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UNG DUNG PHAN MEM ANSYS FLUENT BE MO PHONG
DONG CHAY PANG SAU MOT TURBINE PHAT PIEN

NGUYEN VAN THINH, NGUYEN VAN GIAP, TRIEU HUNG TRUONG
Truong Dai hoc Mo - Dia chat

Tom tat: Trong giai doan hién nay, nham gidi quyet van dé ngay cang can kiét cua cdac
nguon nang lwong hod thach nhie than da, dau mo, dong thoi nham han ché su o nhiém méi
truong, cho nén viéc s dung cdc nguon nang lwong thay thé da dwoc cdc quéc gia trén thé
gidi rdt quan tam, dic bi¢t la cac nguon nang lwong sach, nang luong tai tao. Trong s6 dé,
viéc khai théc cac nguon nang lwong tir gio va dong chay ven bién nham tao ra dién _nang
dwoc qudn tam ddc biét. Piéu ndy dan dén viéc can thiét phdi nghién ciru va phdt trién cdc
thiét bi dé chuyén hod cac nguén ning leong nay thanh nang lwong hitu ich phuc vu cho
sinh hoat cua con nguoi. Dé hé tro cho qud trinh nghién ciu, dong thoi nham tiét kiém vé
thoi gian va chi phi kinh té, mé phong sé la mot giai phap hitu ich dwogc dp dung. Trong bai
viét ndy, tac gia trinh bay phirong phdp sé dé nghién ciu dong chay dang sau mét Turbine
phat dién, thong qua viéc s dung m0 hinh k-¢ Standard trong chuong trinh ANSYS
FLUENT. Két qud nghién ciru da dwa ra md hinh ¢é do tin cdy cao, phit hop dé mé phong

dong chay dang sau Turbine, ddc biét khi mé phéng nhiéu Turbine trong cing mot khu vue.

1. Mé diu

Hién nay, mdé phong s6 dang ngdy cang
duoc ap dung rong rai trong cac linh vuc khoa
hoc k¥ thuat. Phuong phap mé phong sb dong
mdt vai trd quan trong trong viéc kiém ching 1y
thuyét dé trén co so do ngudi ta c6 thé dua ra
cac tién doan thuc nghiém. Day la phuong phap
duoc thuc hién nhanh, tiét kiém vé chi phi so
voi lam cac thi nghiém. Trong nganh co hoc
chit long néi chung va trong linh vuc ning
lugng tai tao noi ri€éng, viéc ung dung mo
phong sb vao trong cac nghién ctru khoa hoc
dang ngay cang duoc ap dung rong rai. Trong
s6 rat nhiéu cc ph'?ln mém duogc ap dung, chung
t6i nhan thiy rang ANSYS FLUENT Ia phan
mém v6i kha ning mé hinh héa rong rii cac dic
tinh vat 1y cta dong chay chét Iuu dugc ap dung
trong cong nghiép. Trong bai bdo nay, tac gia
Xin giéi thiéu viéc ung dung phin mém ANSYS
FLUENT dé md phong dong chay dang sau mot
Turbine phat dién. Trong s6 rat nhidu cac mo
hinh rdi (Turbulence models) ¢ trong ANSYS
FLUENT chung t0i chi xin gidi thi€u mo hinh
k-& Standard vi day 1a mot md hinh don gidn, dé
thuce hién, cho két qué chinh xéc. bé thuc hién
duogc cac mo phong cho mot Turbine phat dién,
tac gia da sir dung 1y thuyét Actuator Disk (dia
truyén dong) dé biéu thi Turbine.
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2. Ly thuyét Actuator Disk (Pia truyén dong)
Theo 1y thuyét Actuator Disk (dia truyén
dong), nguoi ta coi chuyén dong quay cia cac
canh Turbine tao ra mot dia dong nhat va trén
do ta dat mot luc. Luc nay dugc phan déu trén
toan bd bé mit dia, tao ra sy chénh ap & mat
trudc va sau, dong thoi 1am thay doi van tde cua
dong chay dang sau dia. N6 c6 kha ning chiét
xuit ning luong dong hoc cua dong chay [5] va
tao ra mdt sy gidm van tdc & khu vuc déng sau
cta thiét bi. Chinh vi vay, no duoc coi nhu mot
Turbine dang hoat dong dé chiét sudt ning
luong dong hoc ctia dong chay. Su can bing
gilta cac luc tac dung 1én dia va truong dong
chay bién ddi, dugc chi phdi boi dinh luat bao
toan khdi luong va su can bang momen lyc.

Dia truyén djng (Actuator Disk) .
o I

X

o
5
=
o
5

I
I
]
I
I
I
I
|

.l

U

F

)

: ' i Xody
o1 , B

Hinh 1. Dong chdy cua chat heu
khi di qua Actuator Disk (dia truyén dong)



Hinh 1 biéu dién dong chay cua chat luu
khi di qua mot Actuator Disk (dia truyén dong).
Van tbc cia dong chay va ap sudt & mit trudc
cia dia (mdt cat A) dugce ky hiéu 1a Us va po.
Dong chay ¢ phan ha luu cia dia (tai mat cat B)
duoc ky hiéu 1a Uy, tai mat cat I, II van toc va
ap suat lan luot duge ky hiéu 1a Us, p1 va Us, pa.
Theo 1y thuyét cta *‘dia truyén dong’’, ngudi ta
coi dong chay cua chat Iuu khi qua dia véi dién
tich bé mit 13 S ¢6 dang hinh dng nhu hinh 1.
Do bé day cua dia rat nho, ngudi ta co thé coi
van téc ctia dong chay tai vi tri mat cat L, 11 13
bang nhau va bang véi van toc clia dong chay di
qua dia (hinh 1), do vay ta co6:

Uy = U, = Ug i 1)

Ap dung dinh luat bao toan khoi luong
cho toan bd chiéu dai doan éng tr mat cat A
dén B, dong chay duogc cho 1a tinh va chét 1ong
khong c6 tinh nhét, Ftla luc ctua dia tdc dung
1én dong chay, ta nhan dugc biéu thirc sau:

U, —U)=~F, (@

O day Q la luu lugng khoi ciia chat long
qua dia, dai lugng nay phu thudc vao khéi
luong riéng cua chat 1ong (p), dién tich bé mat
dia (S) va van tdc dong chay qua dia (Uq):

Q=pSUs e

Ap luc cua chat long tac dung I€n bé mat
dia duoc xac dinh nhu sau:

Fy = SAP = S(p1 — p2) (4)

Ap sudt p1 va pz dugc tinh toan dwa trén
dinh luat Bernoulli cho doan tir mit cit A dén
mit cat I va tuong tu la doan tir mat cat 1T dén
mat cit B (hinh 1), ta co:

p1 = po +35p(US — U2) (5)

P2 = po +,p(US — UD) (6)

Tt biéu thuc (5), (6) két hop véi (4) ta nhan

dugc biéu thirc tinh cho 4p luc cta chét 16ng tac
dung 1én bé mit cua dia nhu sau:

F, =~ pS(UZ — UZ) (7)
Tur biéu thirc (2), (3) va (7) ta c6 van tdc
cta chat 16ng qua dia dugc xéac dinh nhu sau:

Y 0(pUU;
opun) | APV} _ o) | 3 [ﬂ(
ot Oxj 0x; Oxj
v _ 20 00\
axi 0 R ‘ut <6xj axi) 'ut o

Uoo +Uw

Ug == (8)
Cong Sut thuy luc (P) nhan dugc tai vi tri
cua dia duoc xac dinh nhu sau:

P = F.U, , (9)
T biéu thirc (7) két hop voi (9) ta co:
P =2 pSU4(UZ - UR) (10)

Hé s6 cong suat (Cp) va hé sd cua ap luc
day (Ct) dugc xac dinh tir biéu thirc sau:

P~ 05pULS (11)
__F
Cr = 0.5pUZ,S (12)

Néu coi a 1a hé s van tdc cua chat long khi
di qua dia (Turbine), dai lugng nay dugc xac
dinh nhu sau:

q =0 (13)
Ttr biéu thire (8) va (13) ta co:
Uy =Up(1l—a) (14)

Uy =Ux(1—2a) (15)
Thay cac gia tri Ug va Uy tir biéu thirc (14)
va (15) vao biéu thirc (7) va (10) ta nhan duoc
gia tri cia ap luc ddy cua chit 1ong tac dung 1én
Turbine va cong suit thuy luc cua Turbine phu
thudc vao hé sb a nhu sau:
F, =2pSa(1 —a)U2 (16)
P =2pSa(l—a)?U (17)
Tuong tu nhu vay ta co thé xac dinh dugc
hé s cong suit cua Turbine va hé sd cua ap luc
day tac dung 1én Turbine nhu sau:
Cy, = 4a(1— a)? (18)
Cr =4a(1—a) (19)
Theo cac cong trinh cong bd trong linh virc
nang lugng tai tao [2,6,7] va theo gidi han cia
ly thuyét Betz [1], tai gia tri a=1/3 ta nhan duoc
hé sé cong suat 16n nhat va tuong tng voi d6 1a
hé sé cua ap lyc day 16n nhit (Cp)max =16/27;
Cr=8/9
3. Ap dung ly thuyét Actuator Disk va
phwong trinh Navier-Stokes dé mé phéng
dong chay ding sau Turbine
Phuong trinh Navier-Stokes dugc viét nhur
Sau:
; U ;
oU; + 6_xj> + Rij + PYi + Si

ax]

(20)

(21)
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trong d6: Ui, Uj 1a thanh phan van toc theo céc
phuong trong khong gian; i, Xj 14 cac diém trong
khong gian; p 1a 4§ nhét phan tir cua nudc; Rjjla
cac thanh phan cua tenseur Reynolds; p, 1a do
nhét dong luc hoc duoc xac dinh tir nang luong
dong hoc cuia moi truong r01 (k) va d6 phan tan
moi truong 1di (g); g 1a gia tdc trong truong; C, la
hé s6 (C,=0,09); Si 1a dai Iugng chua biét trong
phuong trinh Navier-Stokes.

Theo 1y thuyét Acttuator Disk, nguoi ta dat
mdt Iyc 1én Turbine, d6 chinh 13 ap Irc cta chat
long tac dung 1én toan bd thé tich ctia Turbine.
Do vay ta ¢c6 Fd/Se 1a ap luc thé tich cia chat
long tac dung Ién Turbine (trong do: e 1a chiéu
day ctua dia dugc tao boi Turbine). Trong
phuong trinh (20), dai luong Si dugc thay thé
boi gid tri ap luc thé tich ciia chat long tac dung
1én Turbine. Ap luc nay co chiéu nguoc véi
chiéu cua dong chay, do vay ta co:

(22)

Ttr biéu thire (12) ta nhan duoc gia tri cua
Ft phu thudc vao hé s6 Crnhu sau:

F, = 0.5C;pU%S (23)

DPé dam bao d0 chinh xac khi md phong
dong chay cua chit 1ong qua Turbine, can phai
xac dinh dugc mdi lién hé gitta van tdc cua
dong chay tai vi tri dia hay Turbine (Uq) va van
tbc dong chay ¢ thuong ngudn (U.), nhu vay
moi xac dinh chinh xdc ap luc cia chét 1ong tac
dung 1én bé mit cua dia (Turbine). Ngoai ra,
trong cac nghién ctru cua Taylor [8] da dua ra
mdi quan hé nay khi nghién ctru dong chay cua
khong khi di mot dia duc 16 lam tir bach kim c6
bé day rat nho. Trén co s& cac nghién ciru cla

Taylor, ta c6 mdi quan hé giita U.., 4p sudt p; va
p2 véi Ug nhu sau:

Uy, =U;(1+ 0.25K)

P1— D2 = OISPKU(%
trong d6: K 1a h¢ so suc can ciia moi truong

Két hop biéu thuc (4), (22) va (25) ta
tim dugc gia tri luc thé tich phu thudc vao hé sb
K, chiéu day cua dia va van téc cuc bd ciia dong
chay tai vi tri Turbine theo cong thure sau:
Fr

1 K
Si=—w=—5p,Ud (26)
Hé sb cua ap luc day Cr dugc tim ra trong

cong trinh nghién ctru cua Taylor [8]
K
Cr = Grozsny (27)

Tir cac biéu thuc (14), (18), (19) ket hop
v6i biéu thirc (24) va (27) hé sb cong suat thuy
luc Cp dugc xac dinh nhu sau:

K
Cp = (1+0.25K)3 (28)

Theo gi6i han cua 1y thuyét Betz [1], gia tri
16n nhat cia Cr 1 0,89 s& twong tng v6i hé sb
K=2. Gia tri nay s€ duogc su dung trong cac tinh
toan dé mo phong trudng van tdc cua dong chay
dang sau Turbine. Nhu vdy, gia tri ap luc thé
tich trong biéu thirc (26) 1a gié trj dic trung biéu
dién sy c6 mat cua Turbine.

4. M6 hinh ho4 va kiém chirng mé hinh

Dé mo hinh hoa truong van téc ctua dong
chay ding sau Turbine, tac gia ap dung mé hinh
k-¢ Standard trong chuwong trinh ANSYS
FLUENT. Pay la mé hinh don gian, dé thuc
hién va cho do chinh xac cao. Trong mé hinh
nay, su chuyén ddi ning luong va su phan tan
rdi cia moi truong duoc thé hién trong cac biéu
thire sau:

(24)
(25)

d(pk) | 9(pkU;) _ 0 U 9k

ac T axj  ox; [(/‘l + )ax T PP = pet+ Si (29)
d(pe) | A(peUy) _ 0 Kt 9 e e

ot Oxj B Oxj [(‘Ll + 0'5) Oxj + Cgl kpSO ngp k + Ss (30)

trong d6:C.;, Cs,1a cac hé sb cua phuwong trinh,gbiéu dién sy tao ning lugng rdi (production of
turbulent kinetic energy), dai luong nay dugc xac dinh nhu sau:

2
Lt 0x; 2 p \0x;j 0x;

(31)

Do nhét déng luc hoc duge xac dinh theo biéu thuc:

He = PC_
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trong bicu thirc (29) va (30), dai luong Sy, S, 1a cac tham s6 bién doi phy thudc timg md hinh. Déi
v6i md hinh k-¢ Standard, cac h¢ s6 ciia md hinh dugc bi€u dicn trong bang 1 [4].
Bang 1. H¢ so cua moé hinhK - ¢ Standard

Cg] CeZ

Cu

Ok O¢

1,44 1,92

0,09

1,00 1,30

bé kiém chung do tin cdy cua md hinh va
cac két qua tinh toan, tac gia da str dung cac sd
liéu do thuc nghiém vé su bién d6i van tdc
(velocity) cta dong chay va cuong do rdi
(turbulent intensity) dang sau mot Turbine trong
céac cong trinh khoa hoc cua tac gia Harrison et
al. (2010) [3] va Myers and Bahaj, (2010) [6].
Thi nghiém nay dugc mo ta nhu sau: Trong mot
kénh dan day nudc, c6 kich thudc
21x1,36x0,3m, ngudi ta tién hanh dit mot dia
kim loai duc 16 (tao méi truong x6p) dudng
kinh D=0,1m, chiéu day Imm. Vi tri dit dia
cach dau vao cua kénh din 20 lan duong kinh
dia (20D), van tde dong chay tai dau vao cua

(@)

Hinh 2. Mién tinh todn (8) va ledi cau tric(b) trong mé phong sé.

Trong md hinh s, mién tinh toan dugc bao
pht béi mot ludi cau trac “‘hexahedral’’ véi
16867840 phan tu, trong d6 ving biéu thi
Turbine duoc lam min véi mat do cao, kich
thudc cac phan tir ludi trong ving ndy tuong
g v6i chiéu day cta dia, tac 1a 1mm (hinh 2b).
Céc diéu kién ban dau cua mo hinh sb nhu sau:
Diéu kién ddi xting dwoc ap dung cho mat trén

Uy = 2.5U° n (- )+A k=21707 ;e
trong d6: U™ I1a sac can van toc trong kénh
U"=0,00787m/s, A la hing s6 A=0,197, z la
chiéu cao kénh dan, v 1a d6 nhét dong hoc, U la
van toc trung binh cua dong chay, C,=0,09 va |
1a chidu dai ddc trung cta xody. Sau khi nhap
cac thong s6 dau vao va cac diéu kién bién cho
mo hinh, tac gia st dung mo hinh k-¢ Standard

kénh 1a 0,3m/s, cuong do ri [=5%. Dong chay
sau khi qua dia x0p s€ bi bién doi van tdc,
ngudi ta tién hanh do sy bién doi nay bang
phuong phap ADV (Acoustic Doppler
Velocimetry), d6 sai s6 ctia phép do 1a 1%. Trén
co s6 cac thong s6 cia md hinh thi nghiém, tac
gia xdy duyng md hinh s6 hoa dé tién hanh mo
phong. Do sy gidi han vé toc do xtr Iy cia may
tinh, dong thoi trong cac phép do thuc nghiém,
két qua do chi dung lai & vi tri 20D dang sau
Turbine, nén trong md hinh s6, chling tdi chi sir
dung kénh dan c6 kich thudc 5x1,36x0,3m
(hinh 2a), con lai cac thong s6 khac déu gidng
v6i thi nghiém ciia nhom tac gia ké trén.

va hai mat bén cua kénh dan, riéng bé mit day
cua kénh dugc 4p dung diéu kién c6 d6 nham
trong md hinh mé phong. Tai dau vao cta kénh
dan, van téc cua dong chay va cudng do rdi
duoc st dung dudi dang profil dua trén mbi
quan hé thuc nghiém dugc rat ra trong nghién
ctru cua Harrison et al. (2010) [3]:

13/2
P (33)
trong chuong trinh ANSYS FLUENT d¢ tién
hanh cic tinh toan mo phong, dong thoi tién
hanh ddi chiéu voi cac s6 liéu thuc nghiém dé
kiém chimg mo hinh. Két qua md phong cho
thiy, profil dau Vvao cua van tdc va cuong do r01
trong md phong s6 (Num) tring khép véi cac sb
liéu do thuc nghiém (Exp) (hinh 3).
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Hinh 3. Profile theo chiéu thang dirng ciia vin toc (trdi) va cuwong do roi (phai)
tai dau vao cia kénh dan.
Céc két qua vé su bién doi van tdc ciia dong chay va cuong do rdi cia mdi truong khi co sy
hién dién cua Turbine trong mdé phong dugc thé hién trén cac hinh s6 4. Pé tién cho viéc kiém
ching do tin cdy ctia mé hinh, cac két qua ndy duoc so sanh truc tiép trén cing mot bicu do

v&i cac so licu thuc nghiém.
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Hinh 4. Profil theo truc ditng ciia vén téc (hinh trén) va cuong do roi (hinh dwéi) dang sau,
doc theo truc trung tam cua Turbine tai cdc khodng cach:
a) x=4D, b) x=7D, c) x=11D, d) x=15D, e) x=20D.

Trén hinh 4 biéu dién profil theo tryc dimg
(truc z) cua van tdc va cuong do r6i dang sau,
doc theo truc trung tdm cua Turbine (vi tri cua
Turbine duoc biéu thi tai x/D=0). T hinh v&
cho ta thdy, két qua moé phong sé6 (Num) gin
trung khép véi két qua thyc nghiém (Exp) tai 5
vi tri nghién ctru (hinh 4), nhét 1& tir khoang
cach x=7D tinh tir vi tri cua Turbine. Tai
khoang cach x<4D, c6 su sai léch twong ddi
giita két qua mé phong va thyc nghiém.
Nguyén nhin cua sy sai léch ndy mot phan la
do trong qua trinh tinh toan va st dung mo
hinh, tac gia dung mdé hinh mac dinh cua
chuong trinh ANSYS FLUENT. Hon nira,

54

02 03 O

trong cdc nghién ctru cua tac gia Harrison et al.
(2010) [3] chira rang, trong phuong phap “‘dia
truyen dong’’ luén ton tai mot sai s6 nhat dinh
khi mé phong trudng vén tdc tai khu vuc ngay
st phia sau Turbine. Doc theo truc trung tam
cua Turbine (z/D=1.5), sai sé tuong d6i 16n
nhét giira két qua md phong sO va thuc nghiém
d6i véi van téc va cudng do rdi twong tng 1a
19% va 14% tai x=4D (hinh 4al va 4a2).
5. Két luan

Dura trén cac két qua nghién ctru thu duoc,
ta nhan thay rang viée su dung md hinh k-e
Standard cho két qua rat t6t va dang tin cay khi
moé phong truong van tde va cudng do rdi dang



sau Turbine. Pac biét, m6 hinh nay cho két qua
chinh xac truong van tdc va cudng do rdi tinh
tir vi tri x=7D dang sau ctia Turbine. Diéu nay
¢ ¥ nghia dic biét quan trong khi chiing ta can
md phong nhiéu Turbine dit lién tiép theo
hudng ciia dong chay. Déi v6i khu vyc tinh tir
khoang cach x<4D dang sau Turbine, ta thiy
6 su han ché tuong dbi trong két qua, thé hién
qua cac gia tri sai s6 twong d6i giita mo phong
va thuc nghiém. Mic du vay, nhu da phan tich
& trén vé sy han ché cua phuong phap “‘dia
truyén dong’’, su sai léch nay 1a khong thé
tranh khoi. Tuy nhién, & mot khia canh khac,
sai sb turong ddi trong khu vuc nay c6 thé diu
chinh theo huéng giam xudng nhiéu hon nita
thong qua viéc st dung cac thuat toan khac
nhau trong cac md hinh mé phong, vin dé nay
s€ dugc thuc hién trong mot nghién ctru khac.
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ABSTRACT
Modelling the flow behind a turbine generator using ANSYS FLUENT
Nguyen Van Thinh, Nguyen Van Giap, Trieu Hung Truong,
Hanoi University of Mining and Geology

Recent years, in order to solve serious problems of intemperately dwindling well known
fossil energy resources as coal, petroleum etc,.. and to reduce environmental impacts, the pursuit of
alternative sources of energy are highly concerned all over the world, especially clean and
renewable energy. Among these, the exploitation of wind and coastal currents energy to generate
electricity is of particular concern. This can be attributed by the needs for the creation of technology
and construction of equipment to transform those sources of energy into fresh and useful power for
daily life activities of mankind. As an effective and reliable medium to support experimental
researches for scientists and researchers, numerical simulation has never lost its attraction. In this
paper, we introduce a methodology to investigate the flow behind a turbine generator by using the
Standard k-¢ model in ANSYS FLUENT. Results extracted from the research have shown a
tremendously accurate model which adapts itself greatly in simulating the flow at the downstream
of the turbine, particularly in the case of multiple turbines allocated in the region of interest.
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