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THi NGHIEM MO HINH VAT LY THUY PONG LUC HQC:
QUA KHU, HIEN TAI VA TUONG LAI
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Tém tat: Thi nghiém mé hinh vat Iy (MHVL) thuy dong luc hoc dong vai tro quan trong trong
thiét ké cdc céng trinh thiy loi, thiy dién, cau cang, chinh tri séng, bdo vé cu’a song, bo bién.
Hién nay, sy phdt trién manh mé va dp dung rong rai cac phu’O’ng phdp s6, mé hinh todn da
phan nao lam giam nhu cau vé MHVL trong mét sé truong hop nhat dinh. Bdi bdo ndy dia vio
dir liéu thi nghiém MHVL da thwce hién tai Vién KH Thiy loi VN tir nhitng nam 1960 d@é diém lai
qud trinh hinh thanh, phdt trién nghién ciru thi nghiém MHVL, nhitng thdach thire hién tai va
nhan dinh twong lai cua linh vic nay. Cac phuUng phdp s6 hién nay van chwa di manh dé gidi
quyet toan bé vin dé ky thudt thuy lic séng bién phirc tap. Ngwoc lai, mé hinh vdt Iy ciing khéng
thé gidi quyet dwoc nhiéu van dé trong thé gidi thiee. Do dé, trong twong lai, cdc phong thi
nghiém van can thiét duy tri nghién ciru dwa vao mé hinh vét Iy, cing véi dé la dau tw iing dung,
phat trién mé hinh sé va phwong tién tinh todn, dé hé tro bé sung cho nhau cing phdt trién.

Tw khéa: Mo hinh vat ly, phong TNTD, thi nghiém mé hinh, CFD.

Summary: Experiment on hydraulic dynamic physical model plays an integral role in the design
of most irrigation and hydroelectric projects. At present, the strong development and widespread
application of numerical methods and mathematical models have partly reduced the reliance for
physical models in certain cases. This study based on the physical experiment of VAWR from
1960 to review the origins, evolution of experimental research on physical models, existing
challenges and future perspectives of this field. Current numerical methods have not yet fully
capable of solving all complex hydraulic problems. Similarly, physical models alone also cannot
address many real-world issues. Therefore, in the future, it remains essential for hydraulic
laboratories to continue their research base on physical models, while also investing in
applications and development of numerical models and computational tools to complement and
advance together.

Keywords: Hydraulic physical model, KLORCE, model experiment, CFD.

1. GOC NHIN TU LICH SU lay nuédc, xi phong thiy lyc, dé, ke, mé han,
cang, tuong bién, dap pha song... Dé xay dung
cong trinh hi€u qua va an toan, ching thuong
duoc thiét ké, danh gia, tinh chinh va cai tién
dua vao nhiing phan tich va tht nghiém trén
mo hinh vat 1y thay luc.

Thi nghiém mo6 hinh vat Iy c6 mot vai trd quan
trong trong viéc thiét ké hau hét cac cdu truc
cua cong trinh thuy lgi, thuy dién, cong trinh
chinh tri cira séng ven bién va hai dao. Céc cau
tric ndy co thé 1a tran xa 1ii, bé tiéu ning, cong
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hiéu qua cta banh xe nhim t6i wu ning luong
cua nuoc tac dong dén toc d6 cua banh va cdi
xay gi6 [1]. Vai nim sau, nha xdy dung cau
nguoi Nga Ivan Kulibin da xay dung va tha
nghiém mo hinh ty 1& 1:35 cta ciy cau vom gb
nhip 300 m do ong thiét ké dé bic qua song
Neva ¢ StPetersburg. Sau do, mét thanh vién
cua Vién Han lam Khoa hoc St Petersburg,
Leonard Euler, d3 xuét ban mdt bai bao dau
tién vé hiéu Gmg ty 1é trong thir nghiém mé
hinh vao nam 1776 [2].

Pén nim 1860, mot bude dot pha 1on da xuat
hién trong nghién ctru thi nghiém md hinh cua
linh vuc co hoc chét long. Mot s6 nha vat ly da
tao ra cac don vi khong thir nguyén nham nim
bt duoc ban chét cta cac hién tuong chét long
khac nhau khong phu thudc vao kich thude cua
mo hinh. Noi tiéng nhat trong sé nay co 18 1a
s Reynolds, dai dién cho ty 1& cac dai lugng
chinh lién quan dén su chuyén ddi giita dong
chay ting, ém va dong chay xiét (hdn loan)
clia chét long, vi du nhu trong kénh hd hodc
trén canh may bay.

Nim 1877, William Froude tién hanh cac thi
nghiém dé xac dinh luc can caa than tau ddi voi
chuyén dong tinh tién, ong da tao ra mot gia tri
khong thir nguyén, V¥gL, cho mot than tau co
chiu dai L chuyén dong véi toc do V [3]. Néu
ty 1¢ nay dugc giit khong dbi, thi két qua cta thi
nghiém mo hinh quy mé nhé cé thé duoc nhan
rong 1én cho kich thudc nguyén hinh. Bang
cach nay, anh hudng ctia mdt hién tugong vat ly
6 thé duge mo rong ma khong cAn dén mot mod
hinh todn hoc cua hién tugng do.

Nam 1914, nha todn hoc Hoa Ky Edgar
Buckingham (1867—1940) da phat hién ra mot
dinh 1y lién quan dén s luong cac sb6 khong
thir nguyén (n) cho mot hé théng, sé luong
bién vat 1y (r) va sd luong cic chiéu chinh doc
lap (n). Ong da ching minh rang (r — n) = .
Diéu nay cho phép ngudi kiém tra mé hinh xac
dinh sb lugng cac sd khong thir nguyén khac
nhau can dugc tim thdy. Piéu nay duoc goi 1a

dinh 1y ©n (hodc pi) cia Buckingham [4]. Do
do, gio day co thé mé rong quy mo két qua cua
bat ky thi nghiém mé hinh nao 1én dén quy mé
nguyén hinh. Viéc str dung cac s6 khong thu
nguyén di som dugc phat trién dé thi nghiém
mé hinh trong k¥ thuat thuy luyc va, tir dau
nhitng nam 1900, trong cac duong ham gio.
Tu nhiing nam 1930, n6 da duoc 4ap dung
trong cac nganh k¥ thuat khac nhu k¥ thuat két
céu, am hoc, dia chin va dia k¥ thuat [5].

Cac nghién ctru md hinh sém nhat vé thuy
dong luc dugc thuc hién boi ki su nguodi Phap
Louis Fargue vao nam 1875. Ong di tao ra
mot mé hinh ty 18 1:100 dé tim cach giam
lugng phu sa bdi dap cho ludng hang hai & cira
song thiy triéu Garonne, gin Bordeaux bang
cac buc tudong, dé giam khdi luong nao vét
hang nam [6].

Vao gitta nhitng nam 1880, Osborne Reynolds
da su dung mdt mo hinh cua song Mersey,
Vuong qubc Anh, dé nghién ctru tinh kha thi
cia du an Kénh tau Manchester [7]. M0 hinh
c6 ty 18 ngang 1a 1:10 800 dé cho phép nd
dugc didt trong phong thi nghiém. Tuy nhién,
ty 1& doc 16n hon nhiéu, 1:396, dé tao diéu kién
thuan loi cho viéc do d6 sau 10ng dan mém.

Reynolds d4 danh nhiéu thoi gian dé tim kiém
loai cat phu hgp. Céc hat cat khong chi phai
nhé hon ma con tai tao chuyén dong lan, truot
va nay khi di chuyén trong nudc. Sir dung dit
liéu khao sat lich sir, Reynolds bat dau thi
nghiém mo hinh va dit né dudi thuy tridu co
chu ky ldp lai twuong duong vai vai thap ky va
x4c minh rang hinh dang thu dugc cia long
ctra song tuong Ung vdi ngay thi nghiém cua
minh. Do d6, 6ng da chon duoc hai loai cat,
mot tur Iceland, mot tir Calais & Phép, noi mo
phong mot cach thoa dang hinh thai cua cua
song va st dung chung dé thuc hién thi
nghiém trong tuong lai.

Gilta nhitng ndm 1890 va 1920, cac phong thi
nghiém nghién ciru thiy lyc d duge md & hau
hét cac nuéc chau Au ciing nhu & An Do va
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Hoa Ky. Cac md hinh vat ly da tap trung nghién
ctru dong chay cua nudc, nghién clru tac dong
ctia song trén cac bii bién va bén cang, dé chan
song, dap tran, dap dang dé kiém soat dong
nudce, ké hoach ctru tro 1 lut [8].

Mb hinh thily Iyc 16n nhat cho dén nay 1a Mo
hinh luvu vyc Mississippi, nghién ctru cac bién
phap cuu tro It lut. Pugc xay dung tir nam
1943 bdi phong thi nghiém duong thuy cua
Quan d6i Hoa Ky (US Army Waterways), mo
hinh kich thuéc khoang 1,3 x 1,3 km va dugc
str dung lién tuc tir ngm 1949 dén nam 1976 [9].

Céc mo6 hinh quy m6é nhé hon da duoc thi
nghiém rong rai dé phuc vu thiét ké dap bé tong
cbt thép tir gitra nhitg nam 1920. Dap Boulder
(nay 14 Hoover) cao 220 m & Arizona, Hoa Ky,
cho dén nay 1a dap vom trong luc bé tong cdt
thép 16n nhat thé gii duoc hoan thanh vao nim
1936. Mot chuong trinh nghién ctru khong 16 da
duoc thuc hién dé dam bao an toan cho dap
Boulder, bao gdm mét loat cac thi nghiém mo
hinh dugc thuc hién trong khoang thoi gian 5
nam, ca vé thuy luc va ciu tric cua dap. Du an
nay 14 ngudn gdc ciia rat nhiéu cai tién 16n trong
thi nghiém mo hinh thay lyc hién dai.

O Viét Nam, cung voi su ra doi cua Vién
Khoa hoc Thuy loi, phong thi nghiém thuy luc
dau tién dugc thanh lap tor ndm 1959 voi tén
goi 1a Phong thuy céng [10]. Sau d6 1a su ra
doi 1an lugt cua cac trung tim dong luc song,
trung tam dong luc ctra séng ven bién va hai
ddo va nam 2008 la phong thi nghiém trong
diém Qudc gia vé& dong lyc hoc soéng bién.
Nhimng nam dau thanh 1ap gan lién véi thoi ky
chién tranh chéng My, cac thi nghiém chi yéu
1a han khau dé chdng lut va nghién ctru céac
cong trinh nhu Bac Hung Hai, dap Pay, Van
Cbc, thuy dién Thac Ba [11]. Chi sau khi dit
nude thue hién d6i méi, dic biét 1a tir nhimg
nam 1990, cong tac nghién ctru thi nghiém mo
hinh thity dong lyc méi phat trién manh mé.
Mot loat cong trinh thuy loi ra doi trong thoi
ky nay dugc hoan thi¢n nho sy dong gop cua
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viéc thi nghiém mo hinh thuy lyc. Tran xa la
clia cac hd Soéng Hinh (Phu Yén), Phu Vinh
(Quang Binh), hd Trudi (Thira Thién Hué),
Pdng Nghé (Pa Néng), song Tiém (Ha Tinh)
dugc thi nghi¢m tr nhitng ndm 1992 — 1994,

Sau d6, nhitng mo hinh vét ly long dong (long
mém) dau tién, moé phong hién twong di
chuyén va bdi ling cia bun cat duoc thi
nghiém ¢ Vi¢t Nam qua nhitng cong trinh
cong ving triéu & doéng bang séng Hong va
song Ciru Long. Nhitng m6 hinh nay thuong
¢6 ty 1& 16n, nhu céng Thau Rau, Tra Vinh thi
nghiém nim 1996 véi ty 1& 1/16, cong Tic
Van, céng Ca Mau ndm 1997, ty 18 1/12, hoic
cong Lang Thé, Tra Vinh nam 2000 véi ty 1&
1/30 (Hinh 1). Hay mé hinh bién thai ty 18 1on
md phong dong chdy va bun cat trén song
Hong doan qua thanh phd Ha Noi trong dy 4n
chinh tri song, ting kha ning thoat Iii va on
dinh long dan dugc thi nghiém nim 2002
(Hinh 2). M6 hinh long ddng ty 1€ 16n giup
dam bao sy tuong ty vé kich thudc theo 1y
thuyét Froude va tuong tu vé chuyén dong bun
cat theo 1y thuyét ciia Reynolds.

Cho dén nay, tran x4 1d 1a két cAu duoc nghién
ctru thi nghiém nhiéu nhét & nudc ta. Tran xa 1
thuong phai thoat mdt Iuu luong nude 16n véi
thé ning va dong nang rat cao. Do do, cac két
cau cla tran, ciia bé tiéu nang va ha du can phai
dam béo tiéu nang hiéu qua nhat. Tran xa I cta
nhiing cong trinh 16n da dugc nghién cuiru hoan
thién qua thi nghiém mo6 hinh nhu thuy dién Hoa
Binh (Hinh 1) nam 1999, thuy dién Ban Vé
(Nghé An) nam 2004, Cua Dat (Thanh Hoa)
niam 2005, Ta Trach (Thira Thién Hué) nim
2007, Nuoc Trong (Quang Ngai) nam 2008.

Ngoadi ra, cac loai cong trinh khac c6 ché do
thiy luc phtrc tap nhu Tuynel, tram bom, cac
cong trinh khai thac cat hodc cang bién, noi c6
ché @6 thuy triéu phuc tap cling dugc nghién
ctru thi nghiém. Tinh dén hién tai, d3 co trén
150 cbng trinh thuy luc, chinh tri song, ctra
song ven bién va dao, hai dao trén khip ca
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nudc dd dugc md hinh hda va thi nghiém &
Phong TNTD (Hinh 4). Thi nghiém d¢ 6n dinh
ndi khi kéo khdi chan dé TLP, 6n dinh khi neo
c¢b dinh (2010), gian khoan dau khi di dong
(2016), két cau ndi “T-FB” (2021); 6n dinh
ciia cdc cau kién bdo vé mdi ke bién Dinh Vil
(2015). bac biét, thi nghiém trong nghién ctu
khoa hoc luon dugc PTNTD chu trong, thong
qua céc thi nghi¢ém danh gia kha ning giam
song, diéu chinh dong chay ven bo, kha ning
chéng x6i 16 va tong thé hiéu qua cua cac giai
trinh b6 tri khong gian cong trinh chinh trj khu
vuc cura song ven bién, hai dao. Thi nghiém

x4c dinh chiéu cao song ven dao Trudng Sa
16n (2010), on dinh dé chian song bdo v¢ cang
Nghi Son (2013), giam soéng truyén qua cong
trinh dé¢ mém (2015); qua trinh séng leo, song
tran qua mai va tudng dinh cong trinh dé bién
Hai Hau (2010), Hai Phong (2012); truyén
song qua rung ngap man Giao Thuy (2012)...
Thi nghiém danh gia hiéu qua tong thé cia cac
giai phap b tri khong gian cong trinh chinh tri
tai D6 Son (2015), Thira Thién Hué (2016),
Quang Ngdi (2016) va nhiéu cong trinh doc
dai ven bién Béic B0, Béc Trung Bo va déng
bang song Ctru Long (2010-2020).

Hinh 1: Tran xa lii thuy dién Hoa Binh, thi nghiém nam 1999
va cong Lang Thé, Tra Vinh, thi nghiém nam 2000

Ngoai viéc phuc vu thi nghiém tinh ding dan
clia viéc thiét ké cac cong trinh 16n, thi nghiém
MHVL con dugc sir dung dé nghién ciru khoa
hoc co ban, nhu nghién ciru céc loai cira van,

dao tao nghién ctru tir thac sy, tién sy trong ca
nuée. Cho dén nay, da c6 nhiéu nghién ctru
sinh str dung MHVL dé nghién ctru va bao vé
thanh cong ¢ Viét Nam.

Hinh 2: M6 hinh thodt I, én dinh 10ng song
Hong khu viec Ha Ngi, thi nghiém nam 2002

Hinh 3: Thi nghiém danh gia hiéu qua
giai phap bo tri cong trinh chinh tri cita Pai
tinh Quang Ngai
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Hinh 4: Bdn dé cdc c¢ong trinh thi nghiém vt 1y tai Phong TNTD

2. MO HINH VAT LY NGAY NAY

Trong hon ntra thé ky, mé hinh vat 1y da dong
mot vai trd quan trong trong viéc thiét ké va
van hanh thanh cong cac cong trinh thuy loi,
thuy dién cling nhu cac cong trinh chinh tri
song, cira séng, bo bién trén khip ca nudc.
Hién nay, nhiing tién bod trong mo6 hinh s6 (dic
biét 1a co hoc chit long ba chiéu - CFD) da
lam giam nhu cau vé mo hinh vt 1y trong mot
sO truong hop nhat dinh [12].
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Rét nhiéu md hinh sé di dugc ra doi tir cac
cong ty, truong dai hoc va trung tdm nghién
ctru khac nhau, Gng dung trong céc linh vuc
khac nhau, vi du vé linh vuc két cdu (SAP 000,
ANSYS, RISA, ABAQUS, ORION, ADINA,
CEDRUS, ETABS va STRUDL), nghién ciru
dia k¥ thuat (3DEC, GEO5 FEM va PLAXIS),
thiét ké ven bién (OpenFOAM, FLUENT,
FLOW-3D, DELFT-3D, TELEMAC, SWAN,
FVCOM, XBEACH, BOUSS-2D, RMA2 va
MIKE 21) va cac ung dung thuy van/thuy luc
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(QGIS, MODFLOW, PRIMS, SWAT,

SWMM, FLO-2D, DELFT-2D, IBER, HEC-
HMS va HEC-RAS, FLOW-3D). Cac mo hinh
s6 duge su dung m6 phong, tinh toan cho ca
giai doan tién kha thi, kha thi, thiét ké va ca
sau khi van hanh cong trinh.

Tuy nhién, trong k¥ thuat thuy dong luc hoc
van con mot sb van dé dong chay phirc tap
chua thé mo phong chinh xac bang cic mod
hinh sb. Dic biét, cic mé hinh hoat dong cua
cac ciu trac ddu vao may bom, md phong cua
cac vat ndi, bun cat lo limg van dang 1a thach
thirc cho mé hinh s6 chat long. Do d6, cac mod
hinh vat 1y thuong dugc sur dung dé dy doan
su van chuyén bun cat trong song, luong tram
tich di vao nha may. Cac moé hinh vat 1y ciing
dugc str dung dé nghién ciu dong chay qua
ctra hat cia may bom ¢ nhirng noi c6 kha nang
xay ra dong chay thang dung khong 6n dinh,
cudn theo khong khi.

Mot s6 cong trinh tram bom quy mé 16n véi
diéu kién thuy lyc phiic tap gan day da duogc
thi nghiém & Phong TNTD. Co6 thé ké dén
tram bom Nghi Xuyén (nam 2011), véi viée
thi nghiém van hanh tram bom ti€éu nudc va
x6i 16 bd song, mo han trén song Hong [13].
Tram bom Yén S& thi nghiém nam 1999, tiéu
thoat nudc 1o cua ndi thanh Ha Noi ra song
Hong. Tram bom Yén Nghia thi nghiém nim
2015, tiéu thoat nudc It phia Tay Ha Noi ra
song Nhué.

Hinh 5: M6 hinh tram bom Yén Son duwoc
thi nghiem nam 1999

Bén canh do, cac hi¢n tugng thuy lyc nhu x61
10 bo séng, bd bién, van chuyén bun cat, boi
lap cira 1dy nude, von con han ché bsi mo
phong s ciing dugc nghién ctru trén mo hinh
vat Iy. Nam 2013, ché do thuy lyc dong song
Hau qua thanh phd Long Xuyén (An Giang) da
dugc mo hinh héa trén mo hinh long mém,
nham nghién ctru x6i 10, boi lang phuc vu gia
c¢b va chinh trj bo song [14]. Céc giai phap han
ché bdi lang trude cira 1y nude ciing duge dé
xut thong qua nghién ctru trén mé hinh vat Iy.
Ché d6 thay lyc phirc tap truée dap dang sau
doan song cong va bun cat lo ltng doan dap
dang D6 Luong di duoc nghién ctru chi tiét
bang mé hinh vat 1y, tir d6 dé xuét tuyén ke dé
t6i wu ché do dong chay va giam thiéu bdi ling
bun cat trude cira 1y nude [15].

Ngodi ra, cac két cdu thuy lyc méi cling can
thiét phai thi nghiém vét 1y nham ti uu hoa
ché d6 thuy luyc hodc lam dir liéu huan luyén
cho mé hinh sb. Tran phim dan Piano 1a mot vi
du. Nam 2012, Phong TNTD da nghién ctu
tran Piano dau tién trén mo hinh tong thé, ap
dung cho cong trinh thuy lgi Ngan Truoi [16].
Cong trinh duwgc mo hinh hoa véi ty 1€ 1/50
nham dénh gia cac hién tuong, thong sé thuy
luc, két cau, kich thudc hinh hoc va hoan thién
cbng trinh.

Hinh 6: Mo hinh tran phim dan Piano dwoc
thi nghiém tai PTNTD nam 2012

Bén canh d6, cac md hinh mod phong ché do
dong chay cua bién va hai dao, von phirc tap
vé mat k¥ thuat, lai kho khan vé tiép can thuc
té, can thiét phai dwoc thi nghiém bing mo
hinh vat ly. Nam 2011, nghién ctru thi nghiém
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x4c dinh chiéu cao song 1én dao Truong Sa
Lén, hay nam 2018, mot nghién ctru md hinh
vat ly phtrc tap khac vé phat trién, hoan cai dan
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khoan dau khi di déng phuc vu phat trién kinh
té bién, an ninh quéc phong da dugc thuc hién
tai Phong thi nghiém trong diém (Hinh 7).

Hinh 7: TN séng trén ddo Trwong Sa Ién (trdi) va TN én dinh dan khoan dau khi két cdu KCP
khi vdn chuyén trén bién (phdi)

Mo hinh vét 1y cho phép tai tao mot cach tu
nhién cac hién tuong vat 1y phi tuyén phirc tap
nhu lyc tic dong ciia song v 1én két ciu, song
tran, budc nhay trong thuy lyc, cac vung phan
tach, hinh thanh cdc dong xoay va tiéu tan
ning luong kém. Nhing van dé nay 1a thuong
10 rang ngay lap tirc trong mot mo hinh vat ly.
Do d6, cac nghién ciru lién quan dén két cu,
bao vé bd bién, dao, hodc dé chin song, dé

bién ciing can thiét duoc mo phong chi tiét
trén md hinh vat 1y. Dé bién chin song Nghi
Son, Thanh Héa (Hinh 8); dé bién Nam Dinh
Vii, Hai Phong, hay mot sé cong trinh bao vé
bo bién cira song tir Quang Binh dén Thira
Thién Hué, Pa Nang, Quang Nam, Quang
Ngai, Khanh Hoa, Viing Tau da duoc thuc
hién trén mo hinh vat Iy & PTNTD nhitng nam
gan day.

Hinh 8: TN dé chdn séng ban nguyét (trdi) va TN dé chdn séng Nghi Son (phdi)

Cac md hinh sb dong luc hoc chét long 3D ra
doi, nhung khong c6 nghia 14 hai cach tiép can
mo hinh hoa loai trir 1an nhau. Trong nhitng
nim gan ddy, mdi quan hé cong sinh d hinh
thanh gitta mé hinh s va mé hinh vat 1y, va

mbi quan hé ndy van tiép tuc phat trién. Cu
thé, hai cach tiép cén thuong dugc st dung
song song dé mo hinh hoa cac van dé dong
chay phirc tap va cung cép cho cic nha thiét ké
va cac bén lién quan birc tranh hoan chinh nhét
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vé vin dé dong chay bang cach dwa trén cac
diém manh cia ting k¥ thuat moé hinh hoa
[12]. Nam 2015, bang cach két hop mé hinh
todn 2 chiéu MIKE 21 véi mé hinh vat 1y, mot
t6 hop nghién ciru cac giai phap cong trinh
chinh tri khu vuc hgp luu song Thao-ba-Lo6 da
dugc thyc hién tai phong TNTD [17]. Vi
cach tiép can nay, nhom nghién ctru Nguyén
bang Gidp va cong sy da lya chon dugc giai
phap chinh tri doan séng phit hop véi didu kién
thiy luc va dién bién 1ong dan. Hay nam 2017,
Lé Van Nghi va cong su da két hop mo hinh s6
Flow 3D vé6i mé hinh vat Iy ¢&& mé phong tac
dong ciia dong chay qua Tuynel TNI t6i On
dinh 1ong dan va try cdu Ngan Truoi (Ha Tinh)
trén duong HO Chi Minh [18]. Tir d6 co thé
théy, mé hinh s6 dugc con duge su dung dé
gitp thiét 1ap cac didu kién bién cho mo hinh
vat 1y va giam quy mé cia mé hinh tong thé (va
giam chi phi) cia m6 hinh vat ly. Pay cling
chinh 13 mot trong nhimg hudng tiép can cia
md hinh vt 1y trong tuong lai.

uplBciy magnitige
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Hinh 9: M6 hinh s6 3D bé tiéu nang sau
Tuynel xa lit Ngan Truoi

3. MO HiNH VAT LY TRONG TUONG LAI

Cac tai nguyén tinh todn va kha nidng mo
phong ciia mo hinh sb s& tiép tuc phat trién
theo cp s6 nhan trong nhitng ndm téi. Cu thé,
cac tién bo s& cho phép mé phong dong xody
16n (large-eddy simulations LES) va m6 phong
s6 truc tiép (direct numerical simulation DNS)
dugc ap dung nhiéu hon cho cic vin dé trong

thé gi6i thuc va nhidu hién twong vat 1y cua
dong chay s& duoc tinh toan bang cic mod
phong sb. Tuy nhién, kha ning tmg dung cua
cac mo hinh vat 1y cho mdt s6 loai bai toan
dong chay s& van con phu hgp [19]. Ching
bao gdm cac dong chay c6 do cit cao (dong
chay xody va dong chay thing ding do tron
khi) va dong chay hai pha trong d6 su lién két
hai chiéu giita cac pha 13 rit quan trong.
Nhiing loai tng dung nay dy kién s& van vuot
qué gioi han cia CFD trong vai thap ky nira
[12]. Ngay ca khi CFD duoc ap dung, chi phi
cia mé hinh CFD c¢6 thé vuot qua chi phi cua
md hinh vat ly. Chi phi va lugng thot gian may
tinh can thiét cho mot mo phong dang giam;
tuy nhién, s6 luong dau ra mo hinh phai duoc
phan tich ngay cang tang. Viéc tang thoi gian
phan tich va xtr 1y hau ky lam tang chi phi cho
phan tich CFD. Trong khi d6, nhiing tién bo
trong k¥ thuat xay dung mo hinh vat ly, vi du
nhu c6ng nghé in 3D cac thanh phan mé hinh
nho, da cho phép chi phi thtr nghiém va xay
dung mo hinh vat 1y theo kip lam phat.
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Hinh 10: Bé tao séng triéu két hop cong nghé
Dan Mach kich thwoc 40x27x1.0m tao song
déu va khéong déu trén nén thiy triéu véi dé

sdu 1om nhat 25¢m

Nguoi ta dy doan rang mé hinh vat 1y va mo
hinh s6 s& tiép tuc trong mdi quan hé cong sinh
ctia chung trong tuong lai gan va mé hinh vat 1y
s& duy tri chd ding vimg chic nhu mot cong cu
quan trong trong quy trinh thiét ké k¥ thuat.
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Hinh 12: Thi nghiém mé phong vé ddp
0 Phong TNTD [20]

Do @6, trong tuong lai, viéc tng dung va phat
trién cac mé hinh sb dé bé trg, hoc tap véi mo
hinh vat 1y s& 1a rat can thiét cho cic nha
nghién ctu thuy dong luc hoc. Ngoai ra,
nhitng hé théng cong trinh thity loi, thiy dién
16n khong thé thiéu phan thyc nghiém trén mo
hinh vat ly truéc khi dua ra phuong an xay
dung cudi cung. Bén canh d6, cac van dé thuy
lyc phuc tap nhu van chuyén bun cat, bdi léng,
x061 16 bo song bo bién, hodc tram bom, dong
lru tdc cao, tron khi... do chwa thé mé phong
toan hoc mot cach chinh xac nén van can thiét
phai nghién ctru trén mo hinh vat ly. Thém vao
d6, nhitng van dé thuy lyc nhu séng do v dép,
hodc tuynel phan lii c6 d6 dai 16n can thiét
phai duoc mo phong bai ca mo hinh sé 1n mo
hinh vat 1y dé giai quyét cac van dé thuy luc
phuc tap. Ngoai ra, nhiing du an khai thac
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thém luc dja vi du tham do dau khi, cong trinh
cAu vuot bién, hodc cac du 4n nha may di¢n
gid, dién song, thuy triéu, do tinh chat phuc
tap cua song — triéu két hop nén can thiét phai
thi nghiém mo hinh vat 1y. Mt khac, ban than
MHVL ciing can phai nghién ciru siu hon nita
dé tim ra van dé tuong tu vat liu trong thi
nghiém mo hinh 1ong dong dé két qua thi
nghiém MHVL sat hon véi thyc té.

4. KET LUAN

Sau hon 60 ndm, nghién ctu thi nghiém mo
hinh vat 1y da dong gop rat 16n vao khoa hoc
va thuc tién nganh thiy lgi nuéc nha. Hién
nay, bat chap sy phat trién, cai tién va ap
dung rong rai cac phuong phap s6 va mo hinh
toan, nhung d6i v6i nhidu van dé trong thé
gidi thuc, khong c6 giai phap toan hoc va sd
nao du manh dé giai quyét toan bd van dé
thuy luc phuc tap. Tuong tu nhu vay, mot
minh mé hinh vat 1y cling khong giai quyét
duoc nhiéu van dé trong thé gi6i thuc. Thé
nén, cac mo hinh vat Iy va mé hinh ) dang
duge coi 12 cac phuong phap bd tro, cong
sinh v&i1 nhau. Do do, trong tuong lai, cac
phong thi nghiém van can thiét duy tri nghién
ciru manh mé€ vao mo hinh vat ly, cung voi do
12 dau tu ung dung, phat trién mo hinh sé va
phuong tién tinh toan, dé hd tro bd sung cho
nhau cung phat trién lau dai.
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