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Turbines are the most common devices used in the field of wind energy
and tidal energy. They are also the main research objectives of scientists
worldwide. Different research methods are applied to study these devices,
including the numerical simulation method. This is an advanced
approach that helps to save costs of calculation, but it still keeps the
accuracy. In the numerical simulation method, building and selecting a
suitable model as well as ensuring the high accuracy of the model is
essential. It helps to determine the success of the research method. The
article presents the results of the research and development of a
methodology to model the vertical axis turbine in 2D dimension based on
the theory of the Actuator Cylinder model combined with the use of the
Navier-Stokes equations and standard k- turbulence model applied in
the ANSYS FLUENT software. The lift force (normal force) and drag force
(tangential force) acting on the turbine blades are compared with
experimental results to verify the model's reliability. Additionally, the
simulation results are compared with those obtained from Strickland's
theoretical model, further highlighting the accuracy of the research. The
research results demonstrate a strong correlation between the numerical
simulation model and the experimental data.
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Trong linh vwrc ndng lwong gié va thuy triéu, turbine la thiét bi dwoc ding
chii yéu va ciing la d6i twong chinh trong cdc céng trinh nghién citu cia cdc
nha khoa hoc trén thé giéi. C6 nhiéu phwong phdp dé nghién ciru cdc thiét bi
nay, trong dé cé phwong phdp mé phéng sé. Pdy la phwong phdp tién tién,
gitp tiét kiém chi phi nhung van dam bdo do chinh xdc. Trong phwong phdp
mo phdng s6, viéc xdy dung va lwa chon dwoc mé hinh phit hop, ddm bdo dé
chinh xdc cao la rdt quan trong, quyét dinh sw thanh coéng ctia phwong phdp
nghién ctru. Bai bdo trinh bay cdc két qud nghién ctru va xdy duwng phwong
phdp mé hinh héa turbine truc ditng trong khéng gian 2 chiéu dwa trén ly
thuyét ctia mé hinh Actuator Cylinder két hop voi phwong trinh Navier-
Stokes va mé hinh réi k-€ Standard trong chwong trinh ANSYS FLUENT. Dai
lwrgmg lwc ndng (Iwec phdp tuyén) va luc kéo (luc tiép tuyén) tdc dung Ién cdnh
ctia turbine dworc so sdnh voi két qud thuc nghiém dé kiém chikng do tin cdy
ctia mé hinh. Ngoai ra két qud tinh todn ciing dworc so sdnh véi két qud trong
mé hinh ly thuyét cta tdc gid Strickland lam n6i bdt hon dj chinh xdc ciua
két qud nghién ctru. Két qud nghién ctru ctia bai bdo dd chi ra sy twong déng
gitta mé hinh mé phdng s6 véi cdc sé liéu thuc nghiém.

© 2024 Trwong Dai hoc M6 - Dia chat. T4t ca cic quyén dwoc bdo dam.

1.M¢& dau

moi trromg va con ngwoi. Chinh diéu nay da tao ra
nhitng thach thirc 16n nhat déi véi nhan loai trong

Bién dé6i khi hu trén thé giGi da va dang giy
ra nhitng hdu qua nghiém trong, tac dong tiéu cuc
va lam dnh hwdng dén cic hé sinh théi, tai nguyén
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thé ky 21. Bién ddi khi hiu c6 thé bat ngudn tir sw
tac déng cua cac diéu kién tw nhién va con nguoi.
Viéc khai thac va st dung cac nguon nhién liéu hoa
thach cling nhw cac hoat dong san xuit cong
nghiép khac cia con ngudi 1a nguyén nhan dan
dén s gia ting lwong khi CO; cling nhw cac loai
khi déc hai, khac giy ra cac tac dong xau dén moi
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trén, nhiéu giai phap da dwgc dwa ra. Trong cac
giai giai phap do, gidi phap vé chuyén dich nang
lwong dang la xu hwéng chinh trén thé gidi néi
chung va Viét Nam néi riéng. Viéc khai thac va st
dung cac ngubn nang lwong xanh, nang lwong tai
tao, nang lwong than thién véi moi tredong sé cod
nhitng tac déng tich cuc d6i véi moi trweong, ddng
thoi gidm dan sw phu thudc vao cic nguén nang
lwong hoa thach. Bén canh cic nguén nang lwong
tai tao nhw: mat trod, gié, dia nhiét, sinh khéi...,
viéc khai thac nguon ning lwong vé dong chay
thay triéu dang dwoc thé gi¢i quan tim. Nhiéu
nghién ctiru da tip trung vao nghién ctiru vé thiét bi
dé chuyén doi ngubén nang lwgng nay thanh nang
lwong dién, turbine dién thiy triéu (Tidal turbine)
(Madsen, 1982; Nguyen va nnk, 2014, 2016;
Bachant va nnk, 2016; Roc va nnk., 2014). D& hiéu
rd vé su tic dong cua turbine dién thay triéu 1én
dong chdy va sw bién d6i trwong van téc cia dong
chay dang sau turbine, nguwoi ta da st dung cac
phwong phap nghién cru khac nhau. Trong s6 do,
phuong phap mo hinh héa dwoc coi la rat hiéu qua
dé nghién ctu vé ndi dung nay. Nhiéu cong trinh
nghién ctru cla cac tac gia da tip trung nghién ctru
trong linh vire md phdng s6 (Shen va nnk., 2009;
Nguyen va nnk, 2014, 2016; Shives va Crawford,,
2016; Sudhamshu va nnk., 2016; Abdolrahim va
nnk, 2017). Ngay nay, md phong sé dugc st dung
kha phé bién trong khoa hoc. Lgi thé cia phwong
phép nay chinh la viéc cho két qua nhanh, nhung
van ddm bdo dd chinh x4c. Pong thdi phwong
phép nay sé tiét kiém vé chi phi so v&i lam cac thi

L

Fr /A

nghiém. Trong nghién cru nay, tac gia xin gi¢i
thiéu phwong phap mo6 hinh héa turbine truc
dimg bang viéc mg dung phin mém ANSYS
FLUENT dé mo phong sw bién thién cta lwc phap
tuyén va ti€p tuyén tac déng 1én canh turbine. M6
hinh r6i (Turbulence model) k-¢ Standard cda
ANSYS FLUENT dwoc str dung két hop véi ly
thuyét ctia mo hinh Actuator Cylinder trong khéng
gian 2 chiéu dé biéu dién sy twong tac clia turbine
vé&i dong chay cia méi treong nghién clru.

2. Co’ s& ly thuyét

Co's&ly thuyét ctia mo hinh Actuator Cylinder
lIAn d4u tién dwoc nghién cru va phat trién béi
Madsen (1982) dé cap dén turbine truc dirng. Vé
co ban, ly thuyét nay c6 diém twong dong véi ly
thuyét cia mé hinh dia truyén dong (Actuator
Disk). Qua trinh turbine hoat dong va chiét xuit
niang luwong cia dong chdy dwoc biéu dién bang
mot lwc khoi tdc dung 1én khu viee dwoc quét boi
canh quat cta turbine. Lwc nay dwoc phan tich
thanh hai thanh phén 1a lwc phéap tuyén (Fy) va luc
tiép tuyén (Fr). D6i véi turbine truc dirng, tiét dién
quét clia cac canh turbine cé dang mét hinh tru
ding (Hinh 1). Khi turbine quay, né tao ra mot sw
giam van t6c ctia dong chdy & khu vrc dang sau
cuda thiét bi. Lic nay nang lwong cia dong chay &
khu vwc phia sau va phia truwdc turbine co6 sw
chénh léch. Hay ndi cach khac, khi turbine hoat
déng, né da chiét xuat nang lwong dong hoc cia
dong chay (Biadgo va nnk., 2013).

360°

270°

180°
Hinh 1. So' db biéu dién cdc thanh phdn luc tdc dung lén cdnh turbine.
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Hinh 1 bi€u dién mat cit ngang tiét dién quét
cda turbine truc dirng kiéu Darrieus (Sheldahl va
Klimas, 1981; Paraschivoiu, 2009; Aumelas,
2011). Chuyén dong quay ctia mdt canh turbine
xung quanh mot truc thang ding (truc cua
turbine) vé&i géc quay 0 theo chiéu kim déng ho
(g6¢c phuwong vi). Pai lwong w la van toc géc cua
turbine. Khi truc turbine chuyén dong, cic cinh
quat cta turbine sé quay v&i gia tri van téc dwoc
xac dinh theo céng thirc (1). Van téc twong doi cuia
chat1éng dwoc xac dinh theo cong thirc (2).

V = wRe; (1)
W = Vlocal—ne—n> + (Vlocal—te—t) - wR)e—t) (2)

Trong do: R - ban kinh turbine; e; va e, -
vector don vi ti€ép tuyén va phap tuyén clia mat
phang quay; Viea - vector van tdc téi clia dong
chdy, chira hai thanh phan la vin toc hwéng tim
Viocan Va van toc tiép tuyén Vipeae D6 16m cia W
dwoc xac dinh nhw cong thire (3).

W= \/Vl%)cal—n + (Viocal—t — @R)?*  (3)

GOc téi o cua dong chay dwoc xac dinh theo
cong thirc (4).
— -1 Viocal-n
@ = tan (Vlocal—t_a’R) (4)
Luc tac dung 1én canh cta turbine bao gom
hai thanh phén la lwc ning (F.) va lwc kéo (Fp). Luc
téng hop dwoc xac dinh theo cong thirc (5). Do 16m
cta lwc nang (Fi) va luc kéo (Fp) dwoc xac dinh
theo cdng thirc (6) va (7).

F=Fel+Fpep (5)
WZ
F, = p=-CAIC, (6)
2
Fp = p=—CAIC, )

Trong do: e, va ej, - vector don vi cta luc F,
va Fp twong &ng; Al - d6 dai don vi cta phén tir
canh turbine; C, va Cp, - hé s6 cta lwc ning va luc
kéo twong trng; C - do rong cua canh turbine.

Néu coi s6 canh ctia turbine la Ny, tir cic cong
thirc (5), (6) va (7), ta cé lwc tong hop tac dung 1én
mit phang quét cla turbine dwoc xac dinh theo
cong thirc (8):

F )]
pWw? [=C, sin(8 — a) — Cp cos(8 — a)]e,
=Ny TCAI {+[CL cos(6 — a) — Cp, cos(f — a)]@}

DO 16n cha lwe phap tuyén va luec tiép tuyén
dwoc xac dinh nhw sau:

Fy =N, pTWZCAl[—CL cos(a) — Cp sin(a)] (9)
pw? .
Fr =N, TCAZ[CL sin(a) — Cp cos(a)] (10)

(O’ dang khong thir nguyén, gia tri ctia cac luc
nay dwoc xac dinh theo cong thirc (11) va (12):

. F
Fy=—— (11)
NbT°°CAl
N F
Fr=—237— (12)
NbTooCAl

3. Xay dwng va Kiém chirng mé hinh

3.1. Xdy dwng mé hinh

Trong phan nay, tic gia ap dung phwong trinh
Navier-Stokes két hop véi ly thuyét cia mé hinh
Actuator Cylinder vira phan tich & trén dé tién
hanh mé hinh héa twong tac cda turbine véi dong
chay cia moi truong.

o(pUily) _ _9p , 0 (% %) 13
an - aXi + 3Xj I’l 3Xj + 3Xi + ( )

Rij] +pgi +Si

. . . 2
Z—Z: =0 Ry = W (?3_::"‘?3—2), He = Cuk? (14)
Trong dé: U, U; - thanh phén van toc theo cac
phwong trong khong gian; x; x; - cic diém trong
khong gian; p - d0 nhét phan tir clia nwdc; R;j- cac
thanh phéan cda tenseur Reynolds; y; - d6 nhét
dong lwc hoc; k - nang lwong dong hoc ciia moi
treong roi; € - dd phan tan moi tredong roi; g - gia
toc trong truwomg; C, - hé s6 (C,=0,09); S; - 4n so
trong phwong trinh Navier-Stokes. Theo nhw
phén tich & trén, lwc ciia méi trweong chat 16ng tac
dung 1én turbine la mot lwc khéi. Khi turbine quay,
sé& chiu tac dong bdi mot luc thé tich 1én toan bd
tiét dién quét va dwoc xac dinh baoi dai lwong S;
trong phwong trinh (13). Pai lwgng nay dwoc xac
dinh theo cong thirc (15).
Si= 5 (15)

ec2mRAlL
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Trong do6: e. - chiéu day cta hinh tru dwoc tao
béi turbine; F; - lwc dwgc xac dinh tir cong thixc
(8).

Dé xac dinh gia tri cia hai hé s6 C, va Cp,
trong nghién ctru nay, tac gia st dung gia tri do
thwc nghiém trong nghién ctru cta tac gia Sheldahl
and Klimas (1981). Tt gia tri thwc nhiém chiing ta
xac dinh dwoc hé s6 C;, va Cp theo cong thirc (16)
va (17):

C,=01a (16)
Cp = Max (0,02]a| — 0,8;0,02) (17)

DE tién hanh mo hinh hoa, tac gid str dung mé
hinh r6i k-e Standard trong chwong trinh ANSYS
FLUENT véi thudt toan SIMPLEC. Pay 1a m6 hinh
don gian, tiét kiém tai nguyén clia may tinh, dé
thwc hién va cho d6 chinh xac cao. M6 hinh réi k-¢
Standard da dworc ki€ém chirng vé do tin ciy khi mo
phoéng trong cong trinh nghién ctru ctia Nguyen va
nnk. (2016). Phwong trinh téng quat cia mé hinh
dwoc thé hién trong cac biéu thirc (18) va (19):

20k | kU _ 0 [( . we) ok _
ot OX]' - OX]' [(u + O'k) 6Xj] + pgg (18)
pe + Sy
0(pe) | 0(peU) _ 0 [, mr) de
at an - aX]' I:(IJ' + GE) an] t

2 (19)
Cg1§p@ - Cazp% + S¢

Trong do: Ce1,Ce2 - cac hé s6 clia phwong trinh,
§ - dai lwong biéu thi sw tao nang lwong roi
(production of turbulent kinetic energy), dwoc xac
dinh nhw cong thirc (20):

5

2
S Ay gy 1 el L]
# = ulu] [2):¢] T2 p (OX] + 0Xi> (20)
Do nhét ddng lue hoc dworc xac dinh theo biéu
thie (21):
kZ
e = pCy = (21)
PO phén tan roi € dwoc xac dinh theo cong
thirc sau:
3/2
g=C*ET

7 l (22)

Trong d6: I - chiéu dai ddc trung ctia xody.

Trong biéu thirc (18) va (19), dai lwong Sy, S,
- cac tham s0 bién doi phu thudc tirng mo hinh. Béi
véi md hinh k-¢ Standard, cac hé sé ciia mé hinh
dwoc biéu dién trong Bang 1 (Launder va
Spalding, 1974).

3.2. Cdc théng sé hinh hoc ctia mé hinh

Dé xay dung cac théng s6 hinh hoc va kiém
chirg dod tin cay cda phwong phap nghién ciru
cling nhuw céc s6 liéu tinh toan ctiia mo hinh, tic gia
da st dung cac s6 liéu do thwc nghiém vé cac gia
tri lwe phap tuyén (Fy)va luc ti€p tuyén (Ft) trong
cong trinh khoa hoc cua tac gia Strickland va nnk.
(1979) @€ 1am s6 liéu tham chiéu. D6 1a cac phép
do gia tri lwc phap tuyén va ti€p tuyén doi voi
turbine truc dirng ki€u Darrieus cé bién dang cinh
kiéu NACA 0012, dwong kinh 1,22 m. Cac thong s6
hinh hoc cda turbine trong thi nghiém va dac
trwng clia dong chay duwoc thé hién chi tiét trong
Bang 2. Cac luc phap tuyén va tiép tuyén tac dung
1én canh turbine dwoc do & cac gia tri khac nhau

Bdng 1. Hé sé ctia mé hinh k-¢ Standard.

Cgl CSZ

Cu

Ok O¢

1,44 1,92

0,09

1,00 1,30

Bdng 2. Cdc théng sd va diéu kién thi nghiém trong nghién citu cua Strickland va nnk. (1979).

Loai thong sd Gia tri
Bién dang canh NACA 0012
D6 rong cda canh (C) 0,0194 m
Ban kinh turbine (R) 0,61 m
SO Reynolds 40x103
Thong s6 A 5
SO canh cua turbine 1;2;3
Do clrng cta canh (o = N,C/R) turbine 0,15;0,3; 0,45
Van toc cua dong chay t&i 0,091 m/s
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Thanh cia kénh din
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/ Turbine

Ha leu kénh din
4D

4D -

Thanh cia kénh din

10D

Hinh 2. Vi tri ctia turbine trong mién tinh todn.

Hinh 3. Lwdi cdu triic trong mé hinh mé phdng.

cda goc phwong vi 0. Trong nghién ctru nay, mién
tinh todn trong mo6 hinh mé phdng s6 dwoc xay
dung nhw Hinh 2. Turbine dwoc dat trong mot
kénh dan c6 chiéu dai 17,1 m, chiéu rong 4,88 m.
Vi tri dat turbine mién tinh todn dwoc xac dinh
bing 4 lan dwdng kinh turbine, tinh theo hwéng
dong chay téi (4D) va 10 lan dwong kinh turbine
(10D) vé phia ha lwu ctia kénh va cach déu thanh
kénh dan 2 bén (2D) (Hinh 2).

Mién tinh todn trong mo6 phong so ctia nghién
ciru nay dwoc thwc hién trong khéng gian hai
chiéu va dwoc bao phi bdi mot lwédi ciu tric
“hexahedral” vé&i 244.866 phan tir. Kich thwéc
lwéi dugce lwa chon la 16.10+4 1an dwong kinh
turbine (16x10- D). Vung biéu thi turbine méit do
ludi dwgce lam min hon cac khu vue xung quanh,
kich thuérce lwdi la 8x10-4 D (Hinh 3). Cac diéu kién
ban dau cia mo hinh sé nhw sau: Diéu kién d6i
xtng dwoc ap dung cho mat trén va hai mat bén
ctia kénh dan. Tai dau vao ctia kénh dan, van téc
cta dong chay dwgc dwoc xac dinh nhw trong thyc
nghiém (0,091 m/s), chiéu day cta hinh tru duoc
tao bai turbine (e 1a 0,01 m. M6 hinh roi k-&
Standard trong chwong trinh ANSYS FLUENT véi
thuit todn SIMPLEC dwoc str dung. Cwdng do roi
ctia moi trieong 1a 5%, d6 phan tan roi € dwoc xac
dinh theo cong thirc (22). Pai lwong I trong cong
thirc (22) dwoc xac dinh nhw trong cong thire (23).

1=0,07L, (23)

Nghién ctru cia tac gia Menchaca Roa (2011)
da chi ra, d6i v&i treong hop la turbine, gia tri L.
trong cong thirc (23) chinh la do rong clia canh
turbine. Cac hé so con lai cia mo hinh k-¢ Standard
dwoc 14y theo Bang 1.

3.3. Két qua va thdo ludn

Vi cac théng s6 cia mo hinh va céc diéu kién
tinh toan nhuw trinh bay & trén, két qua tinh toan
cac thong s6 vé lwc phap tuyén va tiép tuyén duoc
tinh cho cac trwomg hop 1, 2 va 3 canh nhw sau:

3.3.1. Trworng hop turbine 1 cdnh

Két qua mo hinh hoéa déi véi trweong hop 1
canh duwoc biéu dién nhw trong Hinh 4. Hinh 4 cho
thiy, luc phap tuyén (Fy)va tiép tuyén (F1) trong
mo hinh mé phong gan nhw trung khép véi gia tri
do thwc nghiém. Trong dé, gia tri ctia luc phap
tuyén c6 sw trung Khép voi gid tri thue nghiém
hon gia tri ctia luc tiép tuyén. D€ tang gi tri tham
chiéu ctia m6 hinh, két qua mé phong ctia nghién
ctru nay con dwoc so sanh véi két qua tinh todn
theo ly thyét trong c6ng trinh nghién ctu cta tac
gia Strickland va nnk. (1979). Két qua cia mé hinh
ciing cho thay, gin nhw c6 su trung khép véi két
qua tinh toan theo ly thyét trong cong trinh nghién
clru cua tac gia Strickland. Trén Hinh 4, gia tri cia
lwc tiép tuyén & vung phia truée clia turbine c6 sw
sailéch so v&i gia tri thue nghiém (Hinh 4b). Sw sai
18ch nay dwoc thé hién rd & gia tri goc phwong vi 0



Nguyén Vin Thinh/Tap chi Khoa hoc Ky thudt Mé - Dia chdt 65 (5),1 -9 7

trong khoang tir 909+130°, nguyén nhan chinh la
do hién twong “dynamic stall”. Do turbine dwoc
mo phong trong mé hinh mé cda nghién ctru nay
dwoc dwa trén ly thuyét cia mo hinh Actuator
Cylinder, n6 hoat dong nhw mét méi trurong xop.
Do do, khong c6 hién twong “dynamic stall” va
khong c6 sw xuit hién clia cic xody tai sinh khi
dong chay di qua bé mat cic canh cta turbine.
biéu nay giai thich cho sw khac nhau vé sy bién
thién cta lwc tiép tuyén & khu vuee phia truwdce cta
turbine nhw da chi ra trong Hinh 4b.

3.3.2. Trwong hop turbine 2 cdnh

baéi véi treomg hop hai canh, cac két qua
trong mo hinh sé ctia nghién cru nay doi véi luc
phép tuyén (Hinh 5a) va lwc tiép tuyén (Hinh 5b)
cho thdy sw phu hop rat sat so véi dir liéu thuc
nghiém. So v&i trweong hop 1 canh, ching ta nhan
thay sw khac biét vé luc ti€p tuyén & khu vire phia
trwdce turbine da giam di dang ké va ching c6 xu
hwéng tiém cin dan so véi di liéu thwe nghiém va

két qua trong mo hinh sé cua Strickland va nnk.
(1979). Xét & goc d6 tong thé, khi tham chiéu két
qua mo phong vé sw bién thién cta lwc phap tuyén
va tiép tuyén véi két qua trong moé hinh s6 cua
Strickland va nnk. (1979), ching ta nhin thay hau
nhw khong c6 sy khac biét.

3.3.3. Trwong hop turbine 3 cdnh

Giéng nhw hai trwong hop trén, két qua cho
trwong hop ba canh sé déi chiéu véi két qua thuc
nghiém va két qua tinh toan do Strickland va nnk.
(1979) thuc hién. Trong Hinh 6, chiing ta quan sat
thdy rang & khu vuc phia trwéc turbine, cac két
qua nhin dwoc tir mé hinh nghién cru gan nhw
trung hop véi cac két qua thuc nghiém doi véi ca
lwc phép tuyén (Hinh 6a) va lyc tiép tuyén (Hinh
6b). Bac biét, két qua trong mo hinh cta nghién
ctru nay trung khép véi két qua trong mo hinh sé
ctia Strickland va nnk. (1979). & khu vuc phia ha
lwru cda turbine, cic lwc phap tuyén va tiép tuyén
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tuyén (b) khéng thir nguyén phu thudc vao géc
phwong vi 6 d6i véi trwong hop turbine 1 cdnh.

0[]

(b)

Hinh 4. Bién thién luc phdp tuyén (a) va tiép

So sdnh giira két qud mé phdng s6 (Num) vdi

thwc nghiém (Exp) va két qud trong mé hinh ly

thuyét ctia Strickland va nnk. (1979).

O[] (b)

Hinh 5. Bién thién lwc phdp tuyén (a) va tiép

tuyén (b) khéong thir nguyén phu thudc vao géc
phwong vi 6 d6i véi trwong hop turbine 2 cdnh.

So sdnh giira két qud mé phdng s6 (Num) véi

thwc nghiém (Exp) va két qud trong mé hinh ly

thuyét cta Strickland va nnk. (1979).
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Hinh 6. Bién thién lyc phdp tuyén (a) va tiép
tuyén (b) khéng thir nguyén phu thudc vao géc
phwong vi 6 d6i véi trwong hop turbine 3 cdnh.

So sdnh giira két qud mé phdng sé (Num) véi
thuwc nghiém (Exp) va két qud trong mé hinh ly

thuyét cua Strickland va nnk. (1979).

gan nhu trung khép véi cac két qua thu dwoc tir
mo hinh sé cia Strickland va nnk. (1979).

4.Kétluan

Bai bdo da trinh bay mot phwong phap tiép
cin mai khi nghién ctru vé turbine truc dirng, dwa
trén ly thuyét cia moé hinh Actuator Cylinder. Cac
lwe tac dong 1én canh cia turbine trong qua trinh
hoat déng bao gom chu yéu 1a 2 lwc: luc phap
tuyén va luec ti€p tuyén. Nghién ctru nay ciing da
xac dinh dwoc sw bién thién cta lyc phap tuyén
(Fx) vatiép tuyén (F1) theo géc phwong vi 8 va so
sanh véi gia tri do thwc nghiém. Két qua nghién
ctru cho thdy sy bién thién nay gin nhu trung
khép véi gia tri do thue nghiém. Bén canh do, cac
két qua tinh toan cling dat dwgc do twong thich
vOi cac két qua trong mé hinh ly thuyét cta
Strickland va nnk. (1979). Trong nghién ctru nay,
turbine hoat dong nhw mét moi trwong xop dé

chiét suat nang lwgng cia moi trwong. Do dé, dac
tinh ciia méi treomg (dong chay) tac donglén canh
turbine da bi bé qua, dan dén sw khéng c6 mit clia
cAc xody thi¥ sinh suit hién trén canh turbine nhw
trong thi nghiém thuec t&. Diéu d6 cling di dan dén
sw sai khac gitra két qua mo phong vi cac két qua
thwc nghiém nhw da phan tich & trén. Tuy nhién,
sw sai khac nay la hop ly trong diéu kién turbine
hoat dong nhw mot moi trueong x6p. Co thé khang
dinh rang, phwong phap mé hinh héa turbine truc
ding dua trén ly thuyét cia mo6 hinh Actuator
Cylinder két hop v&i phwong trinh Navier-Stokes
trong khong gian hai chiéu dwoc thuc hién trong
nghién ctru nay la pht hop va dam bao do tin cay.
Phwong phap nghién ctru nay sé tiét kiém dworc tai
nguyén clia may tinh, mét yéu t6 rit quan trong
trong mo6 phong sé. Két qua nghién ctru cd thé
dwoc 4p dung dé€ mo hinh héa turbine trong ca
linh vic dién thiy triéu va dién gid. Ngoai ra, viéc
khang dinh d6 tin ciy va tinh tién dung cua
phwong phap séla co sé rit quan trong dé 4p dung
cho viéc mé hinh héa & quy mé cong nghiép véi
nhiéu turbine trong 1 trang trai, gidp giai quyét
cAc bai toan ngoai thuc té san xuit.
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