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song than dung mo hinh s6 tich hop

A study on the influence of submarine debris flow rheology on tsunamis
using an integrated numerical model

Pham Van Khoi”

Khoa Céng trinh, Trwdong Dai hoc Hang hdi Viét Nam

Tir khéa: TOM TAT

Luu bién e o v Ak o e

. v Duwéi tdc dong cla cac hién twong dia chan, khoi dat ngam ¢ ria luc dia c6 thé sat 14, tao ra

Dong sat 1 ngam , N W Ax LA s lom 2. A . par 1AL s
séng than lan truyén dén bo va bién, tir d6, de doa nghiém trong dén co s& vat chat va tinh

ls\/ﬁ;lﬁit:}? 1516 mang con nguc‘ri trén dwong di chu’yé’n ctia né. Nghién ctru nay str dung mo hinh sé tich l}qp
mo phong déng thoi dong sat 1 ddt ngdm va sy hinh thanh, lan truyén cta séng than bang
hé phwong trinh phi tuyén nwéc ndong bao toan. Qua tac dong ctia lwu bién dong sat 16 dat
ngam, bao gbm ma st trong, tinh réi va tinh chay, din dén dic trung séng than lan truyén
¢6 sy khac nhau trong cung diéu kién bién vé thé tich khdi sat va thoi gian mo6 phong. Khi
tinh chay nho, chiéu dai sat 1& va chiéu cao séng than lan truyén & phia bién 16n va véi tinh
chdy 16n, chiéu dai sat 1& va chiéu cao séng than & phia b 1¢n. Két qua ctia nghién ctiru nay
g6p phan bd sung ly thuyét tinh toan dé ly giai sw phirc tap ca hién twong séng than do sat
1& dat ngdm trong thuc té.
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Submarine debris flow Under the .1nﬂuence of selsrr?lc phenom.ena, the submarine mass on the continental shelf

Tsunami edge can slide down, generating tsunami waves that propagate both towards the shore and

out to sea, thereby threatening infrastructure and human life. This study uses an integrated
numerical model to simultaneously simulate both the submarine landslide and tsunami
waves using the nonlinear shallow water equations. Under the effect of the rheological
properties of the submarine landslide, including internal friction, turbulence, and yield
stress, the propagated tsunami characteristics are different in the same conditions of the
landslide volume and simulation time. With the low value of yield stress, the landslide
length and tsunami wave height are larger in seaward areas. On the other hand, with the
high value of yield stress, the landslide length and tsunami wave height are larger in coastal
areas. The results of this study contribute to enhancing the theoretical computations for
explaining the complexity of tsunami phenomena caused by submarine landslides in real-
life scenarios.
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Pham Vdn Khoi

Nghién cttu dnh hwéng lwu bién ctia dong sat I ddt ngdm tdi ddc trwng séng thdn diing mé hinh sé tich hop

1. Giéi thigu

Véi ddc diém hinh thanh ngoai bién sau,
viéc xac dinh vi tri va co ché hinh thanh s6ng
than dén nay van 1a mot thi thach 16m déi véi
con nguwoi [1], [2], [3], [4], [5]- Trong cac
nguyén nhan hinh thanh séng than, sat1& dat
ngam dwéi day bién dwgc xem la kho xac
dinh nhit [2]. Sat 1& d4t ngdm thuwong bat
nguon tir cac hién twong dia chdn nhw déng
dat hay nui Itra phun trao nén khi tinh toan
c6 thé bi nhadm 1an v&i cac nguyén nhan dia
chan tao ra s6ng than [2], [3]. X4c dinh chinh
xac hinh dang, kich thwéc ctia khéi dat ngdm
da sat 16 va khoi dat ngdm ban dau gdp nhiéu
han ché do diéu kién ti€p cin khé khan va
thi€u hut s6 liéu do dac thuc té [3], [4].

Mo hinh s6 mé phong sat 1& dat ngam tao
song than dwoc st dung phé bién hon mé
hinh vit 1y do tinh hiéu qua diu tw va chi phi
thwc hién thap. Theo lich s phat trién cla
md hinh sé, tir viéc si dung riéng mé hinh
mo phong sat 1& dat va moé hinh mé phong
song than, dén nay, cic mé hinh sé nay da
dworc tich hop trong mét moé hinh duy nhit
v&i didc diém chung 1a thé hién moi lién hé
gitra chiéu siu sat 1& dat va chiéu sdu nwéc
[5], [6], [7], [8], [9]. Yéu t6 khé khin nht khi
mé phong dong sat 1& dat ngdm chinh la xac
dinh cac thanh phin ma sat cta khoi dat
ngam, hay con goi la tinh lwu bién ctia khoi
dat ngdm. Naef va cic cong sw [10] da st
dung cac thanh phin nhw tinh ma sat trong,
tinh réi, va tinh chady trong mé hinh sé6 mot
chiéu dé so sanh dic tinh lwu bién ctia dong
sat 1¢ dat. Tuy nhién, nghién ctru cia nhém
tc gid nay chi xét dén dong sat 1 dit trén bo
trong mot mo hinh sé don gian. Tlr d6, trong
nghién cttu nay, tac gia cé xét t&i cac tinh lwu
bién khac nhau dé dwa vao md hinh s6 tich
hop nham mé phéng dong sat 1& dat va anh
hwéng ctia né téi dic trung séng than hinh
thanh va lan truyén.
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Tiép theo, phan 2 gi&i thiéu mo hinh so
tich hgp mé phdng s6ng than do sat 1& dat
ngam va phwong phap giai. Phin 3 &ng dung
md hinh s6 tich hgp mé phong khéi sat 16 dat
ngam tao séng than thwc té cho bai toan mot
chiéu. Phan 4 trinh bay anh hwdng tinh lwu
bién ctia dong sat 1& dat ngdm dén dic trung
song than va tién hanh thao luan. K&t luan va
hwéng nghién ctru trong twong lai dwoc trinh
bay tai phan 5.

2. M6 hinh s6 tich hop mé phéng séng
than do sat 1& dat ngam

Trong nghién ctru nay, mé hinh s6 mot
chiéu dwoc phat trién dwa trén su tich hop
gitta mo hinh sat 1& dat ngdm va mdé hinh
song than c6 str dung nhit quan hé phwong
trinh phi tuyén nwéc néng dang bdo toan
[11]. M6 hinh sat1& dat ngdm trén day khong
x0i st dung bién bé mat dat (sz) va van téc
phén t& dat (u:), trong khi d6, m6 hinh séng
than str dung bién bé mat nwéc (s2) va van
téc phan ti nwéc (uz), dwge minh hoa trén
Hinh 1. S6ng than hinh thanh khi bé mat dat
ngam thay d6i, tir do, dan dén chiéu sdu nwéc
bién doi theo.

L song than
- \ — U 7 mure nude
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N
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U
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Hinh 1. M6 hinh sé tich hgp mo6 hinh sat 16 @4t ngdm
va mo hinh s6ng than, str dungnhit quan
hé toa do (b, s).

2.1. Mé hinh sat 1& ddt ngdm

Hé phwong trinh chti dao mo6 phéng sat1é&
dit ngdm mot chiéu bao gbm phwong trinh
lién tuc va phwong trinh dong lwong:
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%Jr%: (1)
ot ox
oP, OF
8_1‘1 a_ijgz(Sz'bz)(Saz'sz) (2)
Trong do:

P,=(s,-b,)u, 1a lru lwong don vi cla

dong sat & dat ngam;

Flz(sz-bl)ulﬁégl[sl-bl)z 1a théng lwong

cia dong sat 1¢& dat ngam; S, = ? =tan6 la
X

d6é doc day khéng x6i cua dong sat 1& dat
ngam; #la goc déc; bs 1a cao d6 day khong
x0i; g1 1a gia t6c trong trweong c6 ké dén luc
day noi cia nwéce [12]; Sp la thanh phan do
doc do lwe can ma sat, dwoc xac dinh theo dic
tinh lwu bién hoc cia dong sat 1& diat ngam.

2.2. Tinh lwu bién ctia dong sat 16 ddt ngdm

Duwéi tdc dong cua dong dat hay cac hoat
déng dia chin khac, khoi sat 1& diat ngdm
dudi day c6 dd déc @ lon, c6 thé khéi dong
va treot xuéng tao ra ing suat sat 16. Trong
qué trinh chuyén dong, khdi dit phat sinh
rng suat cadn do ma sat noi tai va gitra khoi
dit véi moi treong xung quanh. Dic tinh nay
goi la tinh lwu bién cta dong sat 1& dat [1],
[4], [10]. Soz va Spz 1an lwot 1a thanh phan &ng
sudt sat 1& va rng suit can trong phwong
trinh dong lwong (2) cta hé phwong trinh
chi dao mo6 hinh sat 1& dit ngam. Tinh lwu
bién cua khoi sat 16 dat ngdm dwogc thé hién
b&i ma sat trong, ma sat bé mét (tinh réi) va
tinh chay ctia vat liéu dat sat 1&. Cac dac tinh
nay dwgc thé hién thong qua cac thanh phan
trong cong thirc sau [1], [10]:

T
Y

pg1(s1 'b1)

nu, fu,|
[51 _ b1)4/3

S, = tangcos6 +

(3)

Trong codng thirc (3), tinh ma sat trong,
tinh réi, va tinh chay lan lwgt dwoc thé hién
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bang géc ma sat trong ¢ (°), hé s6 ma sat bé
mdt n (m1/3s), va ing sudt chay v, (N/m?2).
Muc tiéu ctia nghién ctru nay la diéu khién ba
hé s6 trén, dai dién cho ba dic tinh lwu bién
cia dong sat 1&¢ dit ngdm trong cung mot
diéu kién bién dé thiy dwoc anh hudng cla
chung dén dic trwng hinh thanh va lan
truyén cua song than.

2.3. M6 hinh séng thdn

S6ng than dwoc hinh thanh do bé mat dat
ngam (s:) thay déi, dan dén cao dd bé mait
day bién (b2 = s1) thay d6i theo khong gian va
thoi gian, tir d6, chiéu sdu nwéc bién doi, tao
ra song than. Hé phwong trinh phi tuyén
nwdc nong bao toan dwoc st dung nhit quan,
bao gobm phwong trinh lién tuc va phwong
trinh dong lwong:

&, 0P, _0b, "
ot ox ot

oP, OF

a o 9 )SuSe) )

Véi, P, = (s, - b, )u, 1a lwvu lwong don vi cla
. 1
séng than; F,=(s,-b,)u,’ +Eg(52 -b, ) 1a

? 7 A b \ A
thong lwong cua song than; S, =-aa—2 la do
X

déc day bién; g la gia t6c trong truong;
2
_ Gy |
7~ 4/3
(s,-b,)
can ma sat cia phan ti nwéc véi day bién; Cm
la hé s6 ma sat day.

la thanh phan d6 déc do luc

2.4. Phwong phdp gidi hé phwong trinh chii dao

Do sw nhit quan vé cich dit bién s6, dang
bao toan cia hé phwong trinh phi tuyén nwéc
néng thudc hai hé phwong trinh chti dao gom
phwong phap hon hop sai phan hiru han - thé
tich hitu han va phwong phap twong minh
Runge - Kutta bac ba ba budc dwoc nhat
quan st dung dé twong Ung gidi vi phin
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khong gian va thoi gian. Khi gidi vi phan theo
khong gian, phwong phap sai phan tién dwoc
str dung d€ tinh cac thanh phin do doc So,
Soz. Thanh phan thong lwong F1, F2 dwoc thuc
hién giai vi phan thong qua phwong phap thé
tich hitu han két hop trung binh trong sé
théng lwong va tong bién thién gidm dan. Chi
tiét phwong phap thé tich hiru han dwoc
trinh bay trong cac tailiéu [11], [12]. M6 hinh
sO tich hop dwoc kiém chimg véi s6 liéu thi
nghiém mo hinh véat Iy khéi cat ngdm sat 16 tao
song [13] va duoc trinh bay trong tai liéu [11].

3. Thiét l1ap mo6 hinh va két qua mo phong
sat 1&’ dat ngam tao song thian

Mién tinh toan mo phong sat 1& dat ngdm
tao séng than trong nghién ctru nay dwoc
thiét1ap dwa trén mién tinh toan thwc té khoi
sat 1& dat ngdm Currituck tao séng than xay
ra tai bo Pong nwérc My [4]. Trong mién tinh
toan mot chiéu dai 75 km, kh6i dat sat1é ban
dau c6 hinh tam giac véi chiéu dai Ls = 9,6
km, chiéu cao Hs = 1,009 km, tao ra thé tich
trén mot don vi mét dai la 4,843 km3. Khoi

song than

dat sat 1& trén mai doc khong x6i c6 goc déc
0 = 69, chiéu sdu nwéc bén trai (phia bo) 1a hy
=250 m, chiéu sdu nwéc bén phai (phia bién)
la h, = 2500 m (Hinh 2). Md hinh s8 dwoc
thiét lap twong &ng véi kich thwéc thue té
cia khai sat 16 dit ngdm tao séng than. Kich
thwée ledi tinh todn Ax = 100 m, budc thoi
gian At = 0,2 s @0 nh6 d€ dam bao d6 6n dinh
cia md hinh. Hé s6 ma sat day Cm = 0,014 m-
1/35 [11]. Dung trong riéng ctia khoi dat ngam
c6 xét dén lwc day néi p = 800 kg/m3. Tinh
lwu bién dwgc thé hién béi tinh ma sat trong
va tinh roi (tinh lwu bién Voellmy) twong trng
v&i hai hé s6 géc ma sat trong ¢ =24°van =
0,12 m1/3s [11], [14], [15]. GOc toa db theo
phwong x dwgc dwa vé tdm sat 16 dat ngam
(gitta mién tinh todn) va gbc toa do theo
phwong z dit tai myc nwée tinh (Hinh 2). Két
qua md phong sat 1& diat ngdm tao séng than
theo thoi gian dwoc thé hién trén Hinh 3. Dua
trén mirc do anh hwong tdi con nguoi va tai
nguyén, dac treng chiéu cao va van tdc ciia song
than dwoc trinh bay trong nghién ciru nay.
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Hinh 2. Mién tinh todn mét chiéu mo hinh sat 1& dit ngdm tao song thin.
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Hinh 3. K&t qua m6 phong sat 1& dit ngdm tao séng thin
tai cac thoi diém: (a) t=1s; (b) 10s; (c) 20s; (d) 50 s; (e) 100s.

Theo Hinh 3a, tai thoi diém t = 1 s, khéi dat
ngam sat ngay tai tim sat véi mot thé tich rat
nhé V =0,016 km31am cho day bién thay doi,
tao ra song than c6 mdt bung (séng bén trai,
cao do -150 m) va mdt dinh (séng bén phai,
cao do +123 m). Tai t = 10 s (Hinh 3b), khdi
dat ngdm tiép tuc sat xuéng v&i thé tich V =
0,175 km3, truyén nang lwgng cho séng than
trén mat bién. Séng bén phai cé vin toc 16n
hon nén lan truyén nhanh, tao ra mot dinh
song c6 cao do +134 m va mot bung séng co
cao dd -72 m, séng bén trai lan truyén chim
hon véi mot bung song cao do -106 m.

Dbén thoi diém t = 20 s (Hinh 3c¢), khoi dat
sat xudng mai déc, hinh dang bat dau ro rang,
v&ithé tich V = 0,324 km3. Séng bén phai tiép
tuc lan truyén kha 6n dinh véi cao do dinh
+115 m va cao do bung -40 m. S6ng bén trai
c6 xu hwéng ting cao d6 bung dén -170 m do
ti€p thém nang lwgng cho khoi sat bén trai
tAm sat. Tai thoi di€ém t = 50 s nhw Hinh 3d,
khoi sat tiép tuc sat xudng v&i thé tich sat V
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= 0,536 km3, song bén trai lan truyén vé ving
nwéc nong tao ra mot dinh véi cao do +40 m
va mot bung véi cao dd -65 m. Séng bén phai
lan truyén kha on dinh v&i mot bung c6 cao
dd -40 m va mot dinh c6 cao dd +90 m. Dén
thoi diém t = 100 s (Hinh 3e), khoi sat tang
1én khong dang ké véi thé tich V = 0,550 kms3.
Séng bén trai lan truyén 6n dinh v&i mot
bung cao d6 -21 m va mot dinh cao do +43 m.
Twong tw, séng bén phai ciing lan truyén véi
mot bung cao do -47 m va mét dinh cao do
+66 m.

4. Anh hwéng Iru bién ctia dong sat 16 dat
ngam t&i dac trrng séng than

Theo Hinh 3d va Hinh 3e, thoi gian mo
phdng ting tir 50 s dén 100 s (ting 100%),
thé tich sat 1& tang tir 0,536 km3 dén 0,550
km3 (tang 2,6%) cho thidy tdc do sat 1& rat
nhd, dwoc xem 1a 6n dinh. Ngoai ra, hinh
dang séng than lan truyén phia bién va phia
bo gitt dwoc sw 6n dinh véi mot dinh séng va
mot bung séng moi bén. Vi vay, trong nghién



Pham Vdn Khoi

Nghién cttu dnh hwéng lwu bién ctia dong sat I ddt ngdm téi ddc trwng séng thdn diing mé hinh sé tich hop

ctru nay, diéu kién bién chung dworc lwa chon
dé xét anh hwéng lwu bién cia dong sat ¢ dat
ngam t&i dac treng séng than 1a thé tich khaoi
sat 1& dat ngam V = 0,550 km3 tai thoi diém t
=100s.

Theo muc 2.2, tinh lwu bién cia dong sat
& dat ngdm dwoc thé hién béi tinh ma sat
trong (géc ma sat trong ¢), tinh réi (hé so
nham Manning n) va tinh chdy (&ng suat
chdy ). Trong phin 3, két qua mé phdong sat
16 dat ngdm tao séng than dwgc trinh bay
theo mo hinh lwu bién Voellmy, trong dd, chi
xét tinh ma sat trong va tinh r6i, bé qua tinh
chay (rng suit chay 7 = 0). Tuy nhién, xét vé
ban chit vat ly, khi dong vt liéu chuyén
dong, tinh ma sat trong va tinh chay ton tai.
Riéng tinh réi c6 thé bo qua néu bé mat day
khong x6i, hoan toan nhan, tirc hé s6 nham
bé mat n = 0. Trong nghién cru nay, tac gia
c6 xét dén tinh chay (dai dién l1a hé s6 rng
sudt chdy z) trong tinh Iwu bién cia dong sat
1& ddt ngdm nhw thé hién & Bang 1. Cic thong
s6 lwu bién cé vai tro chi phdi mic d6 sat 1&
cda khoi dat ngm, tir dé, lam cho hinh dang
cia khoi sau sat 1& va s6ng than hinh thanh
c6 dac diém riéng.

Nghién cru dwa ra ba trweong hop dé xem
xét anh hwdng lwu bién cda khdi sat 1& dat
ngam t&i dic trueng song than:

Trwong hop 1 (TH1) - Khong xét t&i tinh
chay, chi xét tinh ma sat trong va tinh réi;

Trwong hop 2 (TH2) - Khong xét téi tinh
r6i chi xét t&i tinh ma sat trong va tinh chay;

Trwong hop 3 (TH3) - Xét tinh ma sat
trong, tinh r6i va tinh chdy (hé s6 ma sat
trong va hé s6 nham déu gidm mot ntra).

Khi xét t&i hé s6 (rng suat chay 7, du cing
mot diéu kién bién thé tich khoi sat, nhuwng
hinh dang khdi sat khac nhau, din dén dac
trieng song than lan truyén ciing khac nhau,
nhuw trén Hinh 4. Qua d6, c6 thé thiy hinh dang
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ctia khoi sat 1 dat ngdm va dac trung séng than
ctia ba trromg hop kha giong nhau tai cac thoi
diém dau t = 1 s va t = 10 s, khac nhau tai cac
thoi diém tiép theo t =20 svat =50, khac nhau
ro rét tai thoi diém t=100s.

Tai t = 1 s (Hinh 4a), do thé tich khéi sat
riat nho, nén dic trung séng than trong ba
trweong hop déu c6 hinh dang mét dinh va
mot bung véi chiéu cao gan nhw khéng khac
biét. Dén thoi diém t= 10 s (Hinh 4b), thé tich
khdi sat bat dau khac biét, cht yéu tai phan
chan sat, tung d6 séng thin tr& nén khong
giong nhau, kh6 nhan biét bang mat thudng.

bén thoi diém t = 20 s (Hinh 4c), ¢ thé
thiy dac trueng khoi sat 1& dat ngdm va song
than lan truyén da bat dau khac biét rd hon.
Hinh dang khoi sat 1& dat ngdm cua TH1 va
TH2 gin giéng nhau, chi khdc mét it & phan
dudi chan sat, riéeng TH3 khac hoan toan.
Ngoai ra, khoi dat sat TH3 con c6 diém khac
biét so v&i hai trwong hop TH1 va THZ nhw
phin dinh sat (bén trai tim sat) kha giong
TH1 va TH2, phan chén sat (bén phai tim
sat) co6 chiéu siu sat 1én hon va chiéu dai sat
nhé hon. Diéu nay dan dén hinh dang séng
bén trai giong nhau, hinh dang séng va chiéu
cao séng bén phai (twong &ng véi mién chin
sat) sai khac. C6 thé thiy bang mat thwong,
dinh s6ng bén phai ctia hai trweong hop TH 1
va TH2 1é6n hon dinh s6ng bén phai ciia TH3.
Khi thoi gian mo phong t = 50 s (Hinh 4d), cé
thé thiy hinh dang khdoi dat sat ciia TH3 khéc
biét ré rét so véi TH1 va TH2. O phan dinh
khoi sat, chiéu dai sat 1&n hon nhwng chiéu
cao nhé hon, trong khi & phan chan khoi sat
thi ngwoc lai, nhw vay, chiéu cao bung séng
bén trai 16n hon va chiéu cao dinh séng bén
phai nho hon.

Dén thoi diém t = 100 s (Hinh 4e), vin t6c
sat 1& dat ngdm da chim lai so véi toc dd lan
truyén song, cé thé thiy hinh dang va vi tri
cda khoi sat trong ba treong hgp gan nhw
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khong thay déi so véi thoi diém t = 50 s
nhung van dam bao téng thé tich khdi sat
déu nhw nhau la 0,550 km3. Do dnh hwéng
cda hinh dang khéi sat, ddc trweng séng than
lan truyén tai thoi diém nay cling cé sw khac
nhau dang ké, diac biét vé chiéu cao s6ng, nhw
thé hién trén Bang 1. Phia bén trai, bung song
c6 cao d6 kha gan nhau, nhé nhatla-21,82 m
thudc vé TH2 khi khong c6 ma sat bé mit cia
khoi sat 1& véi mat khong x6i day bién. Véi
dinh s6ng bén trai, chiéu dai dinh sat 1on
nhit nén dinh s6ng thuéc TH2 1é6n hon han
véi cao do 59,55 m. Tai s6ng bén phai, bung

song va dinh song ctia TH2 déu dat gia tri cao
do cuec tri twong rng v&i cac gia tri -48,67 m
va 71,08 m bdi chiéu dai chan khéi sat 16n
nhit. Nhw vay, c6 thé thiy chiéu dai sat 1& dat
ngam c6 anh hwdéng quyét dinh dé tao ra
thong s6 song than cuc tri trong cung diéu
kién vé thé tich khéi sat 16. Chiéu dai sat 1&
dat dwoc chi phdi béi cac thong s6 vé lwu
bién dong sat 1& dat, diac biét 1a anh hwdng
cda tinh chdy dwoc dai dién béi thong s6 rng
suat chay 7. I'ng suat chay lén 1am cho dinh
song & phia b 1én va ng suit chdy nho lam
cho dinh séng & phia bién 1én.

Bang 1. K&t qua xac dinh dic trung s6ng than theo tinh lwu bién ctia dong sat 1& dit ngdm
tai thoi diém t= 100 s, thé tich sat V= 0,550 km3.

n T Hi (m) Hg (M)
Tinh lwu bién T™H ¢ () a3 7
(m1/3s) (Nm-2) Min Max min max
Tinh ma sat trong
L 1 24 0,12 0 -21,29 43,06 -46,50 65,57
va tinh roi
Tinh ma sat trong
2 24 0 3500 -21,82 41,97 -48,67 71,08
va tinh chay
Tinh att )
;1ih ma sat trong 3 12 0,06 489000 -1830 59,55  -3369 58,18
tinh réi va tinh chay
) 250
a 1
0 1
- - Ma sit trong & roi
---Ma sét trong & chay
—Ma sét trong, roi & chay
5 t=1s
E] -1250
%‘—1100
Elwso
- -2000
-2250
-2500
-20 -10 0 10 20

khoang cach tir tim sat (km)

b) 0

w

UV S
G S G
S S &

bé mit sat 1o ddt song thén (m)
32 B 2
A =3 A (=1
(=1 =3 =3 (=]

-2000

-2250

-2500
-20

- - Ma sat trong & r6i
——Ma sat trong & chay
—Ma sat trong, roi & chay

t=10s

0 10 20

khoang céach tir tim sat (km)

33



Pham Vdn Khoi

Nghién cttu dnh hwéng lwu bién ctia dong sat I ddt ngdm téi ddc trwng séng thdn diing mé hinh sé tich hop

250

) 0

-250

M

=500
=750
-1000
-1250
-1500

-1750

bé mit sat 1& dat song thin (m)

-2000
-2250

-2500
-20 -10

- - Ma sat trong & rdi
—-Ma sat trong & chay
—Ma sat trong, 16i & chay

t=20s

0

10 20

khoang cach tir tdm sat (km)

250

0

d) o
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10
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Hinh 4. Két qua m6 phong anh hwéng Iwu bién cta khdi sat 16 dat ngdm téi dic trung séng than
tai cac thoi diém: (a) t=1s; (b) 10 s; (c) 20s; (d) 50 s; (e) 100s.

5. Két luan

Bai bao da trinh bay anh hwéng cta tinh
lwu bién dong chay sat 16 dat ngam dén dac
tring s6ng than hinh thanh valan truyén. M6
hinh s6 tich hop st dung nhat quin hé
phwong trinh phi tuyén nwéc néng bao toan
dé mo6 phong dong thoi dong chay sat 16 dat
ngam va séng than. O'ng suit chay, dai dién
cho tinh chay ctia dong lwu bién, dwoc dwa
vao thanh phan d6 déc ma sat cung vi tinh
ma sat trong va tinh réi trong mé hinh moé
phdong dé xét anh hwdng lwu bién dong sat 1&
dit ngdm téi séng than.
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M6 hinh s6 tich hop dwgc gidi nhat quan
theo phwong phap hon hop sai phan hitu han
— thé tich htru han cho vi phan khong gian va
phwong phap Runge-Kutta ba buwéc bac ba
cho vi phan thoi gian. M6 hinh sé tich hop
dwoc st dung dé mo phéng khéi sat 1& dat
ngam Currituck (My) tao ra séng than lan
truyén theo thoi gian thuwe, nhung chixét dén
tinh ma sat trong va tinh réi trong tinh lwu
bién. Khoi sat cé thé tich don vi gin 5 km3,
sat xuéng mai déc 6°, trong vung bién cé do
siu tir 250 m dén 2500 m, tao ra chiéu cao
song than 16n nhit 1én dén 66 m sau 100 s
lan truyén. Tinh chay sau d6 dwoc dwa vao
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thanh phin d6 d6c ma sat (theo gia tri &ng
suat chdy 7)) d€ khdo sat anh hwdng cda tinh
lwu bién dong sat 1& téi dic treng séng than
trong cung diéu kién bién vé thé tich khoi sat
va thoi gian md phong. Két qua cho thiy ing
suat chdy 1on lam cho chiéu dai sat 1& va
chiéu cao s6ng than phia bo ting 1én, rng
suat chdy nho khién chiéu dai sat 1& va chiéu
cao song than & phia bién 16n hon. Trong cac
nghién ctru tiép theo, tc gia sé thwc hién xem
xét cac tinh lwu bién khac d€ mo6 phong anh
hwéng dén dong sat 1& dat ngdm ciing nhw
dac trung séng than hinh thanh va lan
truyén.
Tuyén boé khong xung dot lgii ich va cam
két ban quyén

Tac gid tuyén b6 vé sy khong xuat hién
nhitng xung dot tiém 4n tr nghién ctru nay,
va cam két bai bao chwa tirng dwoc cong bd
trudre day.
Chia sé dir liéu theo yéu cau

Dit liéu sé dwoc cung cip theo yéu ciu.
Loi cam on

Nghién ctru nay dwoc tai tro béi Trwong

Pai hoc Hang hai Viét Nam trong dé tai ma
s6: DT24-25.84.
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