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Chuong 1. G161 thieu mon hoc

Cac van deé thyuc té lién quan dén van chuyén bun cat:
* X0i 16 bd song, bién

e BOi lang ho chura

« BOi lang cac cira lay nudc, kénh tudi

e BO01 tu trong cang, bo1 1ap luong tau va cira sOng

Khao sar bé day wangbin cat bot lang hé Co Lay (&P
La) cé dung tich hitu ich 260000 n¥’ nug







§1.1.Muc dich cua mon hoc

* Nghién ctru cac quy luat chuyén dong cua bun cat trong nudc;
cac qua trinh x01 cat day, van chuyén va lang dong cua bun cat.

1. Nam duoc cac dic tinh thuy luc va bun cat
2.Nam duogc cac quy luat chuyén dong ctia bun cat
3. Nam dugc phuong phap tinh toan.
« Moi lién hé véi cac mon chuyén nganh khac:
* Song gid, Muc nudc dong chay (c6 DK thuy dong - VCBC)
» Hinh thai bo bién (c6 VCBC - b6i/1¢ b bién)



e Baitoan 1 chiéu (don gian hod). VCBC xay ra theo hudng “tién’

§1.2. Phuong cham

bJ

hoac “lu1” trong “kénh ho”.

e Khai niém:

lru lwgng bun cat don vi (hay suat chuyén bun cat), m?/s
luu luong bun cat, m3/s

« Trong s6 cac yéu to anh hudng dén luu luong VCBC:

Nhat thuy luc: V]? Iuu toc, dQ sﬁu‘ nuéce, chiéu cao & chu ki
song, d0 nhdt chat long, d§ gd ghé day.

Nhi bun Céf[,: VD ,du*(‘)’ng kinh hat, trong lugng riéng, hinh
dang hat, cap phoi hat.

Ba dia hinh: VD day doc



§1.3. NO1 dung mon hoc

Chuwong I. GIOI THIEU MON HQC

1.1 Vai trd va tdm quan trong ctia van chuyén
bun cat

1.2 Muc dich mén hoc

Chwong I1. DONG CHAY VA PHAN BO
VAN TOC

2.1.Pic tinh cua chit long

2.2 Cong thirc dong déu

2.3 Dong chay rbi

2.4 Phan loai ché d06 chay

2.5 Phan b6 vén tdc theo do sau

2.6 Ung suit tiép va ma sat day

Chuong I1I. CAC KHAI NIEM CO BAN
VE BUN CAT

3.1 Khai niém, ngudn gdc va thanh phan ctia
bun cat

3.2 Pac trung hinh hoc, vat 1y, thuy luc cia
bun cat

3.3 Cac hinh thirc chuyén dong cua bun cat

Chuong IV. CHUYEN PONG CUA BUN
CAT DAY

4.1 Ngudng chuyén dong

4.2 Anh huéng cua dang day

4.3. Ung suat tiép va o6 nham day

4.4 Tinh toan luu lugng bun cat day

Chwong V. CHUYEN PONG CUA BUN
CAT LOLUNG

5.1 Gi6i thiéu vé bun cat lo lung

5.2 Ly thuyét khuéch tan

5.3 Phan b6 bun cat lo limg theo chiéu sau
dong chay

5.4 Stc tai cat lo lung cua dong nude

Chuong V1. VAN CHUYEN BUN CAT
VEN BIEN

5.1 L6p bién song
5.2 Hé s6 ma sat song

5.3 Ung suat day tong hop do song va d. chay
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§1.4. Yéu cau mon hoc

Moén hoc 2 tin chi. Pé cuong chung: GV gui qua email.

Thién vé ki nang tinh toan, tra bang biéu, mé ta hién tuong
Diém thi 70%, diém qua trinh 30%

Diém qua trinh = 10 bai kiém tra ngan + 1 bai dai (45 phut)
Trén 16p: luQn mang quyén slide nay, may tinh CASIO, vo ghi
chép. Lam day du vi du trén 16p.

Bai thi: 90 phut, , ?

mang tai li¢u duy nhat = quyén slide nay, ghi rd tén ngoai bia
Chuan b1 kT? truoc khi thi dl‘} duoc mang slide. On lai trong vo,
danh déu‘cén than vao quyén slide. Thudc tép cac dai luong.
Pung nham gitra cac dai lwong ¢6 ki hi¢u giong nhau!

Tuyét d6i khéng trao doi bai khi thi va khi kiérq3 tra.
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Chuong 2
Dong chay va phan bd van toc

§2.1.Pic tinh cua chat 1ong

* Mat do (p, kg/m’)
0 =1000+1.455CL -0.0065(T —4+0.4CL)"

L (%): 86 clo ~§=0.03+1.805CL

— T (°C): nhiét do

— 8 (%0): 46 muoi

Nudc ngot: 1000 kg/m3, nuée bién ~1025 kg/m?
* D0 nhét (v, m?/s)

— v (m?s): hé so nhét dong hoc, ¢& 10 m?/s

— u (Ns/m?): hé s6 nh6t dong lwe V= ;

v =10"x[1.14-0.031(T -15) + 0.00068(T -15)°]



§2.2.Cong thirc dong déu

« Phuong trinh chuyén dong cho dong déu, on dinh,

chay ro1 T AxAy = pg(h—z)AxAysin 3
— bat [ =sinf —> T, = pg(h-z)I
— Tai1z=0

— Chay nham sat bién (b = bed, tai day) T, = pghl

A’

1<

_—

777777 T T T T T

T: (g suét tié'f) T
T Ung sué,t tié,p 101 (t = turbulent)
T : Ung suat ti€p nhpt (v = viscous)




§2.3.Dong chay roi

water surface
turbulent outer layer outer layer
turbulent logarithmic layer
transition layer innerlayeror  ~TmF
B bt bottom layer i Sttt bttt
viscous sub. layer

NSNS

12



§2.4.Ché do thuy luc

* Phu thudc vao:
— Chiéu day nham Nikuradse (k,, m): d§0 nham hat cat tuong
duong,

— D6 nhét cua 16p nhdt sat bién (v, m?/s)
— Van toc ma sat --- van toc dién hinh sat day (u., m/s)
e Céc ché do chay:

— Chay roi thanh tron u*ks <5
%
— Chay réi thanh nha uk
ay 101 anin nnam s 270
v
— Chuyén tiép:
u.k
05<—=<70

|4 13



§2.5.Phan bo van toc theo do siu

Bé day 16p nhé6t §, = 11,6v / u,

>
=0.75k -
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§2.5. Phan bo vén toc theo d6 sau

Quy luat phan bd van tdc

* u. (m/s): van toc ma sat U, 1 z
_ 3 A u=—Imj|—
* k=0,4: hang s6 Von Ka’rman K z,
* 7, (m): do cao tham chiéu cou=20
z (m): do <A:ao :inh toan O h u [z, A
u (m/s): van toc tinh toan u = qudz =— z —1+In| —
S K A
Chay roi thanh tron % \ 0
vV
z,=0.11—
2 Ae o1 s . te flnxdx—xlnx—x+C
Chay ro1 thanh nham -
zo = k,/ 30
A * A v k
Chuyén tiép 2 =0.11Y 4+ &
u, 30

15



§2.6.Ung suat tiép va ma sat day

Chézy u=C\hl i
88
_ ghl — C= [—
Darcy-Weisbach U= f /.
_ 1o osn C -
Manning U = —h™1
n
Ung suat tiép tai ddy trung binh theo thoi gian 5
7, = pghl = pg 't =L p 1
b C2 8 c
‘ 64
Chay tang fc = —
Re
uh

S6 Reynolds R, =—
4 16



§2.6.Ung suat tiép va ma sat day

 Chay rbi 7 = C\/h—] u, =+ ghl
2.3
— C=£ —1+1n(£)}— g10g10(04h)
K Z, K Z,
Quy dinh ki hiéu log = log,, 037k
k=04, g=981 m/s’ — C=1810g10( Z )
0
— Thanh tron C =18 log 124 _18log | 1.4]1
3.3v / u, vC/u
— Thanh nham
C=181log (@)
— Chuyén tiép s

C=181log 12K =18 log 1145 —
k. +3.3v/u, % +1.05vC/u



Chuong 3
Cac khai niém co ban vé bun cat
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§3.1.Kha1 ni€ém, ngudn goc
va thanh phan cua bun cat

e Bun cat 1a cac manh hodc hat ran dang chuyén dong hoac
da bo1 tu boit su van chuyén cua dong chay, song, g16, bang
ha hoac trong luc.

e Ngudn goc chinh cta bun cat 1a
da phong héa = tir sobng mang ‘.
ra.

Erosi & j
RN
Woath«i ng of
Deposition of
SEDIMENT

 Ngoai ra con c6 xuong va vo  [woenme
sinh Vat; tro, xi va vat chat do
nui Itra phun trao, magma ¢ day
bién hodc tir sudi nudc nong,
manh thién thach bi vo vun ...




§3.1. Nguon goc ctia bun cat

* Phan tach co hoc
— Nut vo da
— Phan tach gﬁa cac hat roaT
khoang chat nho : e
— Boc tach khoi bé mit
do ngoai luc

“volcanismg

9, \ B o med
[ J Céc ngHYén nhﬁ,n y L : ;!:’g(::l |-on5< ; treat
— Chuyén dong kién tao
- Thay dOl nhICt dO burial, lithification
- D(’)ng Vﬁ‘l tan bﬁng metamorphism

intrusion

— Phat trién ctia tinh thé
— Ngoai luc (d6ng vat, cay cdi, con ngudi)

— Mai mon do nudce va bang ha
20



§3.1. Nguon goc va thanh phan cta bun cat

e Phan tach do hoa hoc

Qua trinh 6-xi hda

Qua trinh thuy hoéa va thuy phan
Qua trinh hoa tan

Cac tac dong sinh hoa (vi khuan,
vi sinh vat)

e Thanh phan cta bun cat

Sét (clay): cac manh vun khoang
chat (mica)

Bui (silt): chil yéu khoang chat
silicat

Cat (sand): chu yéu thach anh
(quartz, S102)

Soi (gravel), cudi, da tang
(boulders): manh vyn da goc

T e
o7 “medium Sand
am oz —;.
Toyteo |
S LR —
~e — — p J—

CO; and H0 forms
. carbonicacid .
- —

Silicate Weathering 1
2(C0, ) +3(H,0) +CaSi0; = Ca2*+2(HCO3) +H,Si0,

QA
ANae— — '\

Ca2*+ 2(HCO; )™ CaCOj +C0, +H,0

- Shelf: major area of Mid-ocean ridge
limestone deposition

g = TN
a Accretionary wedge:

sediments derived .
from land/shelf ~_=""_

. F Oceanic plate (basalt)
Continental y < \

plate . Yy Some carbonate rocks

R are preserved by overlying
Melting of ¥~ sediments and subducted
carbonaté@gock e
-

21



§3.2. Phan loai chuyén dong

 Xo01lo <« Tram tich day
* Van chuyén bun cat

— Chuyén dong lan, trugt cia -

cac hat ¢ day 2, - ,,
A an o -~ ¢ Chuyeén ta1 day Chuyén

— Chuyén dong nhay coc cua t41
— Chuyén dong lo ltng ctia cac | e Chuyén tai lo limg cong

hat trong nuéc !

- Bdi lan y L
8 e Tram tich day
) Chu}’lén ’('I(f)ng
sat day
Chuyén tai > Chuyén dong Chuyén tai

Chuyén tai ‘ vat licu day lo lung tong cong
tong con TR S .
s eong Chuyén tai chat rira tréi dang lo Iung 77




§3.2. Phan loai chuyén dong

Tram tich ddy (bed material): cac hat, vat liéu 1a mot phan cta day co kich
cO phu hop bi anh hudng bdi qua trinh chuyén tai.

Chuyén tai lo limg (bun cat lo limg — suspended load): phan chuyén tai bun
cat dang lo Itrng do dong rd1, cach xa day va c6 van toc bang van tdéc dong
chay.

Chuyén tai day (bun cat day — bed load), trong d6 bun cat chuyén dong sat
day dudi dang lan, truot hoac nhay coc =2 co tiép xtc day, xac dinh theo
urng suat tiep.

Chuyén tai rira troi (bun cat rira tréi — wash load), trong d6 phan bun cét lo
ltrng ¢6 kich thudce hat nho hon cac hat tram tich day. Gan nhu thuong
xuyen ¢ dang lo ltrng ma khong b1 boi lang trong dong chay, khong phu
thudc vao kha nang chuyén tai cua dong chay.

23



§3.2. Cac dac tinh cua bun cat

Puong kinh hat

Hinh dang hat

Do rong

Dung trong riéng, ty trong ri€éng

Tbc d6 lang chim déu (d6 tho thuy luc)
GOc ma sat

Anh hudng cua d6 nhét

24



§3.2. Kich thuéc hat

« Puong kinh hat (d) c6 thé dugc do bang kep, anh chup, quang

hoc, sang, hay phuong phap lang két.

— Duong kinh sang (d,): duong kinh
hinh cau bang kich thudc canh
mat sang vuong ma hat lot qua

— Duong kinh danh dinh (d)): d. kinh
hinh cau c6 cung thé tich véi hat

— Duong kinh lang chim tiéu chuan (dy: |

duong kinh hat hinh cau véi
ty trong 2,65 cO cung van toc
lang chim trong nudc tinh ¢ 24°C

d, d, dy w,(10°C)
mm mm mm m/s
0.089 0.10 0.10 0.005
0.126 0.14 0.14 0.010
0.147 0.17 0.16 0.013
0.208 0.22 0.22 0.023
0.25 0.25 0.25 0.028
0.29 0.30 0.29 0.033
0.42 0.46 0.40 0.050
t0.59 0.64 0.55 0.077
0.76 0.80 0.70 0.10
1.25 1.4 1.0 0.15
1.8 1.9 1.2 0.17

* Thang do ¢ (Wentworth, 1922): ¢ = —log,d
d=2"

25

w,(20°C)
m/s

0.008
0.013
0.016
0.028
0.033
0.039
0.058
0.084
0.11
0.16
017




§3.2. Thanh phan hat

(Hoi Dia Vat Iy Hoa Ky, USGS)

Kich thu bt @ Thang

ba tang > 256 <-8
Cuoi 64 — 256 -8—-6
Soi 2—-64 -6 —-1
Cat rat tho 1-2 -1-0
Cat tho 0.5-1 0-—+1
Cat trung 0.25-0.5 +1 —+2
Cat min 0.125-0.25 +2 —+3
Cat rat min 0.062 —0.125 +3 —+4
Bui tho 0.031 —0.062 +4 —+5
Bui trung 0.016 — 0.031 +5—-+6
Bui min 0.008 —0.016 +6 — +7
Bui rat min 0.004 — 0.008 +7 —+8
Sét tho 0.002 —0.004 +8 —+9
Sét trung 0.001 —0.002 +9 —+10
Sét min 0.0005 — 0.001 +10 —+11
Sét rat min 0.00024 — 0.0005 +11 —+12
Keo < 0.00024 >+12

26



§3.2. Thanh phan hat

Cd hat (mm)
Loai dat
oal dd ASTM D422 | TCVN 5747-1993 | TCVN 8217-2009
Dét dinh:
- Sét < 0,002 < 0,002 < 0,005
- Bui (bun) 0,002 - 0,06 0,002 - 0,06 0,005 — 0,05
Pat khong dinh:
- Cat 0,06 -2 0,06 - 2 0,05 -2
- S61i (san) 2-63 2-150 2—-60
- Cu0i (dam) > 63 150 - 300 60 — 200
- Tang lan (da tang) - > 300 > 200

27




Phan tram khoi luong nho hon (%)
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§3.2. Puong cap phoi hat

Duong cap phoi hat bun cat - Mau 35TLT

= ] - Vo= Y I 'd84' = :Odgo
10 d16 d50 10
Kich thuoc hat (mm)

28
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§3.2. Puong cap phoi hat

Puong kinh trung binh (d,,, M) : 50% khoi luong lot sang

O)

DPudng kinh trung binh hinh hoc (d,) d, =/d\dg,

d, =d exp(0.5m*c
Puong kinh hat chinh () , =d,exp(05In’a, )

Do léch chuan hinh hoc (a,,) o - / dy,
d16
Hé s6 cap phoi (gradation coefficient) (Gr) Gy 1(d,, N d,,
2 d50 d16

Do chon loc (S,) S = ﬁ

0
25
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§3.3. Hinh dang hat

« Hau hét cic hat c6 canh kha tron do cac gOc, canh b1 mai mon
trong qua trinh chuyén dong
— Murc do mai mon trong song phu thudc vao khoang cach
— Mic dd mai mon do song phu thudc vao thoi gian C
e Hé s6 hinh dang (ty s6 do det): St = Jab
— a,b,c: kich thudc 3 truc (dai nhat, trung binh va ngan nhat)
— Cat ty nhién c6 SF = 0.7

9 \ | . ond
« Dé tuong quan giita dién tich bé mit va thé tich ~ SF =SF -
— d_: duong kinh hat hinh cau c6 cung di¢n tich bé mat "

— d : dudng kinh hat hinh cau c6 cung thé tich
— Hat cang tron ¢6 SF* cang gan 1, thé hién kha ning lin

30



§3.4. Do rong

Do rong (n): ty 1¢ khe rong theo thé tich
« Do rong thuong tir 15% - 90%, da s6 bun cat ty nhién c6 do

rong 25% - 50%.

0864
Komura (1963): 7 =0.245 + — 2050

A A r A X (01d50 )0‘211
* Hat dong d€u c6 do rong cao.

Cat tho 39% - 41%
Cat trung 41% - 48%
Cat min 44% - 49%
Dit thit pha cat 50% - 54%

31



§3.5. Dung trong riéng

Dung trong riéng (dung trong hat, dung trong ran) (p,, kg/m?):
trong luong vat li€u bun cat trong mot don vi the tich

Phan 16n bun cat ty nhién 1a thach anh (quartz) c6
ps = 20650 kg/m>. 48 % Pore Space

Ty trong riéng:  § = by _ 2,65 ?
0
A=s-1=1,65 ‘e

Dung trong kho: 0, = (1 — n) L.

.Chét ran
.Nwéyc
Khéng khi

Dung trong wot: 0 =np0 + (1 — n) L,
32



§3.5. Ty trong riéng
mm

Fenspat KAISiOs bo, hong 2.56
(Feldspar) NaAlISisOs, CaAl2Si20s Trang xam 2.6-2.8
Thach anh SiO: Trang, trong 7.0 2.66
(Quartz) CaMg(SiO:s): 3.2-3.6
Piroxen (Mg,Fe)SiOs Luc, den 0.6 3.3-3.5
(Pyroxene) (Al, Fe)SiOs 3.2-3.4
Hocblen CazMgsSisO22(OH). Luc, den 5.6 2.9-3.1
(Hornblende) Caz(Mg,Fe)sSisO22(OH)- 3.0-3.2
Mica KAl2(SisAl)O10(OH)- Trong 2.5-3.0 2.8-2.9
Kz2(Mg,Fe)s(SiAl)sOz (OH). Pen, nau, luc sdm 3.0-3.1
Olivin (Mg,Fe):SiOx Luc, vang 9.6-7.0 3.2-3.6
(Olivine) CaCO:s 3.0 2.72
Carbonate CaMg(CO:s) Trong, tréng, xam, nau, xam 3.5-4.0 2.87
FeCOs vang 3.8-3.9
Kaolinite Al2Si20s(OH) « Tréng, xam, nau, den 1-25 2.6
Oxit sat Fe.0s DA, nau, xam 5.5-6.0 4.3
|l (Ferric Oxide) 2Fe.0:3H-0 Vang, nau 33 555 3.8



§3.6. Cac dac trung vat ly khac

Dung trong hat p,=(+e)p,=p,/(1-n)
Dung trong kho p,=p,/(+e)=1-n)p, =p /(1+W)
Dung trong tu nhién p =1+W)p,

) nePs =P _ €
Do rong 0., l+e
b6 am W = klg nudc / klg dat: W=’0” Pa _ €TP,

. oW Py Oy

D06 bao hoa oe

Nong d6 hay ham luong bun cat ¢ = p,
34



§3.7. Goc nghi

Gia tri goc cuia mai doc 16n nhat ma hat (kho) co6 thé nam im
trén do. Con dugc goi la goc ma sat trong (¢).
* ¢ lién hé véi kich thudce hat.
VD Zhang (1989): ¢ = 32,5 + 1,72d v61 0,2 mm < d <4 mm)
«  Goc nghi cang 16n néu ty trong cang nho, hodc hat cang goc canh
« Co thé,khéc v&i goc nghi tu nhién (p,): goc ciia mai doc can bang khi
chat dong
Lién quan dén Ung suat tiép day
— Therp Ung suat tiép toi han trén day doc
— Tyero Ung suit tiép t6i han trén day ngang
— @: GoOc nghi
— B: Géc cua day doc sin(@ — B)

Tb,cr,/g’ = b,cr,0

SIN @



§3.9. Toc do chim lang

T6c do lang chim déu (Do tho thity luc) (w,, m/s): Toc do hat
ro1 trong nudc tinh khi luc can can bang vo1 trong luc

Hat hinh cau w = |FAgd
4 3C,

— Hé s6 kéo C,, phu thudc s6 Reynolds R, va thong s6 hinh dang
— V61 R, <1 (khu vyuc chay Stokes) C,=24/R,

2
— V6i R, > 1, C,, suy giam nhanh, tién gan dén hang s6. W, =Agd” /18v

— VD Oseen: C, = 241,33 R hay Fredsoe & Deigaard ¢ -1 4+;_6

R\ 16 °

(S

—~ V6i R, > 1000, C, > const, w_—>1.724/Agd
U

<

nang Iy, QPCL-

& kéo
F[l]) = %ﬂ CpAU®

_ N 36
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3.9. Toc @6 chim lang

Dao dong

va xoa o
Luc can kéo

{ 2
Fm:é@%z\w

/l:,'
\\\“{"
NG
.=
\\
NS —
'
A
(N
O
>
>

Dao dong

Trong luong chim

oart et eriatintr i e o

[DAN T Y
ooy " 1/ -
k\f‘lu:‘"‘:’,‘r’_: @ - @ o Trd
Weseiy 'l," Ty =
SN e 8 * 8
vy,
~ \\‘y 0D,
\\:‘ s '
-t -
:}.,_ s
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drag coefficient, C

e

Quan h¢ gitra Cy vo1 SF va R,

(Albertson, 1953)

N
\ shape [factor
\\\\. P »
2 N — \_,__0_'3.———""
\ \~..‘_Q5_'_—1—'—
\ \- —gl— — -
1 -~
0.8
0-6 \\
1.0
0.4 ——
0.2
0.1
6 810! 2 4 6 8102 2 4 6 8103 2 4 6 8104 2
——» Reynolds number Re = ‘%d
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§3.9. Toc do chim lang

e V6i hat khong phai hinh cau, hinh dang déng vai trd quan
trong vo1 hat 1on (d > 300 pum)

2
o Dgd 1 um < d < 100 pm
* 18v
10v 3
W =7 \/l+0.01D* -1 100 ym < d < 1000 um (Zanke 1977)
w =1.1\JAgd =42\d d> 1000 pm
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§3.10. Céc thong so dic trung

« Théng s6 dudng kinh hat (parametric grain size) D. thé hién ti
sO gitta trong luc va luc nhét tac dung 1én hat

/Ag
D, =3 7d50

" d,, (m): duong kinh trung binh cua bun cat day

" A=s—1=p./p—1: tytrong riéng day noi cua bun cat
= y (m%s): hé s6 nhdt dong hoc

= o (m/s?): gia toc trong trudng
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§3.10. Céc thong so dic trung

« Théng s6 chuyén dong cua hat (thong s6 Shields, 6): ty so giita
cac luc thuy dong (luc kéo va luc nang) va trong lugng cua hat
chim trong nu6c

pd_ u : u; T hi

b
(0, = p)gdso Agdy, (p,-p)gds, Ad,
* 7, (N/m?): ing suat tiép ¢ day trung binh thoi gian d6i v4i day phang
hodc ung suat tiép ¢ day hi€u qua (lién quan dén hat) (¢’, = u 7, u = hé
sO hi€¢u ich day) do1 véi day go ghé.

g =

= 4. (m/s): van toc ma sat
" /1 (m): dO sau dong chay
= [=d6 doc ning lugng
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§3.10. Céc thong so dic trung

« Théng s6 du thira (ing suat day, transport-stage parameter (7):
ty sO gitra cac luc thiy dong (luc kéo va luc nang) va trong
lwong cua hat chim trong nudc

Tzfa Ty 0'-6

Ccr

T 6

b,cr cr

" Ty (N/m?):ing suat tiép toi han ¢ day trung binh thoi gian (Shields,
1936)

= 7’(N/m?): (ing sut tiép hiéu qua ¢ day, xem trang 61.
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§3.10. Céc thong so dic trung

« Thong s6 lo limg cua hat (Z): thé hién ty so gitta trong luc
hudng xudng va luc thuy dong hudng 1€n tac dong vao hat bun

cat lo Itrng trong nudce

Z =

pru.

w, (m/s): van toc lang chim déu trong nuéc trong

u. (m/s): van toc ma sat

x = 0.4: hang s6 Von Karman

[: ty s6 hoa trOn gitra bun cat va nudc, xem §5.6.
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§3.10. Céc thong so dic trung

e Luu luong chuyén tai bun cat phi thtt nguyén (¢):
9,

¢ = b = q
\/ Ag 530 wds,
" g, (m?%s): luu luong don vi cua chuyén tai bun cat tong cong
=y, (m/s): van toc lang chim déu trong nudc trong
" d,, (m): duong kinh trung binh cua bun cat
= 5:ty trong ri€ng cua bun cat

» Nong d6 chuyén tai bun cat q,

" g (m?/s): luu lwong don vi cua dong chay

44



Chuong 4
Chuyén dong cua
bun cat day
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§4.1. Ngudng chuyén dong
F, =lycnang afy, +al; =a,G

F, <<G

F ozaGtang

F, = %pCD(iﬂdz)u]%

U, =a,U,
Iy =a,p u,
G=a,(p,-p)gd’

2

|
|
i
u
| — = tang@
a, = (b +b,)cosp ! Agd 5
. |
a,=b,sing | @ = goc nghi
a,=b,sing | 16



§4.1. Ngudng chuyén dong

Chuyén dong xay ra khi 0=0,

2

_ M T Thong s6 chuyén dong (Shields)
Agd (p,-p)gd
4a tan @

0 =a tang=

3055 CD Thong s6 Shields gidi han
6. phu thudc vao diéu kién thiry luc gan day (biéu thi qua R,),
hinh dang hat, v1 tri trong do1 cua hat so vo1 cac hat khac.
0.. = f(R,+), VO1 R . = du./v
Cac thi nghiém cua Shields (1936)
0 o = 0.035 vOl R,«< 5 (chay roi thanh tron)
0.03 < Hcr <(0.04 v6i 5<R,.< 70 (ving chuyén tiép)
004<6 <0.06 voi R,.> 70 (chay rdi thanh nhém)



§4.1. Ngudng chuyén dong trén day phang
(Shields, 1936)

u*
0 =
Agd
0.2
0.1-
0061—Pee— i
O'OL: LaFninarA‘\ . Turbulent
0,05 flow at bed\“ o= Te flow at bed
0.01 Y T T Y ™7 T7T77 T r—r-r-rvy u*d
10 2 4 6 10 20 40 100 400 1000 R, =
14
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§4.1. Ngudng chuyén dong trén day phang
(Shields, 1936)

o

10
8
6
4 N
3 AN
N
o 2 AN chuyén déng
AN
10™" )
8 = t
6 .
4 o7, \
3 2 %% V@W‘ |
2 s .
' nam im
1072 L]
10" 2 3 456 810° 2 3 456 819 2 3 456 8192 2 3 456 810

—_— Re’=u’ocrd

v
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——» Théng sb nguéng chuyén dong, 6,,

§4.1. Ngudng chuyén dong trén day phang

(Van Rin, 1989)

10'
8
6
. 6 =024D;" véi 1<D, <4
3 LO LUNG cr
: T 0 =014D7"%vsi 4<D, <10
nguwdng lo ItPng theo Bagnold cr
10° , .
o P 6 =0.04D7°" vé6i 10< D, <20
6 / cr
3 ’ ///‘9@=0-013DBEV& 20< D, =150
2 7 )
g0, = 0055 YO D, >150
o'k /%ﬁ | T A X . <.
a ngudng lo Iunq theo Engelund Thong SO Shlelds glosl han 17
6 ] 7Y, b,cr
4 2 Cr .
3 - —1— : (IOS _ Io)g 50
nguwdng chuyén dong theo Shields ,
2 f Thong s6 duong kinh hat
KHONG CHUYEN DONG
e i S 3 o Sy S o b D —3Agd

——» Thong sb duwdng kinh hat, D.

% o2 03 o5

2 3 5
1 1

10
1

20
L
]

30
}

* 2 50
1%

Il
il Ll Ll

—>  Dbuwong kinh hat dgg (mm) tai T= 15 °C

T) o Ung suat tiép ddy t6i han
g binh tho1 gian



§4.2. Anh huéng cua hinh dang, cap phoi
va kich thuoc hat

* Thong Shields 6. g161 han it b1 anh huong bo1 hinh dang hat
néu D, tinh toan dua trén d,. Hat rat det co 6., 16n (1.5 — 2).

« Cap phoi hat phan tan rong (dy/ds, > 3) c6 anh hudng dén 6,
do hién tuong cac hat 1én tao thanh 16p bao vé cho cac hat
nhd. Ung suat téi han cho ting cap hat (Egiazaroff, 1965):

’Z’ . = . 'T
b.eri 51 byer d..: Duong kinh trung binh

2 /
£ [ log(19) } d.: Duong kinh cta cap hat i
i —

&: Hé 6 16 dién cua cap hat i
¢ =0,/0,vo1 0, tinh theo d,,

log(19d. /d )

Surfsce  Tpert UNG suAt tiép toi han ing véi d,

\ Subsurfsce Ty opic UNE sudt tiép tai han cua cap hat i
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§4.3. Anh hudng cta do doc day

Pay doc doc phuong dong chay B

— Trangthdigisihan F . +Gsin B = Gcos ftan -
g & . D,cr /J) ﬁ ¢ FD,cr,ﬁ B Sln((p — ﬁ)
— Trudng hop day nim ngang F Dt G tan @ F Dot sin @
a FD,cr,/J’ = kﬁFD,cr,O
— Schoklitsh (1914):
Tyerp = k[J’Tb,cr,O

sin(¢ — 5)

SIn @

— Doc xu6idong: [ =

— Déc nguoc dong: chi can lay S < 0.




§4.3.

« Mai doc bén y

Anh huong cua mai doc bén

e 2 2 qin?
— Trang thai giéi han \/FD oty + (G ° sin y = (G cos ytan @
- =12 )
— Dyery | _ 2 1— tan Y —_— F =k F
7 =COS Y > D,cr,y vy~ D,cr,0
|~ Dycr,0 | tan (p
— Lender (1912): = C AR
ender ( ) Tb,cr,)/ B kJ/Tb,cr,O Mai doc m = tany
5 cosy =1/+/1+tan’
tan” vy ! '
ky =cosy, |l -—
tan w /gic::ction

« Kéthopcado
mai bén

‘L’b’

doc day va d6 doc

o k/)’kyrb,cr,O




§4.4. Anh huodng cta dang day

e Khi bun cat bat dau chuyén dong, hinh dang day s¢ thay doi.
Cung véi su gia ting cua van toc dong chay, ¢ thé xuat hién

cac dang day khac nhau:
P4y phang . Song cat P4y phang Song cat
finh Gon cat (thuan) “dong” nghich
Ha thép mat nuoc Dang cao mat nudc
= Z—- -
T T T 7 Dot T T g7 7 P77 7 ’ bor W

Hudng gon cat chuyén dong

Hudng song cat (thuan) chuyén dong

Hudgg song cat nghich chuyén dong



§4.4. Su phat trién cua cac dang day

water surface water surface

A Typical ripple pattern

weak boil

’ C Dunes

D Washed-out dunes or transition
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Gon cat (ripples)

Hinh thanh khi van toc dong chay
twong doi yéu va bun cat min (ds, <
0.7 mm).
Dong chay yéu: tuong d6i déu din, c6
mai thuong luu 6°, mai ha luu 32°.
Dong chay tang: hinh thanh gon cat 3
chiéu.
Kich thuéc gon cat phu thuoc duong
kinh hat, dién hinh (Yalin, 1985)
Chiéu cao: A, = (50 = 200)d,
Chiéu dai: A, = (50 + 1000)ds,




Kich thuoc gon cat

e Chiéu cao gon cat (A,., m)

Ahr = 0.02(1-e"7Y10-T)

* Chiéu dai gon cat (4, m)
A =0,5h

Cach tinh T — xem trang 61 hoac 42.
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Song cat

e Song cat (dunes) c6 hinh dang tuong
tu gon cat, nhung bun cat tho hon (ds,
> (0.6 mm) va kich thudce 16n hon.

* Kich thudce phu thude do sau nude.
Kich thudc ting khi van tbc dong
chdy tang — d0 sau nudc trén dinh
giam — van tdc trén dinh 16n — dinh
bi x6i — 1a phang dinh — day phang
khi van tdc rat 16n.

* Song cat nghich (antidunes) hinh
thanh khi 7. > 1. Co kich thude twong
tu song cat, song kém 6n dinh, bi v&
va chuyén dich nguoc chiéu dong
chay

UsGs



ANTI-DUNES IN UPPER REGIME

Song cat
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Kich thudc song cat

Chiéu dai séng cét (1 4, m) e Chiéu cao séng cat (4, m)
* Van Rijn (1982, 1984) 0.3
Ad dso ~0.5T
Jy =73 —L20.11[ 22| (1-¢7)(25-T)
Fredsee (1980, 1982) h h
! /
/ld = f(edinhﬂdso)h Ad [ h= f(‘gdinhadso)h
e Allen (1968) A o1
A, = h' —£=0.086h"
Ranga Raju-Soni (1976)
A, = f(0,dy,F h) A, lh=f(0,F)
* Yalin (1972) -
A, =6.3h —d=— 1—ﬂ
Gill (1971)
n=3+6:hé s6 mil ctia van toc trong cong thirc d
chuyén tai bun cat
o= 0.5 = 0.7: hé sd hinh dang song cat h zna b ¢




Cac yéu to anh hudng va phan loai
dang day

u, ud,

Liu (1957) f —

Simsons-Richardson (1966) f (Tbﬁ ,d f)

Van den Berg — Van Gelder (1989) f ((9', D, )
, D,

Van Rijn (1984, 1989) f(T,D.) 07 J
A LA re A 4z \ ) =Tb I:(ps_p)g 50]
— u.: van toc ma sat gan day do dong chay
— 17, : Ung suat tiép tong cong & day do dong chay T = (1,';) -T, Cr) / T,
— @': thong s6 chuyén dong cua hat ’ 2
’ ’ / !/ — /
— T': thong sO trng suat tiép day T, = ,Og(u /C )

— 7' :0ng sut tiép tong cong & day lién quan dén hat

C'=181log[12h/(3d,,)]

— (' hé s6 nham Chézy lién quan dén hat

— D.: thong s6 duong kinh hat o



Phan loa1 dang day theo Liu (1957) (tra1),

Simsons-Richardson (1966) (phai

T T
600 R ey
O\\ ;50%;\(,0
>° 6‘ \\d‘
\
100 Es\‘ga\‘ o Pigne bed or antidunes
[ \\OJ TT i\
9 \ r st ing waves
Y . 9 X ane bed or s Q,'_‘.Q_rl._.,
3" NI XN ,ps‘.‘eGI
10 ~ o\* h O = AC- o
<, O &
1% o &
Modified 1] { el
curye= 4° A O"')CP'
N |- o \ (<}
1 \ |~ ’ f
. N o=
U b Q & o~ o o
- .= I s \J:‘\"‘g’o o£ o sgé"
Shiekss PRSI N 1AL |8 oo
T = 1144
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Phan loai dang day theo Van den Berg —
Van Gelder (1989) (trai
Van Rijn (1984, 1989) (phai

10‘ T T T T | T T T T ‘ T T T T
8
6 v -
al
2 -
10%+—
8
6
>
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®
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s
@
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£ 2r
Z
=)
2
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la
b
6 3
a -
v Upper stage plane bed (UP)
2 * Transition (T) - - A
4 Dunes (D)
«+ Ripples (R)
~ Lower stage plane bed (LP)
102 L 1 1 | ) i I | 1 1 L1
10" 2 4 6 8 10° 2 4 6 8 10 2 4 6 8 10?
Particle parameter, D
s 78 5% 313 ZH 155 750 500 7000 7000 7600
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Phan loai dang day Van Rnn (1984, 1989)

o < Kich thudc hat
Cheé d6 chuyén tai
1<D.<10 D.>10
0<T<3 Gon cat nho
A Gon cat 16n , .
Yéu 3<T<10 va song cat Song cat
10<T<15 Song cat
Chuyén tiép | 15<T<25 Séng cat bi ria trdi dinh
> 14 14 /( . 4
13: 2%55’; Song cat (do1 xung)
Manh :
> z 2 , , .
}]; —2%5 3 b4y phang / Song cat nghich
0 Péy phing (khong chuyén dong) @ S6ng cat bj rira troi & dinh (chuyén tiép)
& Goncatnhd ® Day phang
A Gon catdn va sdng cat & Song cat nghich (séng dirng)
O Songcét W Séng cat nghich (séng v)

~—» Thong s6 ng suat tiép T

8 <
c
. =
6 [  SONG CAT, - =
DAY PHANG, o
4 —— SONG NGHIcH X o
: 5
; >
2 S — g —— — -
> ). ° Ch'unyg]
e O tiep
[
15_ . 8 —— —
iONG 9 y ¥
1 (CAT as o 2
10 : 5 =
o &=
8 +—— 8 'oo o4 SONG -g
6 |—GON CATLON__ 9 A o o Al g
AL e —b ]
VA SONG CAT AL 50 gl >
4 &, po 8o
9 o ° B o
o a o 8
0, [}
3 e — ._5&_ . 1b..n_.g o ; §°°
. ol T, B b o
(o]
2 A oy [«] .
a («]
a PR A AJ' g o J
a o
A . 4 o ° °
A A A [ (o]
° a A A o A
£ >y J [+
8 ) A s% G °
GON CAT NHO J
6 4 & A CAIL
L3 1
A
I q o]
4 2 ] 1=} <
A op l o
e l
g
2 T
‘ |
=2 Théng s& kich thuwéc D.
-1 1 Il | 1
10755
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§4.5. PO nham hi€u qua cua day
(Phuong phap Van Rijn, 1984b, 1989)

D6 nham day biéu thi béi dd nham hat twrong duong (dd nham hiéu qua,
Nikurase) k.. V&1 day phang va hat dong déu: &k, = duong kinh hat.

D6 nham hiéu qua cua day bao gém d0 nham do hat £’ va d0 nham do

dang day k" ..

e T k, =k +k!
D0 nham hiéu qua do hat (k')):

/ 7
kS = 3d90 vo1 6 <1 (chay yéu)
kS' = 36d %0 véi 0> 1 (chay manh)
6 = uf / [Agd50] thong s6 co dong ( day phang c6 =6")

U, = / gil /C van toc ma sat ( day phang co u.=u".)

C =18log[12h/ (k. +3.3v,, /u.)|=18log[12h/ (k. +v,C/@)]

v,: hé tdc nhét dong hoc ctia hdn hop nude + bun cat (= 105 m?/s & gan day) 65



§4.5. PO nham hi€u qua do dang day

(Phuong phap Van Rijn, 1984b, 1989)

Do nham hiéu qua do dang day (k"): k!=k, +k ,+k
k" : d0 nham hi€u qua tong cOng do dang day

k" .. A0 nham hi€u qua do dang day gay ra boi gon cat

k", ;- A0 nham hiéu qua do dang day gay ra bo1 song cat phi d6i xting

k" _ :d0 nham hiéu qua do dang day giy ra boi song cat doi ximg

S, sw*

ks”r =20 )/FAF (Ar / ﬂ,r) v.: thong s6 hién dién gon cat
’ (v, = 1: chi c6 gon cat khong,
v, = 0.7: gon cat xudt hién trén mat song cat)

"o 25010y v, thong sb dang song cat
kS d L. lydAd (1 € ) (y;=0.7: cac di€u kién hién truong)

' =0 do1 s vo1 song cat doi xing
S,SW

66



§4.6. Ung suat tiép tai day

(Phuong phap Engelund va Hansen 1967)

¢ A * /( ;( A r.° /4 — ’ ,,
« Ung suat tiép tong cOng vdi day T, =T, tT,
cogoncatr, =17, +1",

* 7',: ng suat do ma sat bé miit tac
dung truc tiép 1én hat (g suat
hi¢u qua).

 7',:Ung suat gay ra do hinh dang
cua gon cat (¢, = luc kéo Fj, tac
dung 1én gon / dién tich mit bang)

, 1

T = ,0gh’]=§,0f’ﬁ2
" " 1 n —2
Tb =10gh =§pf u o
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84.6. Ung suat hiéu qua do hat

(Phuong phap Engelund va Hansen 1967)

* Engelund va Hansen (1967):

. V6i

b

7, = pgh'l =épf’z/72 —>  u.=yghl

H’ ~ hl

6 h
Chayyéu @' =0.06+0.46 voi0<0.7
Chay manh 6), =0 vo10.7<6<1.0

6 =(03+0.767%)°%  voio=1

u=C~Nhl =2.5u,In 12k —> (=25 gﬁln 12
2.5d,, h 2.5d,
68




§4.6. Tinh toan hé s6 nham Chézy

(Phuong phap Engelund va Hansen 1967)

A e

Chohval. TinhCvau
Tinh u. va 0

Tinh 0’

Tinh h' = (0'/6)h

Tinh C

Tinh u= C(hI)

Gia thiét h'=0.33h
Tinh v'.

Tinh 0’

Tinh 6

Tinh h' = (0'/0)h

Tinh C
Tinh I tir u= C(hI)

e A S

Chohvau.TinhCval

Cach khac (Van Rijn)
Khoéng gia thiét h’

Lam gidng §4.5 duoc k. —C
C =18 log(12h/k,)

Quay lai 2 cho dén khi h’ khong doi

VD h=5m,u =1m/s, ds, = 0.5 mm, dg, = | mm
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§4.6. Ung suat lién quan dén dang day

(Phuong phap Engelund va Hansen 1967)

* Engelund va Hansen (1967):

"

Tb _ ,Ogh”1= %pf” 272

— u, =/gh'l

« Heé s6 ma sat cho song cat Engelund (1977): 10 A, 25

c
d

 Hé sb ma sat cho song cat va gon cat Vanoni-Hwang (1967):

()" = 3.5log(i) _2.3

* h: dd sau nudc e\

* A: chiéu cao cua dang day
* \: chiéu dai cua dang day

e: ty so gitra dién tich suon ha luu cia mai doc va tong dién tich ctia dang day
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§4.7. Van toc khai dong trung binh do sau

Gia thiét khu vuc chay r6i thanh nham (u.k /v > 70), van toc khdi dong
trung binh theo do sau cho day phang 124
u_ =5.75u, log| —

k

S

Van toc ma sat giéi han u, = \/ 0 Agd,,
A . _ 124
bo c?o nham tuong duong k. =ad,, u =5.75/Agd 6. 1og( p )

Hésoa=1vo1dacdds;=0.1 m, a=3 cho cat va so1 s

Véi k, = 3d,,, dyy = 2ds,, dua trén duong cong Shields cho cat tir 0.1 mm —
2 mm c0

=0.194%' log( L2k

v61 0.1 mm <d;, <0.5 mm
3d,,

_850d5006 log 12h Vé’iO.SmdeSOSme
3d,, .



§4.8 Dac diem chuyén dong cua
bun cat day
¢ Chuyén dong ctia nudc

u(z) = ﬂln(i)

K 0

* Chuyén dong nhay coc cia hat

— Do cao 8, =0.3D,)'T*d,,
— Chiéu dai A, =3D"T*d,,
— Van toc

. Van Rijn (sai s6 10%) 1, =[9+2.610gD*—8«/90r/8]u*
+ Van Rijn (sai s6 50%)  u, =1.5T"°\|Agd,,

« Engelund va Fredsoe u, = [1 0- 7\/ Hcr /6 ]u* 25



§4.9 Tinh toan luu lvong bun cat day

* (Cac phuong phap tinh van c/huyén bun cat dugc chia thanh 5
nhom tuy thudc cac thong so thuy luc:
e Vian toc dong chay q, OC(ﬁ—ﬁr)m voim=3+5
« Ung suat tiép day g, (r —-T r)n véin=1.5
e Xac suat hat chuyén dong
« Toc do chuyén dong cua dang day
 Ning luong dong chay q, > Tu
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§4.9 Tinh toan luu lvong bun cat day

Meyer-Peter-Mueller (1948) dua trén két qua thi nghiém cho
1.5
¢, =8(6'-0.047)

2 3
* ¢,: Luu luong van chuyén bun cat day phi thir nguyén ¢b =4, [/ \|Agd "

« 0: Thong s6 khoi dong Shields cia hat 9
: =7, / — d
« 6'= uf: Thong sé Shields hicu qua .o, -p)ed,, ]

 0.047: gi4 tri thong s6 Shields gidi han T, = pghl

* g, (m°’/s/m): Luu lugng van chuyén bun cat day N

* 7, (N/m?): Ung suat tiép ctia dong chay U= (C/ C )

e d, (m):IDu’(‘)’ng kinh hat’ trung binh C =18 lOg (1 0k )
» u: HE s0 dang day, h¢ so hiéu qua §

« C(m°°s): H¢ Sé, nham Chézy tong thé C'=18 10g(1 2/ dgo)
e (' (m"°/s): HE s0 nham Chézy do hat

« I Do doc ning luong zpl ; 1 1+1. 3)d

* k,(m): HE s6 nham hiéu qua



§4.9. Tinh toan luu luong bun cat day

Einstein-Brown (1950)

2 36 36
1\3 _ 2y ==
h, = 40K (0) * \/3+Dj D;
Kalinske-Frijlink (1952) xap xi cong thic ctia Meyer-Peter Miiller (1948)
va Einstein (1950) 05 0wl
g, =5u"ud e (10)

Bijker (1970): giéng cong thirc KF (1952) trén, thay 5u%5 =b, xem §5.11.

Bagnold (1966) 0TI
b"b

"~ (p, - p)gcos f(tan g~ tan )

9,

 ¢,=0.1+0.2: hé s6 hiéu ich
* tanp =0.6: hé¢ s6 ma sat dong luc
e tanf=1:d0 dbc day
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Khac
cong thurc
MPM™
slide 74

§4.9. Tinh toan luu luong bun cat day

Van Rijn (1984a)
1.5 7y=0.372.1 y1T<3
q, =0.053\Agd > DT vorl=
q _ 0.1 Agd1.5D—O.3T1.5 voi1T>3

g, (m*/s/m): Luu luong van chuyén bun cat day

T: b Thong sb (g suat tiép phi thir nguyén = (Tb % Cr) / Cbar

7', (N/m?): Ung suét tiép hiéu qua Tb = pPg (u/ C’ )

C’ (m®%/s): Hé s6 nham Chézy do hat C'=18 log [(12}2) / (3d90)]
dsy, dgy (m): Cac duong kinh hat

D.: Thong s kich thuée hat phi thi nguyén D, = ; Ag /v d

u (m/s): Van toc dong chay trung binh d6 siu

7, - Ung suat gii han/khéi dong theo Shields
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§4.9. Tinh toan luu luong bun cat day

+ Gia thict u, = 7u', q,=0.25d,u DT
van toc ma sat hiéu qua ui — /Tl') /,0 =ﬁ\/§/C’

« Néu str dung céac thong sb trung binh theo do siu
- 12.4

1.2
u—-u d
g, = 0.005ih | —— (—50)
Agd,, h
Vian toc gi6i han (gidng tr 71): - -
_ 0.1 12h
u,. =0.19d,, log| — v6i 0.1 mm < ds; < 0.5 mm
90

i =8.50d; log 12k v6i 0.5 mm < ds; < 2 mm
3 90 77



§4.10. Van chuyén bun cat day khi

dong chay yéu
* Paintal (1971) dé nghi cho #< 0.06 va d;, = 1 + 25 mm
#, = at”
* ¢,: Luu lugng van chuyén bun cat day phi tht nguyén ¢b =4, / Ag di
« @: Thong sb khoi dong ciia hat (phi thr nguyén) 0=’/ [ Agd ]
. a=656x10" 0
« p=16

/8



§4.11. Anh huong cua day doc
tan @
* Bagnold (1966) dé xuat *? cos B(tan @ — tan B)

— g, (m¥s/m): Luu lugng van chuyén bun cét ddy cho ddy doc véi goc 3

4p =9

— g3, (m*/s/m): Luu luvong van chuyén bun cat day cho day nim ngang
— @: GoOc nghi (tang = 0.6)
— f: Géc cua mai déc doc dong chay (déc nguoc dong, 14y 5 < 0)

« Smart (1984) dé xuat

¢, =4o(tan §)"°Cg™°0"*(0-6 ) 3
— ¢,: Luu lugng van chuyén bun cat day phi thir nguyén ¢b ={, / \/ (S — l)gd m
— 6: Thong so lfhéi dong cua hat‘(phi thtr nguyén) ’ 6 = htan /3’ / [ Adm]
- 0, Thé,ng s0 Shields duoc diélrl chin’h cho day doc 0 =k O 2
— o : Hé s0 chon loc cta dudng cap phoi hat < per0

0.2
0.50C(tan B)*° | 6 0 =(dy/ ds)

_ﬁ =
Thp = Do -9 L
g cr 79 d,, ¢ slide 74




§4.12. Anh huodng cia do doc ngang

» Tkeda (1982, 1988) dé xuat

q,,= tano + etany

* gy, (m*/s/m): Luu luong van chuyén bun cat day cho day co d6 doc ngang
* gpp (m*s/m): Luu lugng van chuyén bun cat day cho day co doc doc

* y: GOc cua mai doc ngang

« §: Goc ubn cong cua dong chay (tand =0: chay thang)

« g=l+opw pn~15 Hésd

e u=0.5+0.8:H¢ s6 ma sat dong luc Coulomb

« o: Ty sb gitta hé s6 nang va hé s6 kéo
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§4.13. Anh huéng cua cap phoi hat

* Dua trén Meyer-Peter-Miller (1948) vo1 dyy/dsy = 5

N
q, =3 Agzpidil.s (MHZ, B gigcr)l's
i=1

* ¢, (m*s/m): Luu luong van chuyén bun cat day tong hop
* d.: Duong kinh hat cia nhom i

e p,: Phan tram khoi luong ciia nhom i

e @.: Thong s6 Shields ciia nhom i

* @..: Thong s6 Shields giéi han

« u: Hé sb dang day (slide 74)

e ¢ :Hé s6 hiéu chinh cho nhém 7, lay & = 1néu d, = d_.

log(19)
log(19d. /d )

Egiazaroff (1965) 5&, =
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§4.14. Panh gia cac cong thirc

e Ty s0 sai léch giita suat chuyén cét day tinh toan va 500 gia tri
thuc do trong phong thi nghi€ém va hién truong

Percentage of r-values in range
Formula
0075 <r<15 05<r<2 033 <r<3
Van Rijn 34% 63 % 85%
Meyer-Peter-Mueller 31% 60 % 81%
Frijlink 31% 62 % 89%
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Chuong 5
Chuyén dong cua
bun cat lo ling
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§5.1. Gidi thiéu vé bun cat lo limg

Khi van téc ma sat 1on hon van toc lang chim (u. > w,, theo Bagnold
1966), bun cat chuyén dong dudi dang lo lu:ng (tuy luc va ngau nhién phu
thudc vao r01 dong ciia dong chay). Van toc chuyén dong ctia bun cat gan
bang van toc dong chay.

Van chuyén bun cat lo luzng duogc tinh bﬁng noéng do bun cat lo ling. Nong
d6 bun cat biéu thi theo kh01 luong chat ran (¢g, kg/m® hoac mg/l), hoac
biéu thi theo thé tich chat ran (c,, m*/m? hoac %) so v6i thé tich nudc

pSCV
Mot s6 song c6 nong do bun cat min (d < 50 pm) rat cao, dugc goi la bun
cat rua troi

Nong dQ bun cat lo limg giam khi cach xa day. Toc d6 suy giam phu thudc
vao ty sO w /u..
Bun cat min lam tang suc tai bun cat cua dong chay (— p1 & v — w]).
Nhiét do giam lam tang strc tai bun cat cua dong chay.
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§5.2. Chuyén tai bun cat lo ltng

« Chuyén tai bun cét lo ltng tich phan theo do séu
h

q. = (uc-dz= cuh—f——dz cth

* ¢, = nong do tham chiéu tai muc tham chiéu z=a F = f_ 4 E
F = h¢ so hinh dang
Mat nuoc

z=h

Van tdc Nong d6 C‘huye’:n tai

dong chay bun cat bun cat

u, uxc, Chl{yén tai
lo ling
Z=a A o oy
7 = ORI === e = —— o hwyen tai day
N7 SN ST S N N ' '




§5.3. Nong do bun cat

« Nong do bun cat trung binh
(, =
q
* g (m?/s): luu lugng don vi cua dong chay
e ¢, xap xi bang nong do bun cat trung binh theo do su ctia bun cat min

C =C

m

* (Cac phuong phap tinh toan chia thanh 3 nhém
«  Nhom phuong phéap khuéch tan
e Nhom phuong phap nang lugng
«  Nhom phuong phép thong ké
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§5.4. Ly thuyét khuéch tan

Xét dong chay déu, r6i va on dinh, cd hat bun cat dong déu
. néng dobuncattaillac+c',tai2lac— ¢
« ¢ :ndng do trung binh theo thoi gian
¢’ :ndng do bién dong (dong déu 6n dinh co ¢’ = 0)
* van toc chuyén dong thang dimg ctia bun cat tai 1 1a w' - w,,
tai2 law' +w,
« w':dao dong van toc thiang dung (dong déu on dinh c6 w’ = 0)

mat nudc

zZ A ,
phan bo nong do
c-c c',
= o2 '
C+C o ’
Cl
day

N AN AN AN AN AN AN



§5.4. Ly thuyét khuéch tan

e Van chuyén bun cét thang dung trung binh thoi gian
(w, = const)

! ! !/

— hudng 1én q,=(w-w)(c+c)=-cw, +cw

, ! ! !/
— huodng xudng q, =W +w)(c-c)=cw,—cw

e Véidong déuondinh ¢, =4, — W, —cw =0

—  CW,: chuyén dong huéng xudng do trong luc

— ¢'w': chuyén dong hudng 1én do r6i dong

* Theo ly thuyét khuéch tan (Dinh luat Fick):  ¢'w = —¢, de

chuyén tal bun cat theo phuong ding do roi dong dz
ty 1€ vo1 gradient nong d¢ theo phuong dung e
— ¢_: hé s6 khuéch tan (hé s6 pha tron) — CW +E, d_ =0
z
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§5.4. Van toc lang chim

Gia thiét w, = const chi dung véi ¢ nhé.
Khinong do l6n  w,, = (1-c) w,
W, .. van toc lang chim cua hat trong hon hop nudc va bun cat
w,: van toc lang chim cua hat trong nuéc sach (trong)
y: hé 80 (y =4 + 5 véi hat 50 = 500 pm)
Theo (Richardson & Zaki 1954)
y=435Re™” vGi02<Re<l
y=4.45Re™" voi 1 <Re <500
y=2.39 vO1 500 <Re
Thuc té, v6i nong do nhod, c6 thé lay ~ w,, =(l-yc)w,
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§5.5. Hé so khuéch tan cua chat 1ong

* (Cac dang phan bo hé s6 pha trOn cua chat long

1
* Dang khong doi €= ; Ku.h a, = 1/6 theo Lane & Kalinske
1 1 Bz
« Dang tuyén tinh Er = 0{_ Ku.n—
2
. Z Z
* Dang parabolic & = Ku.h Z (1 — Z)

kuh=(1-2). 2z/h<05
A

« Dang parabolic va hang s6, & =
Van Rin 0.25Ku.h, z/h=0.5

* 04, 0, hé sod
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§5.6. Hé s6 khuéch tan cua bun cat

* Hé so khuéch tan ciabun cat & = p¢g;
« Hang sb /5 biéu thi sy khac biét gitta su khuéch tan ctia chat
long (c6 cau truc lien két) va hat bun cat roi rac

/3’=1+2(ws/u>,<)2 vei 0.1<w /u. <1

* H¢ so ¢ bi€u thi su anh huong cua cac hat bun cat I€n cau trac
ro1 cua chat long.
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§5.7. Phan bo bun cat lo ling
theo chi€u sau dong chay

e Tich phan cac dang phan bo hé s6 pha tron ctia chat 1ong

C _ e—alZ(z—a)/h

— Dang khong doi C_ =

a

— Dang tuyén tinh
— Dang parabolic (Rouse)

— Dang parabolic va hang so
C

_— = L

C

— Z: thong s6 lo limg
Z=w,/(PKu.)

f(

h—-z a

o,z

|

VA
c _ h—-z a
c ( z h—a)

N

h—

Z

) z/h<0.5

Q

—4Z(Z/h 05)’ z/h=0.5



§5.8. Néng d6 bun cat tai mirc tham chiéu

« Paso gia thiét mirc tham chiéu bang can trén cia 16p van
chuyén bun cat day (z = a = 9,) — nong dd bun cat tham chiéu
bang nong do chuyén tai bun cat day (¢, = c,)

* Van Rijn (1984a)

c, =0.18¢,7'/ D, i z=0, =0.4d,,D,’T"

¢, =0.65: nong do thé tich 16n nhat
» Einstein (1950) gia thiét 6, = 2d,s — van toc hat trung binh u,
=11.6u., st dung g, = c,u;0, :

¢, =q,/(232ud)=¢,/(2320) wi z=0,=2d,
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§5.8. Néng d6 bun cat tai mirc tham chiéu

» Engelund va Fredsee (1976) gi thiét 6, = 2d.:

1
C, = 0.65 tai z=0, =2d
v (1+1/A)’ S

A=43(6-6_-026p)/6  p

{1 +[0.26/(6- ecr)]“}_o'zs
0= I[Agd,,] u, =1 /{6+2.5In[h/(2.5d,)]}

« Zyserman va Fredsee (1993) dé nghitaiz=a = 2ds,:

. 0.331(6'-6.)""
" 1+0.72(6'-6,)""

(truong hop day phang c6 0’ = 0)
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§5.8. Néng d6 bun cat tai mirc tham chiéu

» Smith va McLean (1977) gia thict d6 day 16p chuyén tai bun
cat day bang muc 0 van toc: 0, = z, , va d0 nham do hat
k' =3dy,:
a=k +263(0-6)d,,
0.004S

C = tai Z=(5b

= C
* 140.004S °

* Vo1
S = ((9 -0 . r) /6 . thong sO trang thai chuyén tai

¢, = 0.6: ndng do thé tich 1én nhat
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§5.9. Anh hudng cta dang day

Trudong hop co6 song cat, bun cat lo liing duoc gia tang khi bun cat day
dugc chuyén tai trén suon thugng luu. Toc d6 boc 1én tir chuyén tai bun cat
day thanh chuyén tai bun cat lo Iting dat 16n nhat ¢ dinh song cat.

Xoay do rdi tron & chan song cat cling lam bun cat day duoc lay 1én.

Van Rijn (1984b) dé xuat xac dinh nong do bun cat tham chiéu hiéu qua
trén dinh ctia song cat va gon cat

dso T1.5

c, = 00152

— ¢, nong d6 tham chiéu (theo thé tich)
— a (m): d0 cao tham chiéu so voi day binh quin (a = A néu biét A hoic
a = k, néu khong biét A)
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§5.10. Anh hudng cua kich thudc bun cat
day khong dong déu

* Van Riyn (1984) st dung kich thudc hat bun cat lo Itrng dai
dién d, va phuong phap nhom hat dé xuat bo1 Einstein (1950)
dé xét anh hudng cua kich thudce hat khong dong déu

o _|[1+0011Gr-1xT-25)]d,,  0<T <25
s ¥d50, TZZS
Heé s0 cap phoi cua bun cat day G l d84 . dso)
2\d,, d,
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§5.11. Stre tai cat lo lrng cua dong nudce
(Einstein 1950)

« Einstein (1950) sir dung phan bo parabolic ciia &-va phan bo
logarit cuia van toc

g, =11.6u.c,a[ I, +1,1n(30.2¢h / dy)]

* g, (m¥s): suat chuyén tdi bun cat lo limg

u', (m/s): van toc ma sat lién quan dén hat
* ¢, (-): noéng do tham chiéu (theo thé tich)
a =2d (m): 6 cao tham chiéu

* ¢ (-): hé so hiéu chinh (phi tht nguyén)
* [,,I,: cic tich phan Einstein
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§5.11. Stre tai cat lo lrng cua dong nudce
(Bagnold 1966)

Bagnold (1966) st dung phuwong phap nang lugng (cong) cua
dong chay
e(l-e )t u e (l-e )0d u

" " (o, = p)gcos (v, /m)—tan B cos Bl(w, /i)~ tan f

g, (m?/s): suat chuyén tai bun cat lo ling

S: goc gitra ddy va mit phang nam ngang (tanf: 46 doc day)
e, =0.01 = 0.02: hé s6 hiéu ich cta chuyén tai lo limg

e, = 0.1 +0.2: hé s6 hiéu ich cta chuyén tai day
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§5.11. Stre tai cat lo lrng cua dong nudce
(Bijker 1971)

* Biyker (1971) dua trén y tuong cua Einstein (1950), nghia la
dung cong thirc Rouse cho phan b6 ¢(z) va cong thirc loga cho
phanbOu(2): 5 _1.83¢,[1,+1,In(33h/ k)] =1.830g,

~0.27/(u0)

q, = bu.ds.e

u=(C/C )LS (xem slide 74)
C'=181log(12h/d,,)

* g, (m%/s): suat chuyén tai bun cat lo limg

* g, (m?/s): suat chuyén tai bun cat ddy

6 : thong so co dong Shields

b= 1+ 5: hé sb6 hiéu chinh (1 = song khong vG, 5 = song
vO) 100



Z=w_/Ku,

r/h 7%=0.00 7%=(.20 7%=0.40 7%=().60 7*=0.80 |

Q /9 | Q |4'%| Q |4/%| Q [4/4 | Q |4/49
1-10'-f 303000/ 554000 32800| 60000| 3880/ 7100/ 527| 964| 88.0/ 161.0
2-107 | 144000! 263000( 17900| 32700 2430 4440/ 377/ 689 71.6| 131.0
5-107 | 53600/ 98000 7980! 14600/ 1300/ 2370, 239| 438 43.6/ 98.0
1-107 | 25300/ 463001 4320/ 7900/ 803| 1470/ 169 310/ 42.7| 78.2
2107 | 11900/ 21800 2330/ 4260/ 496/ 907| 119/ 218 339 62.0
5-10° | 4360/ 7980 1020/ 1870/ 2601 475 74.3| 136| 24.6/ 45.0
1-10° | 2030/ 3720/ 545 998 158 290/ 51.2| 937 19.1] 349
2-10° 940/ 1720/ 289/ 529 95.6| 175 35.1| 642 14.6/ 26.7
5-10° 336 615/ 123| 226/ 48.5| 88.7 20.8 38.1| 10.0| 18.3
1-10 153 280/ 639 117| 28.6| 523 13.8 252/ 73| 13.4
2-10°° 68.9 126/ 32.8 60.0 16.5| 302/ 89 163| 52/ 95
5-10 232 424 13.1] 240 7.7 14.1| 48/ 87 3.1| 5.7
1-10™ 9.8 18.0 6.3 11.5] 41| 7.5 28/ 51| 20 3.6
2:10° 3.9 7.1 28] 5.1 20 3.7 1.5 28 12 2.1
510" 0.8 1.5 07 1.3 06/ 1.1l 05 09 04 07
| 0 0 0 0 0 0 0 0 0 0




r/h 7*=1.00 7*=1.50 7*=2.00 7*=3.00 7*=4.00 |
Q q,/4, Q (4/¢| Q [49/9% | Q [49/4,| Q [4/q,
1-107 | 20.0]  36.6] 2.33] 4.26/ 0.973] 1.781 0.432| 0.790| 0.276| 0.505
2:107 17.9/  32.8/ 2.31| 4.23] 0.973] 1.781] 0.432| 0.790 0.276| 0.505
5107 14.4 282 228 4.17| 0.967| 1.770| 0.432| 0.790| 0.276| 0.505
1-10™ 13.6/ 249 225 4.11] 0.967| 1.770| 0.432| 0.790, 0.276| 0.505
2-10* 11.9] 21.8] 221 4.04| 0967 1.770| 0.431| 0.789| 0.275| 0.504
510™ 9.8/  17.9] 2.13| 3.90/ 0.962] 1.760| 0.431| 0.788| 0.275| 0.504
1-10™ 8.4| 15.3| 2.05| 3.76| 0.951| 1.740| 0.430| 0.787| 0.275/ 0.503
210 7.0 12.8] 1.96/ 3.58| 0.940| 1.720| 0.428| 0.784| 0.274| 0.502
510 5.4 9.8/ 1.78] 3.26| 0.907| 1.660| 0.424| 0.776| 0.273| 0.499
1-10° 4.3 78] 1.62| 2.96| 0.869| 1.590| 0.417| 0.763| 0.270| 0.494
2:10° 3.3 6.0/ 1.42) 2.59| 0.809| 1.480| 0.404| 0.740| 0.264| 0.483
510 2.2 4.0/ 1.10 2.02| 0.694| 1.270| 0.374| 0.684| 0.249| 0.456
1-10™ 1.5 2.7 0.84| 1.53] 0.568| 1.039| 0.339| 0.620| 0.236| 0.432
210" 0.9 1.6/ 0.55| 1.01] 0.414| 0.758| 0.317| 0.548
510 0.3 0.6 0.17| 048
1 0 0 0 0







§5.11. Stre tai cat lo lrng cua dong nudce
(Van R1jn 1984b)

suat chuyén tai bun cat lo limg « thong sb tng suat tiép day

(q,, m?/s): _ T,-7, 0 -0

’ g =Fuhc, T=—b her_ —
T

b,cr cr

nodng do tham chiéu (theo thé tich)

g suat tiép day hiéu qua (N/m?)

dSO Tl'5 ' — 1\2
¢, = 0.015=% T, =pgl(u/C')
hé s6 hinh dang phan b6 bun cat *  van toc ma sat tong thé (m/s)
A 1.2
(al hy” ~(alh) v miig I C

(l-a/h)?*1.2-2"
* hé s6 nham Chézy lién quan dén
thong so kich thudc hat hat (m°-°/s) theo Van Rijn

D_3A_gd C'=18log| — L2k
* V2 50 3d90
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§5.11. Stre tai cat lo lrng cua dong nudce
(Van R1jn 1984b)

* hé s6 nham Chézy tong thé « thong s6 hiéu chinh phan tang

(m°-°/s)

0.8 0.4
C =181log(12h/k,) y=25(w /u)"(c,/c)

* ty sO x40 tron bun cat va nudce

(B=<2) 2
« thong so lo limg /3’=1+2(ws/u*)
7' =7 4 v, * duong kinh dai dién cua bun cat
lo Itmg, tr. 97.
o d =[1+0.011(Gr-1)T -25)]d,,
vo10<T<25
Dong chay yéu co f=1vay=0 d =d voi T> 25

S 50
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§5.12. Strc tai cat tong cong

* Einstein (1950), Bagnold (1966), Bijker (1971), Van Rijn

(1984b)
q,=q,+4q,

e Engelund-Hansen (1967) st dung can bang ning lugng (cong)

0.057°
! XN

g, (m?/s): suat chuyén tdi bun cat tong cong

u (m/s): van toc dong chay trung binh do sau
C (m®*%/s): hé s0 nham Chézy
A : ty trong day noi twong ddi ctia bun cat
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§5.12. Strc tai cat tong cong
(Yang 1973)

* g, (kg/s/m): suat chuyén tai bun cat tong cong

g =10"c u h
* ¢, (ppm hay g/m?): nong do bun cat tong cong (

cr

log(c)=a +a,log
w

S

a, =5.435-0.286log(w.d,, /v)—0.457log(u. / w,)
a, =1.799-0.409log(w d,, /v)—-0.3141og(u./w,)

ul—1u 1)

* u_ (m/s): vfn toc khéi dong trung binh dosau
7= 012'5 F0.66|w. vl 1.2<udy /v <T0
log(*2%50)_0.06
! 14 ]
u_ =2.05w voi uds, /v =70

er — U2 107



§5.12. Strc tai cat tong cong
(Ackers-White 1973)

« g, (m?s): suat chuyén tai bun cat tong cong

_(u\(Y-1,\
oKy ] (75
U, Y

cr

sk

l-n
Y: thong s co dong ciahat Y : |
Onlg 50 cO dong cua f Agd.,. 5.66log(10A/d;)

* Y_: thong $6 co dong gidi han cua hat

« K, n, m: cac hé sd

_ Wil<D.<60: K = 10—3.53+2.8610gD*—(logD*)z n=1-0.56log D,
m=9.66/D,+1.34 Y =0.23/D" +0.14
. =vAg/Vvd,,

— v6iD. > 60: K=0.025, n=0, m=15, Y =0.17
108



§5.12. Strc tai cat tong cong
(HR Wallingford, 1990)

« Diéu chinh lai cic hé s6 cua Ackers-White (1973)

— Vv6i 1 <D, <60: ~3.46+2.791og D, —0.98(log D, )?
K =10 eDr-058(oe D)

m=6.83/D, +1.67

— véi D.>60: K =0.025
m=1.78
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§5.13. Panh gia cac cong thirc

Ty l¢€ cho két qua nam trong pham vi h¢ s6 2 cua sb liéu do dac
— Voogt et al. (1989)

Method 297 486 120
thi nghi¢m song | cuasong |
Engelund-Hansen (1967) 68 % 64 % 33%
Ackers-White (1973) 68% 63 % 26%
Yang (1973) 89% 39% -
Van Rijn (1984) 76% 76 % 89 %
— White el al. (1973) Method thi nghiém & thuc t¢  (1260)
Ackers-White (1973) 68 %
Engelund-Hansen (1967) 63 %
Einstein (1950) 46%
Bagnold (1966) 22%
— Van Rijn (1984c) Method thuc 6 (266)
Van Rijn 75%
Engelund-Hansen 44 %
Ackers-White 44 %
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Chuong 6
VCBC ven bién

Khai niém 16p bién song

Lép bién tang trén day nhan

D06 day 16p bién song

Hé s6 ma sat song

Co ché van chuyén bun cat ven bién

Lép bién cuia séng khong déu

Lop bién song + dong chay: mo hinh Bijker
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§6.1 Khai niem 16p bieén song

« Theo li thuyét song tuyén tinh, bién d6 dao dong phan tir nude
tai day: A H 1
2 sinh(27h /L) L=1.56T"tanh(27wh / L)

van toc hudng ngang cua phan tr nudce: u, = U_ sin(w?)

vo1 U _la bi€n do van toc huéng ngang, U _=Ao=Ax2n/T.

e Lithuyét song tuyén tinh gia thiét chat 1ong li tuong, khong
nhdt. Chat di€ém nudce “trén” day co thé di chuyén tu do: khong
g1ong thuc t€. — Lop bién song

* Theo 1y thuyét 16p bién tong quat ctia Prandtl: chat 16ng v nhd
— tac dOng cua ma sat Ién dong chay chi dang ké & mot 16p
mong sat bién.
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§6.2 Lép bién song chay tang trén day nhan

* Duong Ong nudc dao dong o
(Lundgren va Segrensen 1956) :
f _ J
N\ —" | Y
X 1(3
| } test section }
7 Wz B — 10 meters
Y=
_H 1
2 sinh(27h /L)
:OVU [ : (l‘)‘|‘ ( l‘)] : ( /4 71')
T, = 2| SIn cos|wt)|=71, sin|wt+—
b bm
N2v/w 4

* Léch pha: gia tri cuc dai cua 1, xudt hién trude cuc dai U, la

45°.

b
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§6.3 DO day 1op bién song

Xét profile van toc - 2 e
dudi dinh song et I A T 4
Vi tri cua 16p bién: h 1 s |
nhiéu quan diém i / e

U | L&A
(Jonsson 1966):
v1 tri thap nhat ta1 do bién d6 van toc =U s =% |2V

72

(Sleath 1987): g)v
tai d6 bién d9 véan toc =95% U_ %00 =3\
V6i dong chay trén ddy go ghe, bé day 16p bién R
b1 anh hudng boi1 Ao nham day (Sleath 1987) 205 = 0,26(](—)

T 1)

I@




§6.4 Vi du tinh 16p bién song

Cho chiéu cao song H =2 m, chiéu dai song L = 80 m, d6 sau
nudc h =5 m, do go ghé day k, =15 cm.

Tinh d6 day 16p bien & .

Nhan xét: do day 16p bién do thay doi theo thoi gian khong?
Suy luan: so v&1 dong chay trong kénh h¢ thi song tao nén 16p
bién day hay mong hon; tai sao?

« Biét rang do day J cua 16p bién dong chay tinh boi cong thic (Do day
nay s¢ tang theo chiéu dong chay.)

5 Ux\ "
=04 (_x)
X v
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§6.5 Hé sO ma sat song

: 1 >
* Tuong tu nhu hé s6 ma sat dong chay f : Ty max 5 pf WU m

hé s6 ma sat song f  (theo Jonsson 1966):

A A r 14 u, — Tb,max = fWU
* Van toc ma sat song: v 0 2 "

* (14 tr1 he s6 ma sat song tng vd1 cac truon
—  Véi lép bién tang, day nhan: 7 =2
cong thirc 1y thuyét "

"
A’w
e 14 Tt A K A y —0.123 E
— V&1 16p bién ro1, day nhan: £ =0,024 ‘2/ voi 106 < AP 108

Justesen (1988) A w v

/ 0,194
~ V6ilop bien rdi, ddy nham: £ _ exp( 5,213( k, ) _ 5,977)
. Swart (1974) A
e Nielsen (1992) chinh 1y cong thitc Swart ( k )0’2
- 6,3

voi A*w/v<3x10

5

dé phu hop véitiso k /Anho £ =exp|5,5
" A

116



§6.6 Vi du tinh hé s6 ma sat song

Cho chiéu cao song H =2 m, chiéu dai song L = 80 m, d6 sau
nudc h =5 m, do go ghé day k, =15 cm.

Tinh hé so6 ma sat song.

So sanh v&1 hé s6 ma sat dong chay?
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§6.7 Co ché van chuyén bun cat ven bo

« S6ng khuay dong bun cat va dong chay van chuyén luong bun
cat nay.

wave—induced velooily
— — Tidal ourrernt velocity

v aw.—" | -

k /

—

A

e Vi du: Cho chiéu cao song H=2 m, chiéu dai song L = 80 m,
dd sdu nudc h =5 m, do gb ghé day k., = 15 cm. Tinh céic tng
suat day do dong chay va do song.
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§6.8 Truong hop song khong déu

Cac cong thirc trude day dugc thiét 1ap cho song déu.
Dé 4ap dung cho song ngau nhién trén thuc té, can tim ra séng
da1 di¢n.
Theo Madsen va nnk. (1988):
—  Chiéu cao song dai dién=H__
—  Chu ki song dai dién = T (chu ki song y nghia)

§6.9 Ung suat tong hop & day

Feddersen & nnk. (2000):

T =£u\/(1 16U ) +if U =U, /2

wc
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* Bijker (1971):
« song yéu — khong anh hudng do day cia 16p bién nhét cua
dong chay. Gia thiét c6 1 16p nhot
th z = O — ZO:,tai do ,
phan b6 van toc dang tuyén tinh,
tiép xuc vai dudng phan bd loga.
Tai tiep diém, ta c6 U. = u,/x.

=% In(F)

Zoe 1 _1___

visoons
sublayer

! |

* Khi c6 ca song: van toc tong hop - x

* DO I6n va gia tr1 trung binh

: : =\ JU> +u> +2U
ung suat day tong hop: “ \/ r oty 1,085

y

— — — Envelope of veloeity vestor

|

— 2r 72
T =pkU e
wc r // / Vave
e /
— P
1 1 ///ax N, = Uy SR (@t)
T _ — d t — T + - T U, - — Qurrent
wc T wc C 2 w,max \ ;
\ /
\ s/ Hr ourrest velosity 2=z 6
. \ / Uy, wave orbit velooity 0
—l / mbined veloeit
Tw,max Tb,max (Shde 11 6) 2 u combined veloolty
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