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NGHIEN CUPU THIET KE VI BOM LY TAM BANG
MO PHONG SO 2-D PONG LI’C HOC DONG CHAY

A 2-D NUMERICAL SIMULATION OF FLUID DYNAMICS
IN DESIGN OF A MICRO-CENTRIFUGAL PUMP

TS. Truong Viét Anh
Trudng Pai hoc Bach khoa Ha Noi.

TOM TAT

Trong y té, vi bom dugc sti dung dé truyén dan mdu, mdy loc mdu hay dugc cdy ghép vao co thé
nhu mot tim nhan tao hodc hé trg tudn hodn mdu. Bai bdo nay, trinh bay nghién ciiu st dung phuong
phdp tinh todn mé phong s6 2-D dong chdy theo bién thdi gian dé du bdo chdt lugng thiét ké, kiém chiing
lgi két qud tinh todn thiét ké bang phuong phdp truyén thong. Két qud, dac diém dong chdy trong bom
dugdc quan sdt. Su phdn b dp sudt va vdn toc cho thdy vimg hiit ciia bom c6 dp sudt thdp lan rong dén
30% chiéu dai bién dang cdnh va c6 khd ndng xam thuc cao. Sy phdn bé vdn toc dong & miéng hut cé su
danh hudng cia vi tri viing miéng xd ciia budng xodn gay mdt doi xing t6i 40% theo gid tri van toc. Sy
dao dong cua dp sudt bom la 0,3% vdi tdn s6 phu thudc vao so canh va toc do vong quay cia BCT diing
theo ly thuyét. Ap sudt bom dat 94% dp sudt thiét ké.

ABSTRACT

In health care, micro-pumps are used for transmission of blood in blood purifier, implanted
artificial heart in surgery or circulatory support. This paper presents the research of micro centrifugal
pump design by using simulation methods for 2-D flow by time variable in order to predict the quality of
design. As a result, the pump flow characteristics are observed. The pressure distribution indicated that
the pumpss suction pressure can occupy 30% of the blade’s length and to be in capable of high cavitation
damage. The distribution of velocities in the suction in under the effect of the discharge spiral symmetry
and can be loosen to 40% speed in value. The pump pressure oscillates by 0.3% in amplitude and the frequency
depending on the number of blades and the rotation speed of the BCT as the fundamental theory. The

pressure of pump can reach 94% of the designed pressure.
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1. MG PAU

Vi bom 12 loai bom ¢& siéu nhé dugc st
dung rong rai tii lam mét chip dién G, diéu chinh
vi lugng cho hé thong diéu ché thudc, hod chat
trong san xuit [1]. Trong y té, vi bom dugc st
dung dé truyén dén mau, may loc mau hay dugc
cdy ghép vao co thé nhu mot tim nhén tao hodc
hd trg tudn hoan mau [2].

Théng ké cho thdy trong nam 2005 ¢6 17,5
triéu nguodi chét vi bénh tim mach (chiém 30%
ty 1é ti vong trén toan cdu), trong s6 d6 c6 7,6
triéu nguoi chét vi bénh mach vanh va 5,7 triéu
nguodi chét vi dot quy. Trén 80% cac bénh tim
mach xay ra & cac nu6e c¢6 thu nhap trung binh va
th4p. Viét Nam cling ndm trong s6 cdc nudc can
nhap khiu cdc mdy bom trg tim dé cdy ghép va
céc hé bom tudn hoan ngoai phuc vu phau thuat
tim. Viéc thiéu nguén hién ting tim da dan dén
mot nd luc 16n cha cac nha khoa hoc phat trién
céc loai tim nhén tao tif ndm 1966 nham phuc vu
bénh nhéan tim mach va giam thiéu ti 1¢ t& vong.
C6 thé diém ra cic san phdm tiéu bi€u nhu:
NOVACOR (Baxter Healthcare Corp., USA),
HeartMate (Thermo Cardiosystems Inc., USA),
DeBakey VADs (Germany), Jarviks (Jarvik Heart
Inc., US.A)) [2,3].

Dai thong s6 lam viéc clia cdc loai vi bom
clia cac hing thiét bi y té€ néi ti€éng Thoratec, Ja-
viks, Nikkiso, Hiflow da va dang phat trién tng
dung trén thé gidi c6 luu lugng Q tit 2 dén 20 1/ph,
4p suat lam viéc P tit 100 dén 700 mmHg s6 vong
quay ctia bom tit 1000 dén 5000 v/ph [2]. Hinh 1
biéu thi dic tinh ctia san phdm vi bom CentriMag
(Thoratec - [4]).
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Hinh 1. Ddc tinh lam viéc H - Q ciia vi bom
CentriMag - Thoratec.
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Cac van dé cin quan tdm trong vi bomy
té 12 ddm bao thong s6 lam viéc, tinh 6n dinh thiy
luc, xam thuc. Ngoai ra vé mat y sinh hoc, phan
tram pha hiy héng cdu khi bom lam viéc 1a mot
tiéu chi quan trong.

Viéc tinh todn thiét k& cho vi bom ly tam
hién chua hoan thién phuong phép riéng ma van
dua vao ly thuyét thiét ké chung ctia mdy canh
dan [5,6]. Tuy nhién, cdc cong thiic thuc nghiém
trong thiét ké co ban dugc xay dung cho cac bom
kich thuéc 16n, thong dung trong cong nghiép
va thay lgi. Do vay, bai bdo nay trinh bay nghién
ctiu st dung phuong phdp tinh todn mo6 phong s
dé du bao chit lugng thiét ké, kiém chiing lai két
qué tinh toan thiét ké bing phuong phap truyén
théng dé tim bién phép hiéu chinh phtt hgp hon
cho thiét ké. Déng thoi, viéc phan tich két qud mo
phéng ciing gitp cho ngudi thiét ké cé thong tin
du bao cin thiét d6i v6i hoat dong ctia bom trude
khi dua vao muc dich ting dung.

2. PHUONG PHAP NGHIEN CUU
Viéc nghién ctiu tién hanh gom 2 bude:

- Budc 1: This todn thiét ké bom;
- Budc 2: Mo phong, phan tich danh gid,
du bao chit lugng d€ c6 hiéu chinh can thiét.

2.1 Tinh toan thiét ké

Thong s6 thiét ké cta vi bom ly tim dug
thiét ké la: H = 530 mmHg, Q = 6 1/ph, n = 5000
v/ph.
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Ty t6c ctia bom: -
cdnh bom ly tdm la dang canh (‘r{ul‘ Sau khi tink
toan bién dang cdnh theo phuong phap tich phan
diém [5], két qua banh cong tic (BCT) gom 5 I
canh c6 dudng kinh 42 mm va bién dang nhu ¢
hinh 2.
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Hinh 2. Bién dang canh BCT.

Do kich thuéc nho, chiéu rong 16i ra banh
cong tac la b, = 1,5 mm nén budng xoan ctia bom
dugc x4y dung theo ti€t dién chii nhéat va md rong
chiéu rong déu b, = 3 mm dé€ viéc ché tao dugc
dé dang ctiing nhu tang kha nang thodt ctia dong.
Bién dang ctia budng xoan nhu & hinh 3.

R23

Hinh 3. Bién dang budng xodn.
2.2 M6 hinh tinh toan CFD

Tinh todn s6 va mo6 phong cho may bom
ndi chung va vi bom noéi riéng la phuong phap
nghién ctu tién tién da va dang dugc phat trién.
Dic thu ctia vi bom 1a kich thu6c nhé nén viéc st
dung m6 phong dong luc hoc dong chay (CFD)
cang ching to hiéu qua khi nghién ctu thuc
nghiém gap kho khan [7,8].

Do hinh dang bom dugc thiét ké la canh
tru va budng xodn chit nhat d6i xting nén dé€ giam
khéi lugng tinh toan cting nhu thoi gian chuong
trinh chay trén mady tinh, ta x4y dung mé hinh 2D
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véi tiét dién cit tai tiét dién trung binh ctia canh.
MO hinh tinh todn quan tdm nhiéu dén phan mé-
pcénh nén chia ludi véi kich thuée 0.1mm ti mép
ngoai va vao trong la 0.2 mm. Ty 1é nhu véy, tranh
dugc sai s6 do sy thay doi kich thuéce luéi khi c6

Su truot.

DPaura

Hinh 4. M6 hinh chia ludi.

MO hinh tinh toan st dung la k-& c6 bién
thdi gian (Unsteady mode-[9]) ap dung viéc gidi
doc lap hai phuong trinh chuyén dong véi ning
lugng dong hoc réi (k) va ti 1¢ khuyéch tan ctia n6
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Trong do:

u: Do nhét r6i

G,: Thé hién sy phat sinh nidng lugng dong hoc réi
do gradien vén t6c trung binh.

G,: Su phat sinh ning lugng dong hoc do stic n6i
Y,: Thé hién sy dan nd bién déi trong dong chay
r6i nén dugc.

C,, C,, la cac hing s6 (C =1,44; C,=1,92 ); C,;
thé hién muc do chiu dnh cta € vao stic noi;

0,; 0, 1a s6 Prandtl r6i ctia k va € (0,=1; 0,=1,3);
S, S, : 1a dai lugng dinh nghia.

9] day dé st dung hai gia thiét quan trong la:

- Dong chay r6i hoan toan.
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- B6 qua dnh hudng ctia d6 nhét phan tu.

Vé diéu kién bién, phan bién budng xoan
13 tudng. Trong khi x4y dung moé hinh chu y tai
cac vi tri déu phai dé 2 mait phang tring nhau.
L4y cic thong s6 d4u vao va déu rala 4p suat. Trén
cdc dudng bién vong tron mép canh va vong tron
chén canh 1a céc interface.

St dung UDF Mode dinh nghia ham quay
theo bién thoi gian cho ludi banh cong tac tai van
téc n = 5000 v/ph. Dit di€u kién déu vao va dau
ra theo gid tri p sudt du tuong tingl1a 4p dong 281
Pa va 4p tinh 69736,8 Pa. Tiéu chudn hdi tu cta
chudi tinh todn la 1e-04.

3. KET QUA VA THAO LUAN

Tt két qua tinh toan md phong, hinh anh
phan bé 4p sudt, van téc dong chdy dugc quan sdt
theo chu ky vong quay nhu thé hién & Hinh 5. C6
thé nhan thdy sy phan bd ap suat tinh dudi tac
dong ctia banh cong tac da phan chia ra 2 ving
rd rét theo dung ly thuyét la viing hut — dp suat
thdp & 16i vao canh va viing ddy - ap sudt cao &
16i ra canh. Két qud mo6 phong cho thay vung hut
tao ra dp suét thdp (dudi 3 kPa) chiém khodng
30% chiéu dai doc theo bién dang canh. Véi gid
tri 4p sudt hoi bdo hoa thong thuong cta chat
16ng dang nudc, c6 thé du bao viing nay nhiéu
kha ning xdy ra xam thuc, cdn xem xét nghién
ctiu sau tiép theo. Viing ép sudt cao (trén 8 kPa)
chiém khoang 20% phan cudi gan 16i ra 14 canh.
Vung ép suft cao nay tuong tac v6i thanh tudng
ctia budng xodn tao ra su phan bd ap trong BCT,
van téc tdng tui 2,5 m/s & viing hut 1én dén 10 m/s
4 16i ra canh. Vung vén tdc 16n nhét hinh thanh
trén mit lung canh va phia dinh bung cdnh - noi
dinh canh tao dong hut theo chuyén dong quay.
Hinh 7 cho phép quan sat chi tiét hon vé phan bo
vec-td van t6c. Khi canh bom tién gan dén vi tri
ludi ga, quan sét cho thdy vén tc trén lung cdnh
suy gidam khoang 5% do su cheén ép chat long boi
viing 1udi ga ctia vo budng xoan. Mot di€ém déng
cht y khéc 1a sy phan bd véan téc ¢ miéng hut.
Khi suit khong cao nhung 1é thudc vi tri cia cdnh
banh cong tac khi chuyén dong. Mot vi tri quan
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trong ctia budng xodn la ludi ga. Vi tri nay tao sy
chénh 4p dé budng xodn thuc hién chiic ndng van
chuyén 6n dinh. Tuy nhién, khe hé thay luc gitia
dinh cdnh ctia BCT vé6i dau mut lugi ga luon la
vin dé anh hudng t6i 6n dinh thuy luc do nam sat
16i ra miéng xa budng xodn. Do d6 ta c6 thé quan
sat thdy su bién ddi ctia ap sudt viing miéng xa ctia
bu6ng xodn khi canh banh cong tac chuyén dong.
Khi canh BCT chin dang vi tri lu6i ga, ap suat
viung x& clia budng xodn dat gia tri thap nhat.
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Hinh 5. Bién déi phan bé dp sudt tinh trong 1chu ky
vong quay cua bdnh cong tdc.

Hinh 6. Bién doi phan bé vec-to van toc trong 1 chu ky
vong quay cua bdnh cong tdc.

Hinh 7. Phan bd vec-td van toc trén 2 mdt canh va
dnh hudng ctia budng xodn 1én dong huit.

Trén Hinh 6 thé hién phan bd vec-to van
t6c dong chdy cho théy: trong BCT, van tdc tang
tlf 2,5 m/s 6 ving hut [én dén 10 m/s §16i ra canh:
Vung van tdc 16n nhét hinh thanh trén mét lung
canh va phia dinh bung canh - noi dinh canh tao.
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dong hut theo chuyén dong quay. Hinh 7 cho phép
quan sat chi ti€t hon vé phan b6 vec-to van toc.
Khi canh bom tién gan dén vi tri ludi ga, quan sat
cho thay véan tdc trén lung canh suy giam khoang
5% do su cheén ép chat long boi ving ludi ga cta
vo budng xoan. Mot diém ddng chu y khéc la sy
phéan b6 van toc & miéng hut. Khi BCT bom quay
6 toc do cao 5000 v/ph, c6 thé coi tdc dong cha
cdc canh tao ap luc hut 1a nhu nhau. Tuy nhién,
tuong tdc dong chay ra khéi BCT véi vé xoan lai
khong dong déu boi bién dang xodn dc. Vi vay,
til quan sat theo 1 chu ky vong quay va quan sat
gan & Hinh 7, ta th4y phéin b vec-to véan téc vao
miéng hat ctia dong chdy khong dong déu ma suy
giam t6i 40% & phia gan 6ng xa clia budng xoan.
Do vdy, bén canh anh hudng ctia s6 canh BCT,
- bién dang xo0an 6c¢ ciing anh hudng téi chit lugng
dong chay trong bom ly tAm.
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(a) Su bién thién van toc vao miéng hiit.
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(b) Su bién thién dp sudt tai miéng xd.
Hinh 8. Khdo sdt vdn toc va dp sudt bom.

Tu két qua moé phong, dé khao sat sy bién
ddi theo thoi gian, van t6c dong vao va va ap sudt
ddy tai 16i ra ctia bom dugc tinh todn va cho d6 thi
nhu & hinh 8. O két qua tinh todn s6, trong 1 chu
ky vong quay (thoi gian 12 ms) c6 5 xung chinh
dugc tao ra trong bién thién vin téc 16i vao va
dp sudt xa cia bom. Nhu véy, tan s6 dao dong ap
sudt ca bom la 416,67 Hz. Véi gid tri van t6c trung
binh 1a 2,7 m/s thi bién d6 dao dong ctia van tdc
nam trong khoang 5% (hinh 8a). Do déy 1a két
qud mo6 phdng 2-D, nén du bao bién d¢ dao dong

cua luu lugng bom ciing nam trong khoang 5%.
Tuong ty, hinh 8b cho thdy ap suit xa cia bom
dao dong lai rat nho, trong khoang 0,3%. Gia tri
ap sudt bom dat 94% so véi gia tri thiét ké.

4. KET LUAN

Bai bao da trinh bay két qua trong nghién
ctu thiét ké vi bom ly tdm véi hudng ting dung
cho ky thuét y sinh. Mot s6 két qua buGe diu dat
dugc nhu sau:

- Xay dung dugc quy trinh danh gia khao
sat thiét ké vi bom ly tdm loai canh try bing ting
dung mé6 phong s6 2D dong chdy theo thoi gian
trong bom nham khao sat, ddnh gid chat lugng
thay luc ctia bom.

- Pic diém dong chdy trong bom dugc
quan sat. Su phan bd dp sudt va vén tdc cho thiy
ving hut ctia bom c6 ap sudt thép lan rong dén
30% chiéu dai bién dang canh. Vi vy, thiét ké nay
can xem xét nghién ctiu tiép boi kha nang xdm
thuc cao.

- Su phédn b6 van téc dong & miéng hut c6
st anh hudng ctia vi tri viing miéng xa ctia budng
xoan gay mat d6i xting t6i 40% theo gid tri van tdc.

- Su dao dong ctia ap sudt bom 1a 0,3% véi
tan s6 phuy thudc vao s6 canh va téc do vong quay
ctia BCT duing theo ly thuyét. Ap suét dat 94% 4p
sudt thiét ké. s

Ngay nhén bai: 25/3/2013

Ngay phan bién: 15/5/2013

Nguoi phan bién: PGS, TS. Ngo Sy Loc,
Trudng Dai hoc Bach Khoa Ha Néi.

Tai liéu tham khao:

[1]. Peter Woias, Micropumps—past, progress and future pros-
pects, Sensors and Actuators B 105, 2005, pp.28-38.

[2]. Helmut M Reul et al,, Blood pumps for circulatory support,
Perfusion, 2000; Vol.15, pp. 295-311.

[3]. Michael E. DeBakey et al., The Rotary Blood Pump: Lessons
Learned and Future Directions, Artif Organs, Vol. 28, No. 10,
2004, pp.865-868.

[4]. CentriMag® Blood Pump, Thoratec Corp., 2006, Thoratec.
com.

(5]. A.A.L6makin, Bom ly tdm va bom huéng truc, NXB KHKT
-1971.

[6]. Stepano AJ. Centrifugal and Axial Flow Pumps. Malabar, FL:
Kringer Publishing Co., 1993.

[7]. Leok Poh Chua et al., Numerical Simulation of an Axial Blood
pumps, Int J Artif Organs, Vol. 31, Issue 7, pp. 560 — 570.

[8]. Apel J, Neudel E, Reul H. Computational fluid dynamics and
experimental validation of a microaxial blood pump. ASAIO J,
2001; 47(5):552-8

[9]. Fluent & Gambit Tutorial Guide, www.Fluentusers.com.

TAP CHI COKHI VIETNAM % 84 5 (Théng 5 nim 2013)



