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Tém tit

Bai bao nghién cvu hién twong khi thyc va dao
déng dp sudt trong phan cén ong it tuabin
Francis cét niede cao bang mé phong sé hai pha
CFD. M6 hinh sw dung phwong trinh Rayleigh-
Plesset va dwoc xdc thuc voi dir liéu thuc nghiém
tai Dai hoc Khoa hoc va Céng nghé Na Uy
(NTNU). Két qud cho thdy, dong xody khi thuc
hinh thanh 16 rét khi hé s6 khi thwc giam, dan dén
dao déng dp sudt manh véi cdc dinh phé tai 0,2
va 0,7 lan tan sé quay, ¢é nguy co gdy cong huong
thiy dm. Hién twong ndy lam giam hiéu sudt 16
may, dong thoi gdy an mon va nirt canh banh céng
tac (BXCT). Nghién civu khdng dinh hiéu qua cia
CFD hai pha trong phén tich thity liec va dé xudt
mot s6 gidi phdp kj thudt nham giam dao déng,
nang cao do on dinh va tuéi tho tuabin trong diéu
kién vdn hanh phirc tap.

Tu khoéa: T uabjn Francis, CFD, khi thwc, dao
dong ap suat, so6 Thoma, mon canh banh cong tac.
Abstract

This paper investigates cavitation phenomena and
pressure pulsations in the draft tube cone of a
high-head Francis turbine using two-phase CFD
simulations. The numerical model employs the
Rayleigh-Plesset equation and is validated
against experimental data from the Norwegian
University of Science and Technology (NTNU).
Cavitation vortices emerge at low Thoma
numbers, producing pressure fluctuations with
spectral peaks at 0.2 and 0.7 runner frequency,
implying possible hydro-acoustic resonance. This
phenomenon reduces turbine efficiency and may
cause erosion and cracking of the runner blades.
The study confirms the effectiveness of two-phase
CFD in hydraulic analysis and proposes technical

solutions to mitigate pressure pulsations, enhance

operational stability, and extend the turbines
service life under complex operating conditions.
Keywords: Francis turbine, CFD, cavitation,

pressure pulsation, Thoma number, runner blade
erosion.

1. Giéi thiéu

Trong bdi canh nhu ciu ning lugng tai tao ngay
cang ting, nhim giam thiéu phat thai cac bon va ning
cao tinh bén vimng trong hé thdng dién qudc gia, thuy
dién tiép tuc dong vai tro then chét trong viée cung
cap ngudn dién on dinh va diéu chinh cong suit linh
hoat. Trong s6 cac loai tuabin thuy luc, tuabin Francis
duoc st dung rong rai trong cac nha may thuy dién
v6i uu diém noi bat 1a hidu suat cao, kha niang thich
nghi vdi dai ¢t nude rong va cAu tric van hanh én
dinh. Tuy nhién, khi t6 may van hanh ngoai diéu kién
thiétké dicbiétla trong cac ché do phu tai thép hodc
cao hién tugng dao dong ap suat trong 6ng hut do
dong chay xody hinh thanh ¢ thé din dén rung dong
thity luc nghiém trong, gdy anh huéng dén do 6n dinh
va tudi tho cua thiét bi [1-4].

Mot trong nhiing hién tugng thiy luc dac trung 1a
sw xudt hién cua “ddy xody khi thuc” (cavitation
vortex rope) trong 6ng hut dudi diéu kién van hanh
khong t6i wu. Cau tric xody nay 1a ngudn phat sinh
cac dao dong ap suat tan so thap co kha nang lan
truyén va khuéch dai trong hé thong, gy cong hudng
v6i cac thanh phan két cdu hodc hé thong thiy luc din
dén rung dong manh. Cac nghién ctru trude ddy di cho
thdy rang hinh dang va dic tinh cua day xoay khi thyc
phu thudc dang ké vao luu lugng, bién dang tuabin va
diéu kién van hanh. Bén canh do, cac cong trinh thuc
nghiém va mé phong s6 gan day ciing chi ra ring viéc
t6i uu hoa hinh hoc banh cong tac (BXCT), cai tién
ché d6 cap khi hodc didu chinh céu hinh éng hut c6
thé 1am giam bién d6 dao dong 4p suét, qua do6 cai
thién d6 6n dinh van hanh cia té may [5-9].
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Tai Viét Nam, nhiéu nha may thiy dién st dung
tuabin Francis c¢6 cdt nuée lam viée cao. Thuc tién van
hanh da ghi nhan hién tugng tang dot ngdt xung ap
suét trong dng hiit tai cac diéu kién tai ngoai thiét ké,
ddc biét 1a khi t6 méay van hanh & myc nude hod chira
thap hoic tai trong cao [9]. Nhimng xung dong nay lam
tang dao dong vanh trén tuabin, truc may phat va cac
bd phan co khi, dan dén nguy co hu hong va giam hiéu
qua phat dién. Trong khi cac nghién ctru qudc té di co
nhiéu déng gép quan trong, thi tai Viét Nam céc
nghién ctru chuyén sau vé co ché hinh thanh va dic
diém dao dong ap suat ving xody trong 6ng hiit tuabin
Francis c6t nudc cao con tuong dbi han ché.

Trong bdi canh d6, bai bao nay tap trung nghién
cru dao dong 4p sudt ving xody trong dng hut cua
tuabin Francis ¢ ¢t nudc cao bang phuong phap mo
phong dong luc hoc chit long tinh toan (CFD).
Nghién ciru sir dung mé hinh s ba chiéu dé phan tich
su hinh thanh, phat trién cua dong xo4y khi thuc va
anh huong cia n6 dén dao dong ap suat trong dng hut.
Muc tiéu ctia nghién ciru nham 1am rd co ché dao dong
ap suat trong ving xody, tir d6 dé xuat cac giai phap
k¥ thuat nhiam han ché rung dong thiy luc, nang cao
d6 an toan va 6n dinh cho t6 may trong qua trinh van
hanh thuyc té.

2. M6 hinh thiy lwe va chia luoi

Mb hinh thiy lyc ba chiéu cua t6 hop tuabin
Francis trong nghién ctru dugc xdy dung diy du bao
gdm: budng xodn, hé thong canh huéng dong, BXCT
va dng hut. Hé théng dan dong sur dung 14 canh cb
dinh b tri trong budng xoén, 28 canh hudng dong
diéu chinh luu lugng va BXCT gom 30 canh (15 canh
dai, 15 canh ngin), kém theo mot 6ng hat hinh nén
chuyén tiép sang khuyu cong (Hinh 1).
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Hinh 1. Mé hinh 3D tuabin Francis

Toan by mo6 hinh thuy lyc dugc chia Iudi sir dung
phin mém ICEM CFD véi kiéu ludi co cau tric
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(structured mesh), tap trung mat d¢ ludi tai cac ving
bién 16p rdi, mép canh va diu ra BXCT - noi xuét hién
x0dy manh. Viéc chia ludi dugce thyc hién can trong
nham dam bao di d6 min dé bat dugc cac chi tiét dong
chay nhu day xody khi thuc ma khong lam tang chi
phi tinh toan (Hinh 2). Téng s6 phan tir ludi sir dung
trong m6 hinh vao khoang 10,94 tri¢u, bao gém:
Budng xodn va ving canh hudéng dong 3,25 triéu phan
tar; BXCT 4,04 triéu phan tir; va dng hat 3,65 triéu
phan tir.

b) LueGi min (10,94 triéu phan tir)

Hinh 2. Chia lwdi phén din dong tuabin

Pé dam bao tinh doc lap cua ludi, nghién ciru da
thuc hién xac minh bang phuong phap chi s6 hoi tu
luéi (GCI - Grid Convergence Index). Bay phuong an
luéi khac nhau da dugc so sanh thong qua hai dai
luong dAu ra 12 hiéu suét thuy lyc va luu lugng dong
qua tuabin. Két qua cho thdy khi sé phan tir vuot
ngudng 10,94 triéu, sai sd giita cac phuong an ludi
giam dudi 0,03%, xac nhan két qua mo phong khong
con phy thudc vao mat do ludi.

Mat d6 ludi tai cac ving c6 gradient van toc va ap
suat cao dugc tinh chinh dé dat gia tri y* <65 phu hop
cho mé hinh ri SST k- (<100), dam béo tinh chinh
xé4c trong md phong truong dong chay rdi va hién
tuong khi thyc phét sinh tai ving ap suit thap trong
dng hut.

3. M hinh khi thyc va diéu kién bién

Hién tuong khi thuc trong 6ng hat cta tuabin
Francis, dic biét dudi diéu kién van hanh ngoai thiét
ké, 1a nguyén nhan chinh dan dén sy hinh thanh day
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xody va dao dong ap sudt tan sb thip [10]. Dé mo
phong hién tuwong nay mot cach chinh xac, mé hinh
hai pha nudc-hoi da dugce s dung, véi phuong phap
tao bot dua trén phuong trinh Rayleigh-Plesset [11].
Mo hinh cho phép tinh toan thé tich hoi sinh ra tai cac
ving 4p suat thap khi ap suat tinh ciia dong chay tiém
c4n hodc nho hon 4p suat hoi bao hoa clia nude.

Trong nghién ctru, thé tich hoi dugc biéu dién
thong qua mit dang huéng 10% (vapor volume
fraction = 0,1), cho phép theo ddi truc quan hinh thai
day xoay khi thuc.

Trong d6, 6 14 s6 Thoma - chi sé dic trung cho kha
nang xuét hién khi thue, duoc tinh theo tiéu chuan IEC
60193.

1 ou 4
ceiCmon-z) o

Trong d6: poa 1& 4p suit tai dau ra 6ng hit;
p»~=3170 Pa la ap suét hoi bdo hoa & 20°C, H 1a cot
nudce cla tuabin; 4. 1a chiéu cao hut tuabin.

Mo phong sé CFD duoc thiét 1ap véi cac diéu kién
bién sau ddy dé dam bao phan anh chinh xac moi
truong thiy lyc thyc té. Tai cira vao, 4p suét toan phan
(Total Pressure) duogc thiét 1ap tai ctra vao budng xoén,
tuwong ung vdi ¢t nude trong cac ché @6 van hanh mot
phan phu tai (PL). Ap suat tinh (Static Pressure) duoc
duy tri khong ddi tai cira ra dng hat. Ap suat tham
chiéu dugc dat bang OPa, tuong ng v6i miat thoang
khi quyén tai muc nuée ha luu. Phan tiép giap giita
mién quay (BXCT) va mién tinh (dng hiit, budng xoén,
canh huéng dong) duge xtr 1y bang phuong phap
Frozen Rotor trong mé phong 6n dinh va Transient
Rotor-Stator trong mo phong khong 6n dinh, dam bao
tinh lién tuc truong dong chay. Tong thoi gian md
phong la 15 vong quay (twong duong 2,7s), dam bao
ghi nhan day du qua trinh hinh thanh, phat trién cta
day xo4y khi thuc trong mét chu ky dao dong day du.
Tt ca cac truong thong s duoc yéu cau hdi ty vai sai
s6 tuong d6i nho hon 1075 trong mdi bude thoi gian.
4. Két qua tinh todn va phén tich
4.1. Kiém chitng mé hinh

Dé danh gia do tin cdy cia md hinh mé phong
CFD, két qua tinh toan hiéu sut thuy luc cua tuabin
dugc so sanh véi dir liéu thuc nghiém thu thap tai
phong thi nghiém Pai hoc Khoa hoc va Cong ngh¢ Na
Uy (NTNU). M6 hinh tuabin c6 cng suat dinh mirc
22kW, cot nude thiét k& 12m, luu lwong dinh mirc
0,2m%/s, toc d6 quay dinh mic 335 vong/phut va
duodng kinh BXCT 1a 0,349m. Thong s6 chinh dugc
st dung dé xac thyuc 1a hiéu suét thiy lyc cta tuabin
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tai céc didu kién luu lugng khac nhau so véi diém tinh
toan Oy, bao gdm 0,750, Qu va 1,10, [7, 12].

Bang 1 cho thdy, sai s6 cuc dai giita m6 phong va
thuc nghiém khong vuot qua 9%, véi muc chénh 1éch
16n nhét 1 9% tai 0,75Qtt. Diéu nay chiing to mo hinh
s0 ¢6 kha nang phan anh t6t ning lugng ciia tuabin &
ca ché 6 van hanh t6i wu va ngoai thiét ké. Tong thé,
sai s6 nam trong pham vi cho phép theo khuyén nghi
ctia IEC 60193, cho thidy mo hinh CFD du tin cdy dé
tiép tuc phén tich dao dong 4p suat va khi thyc trong
cac didu kién phi tuyén.

Bing 1. Dj l¢ch gid tri mé men xoin BCXT giita tinh
todan va thi nghiém (Nm)/%

0,750+ Ou 1,10«
M6 phong 465 (9%) 706 (4%) 820 (7%)
Thinghiém  421(0%) 677(0%) 762(0%)

4.2. Ciu triic dong xody va sw phdt trién ciia
xody khi thuc

Két qua mod phong dong chay hai pha trong dng
hut tuabin Francis cho thay sy hinh thanh va phat trién
rd rét cua cac day xody khi thuc dudi diéu kién van
hanh ngoai thiét ké. Day xoay dugc dic trung boi thé
tich hoi tap trung doc tryc, hinh thanh tir viing tdm éng
hat va co xu hudng tién dong theo chiéu quay banh
cong tac trong ché do phu tai thap (PL). Diéu nay phu
hop v6i cac md ta hinh thai hoc trude do trong nghién
ctru cua Alligné [2] va Favrel [6].

M6 phong Thi nghiém tai NTNU

i —_—
\ﬂmfx,iﬂ{\wmwﬁa

L
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Hinh 3. Ddy xody khi thuwe trong éng hiit cho truong
hop biit dau khi thuc va khi thuwe manh a) 6=0,033
a=10%; b) 6=0,01a=10%

Hon nita, phan tich anh huéng ciia s6 Thoma (o)
cho thay khi thuc ting ddng ké khi o giam xudng dudi
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0,01, din dén su gia tang thé tich hoi va chiéu dai day
xody (Hinh 3). Co ché nay phan anh dung ban chét vét
1y ctia hién tuong khi thyc do ap sut tinh nho hon ap
suét hoi bdo hoa ctia nudc, nhu duge gidi thich béi
phuong trinh Rayleigh-Plesset trong cac mo hinh khi
thuc ¢o dién. Do d6, s6 Thoma cang nho chimg to
nguy co khi thue cang 16n, va vung khi thuc cang phat
trién manh, dan dén dao dong ap suét 16n hon va nguy
co mét 6n dinh thiy Iyc cao hon.
4.3. Dao dpng dp sudt va phé tin so

Hai diém do DT5 va DT7 duoc b tri trén phan
¢on cua dng hut dé giam sat ap suat cuc bo trong hé
théng (Hinh 4). Phd tan sb dugc phan tich bing
phuong phap bién d6i nhanh Fourier (FFT). Hinh 5
cho théy, tai diém DTS5 chiu sy anh hudng cia BXCT,
cac dinh dao dong ap sut xuét hién tai 29,55Hz,
tuong tng véi anh huéng cua sé lugng canh BXCT
(30 canh). Hinh 5 con cho thiy céc thanh phan dao
dong trong khoang 6Hz dén 20Hz, twong Ung véi
0,2.fn dén 0,7.fn (fn 1a tan s6 quay BXCT), ddy duoc
xéc dinh 1a két qua ctia chuyén dong tién dong khong
on dinh cta day xoay khi thuc [8]. Tai diém quan sat
DT7, chi xuét hién cac dao dong ap suit tan sb thap
va khong c6 su anh hudng cia BXCT.

l 34 ' i
£23
15
I 0.8
0.0

[m s*1]

Hinh 4. Phiin bé véc to' vin téc trén mt cit qua tim

dng hat

Amplitude [kPa]

f[Hz]

Hinh 5. Tin sé dao dong dp sudt cho diéu kign PL (o
=0,01) tai diém DTS5 va DT7 trén vé phin con éng hit

Két qua nay phu hop v6i mé ta cua Alligné [2],

Ky thuat va Cong nghé Hang hai

trong d6 md hinh SIMSEN cho thay dao dong ap sut
manh xuét hién tai tin s6 khoang (0,25+0,3)fn, di kém
véi hién tuong tu dao dong trong hé théng thuy lyc.
Pong thoi, nghién ctru thyc nghiém bang PIV cua
Favrel [6] cling ghi nhan pho dao dong 4p suat tai
(0,26+0,35)fn, voi bién d§ dao dong dat +50Pa tai khu
vuc twong tng trong dng hut. Thé tich khi thyuc trong
mo phong CFD cua nghién ctru nay dat gia tri cuc dai
chiém khoang 12%=+15% thé tich ving con dng hut -
tuong duong vdi ving xody dugc nhén dién qua ky
thuat dong chay rdi PIV trong [6].

Diédu nay xac nhan rang ddy xoay khi thuc dong
vai tro 1a ngudn kich thich thuy luc trong hé thong,
dan dén sy lan truyén song ap suat. Hinh 4 thé hién
phan b véc to van tdc trong phan con dng hiit ciing
khép véi cac dao ddng thu dugce. Trudng hop dac biét
khi tin sb tién dong tring khép véi tin sb riéng cua
hé théng c6 thé gay ra hién twong cong hudng thiy
4m manh m&, anh hudng nghiém trong dén hiéu qua
phat dién va tudi tho thiét bi. Diéu nay d dugc nhan
manh trong cac nghién ctru béi Sirok [4] va Nishi &
Liu [8].

4.4. Anh hwong ciia khi thwe dén d¢ bén binh
Xe cong tdc

Bén canh nhiing tic dong rd rét dén dao dong ap
suat va 6n dinh van hanh, hién tuong khi thyc con gay
ra cac hu hong nghiém trong vé mit co hoc dbi véi
BXCT. Du6i tac dong cuia dong xoay khi thyc manh
trong éng hut, dac biét tai ving sau mép ra canh, cac
bot khi hinh thanh va sup dd lién tuc d3 tao nén xung
ap sudt cuc bo 16n.

Khi cac bong bong khi thyc sup d6 gin bé mat
canh, chung sinh ra cac vi chin ap Iyc 1én dén hang
tram MPa, vuot qua gidi han mdi cuc bd cua vat ligu.
Qua trinh nay 1ap di 1ap lai theo chu ky hoat dong cta
tuabin, tao nén cac vét nirt tai vung mép ra va mat hut
ctua canh BXCT.

Theo thoi gian, cic diém moi tap trung phat trién
thanh vét nit bé mat va nirt xuyén chiéu day, dic biét
tai cac canh dai - noi chiu tai thuy lyc 16n hon. Cac
vét nit nay khong chi lam giam dang ké tudi tho két
céu cia BXCT ma con 1a ngudn khéi phét cho hién
tuong gy canh dot ngdt khi tuabin van hanh & diéu
kién tai cao hodc bi cong huong dao dong.

Mb phong dong chay két hop véi dir liéu thyc
nghiém cho thay khu virc c6 ty 1¢ thé tich hoi cao nhat
(vapor volume fraction >10%) thudng trung voi vi tri
¢6 mét do hu hong cao nhat trén cc t6 may van hanh
lau nam. Diéu nay cho thiy su can thiét phai kiém soat
khi thuc khong chi dé giam dao dong ap sudt ma con
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dé dam bao d6 bén co hoc va an toan dai han cua to

may. Cac nghién ctru gin day cua Celebioglu [3] va

Muller [13] ciing déu khing dinh rang khi thyc khong

chi anh huong dén dao dong thity luc ma con 1a yéu

t6 then chdt gy ra hu hong két cau trong BXCT, dic
biét khi van hanh & diéu kién ngoai thiét ké.

Vapour.Volume Fraction

0.98

0.86

0.73

0.61

| 0.49

0.37

0.24

0.12

0.00

a) Vi tri khi thyc trén la canh mé hinh

b) Vi tri khi thuc la canh giap vanh trén BXCT tuabin
Hinh 6. Khi thuc trén ld canh tuabin

Tur cac phan tich s6 hoc va dac diém thay luc thu
dugc, nhom tac gia dé xuét mot sb dinh hudng ap dung
nhu sau:

Tich hop phan tich CFD trong giai doan thiét ké
va van hanh tuabin méi. Cac nha san xuét tuabin nén
tich hop mé phong CFD tir giai doan thiét ké dé danh
gia trude cac ché d6 dong xoay trong 6ng hit, tir d6
t6i wru hoa hinh hoc banh cong tac va dudng hiit nham
han ché nguy co xuat hién day xody khi thuc va cong
hudng thay luc.

Thiét 1ap vung van hanh an toan trong thyc té van
hanh nha may. Két hop két qua mé phong véi dit liéu
van hanh thuc té dé xac dinh va gidi han vung cong
suat van hanh twong tmg véi do mé canh huéng dong
nham tranh cac diéu kién d& phat sinh dao dong tin s6
thip. Viéc cai dat “biéu dd van hanh t6i wu” theo timg
muc nude hd chira 1a can thiét dé giam thiéu rung
dong. Pay 1a budce di thiét yéu, dic biét trong cac nha
may co ho chira 16n véi bién dong myc nudce theo mua,
nhu da dugc chimg minh trong thyc tién van hanh tai
Viét Nam.

Trién khai hé théng giam sat thoi gian thuc dao
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dong ap suét va khi thuc. Viéc thiét 1ap cac diém do
dao dong 4p suét tai 6ng hit (nhu vi tri DTS trong
nghién ctru) va phan tich tin hi¢u theo thoi gian thuc
s& cho phép canh bao sém cac dicu kién bat thuong
lién quan dén khi thuc hodc mét 6n dinh thuy luc, tir
d6 hd trg bao tri du doan va van hanh linh hoat hon.
Xem xét cai tién cdu trac éng hut va bién phap bd
sung khi. Trong truong hop cac to may hién hiru co
biéu hién dao dong bét thuong, can tién hanh danh gia
kha ning cai tién cdu hinh dng hiit hodc ap dung cac
bién phap bd sung khi cudng birc tai vi tri hop 1y dé
giam bién do dao dong ap suat. Tuy nhién, cac cai tién
nay can duoc kiém dinh bang ca md phong va thir
nghiém mo hinh trude khi trién khai trén thuc té.

5. Két luin

Nghién ctru d str dung phuong phap mé phong sb
CFD dé phan tich dic diém dong chay, dao dong ap
sudt va hién twong khi thuc trong dng hut cua tuabin
Francis cot nudce cao dudi cac ché d6 van hanh ngoai
thiét ké. M6 hinh s6 duoc thiét 1ap dwa trén cau hinh
thuc t& va da duoc xac thyuc thong qua so sanh véi dir
ligu thue nghiém tir phong thi nghiém NTNU. Két qua
chinh cua nghién ciru ¢6 thé duge tong két nhur sau:

Mo hinh hai pha cho thdy thé tich ving khi thuc
tang dang ké khi s6 Thoma giam. Véi o = 0,01, khi
thuc dién ra manh va lan rong trong 6ng hut, lam gia
taing dao dong va nguy co cong hudong. Piéu nay
khang dinh s6 Thoma la thong s then chét trong danh
gia mue do khi thuc.

Phén tich phd tan s6 tai diém giam sat cho thiy cac
dinh dao dong xuét hién tai 0,2 va 0,7 1an tin s6 quay,
trung voi tan sé tién dong cuia day xoay. Hién twong
nay c6 thé gay cong huong thuy am khi tring véi tan
sO riéng ctia hé thong, din dén mét 6n dinh ap suat va
cong suat dau ra.

V& mit co hoc, hién tugng khi thuce tao ra cac xung
luc cuc bd cao gay nirt moi va an mon canh BXCT,
dac biét tai mép ra canh va vung mat huat. Day la
nguyén nhan chinh dan dén giy canh trong cac tb may
van hanh 1du nam.

Tir cac két qua trén, co thé khang dinh rang mo
hinh CFD két hop véi mo hinh khi thyc hai pha 1a
cong cy hidu qua dé phan tich cac hién twong thiy luc
phtre tap trong tuabin Francis. Nghién ctru nay khong
chi gép phan hiéu 16 hon vé co ché dao dong ap suét
va khi thue ma con mé ra hudng ing dung mé phong
trong thiét ké, t61 wu van hanh va bao tri du doan cho
cac to may thuy dién hién dai.

Trong céc nghién ctru tiép theo, nhom tac gia dy
kién: Két hop dir liéu van hanh thyc té va do dac tai
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hién truong (dao dong ap suét, tinh trang hu hong
canh) dé hiéu chinh mé hinh va lam r hiéu qua cac
giai phap k¥ thuat; Mo rong phan tich sang cac diéu
kién van hanh qua tai, muc nudc thay ddi nhanh va
tinh hudng bat thuong tai cac nha may cu thé; Panh
gi4 chi phi - hidu qua céc giai phap kiém soét dao dong
(nhu b sung khi cudng birc) da duoc ap dung so bd
tai mot sb t6 may ¢ Viét Nam.
Loi cdm on

Nghién ciru da str dung két qua thi nghiém mé hinh
cua phong thi nghiém thuy lyc Truong Pai hoc NTNU,
Na Uy.

Mo phéng s6 duoc thuc hién tai trung tam siéu
may tinh cua truong dai hoc Vii Han, Trung Qudc.
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