Chwong 7 CAC QUA TRINH SONG VEN BO

7.1 Suy giam song do ma sat day

Trong phan nay, ta s& danh gia su suy giam séng do can tré cuia day bién. Su suy giam
nay bao gém suy giam do chuyén dong cua day, do nudc tham vao day va suy giam tryuc tiép
do lyc ma sat nhét. Thong thuong, sy suy giam do chuyén dong cta day 13 rat quan trong d6i
v6i day bun; tuy nhién, cho t6i nay, cac kién thirc vé van dé nay lai 1a nghéo nan nhét.

Ky hiéu tmg suét tai ddy laz, va van tdc quy dao ciia hat nuéc ngay phia ngoai 16p
bién moéng 1a u, , ta cod thé biéu thi tdc do tiéu tan nang lugng trén mot don vi dién tich nhu

sau (trong hé don vi S.I.: Wm? ):

D=rtu, (7.1)
Gia thiét ring ta c6 mot 16p bién rdi, ta s& co thé viét lai cong thire (7.1) nhu sau:
Ty = Crp“b|”b| (7.2)

trong d6 C,1a hé s6 can tro (khong thir nguyén), 1a ham cua ty s6 giita bién d6 dich
chuyén cua hat 10ng ( ) vathong s6 nham cua ddy, va s6 Reynold tai bién. Mot gia tri dién
hinh cia C, trong cac diéu kién thyc té ngoai hién truong 1a 102

Thé (7.2) va (3.72) vao (7.1) ta co:

4 wa ’
D=—C 7.3
37 ’p(sinhkhj (7.3)

Sau khi d3 tinh tdc d0 tiéu tan nang lugng trén mot don vi di¢n tich, ta hdy tinh bién do
suy giam gy ra do qua trinh tiéu tan nay. Dé lam viéc nay, hdy xem xét luong ning luong

chtra trong mot the tich long coé chiéu rong don vi va nam gitra hai mat cat x =x, va
voi

X, =x, +ox . Ky hiéu tdc d6 van chuyén nang lugng qua cac mat cit ndy 1a E; va E,,

E,, ~E, +dE, /dxox. Hi¢u sO E,-E, la toc do tiéu tan ning luong trén khoang dx

vabang Ddx (trén mot don vi chidu rong), sao cho can bang ning luong trd thanh

dE,
——+D=0 (7.4)
dx

Thé (7.3) va (3.112) vao (7.4) ta co:

da 3 wa ’
nca—+—=C =0 7.5
PERCE e T an ’p(sinhkhj (75)

phuong trinh nay con c6 thé dugc viét 1a:
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d—f + pdx =0 (7.6)
a
trong d6 B 14 mot hé sd co thir nguyén duge cho boi:

()
8= i c sinh kh

3z gnc

(7.7)

Dung moi lién hé phan tan gitra van tdc pha, budc song va chu ky song, (7.7) con c6 thé
duoc viét 1a:

s-2c K (7.8)
37 " n(sinh kh) cosh kh '
Cudi cung, tich phan (7.6) cho ta:
1 1
L. 3 7.9
) P (7.9)

Diéu nay cho thdy su suy giam theo quy luat hyperbolic ctia bién do theo khoang cach
lan truyén. Cong thirc (7.9) c¢6 thé duoc viét lai nhu sau:
L (1+ fa,Ax)" (7.10)
al
trong d6 a = a(x), a, = a(xl) va Ax=x—x,. Ta co thé thdy rang toc do suy giam
twong d6i khong chi phu thude vao A, ma con vao bién d¢ ban dau. Cac song 1on suy giam
nhanh hon céc song nho. Diéu nay 13 do anh huéng cia quy luat gia dinh vé tng suét day 1a
ham bac hai cua van tdc (7.2).

Su tiéu tan & ddy 1a do tro khang ddy, va nhu vay tde do tiéu tan ting véi su giam cua do

sau. Xem xét k¥ (7.8), ta co thé thdy rang f — 3iCrh2 khima kh — 0.
T

7.2 Hi¢u @rng nwéc ndong

Cho t6i nay ta chi méi nghién ctru tinh chat ctia song lan truyén trén mot bé mit nhin
nam ngang v4i do sau khong di trong cac diéu kién khong c6 dong chay hay chudng ngai
vat trén duong lan truyén. Tuy nhién, trong thuc té, khi ma mot chudi séng lan truyén vao
mot ving nude ndng, ching ta co thé quan sat thy su thay ddi ctia mot loat cac thong sd
song nhu do cao séng, van tdc pha, van téc nhom va bude song v.v... Qua trinh ndy thudng
dugc mo ta 1a hi¢u img nudc néng. Viéc giai bai toan bién hoan chinh cua phuong trinh
truyén song c6 tinh dén diéu kién bién tai day bién la rat kho khan. Tuy nhién, c6 ca mot loat
cac k¥ thuat dé giai quyét cac van dé nhu thé nay. Hiéu tmg nudc nong c6 thé dugce danh gia
bang mot Iy thuyét song nao d6 véi gia thiét rang chuyén dong 1a hai chiéu, chu ky song 1a
khong d6i va téc d6 van chuyén ning luong theo hudng truyén séng 1a khong dbi. Tuy nhién,
cac gia thiét nay yéu cau day bién c6 do déc nho sao cho khong co phan xa song, and song
khong phat trién do gié hay bi suy giam do ma sat day.
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Trén co so cua 1y thuyét tuyén tinh, chung ta ky hiéu mdi lién hé phéan tan (3.67) va

(3.68) cho soéng nudc sau nhu sau:
¢, =gl /27, Ly = gT* 127k, = 27 /(gT?) (7.11)

véi chi s6 0 dung dé ky hiéu song nude sau.
MGéi lién hé phan tan (3.66) gio c6 thé viét nhu sau:

gk tanh kh = 0 = gk, = constant (7.12)
Tir d6 ta co:
ck = c,k, = @ = constant (7.13)
Nhu vay tur cac phuong trinh (7.12) va (7.13) ching ta phai co6:
clcy=ky,/k=L/L,=tanhkh (7.14)
M&i lién hé phan tan dugc cho boi & tanh kh = k), hay:
27h  4rx’h

khtanh kh = hky = —— = ——
L, gT

cho thay rang k% 1a mot ham duy nhat cua 2/ gT?. Gid da rd rang 1a cac ty sb trong phuong

(7.15)

trinh (7.15) 1a dugc x4c dinh duy nhat cho mdi do sau cho trudc.

Thém vao dé, toc do van chuyén nang lugng E, la khong phu thudc vao do sau. Do

vay ta co:
1 1
E, = Epgang = EpgaéCgo = constant (7.16)
sao cho:
C.\? 1
Lo =2 = (2ntanhkh)2 (7.17)
a, C,
Hay:
Cc \2
a:ao( gO] =a,K, (7.18)
Cg

trong d6 K, dugc goi la hé s6 nuGe ndng, dinh nghia nhu sau:
1

C, )2 Nl
K, = Cg = (2ntanh kh) (7.19)

g

Vi cac song nudce sau, phép xap xi thong thuong cho ta cac moi lién hé duoc don gian

L g [ B 2 (7.20)
¢ L gT L,
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Hinh 7.1. HE sO nudc nong tinh tu 1y thuyét song tuyén tinh

Hinh (7.1) cho thay su bién ddi ctia hé s6 nude nong dua trén 1y thuyét song tuyén tinh.

Duong nhu 1a K cé mot gia tri cuc tiéu khoang 0.91 tai mot do sau (A/L, =0.16 or

kh=0.20). H¢ sb nay tang vo han khi ma do sau tuong ddi tiém can gia tri zero. Tuy nhién,

trong khoang d6 sau twong dbi tiém can zero phuong trinh (7.21) 1a khong 4p dung dugc vi

rang khi ma do sau giam, do cao song ting 1én thi 1y thuyét song tuyén tinh khong con ap

dung dugc ntra. Hon nira, tai mot s6 diém song s€ bi vo va khong thé bo qua mat mat nang
luong do song va.

Thay vi cho viéc dung téc do van chuyén nang luong xap xi £, trong ly thuyét tuyén

tinh, ta con c6 thé ap dung ly thuyét phi tuyén. Trong truong hop nay, ty s6 a/ a, (hay
H / H ) phu thudc khong chi vao d¢ sau twong dbi (kk hay %/ L,) ma con vao do doc song

ban dau (kya,or H,/L,). Cac két qua dya trén gia thiét vé téc d6 van chuyén ning luong
khong doi E  theo ly thuyét Cokelet dugc cho trén hinh 7.2 (cac dudng lién). Pudng cong

H,/L,=0 biéu thi cac xap xi dya trén 1y thuyét song tuyén tinh, phwong trinh 7.18.
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Hinh 7.2 Céc duong lién biéu thi cic dudng cong nudc ndng dua trén 1y thuyét Cokelet. Cac
duong dut 1a cac duong cong dua trén Shuto (1974); cac giatri H,, /L, dugc chira trén hinh
(Sakai va Battjes, 1980).

Mot xap xi phi tuyén khac di dugc Shuto (1974) rat ra. Cac két qua cua ong co thé

duoc viét nhu sau:

K, =H/H, U <30
Hh*'" = const v6i  30<U <50 (7.22)
Hhm(U—Z\/g):const U > 50
e P 1s A « A ex L . ~ gHT?
trong d6, U 1a so Ursell da dugc bién doi, dinh nghia nhu sau: U = e

s6 nay lai duge x4p xi tir phwong trinh (4.6) véi bude song xap xi 1aL = T/ gh .

Xép xi ctia Shuto (7.22) dugc v& trén hinh 7.2 (cac dudng dat).
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Hinh 7.3 So sanh cac duong cong nuéc nong dua trén 1y thuyét Cokelet (duoc hiéu
chinh véi suy giam ri) v6i cac két qua thi nghiém cua Svendsen va Buhr-Hansen
(1976) trén do doc 1:35 (Sakai va Battjes, 1980).

Xap xi cua E ,theo 1y thuyét cnoidal bac thap nhat duogc cho bdi phuong trinh 4.8

cho mot gié tri thong lugng nang luong qua cao véi cac gia tri cho trudce cua b, Hva T. Vi vay,
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n6 cho ta mot danh gia qua thap do cao sdng nudc nong cho cac gia tri thong luong ning
luong cho trude dugce tinh tir song nudc sau.

So sanh duong cong tuyén tinh v&i cac duong cong phi tuyén trén hinh (Hinh 7.2)cho
ta thiy rang cac duong cong phi tuyén cho tdc do ting ctia d6 cao séng véi do sau 16n hon.
Diéu nay ciing dugc cho boi cac két qua thi nghiém. Mot thi du vé so sanh cac két qua thi
nghiém véi cac tinh toan 1y thuyét dua trén Iy thuyét Cokelet duoc cho trén hinh 7.3.

Déi v6i song ngdu nhién thi can phai thay doi cach tinh hé sé nudc noéng theo phuong
trinh (7.19). Mot 1y do 1a hiéu Gmg cua phan bd ning lugng trong mién tan sé duoc biéu thi
qua pho tan s6, va mot Iy do khéc 13 hiéu tng bién d6 hiru han cua cac séng don. C6 thé danh
gia duoc hiu tng thtr nhit bing cach tinh toan hé s6 nudc ndng tai nhiéu khoang tan sb trong
phd song va sau do tinh hé s6 nudc nong tong cong dura trén cac cac két qua cho mdi dai tan.
Viéc nay s& cho ta mot duong cong nudc ndong phu thudce vao do sdu mot cach phang phiu.
Thi du nhu gia trj cyc tiéu ciia hé s6 nude nong tro thanh (K,) = 0.937 bang cach dua vao
phd tan sb (Goda, 1975), trong khi d6 (K, )
2 t6i 3% nay giira song ngau nhién va séng diéu hoa co thé duoc bo qua trong thuc té thiét
ke .

= 0.913 v6i song thuong. Su sai khac vai bac

min

7.3 Khic xa song

7.3.1 Su khuc xa cua song thuwong co dinh dai

Nguoi ta quan sat thdy rang trong dai dwong khi ma song t&i xién voi mot day ddc, theo
mbi lién hé¢ phan tan ¢’ =(g/k)tanhkh (co nghia 1a ¢ = gh véi nudc néng va
c’ = (g/ k) v6i nudc sau) thi van toc truyén song tai phan nong hon nhé hon nhiéu so voi
phan sau hon. Két qua 1a duong dinh song bi cong di va trd nén gan v6i dudng dang sau hon.
Hién tuong song nay duoc goi la khuc xa song.

Hién tugng nay duoc dién gidi trén hinh 7.4 cho mot khoang thoi gian nhd 5 ¢, xay ra
qua mot dudng ding sdu ma do sau ¢ hai bén ctia né duoc cho 1 khong ddi va chi khac nhau

boi mot lugng rat nho. Pinh song di duge mot quing duong [ sao cho trong cac mién 1 va 2

ta co:
¢ = _ssna, (7.23)
ot ot
[, ssina,
¢, =2 ="""_"2 7.24
st St (7.24)
Vay ta co:
G _ snay (7.25)
c, sina,

Day chinh 1a dinh lut Snell. V6i o 1a gbc ma dinh song tao v6i duong dang sau; Chi
s6 ky hiéu mién tvong tmg. Phuong trinh (7.25) ¢6 thé dugc ap dung cho cac duong dang sau

ngay cang sau hon dé cudi cung cé cac dieu ki¢n song nude sau dugc dung dé tinh toan. Noi
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chung la d6i1 vé1 mot do sau bat ky:
c sina

¢, sing,

dinh siing tai thoi diém
! 1+t

doy bién

k]

(a)

=y

(7.26)

Hinh 7.4. Khuc xa cta cac dinh song va cac tia song (cac duong vudng goéc véi dinh

song) trén mot khoang cach ngan (a) dbi véi dudng dang sau (b) dbi véi

mot hé toa do (X, Y) cho trudc.

Pay chinh 14 co s¢ dé phat trién nhiéu so d6 sd tri khac nhau dung dé theo ddi cac tia

song tir nudce sau té1 nude ndng trong dicu kién cac duong dang sau cho trude. Co rat nhiéu

phuong phap sd tri dé tinh toan song khuc xa, thi du phuwong phap ciia Jen (1969), Keulegan

va Harrison (1970), va Skovgaard, Jonsson va Bertelsen (1975). Vi cac bién phan do dai ds

va dn nhu chi ra trén hinh 7.4(b), c6 thé tim ra phuong trinh vi phan ctia dinh luat Snell nhu

phuong trinh (7.26) (Sarpkaya va Isaacson (1981)):
da 1 dc
ds  cdn
n6 c6 thé duoc biéu thi bang:
da _ _l(ﬁﬂ . M_yJ
ds c\dxdn dydn
Véi:
dx/dn=—-sina
dy/dn=—-sinx
Dung cac mdi lién hé trong (7.28), ta co:

da 1 . dc dc
— =—|sing——cosa—
ds ¢ dx dy

Ta con co:
dx/ds =cosa
dy/ds =sina

(7.27)

(7.28)

(7.29)
(7.30)

(7.31)

(7.32)
(7.33)

Céc phuong trinh (7.31), (7.32) va (5.133) thuong duoc biét téi 1a cac phuong trinh tia

va c6 thé duoc giai so tri d€ xac dinh sy bién doi cua a va nhu vay 1a quy dao cua cac tia.

Co thé danh gia sy bién doi cua dd cao cac song khic xa bang cach xem xét sy van
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chuyén ning luong. Ning luong duogc coi 1a khong duoc cung cdp thém ciing nhu khong tiéu
tan di. Hay xem xét khoang cach giita hai tia song canh nhau (xem hinh 7.5). C6 thé bién d6i
phuong trinnh van chuyén ning lugng (7.16) dé c6 dugc:

%pgAngb = %pngngObO = constant (7.34)

Phuong trinh ndy con c6 thé dugc viét 1a:
A (b
A, b

theo huwdng
nwdc sdu

1 1
2( ¢ 2
[LOJ =K K, (7.35)

e

duwong bo

Hinh 7.5 Khtic xa cta céc tia song t6i xién véi mot duong bo thang voi do dbc
day khong d6i .

1

1 i ,
v6i K, = (b, /b)> 1ah¢ s6 khic xa, vaK, =(c o /c, )2 12 hé s6 nusc nong.

Dé hiéu dugc qua trinh nay ta hdy xem mot tia song t6i xién vi mot dudng b thing co
d6 dbc day khong ddi (xem hinh 7.5). Goc t6i tao boi dinh song va dudng déng sau 1a a,.
Dung cac mdi lién hé (7.14) va (7.26), ta c6:

c L sina

—=—=— = tanh kh (7.36)
¢, L, sing,
2

K tanh b = 27 (7.37)
gT?

Tt hinh 7.5, rd rang 1a khoang cach s doc 1ap véi vi tri va nhu vdy scose, =b,,

scosa=b
b, _ b
cosa, cosa

Hoac = s = constant (7.38)

Do do, su bién doi cuia do cao song dugc cho boi:
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1
2

1 1 1
€ | _(cosa, \2( 2cosh’kh )2
C, cosa 2kh + sinh 2kh

a _[b
a, b

(7.39)
il !
_El—sinzaotanhzkh]‘*( 2cosh” kh jz

cos’ @, 2kh + sinh 2kh

Véi nuée nong, cac moi lién hé (7.36), (7.37) va (7.39) c6 thé duoc don gian hod dé co:

1
2
<L 5 h2 (7.40)
¢ L gT
4
1—sin2a047z2(?2J L6 L
4
a_ _\g (6”2’“} (7.41)
a, cos” a gT

Cac moi lién hé nay chi ding cho 1y thuét song tuyén tinh.

7.3.2 Su khiic xa cia séng ngau nhién

Heé s khiic xa & trén tuong Gmg véi séng thudng voi chu ky khong doi va mot hudng
lan truyén. Sy bién doi ctia do cao song trong bién thuc khong nhat thiét dugc dic trung boi
mot hé sb khuc xa cho song diéu hoa. Nhu ta d3 thao luan trude, song trong bién thyc 1a téng
hop ctia mdt s6 vo han céac thanh ph?m 6 tan s va huong khac nhau. Boi vay, su bién ddi cta
d6 cao song bién dugc xac dinh boi sy dong gop cua tat ca cac thanh phin ma mdi thanh phan
khuc xa vé&i cac hé sb khac nhau. Boi vay, cong thuc co ban dé tinh hé sb khuc xa véi song
ngau nhién duoc cho bdi

1/2

90 Omax

(K,)y =|—] [0 @)K (0,000 do (7.42)
E mSO 0 6in
trong do:
my, = TXS(a),G)Kf(a))dG dw (7.43)
06,

‘mis

4

Chi s0 "eff", c6 nghia Ia hi¢u dung theo tur Tiéng Anh "effective", dugc dung dé biéu thi
cac dai luong lién quan t&i song ngau nhién. Trong cac phuong trinh trén, S(a),é?) ky hi¢u
phé huéng, K, (a)) 12 hé s6 nudc nong, vak, (co,@)lé hé s6 khiic xa clia mot song thanh
phan (tirc 1a mot song didu hoa) véi tin s @ va hudng@ . Trong céc tinh toan thyc té, tich
phan duoc thay thé bang tong.

Mot cach don gian dé tinh hé s6 khuc xa ctia song ngau nhién 1 dung phuong trinh sau:
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(K.),; = {ZZAEijj} (7.44)

v6i gia thiét rang c6 thé bo qua anh huong cua hiéu tng nudc nong.
bai lugng AE, trong phuong trinh trén ky hiu néng luong tuong doi cua cac song

thanh phan véi tan s6 i va hudng j, khi ma dai tdn cta song bién duoc chia thanh cac khoang
tan dugc danh s tir i = 1 t6i M va dai huéng duoc chia thanh céc khoang dugc danh sd tir j =
1 t&1 N. Co nghia la:

1/2
w;+Aw; 0j+00;

AE, = L [ [S(@06)6do (7.45)
m, o; 0,
trong do:
my = TXS(a),H)dH do (7.46)
06,

Trong cac tinh toan thuc té, can phai chon céc chon cac tan sb va huong dai biéu cua
cac song thanh phan. Néu nhu phd tan sé 1a phd Bretschneider-Mitsuyasu, viéc chia dai tan
c6 thé duoc tién hanh sao cho ning luong séng trong mdi khoang tan 1a bang nhau. Cach chia
nay giam thoi gian tinh hé sb khic xa ciia song ngau nhién. Tan s6 dai dién trong mdi khoang
duogc xac dinh t6t nhat nhu 13 gia tri trung binh ctia moment phd béc hai caa mdi khoang sao
cho su bién ddi ctia chu ky song gy ra do khuc xa c6 thé duoc ude tinh v6i sai s6 nho nhét

(bdi vi chu ky trung binh duoc cho béi moment bac hai cta phd tan sd).

7.3.3 Tinh sw khiic xa ciia séng ngau nhién bang phirong trinh théng lrong ning hrong

Cung v6i phuong phap tinh hé sé khiic xa bang cach tong hé sb khuc xa cua cac song
thanh phan, su khuc xa cua song ngiu nhién c6 thé duoc tinh toan bang cach giai sd tri
phuong trinh thong luong ning luong do Karlsson (1969) dé nghi. Phuong trinh co ban c6
dang:

0 0 0
a(va)+5(Svy)+£(5v9)= 0 (7.47)

vo1 S ky hi€u mat do phd nang luong soéng vav,, v, va v, dugc cho boi:
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v, =c, cost

v, =c,sind (7.48)
c
v, =% @sinﬁ—@cosﬁ
c \Ox oy
T1.'::5.1! | _ I —— l_-:
pg AR
d,_—]_mm AR }} !
' N
| \S=ZE)
1] [] 4. é 1 '
T
| — T

Hinh 7.6. Dang ctia khu nudc nong hinh cau

I T T ol [
Period Ratio | Height Hatio

I
Hinh 7.7. Phan bo ty so cua dd cao va chu ky séng ngau nhién trén mot khu nudc nong

hinh cau

Phuong phap nay da duoc &p dung dé tinh sy khic xa song tai mdt khu vuc nude
néng hinh cau nhu thiy trén hinh 7.6, c6 duong kinh 40 m va d6 sdu nudc 5 m tai dinh, dat
trong mdt khu vye nudce c6 do sau khong ddi béng 15 m (Karlsson, 1969). Phan bd d6 cao va
chu ky song do su khiic xa ctia song ngéu nhién duogc cho thiy trén hinh 7.7 véi song véi chu
ky c6 nghia 7,,, =5.1s. Pho song dugc gia thiét 1a co dang Bretschneider-Mitsuyasu lién
két v6i phd hudng dang Mitsuyasu cé Soax = 19. Phan bén phai ctia Hinh 7.7 cho ta su bién
ddi ctia d6 cao song khiic xa trong khi phan bén trai cho ta su bién dbi cta chu ky song. Su
bién doi cua séng ngiu nhién thuong duoc kém theo mot sb bién doi trong chu ky song vi
phd hudng bién doi khi song bién dang, nhu ta thiy trén hinh 7.7.
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Su khuc xa cua séng ngau nhién tai ving nudc nong nay da duge Ito et al. (1972) tinh
bﬁng mot mo hinh sb trj. Két qua vé su phan bd cua do cao song duogc biéu thij trén hinh 7.8.
Nhu ta di thiy trén hinh, sy khic xa cta séong ngdu nhién thudng tao ra nhimg bién dbi
khong gian dang ké cua do cao song. Viée tinh toan su khiic xa song dung cac thanh phan phd
v6i cac huéng va tan s khac nhau 1am tron nhitng bién ddi khong gian d6 di. Vincent va
Briggs (1989) da nghién clru dang cua do cao song phia sau mot ving nudc nong dang
elliptic trong phong thi nghiém cho ca séng ngau nhién va song diéu hoa. Ho thiy rang yéu to

quan trong nhat anh huong dén phan bb do cao song 1a d6 dan trai vé hudng cua song.

= e @ W wm =

Huwéng sting

Hinh 7.8 Phan b6 d6 cao song diéu hoa trén mot ving nudc nong hinh ciu
(theo Ito et al., 1972)

No6i mot cach chat ché thi song phia trén mot vung nudc nong khong chi bi anh huong
boi qua trinh khiic xa ma con bi anh hudéng bdi qua trinh nhiéu xa, dic biét 1a khi ma cac tia
song cat nhau. Mot sb so dd sb tri da dugc dua ra dé giai quyét bai toan séng nhidu xa va
khtc xa ndy. Cho du rang cac phuong trinh thong lugng ning luong (7.47) va (7.48) khong
c6 kha nang tinh t&i sy nhifu xa, né van c6 kha ning cho ta mot danh gia chap nhan duogc vé
dd cao séng ngau nhién xung quanh ving nudc nong hay 1a do cao séng tai mot ving cé dia
hinh day phuc tap ma phuong phéap phan tich song khuc xa thong thudng s€ cho cac tia song
cat nhau.
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7.3.4 Sy khuc xa cua song ngau nhién tai vung bién co cac dwong dang sau thang song song
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Hinh 7.10 Su bién d6i ctia hudng séng chinh do khiic xa cia song ngau nhién tai mot
viing b ¢6 cac duong dang sau thang, song song
Déi v6i truong hop mot viing ven bd ¢6 cac dudng dang sau thang, song song, co thé
tinh dugc sy bién doi cua huodng tia song va hé sb khiic xa cua cac song thanh phén béng
phuong phap giai tich. Khi d6, c6 thé dé dang thyc hién viéc tinh toan sy khic xa cta cac
song bién ngau nhién bang phuong phap chong chit. Hé s6 khiic xa cua song ngiu nhién va
su bién ddi cua né theo hudng song chinh di duoc tinh va trinh bay trén cac hinh 7.9 va 7.10,
(Goda va Suzuki, 1975).
Céc tinh toan da dugc tién hanh véi sb luong cac thanh phén tan sé va huéng M =N =
36, ding phd tan sd Bretschneider-Mitsuyasu va ham phan tan dang Mitsuyasu. Budc
song L, trén truc hoanh cua cac hinh 7.9 va 7.10 1a budc song nude sau twong tmg véi chu ky
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song co nghia. Thong thuong, (a , )0 ky hi¢u goc to1 cua song nudc sau.

Hé¢ s6 khic xa cia song ngu nhién bién thién theo gia tri s, , nhung chi trong
khoang ching vai phan traim. Hudng toi chinh cia song, theo dinh nghia cua Nagai (1972) 1a
hudng twong tng voi mat do nang luong huéng 16n nhat, it chiu anh hudng cua gia tri cua hé
b s .

Can phai nhan thay trén hinh 7.9 13 hé sé khuc xa giam di khi séng truyén vao gan bo

hon. Pi€¢u nay 1a do sy khiic xa cua cac tia song to1 ¢ ca hai bén ctia hudng to1 chinh.

Thidu 7.1

Hay mo ta cac song khiic xa tai cac do sdu 20 va 10 m, khi ma cac séng limg véi chiéu
cao 2 m va chu ky 12 s t6i v6i 1 goc 40° tai mot ving bo bién ¢ cac dudng dang siu thing,
song song.
Loi gidi

Tia=12s

Hinh 7. Tinh thay d6i cia hudéng song

Véi song lung, thong so phan tan s 1a 75. Bé1 vi bude song nudce sdu tuong g voi

T,, =12s1aL, =225m (L, = gT}>,/ 27), 4 sau tuong ddi h/Lo = 0.089 tai h = 20 m. Hé
s6 khiic xa xac dinh theo hinh 7.9 A K » = 0.92 va hudng song chinh theo hinh 7.10la « =

24°. Taidosauh=10m, K, = 0.90va a, =170 with h/Lo=0.044. Sy bién d6i ctia huéng
song chinh duoc trinh bay trén hinh 7.11.
7.4 Sw phan xa song

7.4.1 Phan tich Iy thuyét sw phan xa séng diéu hod

Phan nay s€ thao luan sy phan xa song va hé qua cua né la cac song dirng. Gia thiét rang
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su phan xa song gy ra boi mot chudng ngai vat c6 tuong thang dung dat tai x = b. Bién do
tan sd va sd séng cua séng phan xa co gia tri dung bang cac gi tri twong Gmg cuia song téi.

Theo dinh nghia ta biét rf?lng hé sb phan xa K; dugc cho béi:

K= bién d6 cua song phan xa / bién do ctia song téi va phai bang 1 ddi véi trudng hop
phan xa hoan toan.

Chung ta biét rang phuong trinh Laplace 14 tuyén tinh. Nhu vy, thé van toc cia mot hé
song @, duge cho 1 tong cua thé van toc cua cac song don

_ag coshk(z + h)[C (

D, 27 T cos kx—a)t)—cos(kx+a)f+5z)]
o  coshkh (7.49)

Néu chuéng ngai vat 1a khong thdm thi thanh phan van téc dong chay theo phuong

phap tuyén voi bé mat chudng ngai vat tai x = b bang 0. Nhu vay, diéu kién bién 1a
oD,
o
Ap dung diéu kién bién ndy vao phuong trinh (7.49), ta
cosin(kb — art ) = sin(kb + ot + &, ). Khai trién va cho cac hé sb ctia cac s6 hang sin(wr) va
cos(wt) & ca hai vé bang nhau, ta co sinkb =sin(kb+5,) va coskb = —cos(kb—35,).
Nghiém cua cac phuong trinh nay la: 6, = (2n + 1)7[ -2kb, n=0,1,2

Ur =

0 tai x=b (7.50)

Huwoéng sung

_____ Sung dirng

Cao tronh

Hinh 7. Sy tao thanh cua hé song ding

Doi voi hai song tién chuyén dong theo hai phuong nguoc nhau va c6 bién d6 bang
nhau:

¢, = asin(kx — ot )+ asin(kx + ot + 5, )
= asin(kx — ot )+ asin(kx + wt)cos 5, + a cos(kx + ot )sin 5, (7.51)
Thé gia trj cia &, trong biéu thirc nay ctia ¢, va sau mot chut bién doi, ta co:

¢, = 2asin(kb — ot )cos(kx — kb) (7.52)
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Phuong trinh (7.52) 1a tich cta hai s6 hang: mot sé hang doc 1ap véi x va mot sb hang
doc lap véi t. Nhu vay, c6 nhiing thoi diém ma ¢, =0 cho tat cac gia tri cia x va c6 nhiing
gid tri cuax ma tai dd ¢, =0 tai moi thoi diém. Nhiing diém ma ¢ » =0 tai moi thoi diém
dugc goi 13 nhimg diém nat va thoa man diéu kién cos(kx — kb) =0, voi cac nghiém
lax=b+|(2n+1)7)/2k ,n=0,1,2,3,4, v.v.... Diéu kién ciia cac diém niit nhu thé nay dinh
nghia cac song dung. Hinh 7.12 chi ra cac song thanh phan ctia song ding.

C6 thé nhan thay rang d6 doc ciag, 1a ¢, ludn luén bang nhau va nguoc dau tai x =b.
Diéu nay cho ta diéu kién sau:

S g

Nhu thiy rd rang tir (7.52). C6 thé 1 rat thuan tién néu nhu 1ay gbe cia x tai chudng

tai  x=b  tai moi thoi diém (7.53)

ngai vat. Diéu nay tranh cho ta khoi phai xac dinh gia tri x & tim 5. Cho b = 0, ta
c00, = (2n + 1)7z .Pit x =0, ta thdy rang cic song phan xa giir nguyén pha cta cac song téi.
Phuong trinh (7.52) khi d6 tr¢ thanh:

¢, =—2Asin(ot)cos(kx) (7.54)
Trai nguoc véi cac song dimg, cac song tién:
¢ = Asin(kx—a)t) (7.55)

=(nz+wt)/ k,n=0,

1,2.,.... Duing gia tri cia &, trong (7.49), thé van toc clia séng dimg c6 thé duoc cho nhu

c6 cac diém nut “tién” twong ing véi sin(kx — a)t) =0 voiloi gidi x

node

Sau:

_ 24g coshklz+ M) )cos(hr - kb)] (7.56)
) cosh kh

Véi (7.56), cac thanh phan vén tdc cua cac song dimg duoc cho nhu sau:

cI)T

,__0®; _24kg cosh k(z +h) loos(kb — o sin{k — kb)]

ox @ cosh kh (7.57)
L, 0®; _ 2dkg sinh k(z+h) [oos(kb — ot )cos{ix — kb)]

0z @ cosh kh (7.58)

Ta d4 thay rang cac diém nat 13 tai cac vi tri cos(kx - kb) = 0; vi vay tai cac diém nat cac
hat nuéc chi chuyén dong theo phwong ndm ngang va tai cac diém bung (1 nhiing diém co
bién d6 bang hai 1an bién do cua song t6i), cac hat nude chi chuyén dong theo phuong thang
ding.

7.4.2 Suw phdn xa séng ngdu nhién tir cdc cong trinh ven bo

Cho t6i nay, ta d3 nghién ctru s phan xa cia séng diéu hoa cho trudng hop don gian
nhét 13 truong hop phan xa hoan toan véi hé s6 phan xa bang 1. Tuy nhién, thuc té phirc tap
hon nhiéu va doi hoi ta phai nghién ctru su phan xa séng tir cac cong trinh ven bo.

Khi song phan xa tir cong trinh, song phan xa s& gay ra nhiéu dong nudc phia trudc clia

cong trinh hodc 14 lan truyén mot khoang cach nao d6 va gy nhifu dong tai nhirng ving ling
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song. Vi vy, can phai triét tiéu sdng phan xa cang nhiéu cang tot. Hé sé phan xa song voi
hau hét cac cong trinh thudng duoc danh gid nhd mé hinh vat 1y trong phong thi nghiém vi
khong thé tién hanh cac phan tich 1y thuyét véi cac cac song phan xa khi c6 song vd mot phan
tai cac cong trinh. Cac gia tri xdp xi cta cac hé s6 phan xa song cta cac loai cong trinh bién
khéc nhau dugc cho trén bang 7.1 (theo Hoi K¥ su cong chinh Nhat, JSCE). Khoang gi4 tri
ctia cac hé sb dbi voi mot bure tuong théng dtmg phu thudc vao mirc o song vuot, va tang lén
khi ma cao trinh dinh cong trinh ting 1én. Vi cac cong trinh c6 méi nghiéng va bai bién tu
nhién, hé sb phan xa ty 1¢ nghich véi do dbc cua song tdi va can trén cua h¢ ) nay tuong ing
vo1 cac song lung co chu ky dai. Seeling va Ahrens (1981) da tim ra mgt cong thuc thuc
nghiém dé danh gia hé s6 phan xa cho cac bai bién, ké va dip pha song bang da hoc dua trén
mot lugng 16n cac sb lidu thi nghiém trong d6 ¢o ca cac thi nghiém vé6i cac sdng ngiu nhién.

Bang 7.1. Cac gia tri x4p xi cua cac hé sb phan xa (JSCE).

Dang cong trinh Heé sb phan xa
Tuong ding c6 dinh cao hon méat nudc 0.7~1.0
Tudng dimg c6 dinh ngam 0.5~0.7
Mai nghiéng bang d4 hoc (d6 doc 1/ 2hay 1/ 3) 0.3~0.6
Mai nghiéng bang cac tang bé tong tiéu tan ning luong song 0.3~0.5
Tudng ding dang tiéu tdn ndng lugng song 0.3~0.8
Bai cat tuy nhién 0.05~0.2

Déi v6i mot bire tudng thang dimg c6 dang tiéu tan ning luong song, thi du nhu loai
tuong gan cac mit na bé tong, hé sd phan xa phu thudc vao dang cong trinh, ty 18 giita chidu
rong cia mdi tAm tiéu tan ning luong sdng va budc song, va cac yéu td khac. Vi vay, can tién
hanh cac thi nghiém trén cac mé hinh vat Iy dé danh gia cac hé s6 phan xa.

Hinh 7.13 13 mot thi du vé két qua cac thi nghiém cua Tanimoto va cac cong su
(1976). N6 cho ta hé s6 phan xa séng ngiu nhién cua dé dang thung chim cé tudng thang
ding v6i mit na tiéu song trén do co cac 16 tron. Hé s6 phan xa c6 gia tri cuc tiéu
K

0.7 khi ma d6 rong cta mdi phan tir pha séng nho hon 0.05.

~ (.3 khi ma d6 rong twong dbi ctia mdi phan tir phd song B/ L = 0.15 va ting 1én quéa

7 min
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Hinh 7.13 Hé s6 phan xa song ngau nhién ctia mot dap pha song dang thung chim
c6 mat na tiéu soéng (Tanimoto va cong su, 1976)

MB&i thanh phan cua séng ngiu nhién duogc gia thiét phan xa véi mot goc bang véi
gdc toi va tiép tuc lan truyén theo hudng phan xa, gidong nhu theo 1y thuyét quang hoc. Ciing
c6 truong hop su phan xa hinh hoc khong dién ra. Thi du nhu cac song dai voi bién do 16n t6i
mot cong trinh theo mot goc 16n trong diéu kién nude ndng. Trong trudng hop ndy, song téi
theo huéng gan nhu song song v4i cong trinh s& khong tao ra cac song phan xa rd rang ma
tao ra cac song lung chay doc theo mat cong trinh. Hién tugng nay duoc goi 1a hién tuong
phan xa Mach-stem va dd duoc quan tric trong truong hop song than tan coéng, nhu trong
thong bao cua Wiegel (1964).

Mot phuong dién khac cua cac song phan xa 1a chung c6 mét chiéu dai hitu han theo
phuong dinh song vi cac cong trinh phan xa song nhu dé pha séng dang thung chim hay céc
tuong bén cang co6 do dai hiru han. Do d6, cac song phan xa phan tan trong qué trinh lan
truyén tir ngudn theo mot kiéu gidng nhu hién trong nhidu xa séng. Co thé phan tich su phan
tan ctia cac song phan xa bang 101 giai Iy thuyét song phan xa tir mot déo chin séng (Goda va
cong su, 1971; Mitsui va cong su, 1975), hoac la bﬁng phuong phap tich phan sb tri dé mo
phong qua trinh truyén song (Tanimoto va cong su, 1975).

Néu nhu cong trinh c6 hé s6 phan xa nho hon 1, hé sé phan tan danh gia & trén cia cac
song phan xa can phai dugc nhan voi hé sb phan xa dé tinh do cao song tai diém can tinh.
Mot nguyén nhan khac lam suy gidm cac song phan xa 1a sy ti€u tan nang lugng do gio
nguoc. Poi khi ta quan tric théy hién tuong la mot sb dinh song phan xa bi gio triét tiéu. Cac
song phan xa con bi ti€u tdn nang lugng do tuwong tdic manh me vaoi song tdi. Tuy nhién, chua
danh gia dinh luong duoc mirc d6 tiéu tan nang lwong song do gid nguoc. Nguoi ta chi biét
rang song gi6 co chu ky ngén bi tiéu tan rat nhanh trong khi d6 song limg c6 chu ky dai c6 thé
truyén rat xa ma khong bi tiéu tan ning luong mot cach dang ké. Khi quy hoach va thiét ké

xdy dung cang, c6 thé bo qua anh hudng tiéu tan ning luong cua séng phan xa do gio. Néu
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nhu dién tich cang 1a kha rong va cang duoc thiét ké dé chdng song do gi6 dia phuong tao ra,
gia tri phan xa hiéu dung ctia cac tuong ding trong cang c6 thé giam dugce tdi 80% hay hon
nita bang cach tdn dung hiéu tng tiéu tan ning lugng séng do gidé nguoc.

Hi¢u ing céac song phan xa gay ra cac dao dong trong cang la kha phurc tap vi khong chi
d6 cao song ma hudng soéng ciing can dugc tinh. Khi ma chi cdn quan tim dén do cao song,

vé mit nguyén tic co thé tinh d6 cao song tong cong bang nguyén Iy chong chat nang luong:

H, =|H>+HX +H2, +... (7.59)

voi H, biéu thi dd cao co nghia ctia séng téng hop, va H,,, H,, biéu thi cac do cao
c6 nghia cta cac song phan xa c¢6 ngudn gde khac nhau. Phuong trinh (7.59) khéng ap dung
dugc ngay canh cong trinh vi 6 mot mbi lién hé cho trude gitta pha song toi va pha song
phan xa. Tuy nhién sy tuong tac pha gitra cic song thanh phan cta song ngiu nhién sé& bj triét
tiéu khi ma khoang céch t61 cong trinh phan xa tré nén 16n hon mot budc soéng, va phuong

trinh (7.59) cho mdt danh gia dg cao song voi mot dg chinh xac chép nhan duoc.
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Hinh 7.14 Bién d6i khong gian cua do cao song ding

Thi du 4p dung phuong trinh (7.59) duoc cho trén hinh 7.14, trong d6 cho thay su bién
d6i khong gian ctia song c6 nghia phia truée mot mé hinh cong trinh trong mot mang séng
(Goda va Suzuki, 1976). Cac song t6i 1a mot chudi séng phi diéu hoa c6 phd tan sé dang
Bretschneider-Mitsuyasu. Cac hinh tron rng biéu thi s6 liéu cho trudng hop mot bc tudng
thang ding phan xa hoan toan va cac hinh tron dic biéu thi trudng hop mot mé hinh cong
trinh c6 hé sb phan xa 0.55. Cac dudng lién va duong dut quing chi dd cao séng tinh tir phd
tan sb ctia hé thong song tong hop bang cach tinh toan bién d6 cua cac song dung tai mdi vi
tri dbi v6i cac thanh phan tan sb ctia pho song téi. Tuy rang do cao song cd nghia cua song
tong hop dao dong tuwong tmg voi cac diém bung va diém nut cia cac séng dung gan cong
trinh; nhu ta thy trén hinh 7.14, sy dao dong giam nhanh theo khoang cach tir cong trinh va

do cao song dat mot gia tr1 ti€ém can. Trong thuc té, phuong trinh (7.59) du bdo mdt gia tri
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