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TOM TAT

Quat ly tam la moét thiét bi hoat dong theo nguyén Iy ly tam, khi lam viéc canh quat ly tam sé hut
khong khi doc theo trug, Itc nay ap sudt tai tam quat nho, khong khi sé chuyén ti noi c6 ap suat
cao xudng nai co ap suat thdp. Noi mot cach khac, khong khi sé dugc luan chuyén vao tam quat va
dugc cdp thém nang lugng ly tam. Su ra doi clia quat ly tam da mang dén cho ching ta rat nhiéu
lgi ich nhu théng gid tdng ham hodc nai khéng thé 1&p quat théng gio truc tiép. Chinh vi vay, viéc
nghién clu dac tinh hoat dong clia quat ly tam la van dé dang dugc quan tam hién nay, t dé cé
nhing budc phét trién nhdm nang cao hiéu sudt quat. Trong ndi dung bai bdo nay, mét mo hinh
mo phéng dac tinh hoat ddng clia quat ly tam dugc thuc hién trén cong cu snappyHexMesh vai 6
lusi chti yéu la hexahedron. Theo do, cac két qua mé phong dac tinh hoat dong clia quat ap dung
mo hinh réi k- SST dugc so sanh vai cac gia tri do dac tir thuc nghiém. Nhiing két qua dat dugc
tUr viéc dp dung cong cu chia ludi tu dong snappyHexmesh va bé giai simpleFoam clia phan mém
ma nguén ma OpenFOAM cho thay do tin cdy trong viéc tinh toan va thiét ké quat ly tdm. Trén co
s& d6 o thé gidm chi phi cho viéc cai thién hiéu sudt hoat dong cho cac mau quat ly tam bang
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phuong phap mé phéng sé.
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GIGI THIEU

Ciing giong nhu quat hudéng truc, quat hadt ly tam la
mot trong nhiing dong quat thong gié dugc st dung
nhiéu nhit hién nay. Trong cic nganh céng nghiép
quat ly tim dugc sti dung rat nhiéu, cong dung cha
yéu 1a hut khi néng trong nha mdy san xuét. Vi thé
ma viéc tao moi trudng thong thoang 1a diéu can thiét
trong vin dé 6 nhiém cép bach hién nay. Nhung hién
nay céc thiét bi 1am mét dugc san xuét rat nhiéu mau
ma va chiing loai khac nhau cliing véi d6 la hiéu suit
hoat dong khong giéng nhau. Quat ly tim chuyén héa
nédng lugng co thanh ning lugng cho dong luu chat.
Chinh vi vy, d€ c6 mot hiéu sudt hoat dong cao, doi
hoi nha sdn xudt phai gidm thiéu tdi da viéc mat mat
néang luong trong qua trinh chuyén héa nang lugng
nay.

Nhiing nghién citu vé dong luu chét bén trong quat
ly tdm v6 cuing phtic tap béi moé hinh 3D lién quan
dén su r6i dong, tach dong, su xam thuc va trang thai
khoéng 8n dinh!. Viéc két hgp phuong trinh trang thai
dting cho dong luu chit va phuong phap RANS véi hai
phuong trinh cia m6 hinh r8i k-€ cho két qua sai s6
duéi 10% so véi gia tri thuc nghiém. Thac ddy viéc
nghién ctiu xam thuc trong nhiing bai todn hai pha
hay Iuu chat phi-Newton.

Dé tinh toén cdc thong s6 hiéu sudt quat ly tim ching
han nhu cét ap, cong suit cung cip va hiéu suit dugc

tinh todn dua trén phidn mém ma ngu6én mé Open-
FOAM va Ansys-Fluent trong nghién ctiu cia Huang
va cong su?, dugc so sanh véi két qua thuc nghiém.
Mo phéng cho thdy phin mém OpenFOAM cé do
chinh xac cao hon so v6i phdn mém con lai trong ca
hai giai thuat simpleFoam va pimpleDyMFoam béng
mo hinh r6i k-€ va k- SST.

Cac giai thu4t khac nhau gitia ANSYS, FLUENT trong
bai nghién ctiu ctia Narayan® dugc sti dung &€ mo
phong may bom ly tdim. Goéc ddt canh, goc léch dat
canh, s6 canh, mo hinh réi anh hudng ddnh ké dén
hiéu sudt quat ly tdm. Khi luu lugng tang, cot 4p giam
thi cong sudt cung cdp truc ting va hiéu suit bom
tang. Hiéu sudt1én nhat tai gia tri dugc khao sat, vugt
qua gia tri nay luu lugng tiép tuc ting trong khi do
hiéu suit bom sé giam.v.v..

Trong nghién ctiu clia Mohammad va cong su?, phé
van tdc thu dugc tit két qud mé phong nhu nhau,
nhung c6 su ngugc dong trong phd van t6¢c phadn mém
OpenFOAM. Tai canh dudi ctia banh cong tac, c¢é su
bién dong do sy tuong tac gitia vo quat va banh cong
tac. Phan gin canh trudc, su thay d6i dién ra it hon.
Mot két qua md phong khac duge thuc hién trong
nghién ctiu cta Jafarzadeh va cong su® cho thay
duodng cong dic tinh dugc so sanh véi két qua thuc
nghiém thu dugc dugc danh gia cao. Nghién ctiu anh

Trich dan bai bao nay: Hi€u N K, Long L V, Huy L D A. Mé phéng dic tinh hoat déng ctia quat ly tam
cdng suat 5,5 kW véi phan mém OpenFOAM. Sci. Tech. Dev. J. - Eng. Tech.; 3(4):508-522.
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hudng ctia s6 lugng canh tac dong 1én hiéu sudt ctia
bom ciing dugc tim hiéu. Va mot két qua quan trong
thu dugc d6 chinh 1a vi tri ctia banh cong tac € xem
xét su dnh hudng ctia ludi vé quat 1én hiéu suét quat.
Chinh vilé d6, nhom tac gia da quyét dinh nghién ctiu
mot mau quat 5,5 kW & cac day vong quay khac nhau
da dugc tién hanh tai Trudng Pai hoc Bach khoa, Dai
hoc Quéc Gia - H6 Chi Minh, gia tri thu dugc tii cong
trinh nghién ctiu nay lam nén tang so sanh va danh gia
cho két qua md phong ma nhom tac gia thuc hién.
Trong bai viét nay, nhom tac gid sii dung mo hinh
quat ly tAm cong suét 5,5 kW d€ danh gia dic tinh
ctia quat bang giai thuét simpleFoam két hgp phuong
phap RANS v6i mé hinh r8i k- SST. Theo d6 cac
két qua mo phong tap trung so sanh phd van tdc, dp
sudt, luu lugng va hiéu sudt tai miéng hut cua quat
v6i cac gid tri thuc nghiém do dac dugc trude do cua
nhém tac gia (xem Bang 1). Tl d6 danh gia mtc do
tin cdy cia mo hinh mé phong s nay. Trén co s6 do,
c6 thé dy dodn va udc tinh cac dic tinh khdc ma thuc
nghiém chua thyc hién dugc.

LY THUYET QUAT LY TAM

Quat ly tAm c6 dong khi dugc dua vao tit miéng 6ng
hut theo phuong hudng truc, sau khi qua banh cong
tac theo phuong vuong géc. Quat c6 hai thanh phan
chinh la banh cong tac va budng xoan. Vin t6c V=
U + Vv r €6 thé dugc xdc dinh bing cich xay dung tam
gidc vin tdc nhu Hinh 1 6, Véi 7, 7, 1a vin t8c tuyét
doi va tuong doi ctia khong khi. U=07h van tdc
ctia mot diém trén banh cong tac. Va 7,1, 7, la vecto
van toc trén phuong ban kinh va phuong tiép tuyén
ctia banh cong tac.

Céc phuong trinh quan trong xac dinh dic tinh quat
ly tam:

Mo men:
T =pQ(RyVo; — R Vis) (1)
Cong suat luu chit:

P=pQ(UsVy —U1Vyy) (2)

Hiéu suit toan bo quat:

No = % = NnNgMme (3
Théng thudng hiéu suft thé tich (1) trén 98%, va khi
khong c6 hé thong truyén dong co khi phic tap, chico
truc quay, hiéu suét co khi (1) cling cao trén 95%,
hiéu sudt toan thé tiy thudc chu yéu vao hiéu sudt thuy
luc (m;,)7.
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Hinh 1: Tam gidc van t6c cla luu chat di qua banh
cong tac

PHUGONG PHAP MO PHONG SO

Phuong phap Pa Vung Tham Chiéu (Multi-
ple Reference Frame)

Stt dung phuong phép da viing tham chiéu® cho phép
mién tinh todn chia thanh hai mién nho, cac viing nay
c6 thé dugc gia dinh 1a dang quay hoéc dang tinh tién
s0 v6i truc toa do chinh. Phuong trinh chu dao ctia
mobi mién phu dugc 1dy tit hé truc cuc bo ctia mién
phu d6. Vén toc tuyét d6i ctia hé truc toa dd dugc tim
thdy thong qua vé4n téc tuong d6i trong hé toa d6 xoay
quanh hé toa d¢ tuyét d6i theo phuong trinh:

V=V, +(@x7)+V, )

Trong d6 V 14 van téc tuyét d6i trong hé toa do quan
tinh, 7, dugc dinh nghia nhu la vin t6¢ trong hé truc
toa do tuong doi va V, 1a van téc dich chuyén trong
hé toa do phi quan tinh. Nhiing dinh nghia nay dua
vao trong phuong trinh Navier-Stokes, gom nhiing

phuong trinh chinh sau:
VpV =0 (5)
V(pVV)=—-Vp+uv.v(?V) (6)

Tinh toan phuong trinh chinh cho hé toa d¢ xoay:

VpV =0 (7)

ViV, 7)+p (@ x7)=-Vp+uv.v(V¥) (8)

St dung cong thiic (1) khi d6, phuong trinh chinh cho
hé truc xoay c6 dang:

VpV =0 )
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VeV, V) +p B x7)+Bx B x 7

— Vp 4 uv.Y(T,) (10)

Biéu thtic thti 2 va 3 chinh la thanh phan Coriolis va
gia t6c hudng tam.

Giai thuat simpleFoam

SimpleFoam la b¢ gidi trang théi 6n dinh dung cho luu
chét khong nén dugc va dong r6i. Tai tAm ctia moi 6
lu6i, OpenFoam st dung phuong phap thé tich hiu
han dé gidi phuong trinh vi phan tiing phin ctia dong
luu chit. Theo cach tiép cén nay, cdc phuong trinh
tich phan qua méi 6 ludi (dugc xem 1a mdi thé tich
kiém soat) ma chita mot thuat toan div (-) thé dugc
chuyén thanh tich phan mit bing céch st dung dinh
ly Gauss. Tich phan mit dugc déng gop qua méi bé
mat cta 0 luéi. Van d€ nay c6 thé dugc giai quyét
bang phép noi suy Rhie-Chow va giai thuat diéu chinh
nhu la SIMPLE (Semi-Implicit Method for Pressure
Linked Equations)®.

Mé hinh r8i k- © SST

Bién d4u tién trong mo hinh la dong nang réi k diing
d€ x4c dinh nang lugng réi ctia dong 1. Bién thi hai
o 1a t6c d6 tiéu tan nang lugng riéng tit dong nang réi
chuyén sang ndi ning

d d Ju;
5; (PR)+ o (Pkuj) = 7ij=——

J
d pk\ dk
prpar 5| (uray) 55

i( w)_,_i( w)_agf..%
91 PO T 5 \PUi®) = G T 5
dJ k\ o
—Bpw2+a— Ku+owp—) —w} (12)
X w 8xj
1 p % ok 00
P ® Jxj dx;

M6 hinh r6i k- SST ¢6 chiia ham dang cho phép viéc
ung xti dong & xa tuong ap dung mo hinh réi k-¢, thay
vao dé, sat bién tuong moé hinh k- dugc ap dung”.
Chinh vi sy két hgp nay, gitp ta dy dodn chinh xac
dong di qua bé mit canh trong trudng hgp mo hinh
k-¢ 1a khong thé.

HINH HOC VA MOI TRUGNG KHAO
SAT

Bén dudi day 1a hinh anh quat ly tim duing trong khao
sat nay (Hinh 2) va m6 hinh quat ly tdm 3D duéi dinh
dang STL dugc dung lai ¢6 ldp bo han ché dong vao
duong kinh 240 mm (Hinh 3).

Hinh 2: Quat ly tam céng suat 5,5 kW véi dudng kinh
miéng hut 240 mm

\

7
7
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.
3p4 N\,

Hinh 3: M6 hinh 3D ctia quat ly tam 5,5 kW

Luéi

SnappyHexMesh la cong cu chia luéi ty dong dugc
cung cdp mién phi bsi phin mém ma nguén mdé
OpenFOAM. Cong cu nay cho phép nguoi dung tao
ra mién tinh todn trong khong gian 3 chiéu, trong d6
bao gom nhiéu loai phan ti lugi khac nhau nhu: luc
dién (hexahedra) va luc dién khong hoan toan (split-
hexahedra) tit bé mit hinh hoc duéi dinh dang STL
hoic OBJ12.

Viéc lya chon kich thuéc phén tu ludi trén canh quat
la do bé day canh c6 kich thuéc 3.94 mm. Nén kich
thudc téi da trén canh viing canh canh khong dugc
vugt qua % gid tri nay. Va d€ dam bao do tron trén bé
mat cong clia banh cong tdc, 6 luéi nhé nhat dugc lua
chon ¢6 gid tri 1,95 mm tuong ting c4p ludi 8 trong
snappyHexMesh. D6i v6i v quat ciing véy, d€ dam
bao bé mit dong vao khong dugce qua thd, sinh ra roi
x0dy khéng mong muén. Mot mién tinh toan phtthgp
cung v6i mat do phan ti ludi viia phai sé dam bao
dugc do chinh xéc va giam thiéu dugc thai gian tinh
toan. Chinh vi vy nhom tac gia d€ xuit mién tinh

510



Tap chi Phdt trién Khoa hoc va Céng nghé - Ki thudt va Céng nghé, 3(4):508-522

Bang 1: Cac théng sé méi trudng khao sat thuc nghiém va mé phéng

Céc thong s6

Nhiét do khéo sat

Khoi luong riéng ctia khong khi
Do nhét dong hoc ctia khong khi

S6 vong quay khao sat (n)

Cong sudt dong co

DPuong kinh banh cong tac
Puong kinh miéng hut
Kich thu6c miéng ra

Chiéu dai 14 canh

Gia tri

304,15 °K

1,12 kg/m?
1,71x10-5 m?/s?

2515 (44Hz); 2628 (46Hz); 2741 (48Hz); 2854 (50Hz)
vong/phut

5,5 kW

450 mm

240 mm
240x250 mm

145 mm

E I

Hinh 4: Kich thu6c mién tinh todn mé phong cho quat ly tam céng suat 5,5 kW

toan nhu (Hinh 4) phu hgp véi diéu kién hoat dong
tu nhién va moéi truong khao sit da 16n d€ ghi nhén
muc d§ anh hudng cta dong vao va ra déi véi moi
trudng xung quanh.

S6 Reynolds dac trung di qua bién dang canh bang
311578. L&p bién rdi dugce tinh boi cong thic Blar-
us!3 co gid tri 4,2 mm vé6i do phat trién 1,2 thi trong
truong hop nay, d€ khong ton kém tai nguyén may
tinh va dé€ dam bdo d¢ chinh xdc, lya chon 30 < y+
< 50014, 16p bién dau tién dugc tinh todn theo cong
thic hé s6 ma sat bé mat [13] khong nho hon 0,52 mm
(xem Hinh 5). Do d6, theo nghién ctiu ctia trudng
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Pai hoc Chalmers !® ham tuong kqRWallFunction st

dung diéu kién bién Neumann 12

va omegaWallFunc-
tion & khu vuc giao gitia hai vliing viscous va viing
logarithm dugc ndi suy bing cach stt dung ham dang
danh cho mé hinh réi k- SST la phu hgp dugc néu
trong Bang 2 .

Céc kich thuéc phén ti ludi lua chon cho cac phan
viing mién tinh toin dugc mé ta trongBang 2 6.
Trong do, cac phén ti ludi trén bé mit canh quat ly
tam va trén vo quat phai c6 46 min vita dtt € mang lai
két qua m6 phong chinh xéc (xem Hinh 6 va Hinh 7).
Bén canh d6, cdc viing xa canh xoay hon c6 thé giam
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S A ST S|

Hinh 5: L6p bién hinh thanh qua bé mat banh céng tac.

mat d¢ lu6i nham nang cao hiéu sudt vé thoi gian
tinh todn. Cac chi s6 danh gid chat lugng lusi dugc
md td nhu Bang 3 dam bao cdu hinh phu hgp dugc
md phong trén phan mém OpenFOAM theo tai liéu
nghién ctiu cia tic gia Long va cong sy '°.

Hinh 7: Ludi trén bé mat banh céng tac

Piéu kién bién

V6i cac kich thude 6 ludi dugc trinh bay trong muc
4.1 cho thdy chat lugng ludi chia véi phdn mém Open-
Foam la t6t (thoa cdc tiéu chi dédnh gid). Véi viéc st

dung ham tuong (dugc trinh bay trong Bang 4) cho
banh cdng tac thi cho két qua y+ > 30, khi d6 16p bién
Hinh 6: Ludi trén bé mat vé quat d4u tién s& nim trong viing logarithm !4, chinh vi vay,
gid tri vin tdc phia bén trong 16p bién dau tién dugc
ndi suy theo ham tudng ap dung tai vi tri bé mit 14
canh banh cong tac.
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Bang 2: Cau hinh lugi dé xuat cho vé quat va banh céng tac

Thong s6

O lusi bé mat vo quat (nhé nhiét)

O 1uéi bé mit vé quat (16n nhit)

O 1u6i bé mit banh cong tac (nho nhét)
O 1u6i bé mit banh cong tac (16n nhat)
O 1uéi thé tich mién xoay

O luéi thé tich vd quat trif mién xoay

Kich thuéc (mm)
1,95% 1,95 mm?
3,91x3,91 mm?
1,95% 1,95 mm?
3,91%3,91 mm?
1,95%1,95% 1,95 mm?>

3,91%3,91x3,91 mm?

Do day 16p bién dau tién 0,52 mm
Do day 16p bién 4,2 mm
S6 16p bién 5
Bang 3: Bang téng hgp két qua chia ludi cho titng s6 vong quay cu thé.
2515 2628 2741 2854
Do 1éch ludi 16n nhét 3,99 (<4)
Do bat truc giao ludi 16n nhét 67,31 (<70)
Ti 1é binh dién 16n nhét 15,74 (<1000)
S6 phén tt luéi 6659756
y+ trung binh banh cong tac 35,82 37,43 39,00 40,61

Do hoi tu

Mot cach do xem két qua hoi ty tot hay khong la thong
qua viéc tinh todn phan du ctia phuong trinh cha dao
& cudi moéi buéde thoi gian. Két qua c6 d6 hoi tu phu
hop cdn c6 phan du khong vugt qua le-3. Két qua
phén du trung binh dugc tinh bing céch stt dung tit ca
phéan du & trong viing tinh toan binh phuong chung,
14y t6ng roi can bac 2 téng do. Két qua phan du 16n
nhét cé thé dugc trong biéu d6 hoi tu Hinh 8.

DANH GIA KET QUA VA THAO LUAN

So sanh gia tri thuc nghiém

Hinh 9 va Hinh 10 thé hién trudng van téc va sai s6
dong khi 6 viing miéng ht tai s6 vong quay mo ta &
Béng 5 thu dugc tii két qua mo phong s6 (CFD) trong
vung ti tdm dén vi tri 0,94R. Két qua nay dugc so
sanh véi két qua khao sat cac truong hgp thuc nghiém
(EXP). Sau khi hoan tét qud trinh xu Iy di liéu khao
sat thuc nghiém va moé phong s6, van t6c dong khong
khi hut vao déu dat gia tri t6i da trong khoang 0,55R-
0,71R, r6i gidm nhanh khi dén sat vanh 6ng (i 0,84R
dén 1,00R) 1a kha cao so véi gia tri van téc ghi nhan.
Tuy nhién, trong viing (r/R) tif tim dén vi tri 0,84R,
sai s6 v€ van t6c dong khong khi dudi 10% cho ca 3
truong hgp. Piéu nay lam ting tinh xdc thuc do tin
cdy ctia két qua mo phong s dic tinh ctia quat ly tam.
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Theo d6, Két qua so sanh d6 16n vén toc gitia thuc
nghiém va mé phong c6 sai khac 16n nhét 36,68 % &
s6 vong quay 2515 vong/phut (44 Hz) cach ria ngoai
ctia vanh miéng hadt 13 6,12 mm. Vi tri nay ngay sat
v6i bé mat thanh rin, noi van téc gan tudng 13 mot
ham néi suy theo vi tri tinh tif tuong, cang xa tudng,
van téc cang gan tdm cang 6n dinh, day 1a diéu ching
ta mong mudn. D€ cii thién diéu nay, miéng vao cta
quat phai dugc lam tron, nhiam muc dich 46 thay d6i
van toc theo ban kinh la khong nhiéu, gitp giam su
hinh thanh r8i xody & thanh 6ng trudc khi di vao banh
cdng tac. (xem hinh vo quat). Vung tdp trung sai s&
nho nhat taivi tri ghi nhan1a 0,71R c6 gid trila 0,84 %.
Sai s6 van t6c trung binh 1an lugt cho 3 truong hop la
3,37 %; 2,31 % va 1,25 %. Diéu nay cho thdy mo hinh
md phong s6 ddc tinh hoat dong ctia quat ly tim dua
ra boi nhom tac gid la tin cay.

Bang 5 tong hop cac két qua ddc tinh dic trung nhu
md mén truc, luu lugng, van t6¢ trung binh, dp sudt
va hiéu sudt thuy luc ctia quat theo tan s6 hoat dong
khac nhau nh¢ vao cong cu PARAVIEW trén phan
mém OpenFOAM.

Nhan thédy su tuong quan ctia hai duong dic tinh gin
nhu trung nhau (xem Hinh 11). Khi ting t6c d6 quay,
luu lugng va ap suét ciing ting theo. Nhung ting dén
mot lac nao 46, do ting ap sudt sé it nhay so véi téc
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Bang 4: Diéu kién bién mé phéng

Truong U P

Inlet zeroGradient zeroGradient

(mat vao)

Outlet inletOutlet fixedValue

(mat ra)

Inner inletOutlet fixedValue

(viing trung gian)

Propeller fixedValue zeroGradient

(bach cong tac)

Duct fixedValue zeroGradient

(vé quat)

Truong nut k omega
Inlet calculated fixedValue fixedValue
(mat vao)

Outlet calculated zeroGradient zeroGradient
(mat ra)

Inner calculated slip slip

(viing trung gian)

Propeller nutk- kqR- omega-
(bach cong tac) WallFunction WallFunction WallFunction
Duct nutk- kqR- omega-
(vo quat) WallFunction WallFunction WallFunction
1
p —
U
Uy ——
| Uz —— |
0.1 k
omega ——
0,01 L
0,001 L
e i e =S
0,0001 o
1e-05 L
le-0E p L
1e-07 - 2 - 2 s s
0 200 400 E00 800 1000 1200 1400
Tine

Hinh 8: D6 hoi tu clia quat ly tam
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Hinh 9: Trudng van téc miéng vao clia mé phéng s6 va thuc nghiém theo vij tri ban kinh khéo sat.

d6 vong quay. Duong dic tinh cang ddc, do ting 4p
suét sé nhay hon so v6i mc tang luu lugng. Diéu nay
c6 ¥ nghia tién quyét khi nha san xudt muon thiét ké
quat ly tdm v6i muc dich ning cao ap suét hodc hién
sudt. D6 thi (Hinh 12) cing cho théy, hiéu suit 16n
nhdt cling 14 tan s6 48 va 50 Hz, khi d6 cong lam quay
béanh cong tac chuyén héa thanh cong c6 ich ctia quat
ly tdm c6 ti 1é cao hon so véi trudng hgp 44 Hz con
lai. O muc 5.2 tc gia sé danh gid hiéu suét dya trén
mot gia tri d€ xudt ma khéo sat thuc nghiém chua cé,
dé€ tim ra dic tinh hoat dong t6i wu nhat & quat ly tim
nay.

Sai s6 khac biét vé hiéu suit rd rét dugc quan sét & tAn
s6 cu thé 1a 50 Hz 13 8,8 %. Ghi nhén gid tri sai s§
trong ca 3 truong hgp mo phong & téc do vong quay
khéc nhau la do gid tri hiéu dién thé va cudng do dong
dién thuc t€ dugc ndi suy theo s vong quay 16n nhat.
Cong sudt truc khong tai dugc tinh tai s6 vong quay
16n nhét. Sai s6 16n nhét cta hai dic trung luu lugng
va ap sudt xay ra tai tdn s6 44 Hz lan luot 1a 3,37 %
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va 6,64 %. Nén dac tinh m6 phong CFD ctia quat chi
phtt hgp vé ap suét va luu lugng, hiéu suit la khong
déi 6 mot dudng kinh miéng vao ¢d dinh. Diéu nay
chiing to, toc do quay cang cao, dong vao & miéng hut
cang dn dinh, khé ning xuit hién réi xody anh hudng
it dén cac déc tinh cua quat ly tam.

Dé dénh gia dic tinh quat ly tAm qua mo phong dé
tim hiéu suét quat cao nhdt, cling nhu cin thuc hién
trén nhiéu tin s6 khac nhau d€ kiém tra mo hinh luéi
¢6 can diéu chinh phi1 hop hay khong - diéu nay con
dugc goi la mo hinh luéi t6i vu cho méi bai todn khi
khong can phai thay d6i s6 lugng 6 ludi d€ t6i da héa
thoi gian nhét ¢6 thé ma van dam bao d¢ chinh xac.

Tinh todn mét gia tri dé xuat

Gia tri dugc dé xudt mo6 phong 6 tn s6 46 Hz - tuong
duong s6 vong quay 2628 vong/phit ma thiyc nghiém
chua thyc hién (xem Hinh 14) ¢6 luu lugng la 6450,21
m3/h. Hiéu suft thay luc quat dugc tinh bang cach
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Hinh 10: Sai s6 gita gi tri m6é phdng va gia tri thuc nghiém theo tiing tan s6 cu thé.

Bang 5: Cac gia tri dac tinh cia mé phéng sé va di liéu thuc nghiém

Pai lugng

CFD
Torque 11,93
Q [m?/h] 6152,35
Vén téc trung binh [m/s] 37,78
Ap suit miéng vao [Pa] 799,17
Hiéu sudt [%] 43,47
Dai lugng

CFD
Torque 15,05
Q[m’/h] 7016,81
Vian tdc trung binh [m/s] 43,08
Ap suit miéng vao [Pa] 1039,53
Hiéu sudt [%] 45

44 Hz

EXP

6367,32
39,10
856

43,5

CFD
13,85
6729,61
41,32
956,18

45

50 Hz

EXP

7105,68
43,63
1066,03

414

48 Hz

EXP

6888,96
42,30
1002

43,1
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Hinh 11: D6 thi m&i quan hé &p sudt vdi luu lugng theo tiing tan s6 cu thé.

14y cong suét hiitu ich (dugc tinh théng qua luu lugng
khéi lugng dong khi tai miéng hut clia quat) chia cho
cdng sudt can tao ra ti chuyén dong quay ctia banh
cdng tac. Bén canh két qua vé phé vén téc, két qua mo
phong con cho phép xic dinh dugc dé dang mé man
can (7)1a12,71 Nm. Theo d6 cong suét can (cung cdp)
dugc xdc dinh theo biéu thiic duéi day:

Wen crp = 270Q = 2% (2628/60) X 12,71 = 3498 W

Ap=1ipv=1x1,12x (
— 878,43 Pa

6450,21+-3600
7Tx0,122

T d6 xdc dinh cong sudt hitu ich ctia quat la:

645021
Whuen.crp = Ap x Q = 878,43 X =555
1573,9W
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Hiéu sudt quat theo két qua mo phong s6 thu dugc:
Ncrp = (1573,9/3498) %100 = 45%

Nhu véy theo Hinh 13 va Hinh 14, c6 thé théy, truong
hgp hiéu sudt quat cao nhit tai 3 tan s6 46 Hz, 48 Hz
va 50 Hz va ap sudt cao nhét tai 50 Hz & trang thai hoat
dong dugc 1ap bo phan han ché dong v6i dudng kinh
240 mm.

Y+ la mot khoang cach v thii nguyén tinh tii tim 6
luéi dau tién dén tuong. Khi st dung ham tudng, gid
tri y+ trong tdm 30 < y+ < 500 ndm trong viing log-
law. Trong bai bdo nay, gia tri y+ trong khoang 30 dén
280, trong do, trén bé mit canh, y+ dat gid tri 40 thoa
diéu kién ham tudng thé hién trong Hinh 15.
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Hinh 12: D6 thi méi quan hé gidia hiéu suat véi luu lugng theo tiing tan s6 cu thé.

Phd vén t6c tai miéng ra ctia quat ly tim bi mit ning
do dong sau khi ra khoi banh cong téc, vi tri sat vo
quat thé hién & Hinh 16. D€ cai thién diéu nay, géc
dat canh tai 16i ra banh cong tac cin dugc thay déi so
v6i thiét ké canh hién tai, khi d6 dong khong khi ra
khoi banh sé cai thién dugc hiéu sudt ciing nhu cac
déc tinh khéc ctia quat.

KET LUAN VA HUGNG PHAT TRIEN

Mo hinh mé phong quat ly tdm st dung mo6 hinh réi
k-omega SST két hop dang luéi da viing tham chiéu
v6i céc phén ti ludi chinh 1a lyc dién dugc tao biang
codng cu snappyHexMesh trén nén tang phdn mém ma
ngudén m& OpenFOAM cho két qui déng tin cdy. Cu
thé, dy dodn kha chinh xdc vé dic tinh dp sudt va luu
lugng ctia quat so v6i di liéu thuc nghiém. Chinh vi
vay, md hinh nay c6 thé dp dung mot cach tuong tu
dé khao sat va du dodn cac dic tinh quat ly tdm tai s6
vong quay khac nhau, giup tiét kiém thoi gian, song
song do, trudc khi di dén viéc ché tao mau thi va san
xudt dai tra.

Trong tuong lai, nhom tac sé gia 4p dung mo hinh nay
dé€ tién hanh khao sét va tinh todn cho quat ly tim &
nhiéu kich thuéc miéng hut, bién dang banh cong tac,
ciing nhu 1a cong sudt quat 16n hon nham nang cao
hiéu sudt hoat dong va danh gia ché d6 lam viéc.

DANH MUC TU VIET TAT

RANS: Reynolds-Averaged Navier-Stokes

CFD: Computational Fluid Dynamics

SIMPLE: Semi-Implicit Method for Pressure Linked
Equations

R: Radius - Ban kinh viing miéng hdt ctia quat

XUNG DOT LO1iCH

Nhoém tc gia tuyén bd khong c6 bat ky xung dot lgi
ich nao.

DPONG GOP CUA TAC GIA

Ng6 Khénh Hiéu: chudn héa két qua moé phong thong
qua trién khai hgp d6ng dénh gia thuc nghiém dic
tinh dong vao ctia quat ly tim 5,5 KW ctia cong ty
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Hinh 13: D6 thij sai s6 ctia mé phdng s6 so véi dir liéu thuc nghiém

Pong Tam. Chuén hda hinh hoc ctia banh cdng tac,
vo quat trong m6 phong s6.

Lé Vin Long: X4y dung mo6 hinh mé phong dac tinh
cho quat Iy tam, chia lui mién tinh todn, thiét 14p giai
thuat mo phong.

Lé binh Anh Huy: Dua ra cd s& ly thuyét ctia bai toan
mo6 phong, phan tich két qua va chinh stia bai viét theo
dinh dang cta tap chi.

LOI CAM ON

Nghién ctiu nay dugc tai tr¢g bi PHQG-HCM trong
khuon khé dé tai ma s6 C2019-20-12. Chung t6i xin
cam on Truong Dai hoc Bach khoa, PHQG-HCM da
hé trg thoi gian, phuong tién va co s& vat chit cho
nghién ciiu nay.
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Hinh 16: Phé van téc di qua banh cong tac trong truding hgp 50Hz.
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Numerical simulation of an industrial centrifugal fan 5,5 kW with
OpenFOAM

Ngo Khanh Hieu®, Le Van Long", Le Dinh Anh Huy

ABSTRACT
Centrifugal fan is a mechanical device working on the principle of centrifugal pump. When work-
: : ing, propeller sucks air along the axis, the pressure at the fan center will be small. The air will move
Use your smartphone to scan this from high pressure region to where the pressure is low. In other words, the air will receive addi-
QR code and download this article tional centrifugal forces. The appearance of centrifugal fan has brought us many benefits such as

basement ventilation systems or where ventilation fans enable to be directly established. Hence,
the study of the performance characteristics of centrifugal fan is currently a matter concern, from
which the improvement of performance can be applied to the fan. In this paper, a model simulating
the performance characteristics of centrifugal fan was done on snappyHexMesh ultility with mainly
hexahedron girds. Therefore, the results of the performance characteristics of centrifugal fan use k
—omega SST is compared with experimental data. The results obtained from automatic meshing
snappyHexmesh ultility and the SimpleFoam solver of open source OpenFOAM software provide
the reliable data in the design and calculation of centrifugal fan. On this basis, the cost of improving
the performance of centrifugal fan can be reduced considerably by numerical simulation.

Key words: k-omega SST, OpenFOAM, centrifugal fan, SimpeFoam, snappyHexMesh
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