tuang ung tgi vi tri dd d phia dudi la mdt 
xoay hep. Dilu nay cho thiy mac dii hinh dang cdc xoay nay khac nhau nhung xoay dugc tach ra 
tir bl mgt ciia try tidn thi cd bdn chit gidng nhu cdc xoay thudng. Khi ca bien dp vd tan so dao 
d^ng rit Idn, cdc xoay phat triln va tdch ra tir diu ciia tam phing chiem uu the d vi tri gan try 
trdn. Cac xoay tach ra tir diu cua tim phing rit nhanh va manh. Khi tim phing dao dpng vdi 
A = 0,5D thi anh hudng rit Idn den viec hinh thanh cdc xody ciia tiii tidn, d%c biet khi tim phing 
d vi tri bien. 

• : Xody thudng 
• : Chuoi xoiy 
A : Xoay cua tam 

phang 

Hinh 70.Cac dang xoay khac nhau phy thu$c vao 
bien dg va tin s6 dao d^ng ciia tim phdng 

3.3. He s6 can cua kit cau 

Khao sat he sd can ciia ket can Id mdt phan rdt quan tipng trong bai toan md phdng ddng 
chay qua vat thi. He sd can trung binh CD ciia ket ciu dugc trinh bay trong bang 2. Theo dd, khi 
tan sd dao ddng^'tang tir 0,0825 den 0,165 thi Co tang dan. Ngogi trir trudng hgp A = 0,5£>, 
CD dat eye dai khi^ = 0,165. Dieu triing hgp ngau nhien la s6 St cua ddng chay qua try trdn 
khdng cd tim phing cung la 0,165. Cd th6 la vi sd St ciia try tidn co dinh va tin sd dao dgng cua 
tam phang gidng nhau, xody tii tim phing cgng hudng vdi cac xoay tir try ti-dn nen CD dat gid tij 
eye dai. Hinh 11 la dd thj he sd can theo bien do va tan sd dao dgng khde nhau ciia tam phing. 
Khi A<0,2)D, sau khi dgt gid tii cue dai thi CD khdng thay doi nhieu nlu jS tang th6m. Ngugc lgi, 
khi ̂  > 0,3D, neu tang bien dp thi Co tdng theo tin sd dao ddng. Dac bipt A = 0,5D thi CD tang 
lien tuc khi^^ tang 0,0825 den 0,5 va da sd cac gid trj cua CD Idn hon so vdi tmdng hgp khdng cd 
tam phdng. Do bien dp dao dgng Idn, bdng ban kinh try trdn, nSn can tid cac xoay tii try tron. Do 
dd CD tdng nhanh theo tin sd dao dgng, dac biet khi tim phing d d vi tri bi§n. 



^ phdng ddng chiy qua tru trdn cd tim phjng dao dpng bing phuang phap bien nhung 

Hinh 10. Cdc dang xoay hinh thdnh khi tim 
phing d vj tri cao nhdt. Hinh a: A=0.1D va 

f = 0,4; Hinh h\A= 0,3Z) va f, - 0,4; 
Hinh c :^= 0,50 va/, = 0,4. 

Hinh 12. Trudng ap suit khi tim phing di 
chuySn tir vi tri gifia din vj Ui bien dudi vdi 

A=G,5D vafs = 0,2. Hinh a: vi tri nim ngang; 
hinh b: vi tri gi&a; hinh c: vi tri biSn dudi. 

Theo kit cjua ciia cac nghien cuu [1, 2, 4, 5]: khi cd tim phing cd djnh dat sau try tidn thi 
lam tang ap suat nIn va kit qua la h? sd can giam. Tuy nhien, trong mgt vai tmdng hgp thi hp so 
can Idn hon so vdi khdng cd tam phdng. Nguyen nhan cd the dugc gidi thich can cii vdo trudng 
dp sudt phdt sinh khi tam phdng dao ddng, Hinh 12. Theo dd, mien ap suat thap phdt trien tai vi 
tri gan be mat sau ciia try tidn nen dp suat can tdc ddng len try tidn tang len. Dan den h? sd cdn 
tang. Miln ap suit thip nay dugc hinh thanh do sy dao ddng ciia tim phing. Do do, sy xuat hi?n 
cua miln dp suit thip la dgc diem cd lien quan den dao dgng cua tam phang. 

Trong cac bien d^ va tin so dao ddng khao sat, khi 4̂ ^ 0,3D v a ^ = 4,5 thi Co = 1,062 la 
gia tii nhd nhat dgt dugc. He sd cdn nay nhd ban khi so sdnh vdi tmdng hgp tim phing cd dinh 
CO ti sd Z- = 3D tai ciing mgt s6 Re = 100. Ngoai ra, dya vao hinh 10 va bdng 2 cd the ket luan 
ring: khi chudi xody dugc hinh thanh thi CD cd gia ti-j nhd hon hai dang xoay cdn lai. 

Bang 2. H6 sl can theo cac bien dp va tin s6 dao dong. 

/. 
0,0825 

0,1 
0,165 

0,2 

0,3 
0,4 

0,5 

A/D 
0,1 

1,153 

1,168 
1,272 

1,175 

1,122 
1,180 

1,123 

0,2 
1,076 
1,194 
1,312 

1,114 
1,095 

1,184 

1,065 

0,3 
1,219 
1,223 
1,334 

1,290 
1,118 
1,062 

1,155 

0,4 

1,126 

1,270 
1,427 

1,361 

1,312 

1,402 

1,414 

0,5 
1,231 

1,314 

1,389 

1,443 

1,545 

1,577 

1,941 
0.0! Oi (US 01 OlS a i 03S 0^ 04S 05 

Hmh 11. Do thi cua he so can theo bien d 
va tin s6 dao done khac nhau. 
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4. KET LUAN 

Khi cd tim phing cd dinh dat phia sau try trdn thi h? so can ciia kit ciu gidm. Chieu dai 
ciia tim phing anh hudng rat Idn din h? so can. Khi chilu ddi tang 16n thi hp so can giam dan. 
Neu L>2D thi hS sd can gin nhu khdng thay doi neu chilu ddi L tang them. Gia tij Co liic ndy 
dao dgng khodng 1,07. Khi thay the tim phing cd dinh bing tim jjhing dao ddng thi cd ba dang 
xody hinh tiianh phy thugc vdo bien do va tin sd dao dgng cua tim phing dd la: xody tiiudng, 
chudi xody va xody ciia tim phing. Khi chudi xoay hinh thdnh thi hp sd cdn thip hon so vdi hai 
dang xody cdn lgi. Trong cac bien dp vd tin sd da khdo sdt khi i = D, tim phing dao ddng vdi 
A = 0,3D vaf = 0,4 thi he sd can dgt gia tri nhd nhat, CD= 1,062. Gia tri nay nhd hon so vdi 
trudng hop su dung tim phing cd dinh cd chilu dai L=3D. Vay trong cdc iing dyng cd khdng 
gian nhd hep, dl giam lye can ciia kit ciu, chung ta cd the su: dyng tam phing cd chieu dai ngan 
han nhung dao dpng vdi tin sd va bien dp thich hop de dgt h? so can tdi uu hon. Tu dd giam cdc 
nguy CO pha hiiy ket cau do cac xoay dao dgng phia sau gay ra. 
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ABSTRACT 

NUMERICAL SIMULATION OF FLOW OVER A CIRCULAR CYLINDER WITH AN 
OSCILLATING SPLITTER PLATE USING THE IMMERSED BOUNDARY METHOD 
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^University of Technical Education Ho ChiMinh City 

Email: nguyennamkt.2311 (a).£mail.com 

Immersed Boundary Method (IBM) is applied to the numerical simulation of flow over a 
circular cylinder with a harmonic oscillating splitter plate. The complex interaction between the 
vortices shed from the cylmder and the splitter plate is investigated. Three different patterns of 
vortex shedding are observed depending upon the amplimde and frequency of plate oscillation: 
normal shedding, chain of vortices and shedding from splitter plate. In addition, the relationships 
between the drag coefflcient, the amplimde and frequency ofplate oscillation are also presented. 
Immersed Boimdary method employs a mixture two variables: Lagrangian variable for solid 
boundary and Eulerian variable for fluid domain. The mteractions between the fluid and the 
stmcture are represented by forces added to the governing equations. This force densities are 
computed at Lagrangian markers and are spread to the Cartesian grid points via a Dirac delta 
fimction. 

Keywords: immersed boundary method, oscillating splitter plate, passive flow control. 
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