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MOQT SO THi NGHI EM VE DONG CHAY RIVER PLUME

DUONG NGQC HAI, NGUYEN TAT THANG

Vién Co hoc

Tém tit: Nghién ¢u v dong cliy river plume (Wt tit: RP) néi riéng va dng dong
chay duéi tac dung aia trong lec (hay con gi la cac dong gravity currents; & tat: GC) noi
chungda duoc TH gidi thiec hién trong nhéu nim qua nkyrng con kha @i mé & Viét Nam.
Bai bao nay trinh bayshg quan ¥ cac dong chiy gravity current néi chung va dong RP noi
riéng, clng mit s6 két qui nghién @u thec nghém va phan tich ly théy dong cliy RP ding
noi trén k¢ mat. Cac thi nghim it ly duec thuc hign wi cac mé hinh gt ly (flume model) md
phong dong chy RP i, hai chiéu trong mat cit theo plrong thing ding va c6 kich & thu
nho trong phong thi ngldm. Neéc mwi duroc s dung dé tao ra moi teeong xung quanh cho
dong RP, néc sinh hat duoc s dung dé tao ra RP. Caaiau do win toc va i thong camera
Vv6i phan mém phan tich wong \in toc PIV (Particle Imaging Velocimetry) va PTV (Paktic
Tracking Velocimetry)fa duoc sr dung dé tinh todn tirong win tc. Két qui thu dwoc 97
dung dé nghién @u cac @u tric dong chy va ciu trdc i trong dong RP. Mc tiéu heeng wi
tiép theo 1a nghiénatu cac @u tric dong chy va ciu trac i khi c6 mit bun cat va cac cht
lo ling tr @6 c6 the hiéu duoc cacddc trung aia dong cly va ndi lién hé cua chang i si
c6 mit ciia bun cét é6ng nhr cAc @ ché vin tai bun cét trong dong RP.

Bén @nh do, d¢ sau madi do rwéc nept tach ki day hinh thanh RPdi (d6 sau ti
diém phan tAch)ia duoc do dac. St dung phan tich th nguyén va cécdsliéu do dac, mjt
cong thic ban thrc nghibm da duwgc dé xuat d@é tinh toands sau nay trong trong hop tong
quét. Cac so sanhékqud tinh todn 8 dung cong thic nay Wi cac 9 lidu do aia cac thi
nghiém khéac va cacdsliéu do dac thec t# cac RP ¢ mét so ciza séng trén TA gidi (da duoc
cong I3 trén cac &p chi Quic ¥ c6 uy tin) cho thy cdng thic duoc dé xuit cho et qua tot.

Tir khoa: Gravity current (Density current), River Plume MP(PTV), Phan tich th
nguyén (Dimensional analysis), Detachment depth.

l. GIOI THI EU

1. Dong chiy trong trwong

Dong chiy RP théc vé 16p dong cliy trong trong da duoc dinh nghia theo not sb
cach trong duong trong nhiu tai liéu nghién ¢u va cac cdng trinh cong IQuic . Theo
Middleton G.V. [1]: “Cac dong dly do trong tnrong (hay trongtng la do mt do) la nmot
|op tong quét cac dong éh (ciing duoc biét dén nhr 14 cac dong cly phan &ng & mat vi



mé), trongdd dong chy xay ra do nling sr khac bét twong dbi nho vé khéi luong riéng -
mat do gitta hai clat long”. C6 ndt sd dang biéu hién aia cac dong aty GC trong cht

long chira ching hay dh long méi trong bao @m: trén I8 mat, ¢ gitra hay doi day. Sr

khac bt vé khéi lrong riéng cé th do mdt sb nguy@n nhan eimg han nhr sr khac bét

vé thanh pln, d6 man haic nhiét d6 [1]. Hinhanh thi nghém caa mjt GC trén B mat cé

thé thay trén hinh 1. Dong ély RP (hinh 2) 1a @t dang GC trén b mat dugc hinh thanh
khi nudc tir cac sdngld ra bén. Théng tlrong do rge sdng co kbi luong riéng nb hon

nude bién nén dong RP 14 dong GC tréhrit.

Mat thoang khdng khi

a1 truedrng

Hinh 1: Mét hinhanh thi nghém dong clly gravity current tréndmat [2]

Cau trac @ma mit dong GC c¢6 thduoc mé & chung nlr sau. Dong GC c6 pih dau
phan bét kha ré rang &i phan con hi (phan than).0 mat truéc oia pHin dau c6 cac bt
6n dinh dréi dang cac khe xen&va cing cwn. Pong lec hoc caa pHin dau céanh hrong
quan tong dén phin dong cly néi tiép theo sau. Tiong c6 ndt mat tiép xuc &t rd nét
giita pHin than @a dong GC va mdi dng xung quanhbau cia dong GC chudn dong
véi mot van toc hing $ tuan theo & Froude é@a phin dau [1, 3-5].0 day, $ Froude (hay
chinh x&c bn 1a $ Froude hu chinh) aia pHin dau duoc dinh nghia nhr sau: Fr' =
U/(g’H)*2 Trongdo, U 1a \an tdc caa pHin dau; g’ 1a gia ¢ trong treong da duoc hicu

chinh (g'= gx%), Voi o la mat d6 méi treong; H 1a B day @a ptin dau dong GC.
0

Nghién aru thee nghém va phan tich ly thufy da cH ra fing gia ti caa Fr' cia dong GC

xap xi bang 1.0. Fr’ c6 gia irtrong khang tir 0.7dén 1.4.

Dong chiy GC duoc nghién ¢u ap ding ©ng vao cac tinh Hing ax thé tir chuyén
dong aia tuyét | tir cAc son ddi ndi, chuyén dong aia diu trand cac bén vadai duong,
truyén tai bun caté cac ving néc sau (hay cong 14 cac dongtuc), chodén truyén ti



va ling dong bun cat trong cac dong RPBng vao cac Bi va caatai duong [6].

— Déng River Plume (RP) -~—
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Hinh 2: Hinhanh mbt dong RP (§m phin dau va than)
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Hinh 3: Anh chup tir vé tinh dong clly RP ir séng Mississippd khu wrc Bic My
(hgwdn: http://earthobservatory.nasa.gov

Khoang 90% bun cét va cac athhitu oo lo lang tr cac lic dia truyén tai vao cac
bién vadai duong qua cac sdng va cac dong RP hinh thardét dra séng gop pim phat



tan mdt phan quan tong hrong bun cét ra kéi ving din by. Cwi cuing bun cét va cac #h
hitu oo lo ltng € 1ang dong, tich tiy trénday bén haic dai duwong va cé th hinh thanh
cac md hydrocacbon, c6 y nid dbi véi phan B cac nd dau khi trén bén. Hién nay co
t6i 50% diu mo khai thac trén Tégisi la tir cac nd dau ngoai ki [7]. Hinh 3 1a ndt anh
chup tir vé tinh cho tiy dong clly RP ¢ viing sdng Mississippi.

Hinh 4 cho thy mot hinhanh chup theo plrong ngang pin dau va ptin than éa
mot dong RP & dung s6ng si@u amov cu tric @a dong chy théng qua niing sr khac
biét vé mat d6 hay céc tinh cit khac nhau dia nroc ngot va nréc bién. Hinh 5 tig hién
phan than dong RPam voi phan ara séngPiém ma ti d6 nuéc ngpt tir séng tach ki
day rbi 1én b3 mat hinh thanh dong a@y RP duoc goi la diém phéan tach,it dugc quan
tam trong nghiéniw vé dong cly RP do xung quanh ving nay cloyong i xay ra
manh m& va céanh hrong quan tong dén sr truyén tai, khudy dong va cung ¥i lang
dong bun cét va céc éhhitu oo lo lung dugc mang theo trongudc song.
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Hinh 4: Anh chup theo plrong ngang pin dau va than dong RP
¢ cira song Fraser, Canada
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Hinh 5: So dé mit cit thang dirng ving da séng va @t phin than éa mbt dong RP



Trong dong cliy RP, c6 not mdi quan 1§ giita cac chugn dong 16i trong dong chy
va van tai bun cat va cac dh lo lrng. Roi ¢ vai trd © ban trong véc giir bun céat va cac
chat khac ludne trang thai chugn dong lo lung vadugc mang theo cung dong RP phét
tan ét xa vao cac Bn vadai duong. Dodd nghién ¢u vé cac déu trdc chugn dong (cac
cau trac 6i), quéa trinh ¥n ti bun cat va réi lién h¢ giita ching c6 vai trd quanotig
trong nghién éu V& dong clly RP. Wi cac nghién €u thuc nghém, cac mé hinh thi
nghiém voi kich & thu ntd trong phong thi nghim c6 tié mé hinh hoa dong éi RP
trong tr nhién [8]. Nghién¢u dong chy RP c6 tl s dung cac mé hinh trc nghém vat
ly thu nh véi kich & trong phong thi nghim hay cac ptiong phap mé ping $ trén @
s giai sd hé phueong trinh Navie - Stokes Trong mé @ty $ dong cly va truyn tai
chat, ling dong buin cét va cac éhlo lung, cac tinh cit va cac éu tric dong chy tai mit
phan cach gia dong RP va méiwdng céanh hréng @ ban dén két qua md phong.
Trong ndt sd truong hop (phu thude vao chénhéch khdi lugng riéng), i tai mat phan
cachdong vai trd 8t stc quan tong vaanh hrong dén sr tron 1an gira dong RP va moi
truong. Trong ndt b truong hop khéc khi dong cty phan dng manh e thi i lai gan
nhu bi dap tit hoan toan va tinh éhdong cliy lai c6 nhing khac bit 16n so Wi cac
truong hop trén. Van dé nay hén vin chra duoc hiéu biét day du, dang duoc tiép tuc
nghién ¢u cha yéu véi viéc sr dung cac md hinh trc nghém vat ly thu nhd trong phong
thi nghém va céac quan satp dac cac dong RP ngoaidm truong Wi cac thét bi ngay
cangduoc G tién nang cado phan gii vé khéng gian va thi gian [9 - 11].

Gan day, cung i sy phat trén cia ky thuat chyp anh va may tinh, pin mém
nguoi ta co tit nghién &u trong ddi chi tiét cac éu trac chugn dong va du tric ©i,
truyén tai bun cat va réi lién h¢ giita hai qué trinh nay trong cac dongylsC néi chung
va dong chy RP nai riéng.

3. Ngi dung va két qua nghién aru trinh bay trong bai bao nay

Bai bao nay trinh bay &b s6 két qua do dac, phan tich thic nghém mé hinh dong
chay RP i kich o thu nkd trong phong thi nghim. Dong cldy RP duoc tao ra trong
kénhduoc quan satis dung ptim mau, cac 4t danh diu dugc tron 1an trong e, dén
chiéu va camera ¥k thuat sb. Cac hinhanh thu nlin duoc d& duoc phan tich & dung
phuong phéap PIV (Particle Imaging Velocimetry §Khuat phan tich, tinh toanan toc
dong chiy sir dung anh hat) va PTV (Particle Tracking Velocimetry -jkthuat phan tich,
tinh toan ¥n tbc dong chy s dung ky thuat theo ddi lat) [12, 13]dé tinh toan trong van
tbc hai chéu theo plrong thing ding trong nit phing dc theo chugn dong aia dong
RP.Dong thoi, hinhanh thu nkn dugc sr dung dé tinh toandd sau i diém tach.bo sau
thu nhin duoc ar dung dé tinh toan cacisd caa mdt cong thirc thec nghiém duoc nghién
ciru xay drng vadé xuat trong nghién ¢u nay & dung ky thuat phan tich tir nguyén.



Cong thirc thre nghém thudugc da dugc st dung dé tinh toan kém tra cho mt sb truong
hop dong clly RP Wi s6 liéu do dac d8 dugc cong 16 cua cac nghiénieu thec nghém
khac va aa cac kko satdo dac voi cac dong RP trong it té. Két qua tinh toan cho thy
cong thirc cho Kt qua kha quan vadt gan v6i két qua do dac trong Hu hét cac dong chy
RP d4 thong k&duoc. Ngoai ra trong thi ngém mot thiét bi hién dai do dac phan 6 van
tbc ngang dc theo nét truc theo plrong thing diing Wi tan £ va doé phan gii cao sr
dung hiéu ung Doppler da song am (High Resolution Acoustic Doppler Profite
AquaDopp) [14, 154 duoc St dung. Két qua do dac ar dung thét bi nayduoc dungdé
so sanh Kim tra Kt qua phan tich tinh toanisdung ptin mém phan tich PIV va PTV.

Céc Kt qua phan tich tinh toanitdng van téc & hrdc dau nkim phac vu cac nghién
ctru va thi nghim va mé plbng $ (sir dung ptin mém FLUENT trong o hoc chit 16ng)
tiép theo nBm nghién éu cac éu trac 6i va cac éu trac dong chy caa dong RP va
truyén tai bun cat, cac c¢h hitu oo, mbi quan 1§ tuong tac quadi gitta cac éu tric dong
chay va i véi vai truyén tai bun cat, o ché lang dong ding nhr co ché kéo theo bun cat
trong dong RP.

1. MO HINH THI NGHI  EM VA M QT SO KET QUA PO PAC

1. M6 hinh thi nghiém

M6 hinh thi nghim duoc thiét ké va xay drng tai Phong thi ngliim Co hoc chit
long, Khoa Céng ngh Truong Pai hoc tong hop Aberdeen, Aberdeen - Anh [16]. Phac
hoa md hinh va cacdsdo chi tiét trong khéng gian 3 chil va theo mit cit dung duoc
trinh bay trong hinh 6, 7 va 8.

Trong md hinh, clu dai kénh 1a 3.75 m:&xong kénh 1a 25 cmbo doc cia phin
day mé & ving dra song 1a 1%6. Toan 6 kénhduoc ché tao tir nhya trong sdt dé dam
bao viéc quan sat va ghi hinh dongaghco thé duoc thie hién ar dung camera ghi hinhgk
thuat sb. Anh hrong chiét suit caa nhra da duoc xem xétdén bang viéc bd tri mot thudc
do gin vao nit trong @a kénh ¢at trong nréc). Nugc mubi véi d6 man khac nhaduoc
sir dung lam mai teong mo pldng nréc bién vadai duong (hinh 6, 7, 8). Néc ngpt duoc
sir dung dé tao dong chy RP. Bandau c6 ndt vach ngn duoc dat dé phan tach méc sinh
haoat va méi trong. Khi vach ngn dugc nang Ién ndc ngpt tir bén pli s€ tao ra dong
chay RP phét tén & phia bén trai (hinh 6, 7, 8)ufic ngot duoc cip lién e tir mot bé
nugc & trén cao i luu lwong @ dinh 25 lit mdt phat. Mrc neéc ngot & phan bén trai éa
mé hinhdugc duy tri & dinh nhy mot éng thoat méc theo © ché toan B lugng nréc
ngot dang I1&n trén mrc 6ng nay 8§ duoc bom trd lai bé nuéc ngot trén cao nb mot bom
tuan hoan . Ne6c ngpt dugc nhdbm pHim mau va cac ¢t phat quangtanh diu Timiron



phuc vu viéc quan séat cacia tric dong chy va tinh toan, phan tichutsng van téc dong
sir dung ky thuat PIV va PTV.

Céc trang tlét bi thi nghém vado dac bao gm:

- CAc I8 do dac van tbc gom thiét bi do sr dung song trén am AquaDoppd(ibri &
day mé hinh thi ngém, Hinh 7, 8), B thdng camera va gim mém xx |y, phan tich PIV,
PTV (phin mém DigiFlow):

« Thiét bi do van tic bing séng am cdd phan gii cao (6 phan gii khdng gian i
da 7 mm, 4n $ ldy mau i da 8 Hz).
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Hinh 6: Phac lba md hinh thi ngim trong khéng gian 3 chi
kém theo cacdsdo kich thréc

« Hé théng camera % thuat sb va phin mém tinh toan, phan tichuéng van toc,
truong mat do DigiFlow [12] sr dung ky thuat PIV, PTV va K thuat phan tich eong do
sang (tinh toan tong phan B mat do). Bén chéu duoc bd tri phia sau kénh, cac camera
duoc bd tri phia terée d6i dién v6i dén chéu va kénh am giira camera vaén chéu.

- Hé théng dén halogen wdng d6 cao ho mit mat phing sang, pim phéat quang va
hat theo d&i Timiron.

- CAc dr liéu do dac, ghi ntin dugc duoc luu trit truc tiép trong sét qua trinh thi



nghiém vao k& thbng may tinh phc wu tinh toan, phan tichévsau. Chéi cac thi nghdm
dugc thec hign voi cacdé man aia méi twong khac nhau varl lwong dong méc ngot
dau vao khongioi (25 Ipm). Bing 16 dudi trinh bay cac thamdsdau vao va cac & qua

do dac, tinh toanrng wi mdi thi nghim.

Hinh 7: Phéac lba md hinh thi ngim trong khéng gian 2 chi
kém theo cacdsdo kich throc

Bang 1: Cac tham & thi nghém va Kt qua do dac cia céc thi ngléim duoc thee hién voi
cac nit do méi treong khac nhau

O

OT

Ap , . .
p | Q| h| — Fr Fr hg | do S Ri Ri

P
1005( 25 | 7.2| 0.005 0.02551604 0.360851246 121878 | 0.253| 1535.938| 7.67968
1010( 25| 7.2| 0.01| 0.02551604 0.255160363 9.7 1.85253| 1535.938| 15.3593
1015( 25 | 7.2| 0.015 0.02551604 0.208337564 9.0 1.P®53| 1535938 23.0390
1020( 25| 7.2| 0.02| 0.02551604 0.180425623 7.5 1.04253| 1535.938| 30.7187
1025( 25 | 7.2| 0.025 0.02551604 0.161377583 7.2 1.0®53| 1535938 38.3984
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Hinh 8: Md hinh thi nghim (flume model)4i Phong thi ngiim Co hoc chét long, Khoa
Cong ngld, Pai hoc tong hyp Aberdeen, Anh

Trong king 1, cac thamésco Y ngfia nhr sau:

- Mat do caa méi trong va héu $ mat do méi trerong Voi mat dé nuéc ngpt: p
(kg/m®), Ap (kg/nT)

- Luu lwong nréc ngpt dau vao: Q (Ipm)

- Do sau éa nréc ngpt & phan bén phi diém phan tach: h (cm)

- S5 Froude va & sb Froude hiu chinh ddu vao: Fr = U/(ghY? and Fr' = U/(g’h}"
trongdoé U (m/s) 1a ¥n t6c dong chy RP i vi tri do dac d6 sau h; g la giadt trong

truong (m/$); g'= ng—[')O (m/s)

- D6 sau i diém phan tach: h(cm)
- D6 sau 4i diém phan tackia duoc quy & dang phi thr nguyén (= h/h): d
-Dbo déc cnaday: S



- Céac $ Richardson va Richardsonéhichinh i 16 vao aia kénh: Ri = gh/@and
R’ = g’h/U?

Céc tham & nay ngoai Wic duoc Sr dung trong nghiénieu cacdic trung aia dong
RP trong cadliéu kién khac nhau&dugc ar dung trong phan tich thnguyén,dé xuét
cong thirc thee nghim tinh toandd sau i diém phan tach.

2. Mot sb két qua do dac
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Hinh 9: Profile van tbc ngang dc mot truc thing dung do dac boi thiét bi do van toc
AquaDopp. Hinh phia trén: Mdo méi tnrong 1005 kg/ri Hinh phia a6i: Mat do moi
truong 1025 kg/m
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Céc thi nghim da duoc tién hanh i mat do (hay trong ung 1adé min) caa moi
truong thayddi trong khaing gia ti @ min phd bién cia nréc bién trong tr nhién. Hinh
anh & phan b van téc theo plrong ngang dc theo nét truc thing dung do dac boi thiét
bi AquaDoppdd phan gii caoduoc trinh bay trong hinh 9.

Trong hinh 9 caduong tir Series1dén Series 6 I8u dién profile \an toc tai 6 thoi
diém khac nhau khi gin dau cia dong RRIi qua phia trénia thiét bi do AquaDopp.

Hinh 10 cho thy hinhanh ptin diu cia dong chy RP d& duoc md plhing wi mé
hinh thi nghdm thu nld da duogc trinh bay. C6 thquan sat thy phia sau pin dau 1a mt
ving Wi nhiéu ciu trdc chugn dong i va cac xody (chinh la cac xody Kelvin -
Helmholtz hinh thanh @a cac mit phan cachy mot van tic twong déi nhat dinh gira
dong RP va méi trong). O ving nay cé th quan sat ré #y sy tron 1an xay ra manh ne.
Tiép sau phn dau & phin than dong chy voi dac trung dong chy phan éng vaduoc
quan satat ré trong thi nglim. Co ti thay réi va sr tron 1an 14 ét nho ¢ mat phan cach
gitra than dong RP va moutrng.

Phéan déau
dong River Plume trong thi nghiém

Méi trrdng
(nwérc muoi)

Hinh 10: Hinhanh phin dau cia dong RP & mé hinh thi nghim d& duoc thiét 1ap & trén

Hinh 11 trinh bay @t hinhanh duoc ghi ki bing camera ¥ thuat s5 dé tir d6 c6 tré
xacdinh i tri diém phan tach véo sau éa dong RPdi diém nay. $ liéu tinh toandd
sau 4i diém phan tach trong cac thi nghi khac nhau é hop voi phan tich tr nguyén
cho phép xaywhg not cdng thirc ban thre nghém tinh toandé sau nay va&duoc trinh
bay trong phn sau.
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Hinh 11: Piém phan tach trong thi ngim
ll. K ET QUA TiNH TOAN VA PHAN TiCH

1. Van téc tinh tién cia phan dau dong RP
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Hinh 12: Méi quan & caa cac thamd&do dac co lién quan trong tinh toaa Br’
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Céc Kt qua do dac tir cac thi nghim duoc ar dung dé tinh toan vn toc tinh tién cia
phan dau dong RP ndm kiém ching Wi cac Kt qua da duoc cong 16 (phan 1.1). Két qua
cho thiy sd Foudeda dugc hiéu chinh (Fr') aia ptin dau nim trong mén gia ti nhr cac
nghién ¢u khacda cong 6 (hinh 12).

2. Két qua phan tich trwong van téc sir dung phan mém DigiFlow véi phuong phap PIV

Hinh anh do camera thu Ah duoc da dugc dua vao phan tich tinh toarr stung
phan mém DigiFlow i k¥ thuat PIV phan tich wong van tbc cho phép thu rim treong
van toc 2 chéu trong ndt mat phing thing diing theo chiu dong chy (hinh 13, 14). Cac
két qua phan tich, tinh toanudng van toc buéc dau cho thy ca vé dinh tinh vadinh
luong phan B van téc trong dong chy RP, cac &u tric dong chly ¢ mat phan cach gia
dong RP va méi tiong. Hinh 13 va 14 cho &k rd sr ton tai cac xody Kelvin-Helmhotlz
tai mat phan cach. Cac xoay nay co y faylquan tsng ©io nén chugn dong ©i. Bong
thoi cac du tric xoay vadi dong vai trd quet dinh trong véc duy tri tang thai chugn
dong lo litng dia bun cat va cac éhtrong dong RP.
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Hinh 13: Két qua phan tich, tinh toantteng van toc st dung pHin mém DigiFlow voi
pheong phap PIV cho pin dau dong RP
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Hinh 14: Két qua phan tich, tinh toanitdng van téc s dung pin mém DlglFIow VoI
pheong phéap PIV cho pin gittadau va than dong RP
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3. Phan tich,dé xuit céng thiec ban thwe nghiém tinh toan dé saudiém phan tach

Truge khi quadiém phan tachiong keong chém wu thé, dong clly mang tinh cht
cua mjt ngwdn dong leong (jet), khi qua ving nagong hrong suy ¥u, lec nang clm wu
thé dong cldy thuc ar 1a mot dong RP. & ving quanhidiém nay sy ra trong tac nanh né
gitta nréc ngot tir séng va méc bién man. Tai mit tiép xdc gira nréc ngpt va nrée bién,
ton tai cAc du tric dong chy phic tap va 6i, ddng thyi qua trinh tén 1an xay ra ht manh
mé (hinh 15). Dad6, & ving lan én diém phan tach dong éi co th cé tac dng khuiy
dong va mang theo bun cét va caétdo liing theo nd. Tuy nhién, ngay sau ving nay khi
ri yéu di thi mot luong I6n bun céat va cac éhss ling dong hinh thanh nén cadre cét,
bun. Dod6 viéc tinh toanpirée lugng i tri phan tach cé y ndh thre € quan tong. Mot vai
cong thrc xacdinh i tri nayda duoc dua ra va tintugc cho ndt sb treong hop thi nghém
cu thé nhueng chraduogc kiém ching ©ng réi theo & liéu do dac trong thre t [17].

O day, ching téidé xuat mot cdng thrc ban thre nghém hoan toan @i dua trén
phan tich tir nguyén va cécdsliéu thi nghém cia minh. Céng tic nayda duoc sr dung
tinh toan cho it sd thi nghém khéac va it sd do dac cac dong RP tic ¢ vada duoc
cong B quic . Két qua cho thy cong thrc do ching tdidé xuat da udc luong Bt cho
hau hét cac trong hop dong RP thng kéduoc.

. Viing phén tach Dong River p;,,me (Rp} 4
— Nuwécsong o= S __I_ =
Diém phan tach
, / f,, 'f-—;_"' P Tron l&n & lép bién gitra M&i trrdrng

/71 ,//_ (entrainment va mixing) (nwére bién)
5 .
///'/'.Jf' f/’{/;/;”,/r"’,;/ "’%////'{ff;/ ?;’ﬁ"‘ Ty

Hinh 15: Phac ba mbt dong cliy RP din v6i viing ara sdng

uoyant spreading I turbulent U

zi1k]

Hinh 16: Cac tham &lién quan trong tinh toatb saudiém phan tach h(Nguon: [17])
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Theo nguyén ly & phan tich th nguyéndo sau dadiém phan tachg s phu thuse
vao cac thamésco lién quand ving nay bao @m: van tbc dongUs, d6 saud cira séng

Ap

ho, 6 chénh éch khbi luong riéng X gia Hc trong trrong g, vado doc day S D6 nham

cua day anh hrong dén van toc Ug va dodd da duoc xétdén nén khong co # & dang
hién. Ngoai ra co ththiy ré rang ing hy 5 phu thudc vao qua trinhuong tac i mat
phan cachbiéu d6 da dugc ham clfra trong é Richardson (Pin 11.1) va dod6 da duoc

thé hién quado chénh éch khbi luong riéngA—; [10].
Do Ay hy c6 the duoc viét dudi dang sau:
A
hy = f(uo,m,—p,g,s} (1)
0
O day haidai lvong @ ban 1a chéu dai va thi gian. Cac bin Uy vahy duoc chon la

cac bén dé khir thir nguyén @a cac tham&da duoc liét ké & trén. Theo quyit phan tich
thir nguyén, cac nhém phitttmguyén & bao @m:

m=h/h; m,=S; m, :A—; varm, =gh, /U2 =Rij,.

Khi d6 (1)duoc viét lai c6 dang sau:

h, /h, = f(s,%, Rioj @
0

Dang ham ni duoc sr dung nhr 1 mbt dang hién cho ndi quan k& (2) nhr sau:

X A H z
/1 =e(S)" () (Ri) 3)
trongdo ¢ 1a hing $ duong tay y naaio.
Phrong trinh (3) c6 th duoc viét lai dudi dang sau:
Ap .
Iy /hy) =In(e) + XIn(S) + yIn(=") + 2In(R) @)

trongdé C =In(c).

Sir dung cac thamd&thi nghém chang tdi thutwoc hé phrong trinh tugn tinh ghm
4 phrong trinh 4an £ xacdinh cac k& sb caa cong tic thec nghém nhr sau:
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xIn(0.253)+ yIn(0.005)+ zIn(1535.88)+ C = In(1.78)
xIn(0.253)+ yIn(0.01)+ zIn(1535.88)+ C = In(1.35)
xIn(0.038)+ yIn(0.03)+ zIn(605.05 + C = In(1.00)
xIn(0.038)+ yIn(0.03)+ zIn(171.5¢ + C = In(1.37)

-1.37x-5.30y+7.34z+C=0.58
-1.37x-4.61y+7.34z +C=0.3

-3.27x-3.51y+6.41z2 +C=0.0
-3.27x-3.51y+5.152+C=0.32

hay la & tuong duong:

Tu do ta co:

C=0.358 =>¢c=1.43,x=0.047;y =-0.406; 0=254.

Khi d6 ar phu thusc cia hy vao cac thaméskhac c6 dng hién nhr sau:

h, = h,*1.431* S*™7* (Ap/ p)*4%* Rj, > (5)

Mot diéu kha ly thao day 1a ta thuduoc y = -0.406 < 0.0 ham yimg d6 sau Ga
diém phan tach phthuc vao nglich ¢ao aia hiéu $ khéi lwong riéng gira nréc séng va
méi tredng nrge bién 4o , mot diéu c6 thé cam nhin duoc V@ mit truc quan.

o)

0.18

0.16 >
1 1
- 0.14 I y
E + N N
£ 012 y
o]
=
2 01 || + L [ ] B
E 0.08 L
= [ |
2 006 1
+
& oo4 .
[ ]
bon » s
0
1 2 3 4 5 & 7 g & 10 11 12 13 14 15 16

Socua thi nghiem

# hd (tinh todn) mhd (do dac)

Hinh 17: Két qua tinh toan & dung céng tic da duoc dé xuat va Kkt qua do dac do sau
diém phan tach cho 16 thi ngh (mdi cip diém tng vsi mot thi nghém)
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Céng thrc nayda duoc ar dung dé tinh toandd sau 4i diém phan tachis dung $
lidu trong 16 thi ngk¥im da dugc Coates and Guo cong[t8]. Két qua so sanh dia do
sauduoc tinh toan va & qua do dac cho thy cdng thirc do ching toidé xuat da uéc
luong khé ét 46 saudiém phan tach trong thi ngim nay (hinh 17).

Saudd, cong tikc nayda duoc sr dung dé tinh toando sau i diém phan tach cho
mot b viing dra séng tirc t véi sb liéu do dac da duoc cong b cua cac tac gitrén TH
gidi tai cac song: Niagara [19], Hudson [20], Connect[@9t 21], Koombana [22].

Két qua so sanh trong hinh 1&g cho thy céng thirc ¢ udc lrong ©t dd saudiém
phan tach choaccac dra sdng trong tic té.

18
16
z
14
A
—_ 12
.E,. ]
< 10
1]
£
g 8 "
=
a
E &6
=
T
I 4
[ A
é (]
2 =
0
MNiagara (khi d6 man Niagara (khi dd man Connecticut Hudson Koombana
thap) cao)
Cacvung cua song
m bodac A Tinhtodn

Hinh 18: Két qua so sanh cho a1 sb cira séng tire t# da duoc thing ké (ndi cap diém
rng V6i mot cira séngla dugc thing ké)

IV. KET LUAN

Nghién du vé dong clly GC noi chung va dong éh RP da duoc Th gidi tién
hanh trong nkéu nim qua, nkeng VAn con la ndt van dé con trong ddi moi mé tai Viét
Nam. Nghién ¢u vé dong GC va dong RP c6 #hiy ngha c vé mat khoa e o ban
(cac du trac i, truyén chit, van tai bun céat noi riéng vacchoc chit long noéi chung) va
vé ung ding (trong tim do khai thac &l khi, trong nghiénia anh hrong aia bun cétit
luc dia dugc van i trong nréc cac séngién cac ving €a bén v.v.). Trong nghiéna
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nay, mot sd thi nghém vat ly budc dau da duoc thuc hién voi dong chiy RP kich & thu
nho trong phong thi nghin. Phrong phapdo dac van téc s dung cac thit bi séng trén
am c6do phan gii cao \& khoéng gian va thi gian va plrong phap phan tickio dac van
téc hién dai PIV. Do dac treong mit do duoc thuc hién sr dung phrong phap phan tich
cuongdo sang @aanh.

Phan tich, tinh toanam toc tinh tén cia phin dau dong chy RP trong cac thi
nghiém cho Kt qua tuong tr véi két qua Thé giéi da cdng B. Phan tich trong van toc ar
dung phrong phap PIV (¥i uu diém 1a phrong phap khéng can #p lamanh hrong d&én
dong chy) cho thy rd cac éu tric trong van toc caa dong RP; cac xoay Kelvin-
Helmholtz tn tai & mat phan cach gia dong i méi treong. Trén o s cac $ liéu do
dac duoc V& diém phan tach & hop V6i viéc tng ding phrong phap phan tich th
nguyén, ching taia dé xuit mot cdng thirc ban thec nghém moi phuc wu uée luong, tinh
toando saudiém phan tach. Cong tic nayda duoc sr dung dé tinh toandd saudiém
phan tach trong o1 sb thi nghém khac hay i cac RP tirc t da duoc do dac vaduoc
Thé gi¢i cong . Két qua tinh todn so sanh vbdiéu do dac cho thy cdng thirc da uoc
lwong Ht cho Hu hét cac trrong hop thdng kéduoc.

Céc Kt qua thi nghém va phan tich laddc dau nhim phic vu nhitng nghién ¢u
tiép theo chuy@n saudwcac @u trac i va truyén tai bun céat trong dong RBSNg thi,
cac Kt qua do dac thu thip dugc qua cac thi nghin € dugc st dung lamdau vao da cac
mé phong $ dong clly RP st dung ptin mém FLUENT.

Loi cam on: Nghién @u nayda duoc thuc hién voi sy dong tai to tir cdng ty BG
(British Gas) va Qi traodéi nghién d¢ru aia Treong Pai hoc Tong hyp Aberdeen, Anh.
Thiét bi do dac van téc duoc tai tiy tir cdng ty Nortek, Anh. Cac tacageiing bay & long
biét on t6i gido sr Benjamin Kneller (6 hoc chit long - dia ly diu khi), gido s Vladimir
Nikora (@ hoc chit long - chuygn dong i), tién sy Yakun Guo (o hoc chit long - thrc
nghiém) tai Pai hoc Tong hyp Aberdeen, Ankia tai to va tham giaténg gop y kén cho
nghién ¢u nay.
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EXPERIMENTS AND ANALYSES OF SMALL SCALE RIVER
PLUMES IN LABORATORY

DUONG NGOC HAI, NGUYEN TAT THANG

Summary: This paper presents an overview of buoyant grasiityents and RPs, and
some experimental results and analyses of expetinoérsmall scale RPs in laboratory with a
flume model. In the experiments, the flume isdfillgth salt water to model sea water and to
create the ambient of the RP; fresh water is redeaat one side of the flume to create the RP.
Velocity probes and PIV (Particle Imaging Velocimgtsystems have been used to measure
and analyze the velocity fields. The measured itgléields are used to clarify the flow and
turbulence structures in RPs. Further objectivee ajuantifying flow and turbulence
structures in sediment laden RPs and the relatigndletween turbulence and sediment
transport in such flows.

In addition, the depth of the flow where fresh watetaches from bottom to form the
RP has been measured. By applying the dimensiomallysis method and exploiting the
measured data, a semi-empirical formula has beepgsed to estimate the detachment depth
in general cases. Calculated results using the aewly proposed formula for some
laboratory experiments and field measurements & Riblished in literature have shown that
our formulation estimates well the detachment depth

Keywords: Gravity current (Density current), River Plume,MWP(PTV), Dimensional
analysis, Detachment depth.
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