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TUONG TAC GITA SONG DIEU HOA VOT
VAT THE ¢0 DINI DOI XONG TRUC

NGQUYEN TIEN DAT

§1. MG DAU

& nwée ta, hién nay viéc tinh todn, thiét k€, xiy dwng cdng trinh bién doi héi phai lAm ch
dwoe vide tinh todn tAi trong d8i véi vit thé cé kich ¢& ldm hon gidi han s dung cda cdng thin
Morison quen thudc. D@ tai cdp trung tim khoa hoc tw nhién vi céng nghé quic gia giai doas
1992-1996 do Phin vién Co hoc Bién chd tri dit ra nhi¢ém vy .tao dyng phin m&m, cho phép tinl
todn tdi trong séng va dong chiy bidn t4c ddng }n cong trink ¢& dinh cé hinh dang va kich €& tiy
y. Phin mbm d6, mdt mit s& dwoc 4p dung € tfnh todn cho cdc cong trinh cu thé, mit khde s
duwge coi nhy a mdt cdng cu nghidn cliu cdc bii todn thiy déng lwc hoc ¢d lign quan ma phwong
phip gidi tich khé ip dung. P2 tai dwoc chia thanh nhidu bwéc. Trong nim 1992-1993 bwée mdt
d3 dwge thie hién, Bwée niy nhim gidi quyét bai todn d8i v&i lép cdng trinh bién rit phd bidn,
% 13 Joai 48 xtng qua truc thing ddng. VE vin d8 twong tdc cda séng didu hda véi vat thé ddi
xitrng theo truc thing d¥ng c6 thé ké d€n cdng trinh cda Mac Camy vi Fuchs |7]. Céng trinh nay
G35 dws ra 11 gidl gidi tich d8i v6i vat thé 1a binh tru trdn trong nwée siu hitw han. Black (1} va
Featon [4] dd nghidn-cére bai todn d8i véi vit thé cb tidé dign ngang tiy ¥ bing viée st dung ham
CGirin 483 xfrng truc song gip phii him Grin khi phirc tap, giy khd khin cho viée xid 1y cdc didm
ky di. Céc téc gid Kiyokawa vd Ohyama [6] 43 dwa ra phuong phdp phin t& bién lai (PPPTBL)
4% nghifn ciu bii todn nhw cia Black, Fenton cdn Chau va Yuen (3] nghién cu d@5i v&i hinh dang
vat thé 1a bit k¥ (khéng cin d8i xéng truc) ciing bing phvong phip niy. Loi thé cda PPPTBL
1% don gidn héa dwye bién thire tinh todn trong phuong trinh tich phin bidn, xdc dinh dwoc sw
phin bd bign 46 séng xung quanh vit thé, tuy khdi heong tink toin 16n hem.

Thuit toan cda Chan vh Yuen khi phic tap va chic ring chwong trinh tinh rit cdng kénh. &
diy st dung PPPTBL nhw trong {6], t4c gid x4y dung ph3n mém cho cic cbng trinh loai d8i xitng
theo truc thing déng. Theo s hifu biét cda thc gid, & Vidt Nam, vin 48 twong tdc cia séng véi
vt thé ¢6 kich ¢& lén dwge dit ra nghifn citu lin diu tidn va dang 1a doi hédi thwe sy cda viée
xay dung cdng trinh bifn, :

B bdo ndy gidi thidu phin mé&m xiy dyng dwoc, cdc tinh todn so sinh véi mét 88 két qud
d3 bift, cdc nhan xét v& st dung cdng thirc Morison va gei ¥ cho bai todn truyén séng quabii d4
ngim. .

§2. BAI TOAN BIEN

Dé nghién céru sw twong tdc cda 3éng didu hoa tuyén tinh bién d6 Ao, tin s8 ¢ véivit thé
d&i xtrng theo truc thing ding trong nwéde cé a8 sau khong d6i H, ta xét bai todn trong hai hé
toa d§ cd dinh sau: ‘
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- Hé toa db d% cic vuéng géc Ozyz, trong d6 mit phing 2z = 0 tring v&i m3t nuwde khi yén

tnh, truc Oz hwéng thing ding 1én trén va Ia'truc d8i xvéng cla vt thé, truc Oz tring v&i hudémg

truyen sOng. n P " ‘ .
y- Hé toa d§ try (r,8,2) c6 mii phing z == 0 va truc Oz nhw hé toa d3 néu trén, t.rl;c Oz ing

&Gid=0.
vél Gid thiét rang chit 1éng 13 Xhéng nhot, khong nén dwge vi chuyen déng cla chit 1dng 13 ¢b

thé. Cé thé biéu diZn thd vin tdc cda chat ldng dwéi dang.
#(r8,2,t) = (wo{r,8,2) + ofr,8,2))e =" (2.1)
& ddy wolnf 2) - thé vin tdc clda séng téi, xem nhur dwoc cho truéde:

igAg ch K(z + H) (K rcosd
o ch KH

o (r) f, Z] (22}

.

g gia t8c trohg trwdng; K - 58 séng,
Kth KH = 0'2/9 =y, t - bién thdi gian
o(r,0,2) - thé vin t8c cla séng nhitu xa, thda min phwong trinh Laplace trong mign chis

1éng

18 ¢ apy 180 &p
= am V5.2 T 2.3
AP(r,B,z) ( Br) + S50 T 555 =0 (2.3)
va céc difu kién bién:
.+ .= Trén mat thodng Sp : khiz =20
de ‘
EYE = 2.4
3z Ve (2.4)
..~ Trén A4y bién Sy
dp
EP R ' 2.5
dz z=—H ( )

- Trén bé mit thim wét cla vat thd Sy

8¢ _ 90 ( B 3900) (2.6)

_ dn n  \" ar tre dz
& d:ﬁy_ fi{nr,n;) - véc to don vi phap tuyén cla Sy.
~ Digu kién phéng xa & v6 cing (di€u kién didm bio tinh duy nhit nghitm)
- lim f(— —ngo) =0 ' (2.7)
F—t 0

Gidi {2.3) v&i cdc didu kién bién (2.4)-(2.7). thu dwoc ham thE vin t8c nhifu xa o(r,9, z).'
Thay vao (2.1) v s dung phwong trinh Bernoulli, tim dwoc 4p sudt thly déng p céa chit léng
téc dong lén b& mit Sy . T 46 xdc dinh dwoe céc t&i trong Fix, F, vA mé men lit M, nhir sau:

Bqﬁ(r, 8: 2y t)

p(r,ﬂ,z,t}2 —P at

(2.8)

& ddy p - mit 45 cda chit Wng.

F(t) —/fp(r,ﬁ 2, t)ndS

t)—[/ pln 0,2, 0)(F x 7}
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R - khodng c4ch tir tdm 14t d&n vi trf cﬂa. didm dang xés trén Sy.
Theo [8] c6 the khai trién him /K7 o080 Judi dang:

gtreosd Z Emt™ (K1) cosmb _ {2.10)

l'. ot
véie,=1nfum=0;¢6, =2néum#0

J(Kr) - ham Bessel loai 1 cip m. Khi dé

vo(r,8, z) Z wi™ (r, 2) cos mé (2.11)
m=0 .
va (2.6) dwoe vidt 1a: -
z_": =r§)am(r,z) cos mé (2.12)

§3. GIAI BAI TOAN BIEN

Theo [6], ta chia mién chit ldng thanh 2 viing: ving trong vi viing ngodi dwege ngin cich béi
mdt bidn 4o I3 hinh tru tron thing diéng b bin kmh a dbng tryc véi vat thé sao cho v4t thé nim
tron trong viing trong. : '

a) Nghiém d&i véi ving ngoii [6}:

Do vit thé d8i xitng theo truc Oz vi huéng cda séng téi tring véi truc Oz nén ham p(r, ¥, z)
duge bitu dign d8i véi vilng ngodi vi ving trong dwéi dang chudi Fourier ¢hd theo cosin cia blen g

p{r,0,z) = E ¥ "‘)[r z)cosmf - _ - (3.1)

. m=0

Ham (") {r, z) dwoc tim dwéi dang tich bién theo r va z Sau ‘mgt 8 tinh todn, ta cb :

w(r,0,z) Z {an wf z)F m)(r f 1})("‘) {a,¢)Z, (g)dg} cos mf (3.2)
m=0 n=0
& diy
N SN I
PEHE A+ T HEI A v
chK(z+ H : cos K, (z + H}
2z =g xa L, Znlz) == cosigan )
HI(Kr) K (Kar)
Fim) Hm \BT) Fimlfy) = —m\fnl)
0 (T‘) H,(,i')(K ) " (7‘) Km(K"G)

K, K5... - nghiém cida phwong trinh K tg K, H = ~v
K,.(K,u}, H(I)(Ku) 12 ham Macdonan, Hanken loai 1 cap m.
b} Nghiém déi véi ving trong [6):
Viung trong 1 ving khéng gian 12 3 chitu bi giéi han bdi mit § (gdbm mit thodng Sr, bién
4o S7, mit day S, vi mit vit ¢hé Sy ) khi d6 gid tri cda him tp(r,@ z) tai difm P € S cé thé biéu
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di%n qua gis tri va dao hidm cla p(r, 6, z) trén todn bién § cling véi him co s& 1/R cda (2.3} bdi

cong thke Grin saw:
13¢ 1
27 - R 3.3

& day R- kho:’lng chch tir didm P t4i didm bat k¥ trén bién S

n - véc bor dom vi phip tuyén ngodi cla §
Vi cdc ham ',b(m)(r, z), @, (7, 2) khong phu thudc vio bidn # nén c6 thé chia S thinh mét s3

hiru han mjt phin t& vinh khin ma trén m3i m3t phin 8 a6, cdc him $pi™(r,2), an(r, 2) v3
dai hrong r, 2z dugc coi 13 khéng d8i vi nhin gid tri tai dwdmg tron trung tim. Céc mjt phin t8
dwogc dinh s8 nhv sau; Tir 1 dén N; trén SV, tir Ny + 1 dén Ny trén SF, tir Ny + 1 d€n N3 trén
Sy, tir N3+ 1 dén N trén S;. Khi 46 v61 mbi didm P(r;,ﬁ,,z;) 9; = 0, 27 ndm trén mat pha.n ta
ghiee T (7 =1, 1, N) c6 thé viét nhu saw:

2w i x,b(m) (I) cos mb; = i { Zam(I [f %cos mb;dS—

m =0 m=0 s(J)
Ny i . N
- 5 wt™) ficosmﬂjdsw- DI ARIC)! f/ cosma 4§+
JF=Ny+1 S(n J=Ny+1
N
: d sl
+ z i,b(m} (J} ff E—Z—(-}i) cos mﬂjds+
J=Ng+1 C,‘(J)
N .
+ Z {ch YanZalzs) > $"(L)Fu(2L) ACL / cos md;dS —
. J=N3+1 n=0 L=Ns+1
4N )
- qb‘m) f/ cos mé; dS'} (3.4)
J“Na+1 ﬁ‘{j)

& diy S(J), J =1, N mit phan t8 thi J )
f; - toa d5 cla diem bat ky trén S(J) theo bién 8 nén §; = 0,2x Twoug tw 6; = 0,27

Ac
2+ =5&

ACL / Z,(2)dz

z;——i

—Z-n {zL)

ACL - 45 réng cda mie phin t8 thd L (L =1, N)

HYY (Ka) ! (K,a)
K. om0 olm) K, rn .
A O E(Kaa) "

. R= [a;; — b[_}' COS(H,' b 93']]1-/2, ary = 1"? + f‘_f + (21 - ZJ’)Z; b“r = 27‘;!’_;

clm = =1,2,...

ﬁm (I) dwoe bidt tir (2.12); (2.10) va (2.6)
-Tinh c&c bidu thirc tich phin trong (3 4), cho I chay tir 1 téi N va sip xép lai twomg ng véi
cos mf;, thu dwoc hé phu‘cng trink dai s8 tuyén tinh 4¢ x4c dinh Y"1}, I = 1, N nhw sau:
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| [Atm;]{,,,(m)} - {B'(ml}

& diy [A(m} (1, J)]NXN; {B(m){J)}Nx'l 12 céc dai lwyng 43 bidt. ‘
Gidi (3.5), tim dwoc gia tri phic Plm(1), I'= 1, N dng v6imdim =0,1,...
.{2.1) ta tim duwoc th€ vén t8c cda chit 1dng.

§4. XAC DINH TAI TRONG SONG LEN VAT THE
Tir (2.8), (2.9) vi vé&i chi j:

n, =n.cos; (z—2)n, - zn, = [(z — zo)n, — rnz] cqsﬁ

dbng thdi cic him cosmé, m = 0,1, ... trirc giao véi nhan trong [0, 2x] nén:

Fo(t) = fee ™ Fo(t) = fre™*%; My(t) = mye "

Ny '
fo=mpo Y ron (L) (L) + 9P (L)) Ay
L=1

Ny
fr=2mpe Y rinl (L) ($7(E) + 9 (L)) ACY
L=1
Ny

my =mpo Y rof(zn — zo)ne(L} — rena (L) ($V(2) + wD (L)) ACy
- L=l
trong dé: zo- toa dd tim las. |
(L), (L), L =1, Ny dwoc xdc dinh béi (2.11) -
v,b?o)(L}, ¢?1)(L], L = 1, Ny dvgc xdc dinh béi (3.5)
Néu cin biét phin bé bién d6 séng trén mit thoing xung quanh vit thé thi:

13(#}(7';,6,0,1&)
f) == — A2
’?("I; ) p 5t
19' Z{ (0 )(TI,0)+1IJ( '}[rf,O)}cosmH

m=0
& ddy I =N, +1,Nz; 6€]0,2n]

T

§5. BO CHUONG TRINH TiNH

D3 xay c'h.rngl mdt bd chwong trinh tinh toin bing ngdn ngk FORTRAN IV
theo thuit todn trén v&i khodng hon 1000 dong lénh bao gém 1 chirong trinh chinh

(3.

dem thay v3

(41

(4.2)

(4.3)

(4.4

(4.5)

trén mdy PC
va 22 chrong

trinh con. S8 lidu dwa vao 1 cic théng s8 séng: bién d3, budc séng, 45 siu ddy bién va hinh dang
vat thé. Céc két qud dwa ra 13 cic tdi trong-Fy, F. vh mé men M,; dbng th¥i cho bift ¢d bie
“tranh bién 46 séng mit & gin vit the. B chwong trinh tuy 16n song thei gian tinh toin khéng
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nhizu. Khi N = 22, th&i gian tinh cho mdi phuong in séng Aé xde ‘dinh tai trong 13 = 2 phat, con
néu bidt phan bé bién dd séng trén mit thodng & gin vit thé thi thei gian tinh & 4,5 phit (trén
may AT/386). Da ¢fnh todn cho cic trwdng hop khi vat thé ¢é hinh dang ti€t dién ngang tuy ¥,
déi xu’ug theo truc thang dirng gin tir ddy lén dén mit thodng hodc ndl trén mit nudc hodc chim
trong nudc... cho k&t qua phit hop t8k véi cac két qua di biét. Sy khé khin co bidn trong thuit
todn trén }a, vidc tinh cic tich phin trong (3.5) tai cdc didm ky dikhi BE=0 (khi T =J,0; = 8;).

§6 CAC KET QUA TINH TOAN

a) Di sinh todn, so sinh véi v gidi gidi tich cha bii todn twong tac efa séng diku hda tuyén
t{nh véi hinh tru tron thing déng, thu nhin dwee bédi Mac Camy vi Fuchs {7] theo phuong phip
gidi tich véi H = 30 (m), dwdmg kinh hinh try D = 88 {m), séng tuy@n tinh Airy ¢4 bién 46
Ay = 4 00 (m), bwée séng L thay d& tir 1,2D dén 20, K&t qud so sanh cho sw triing hop rit 18t
va ¢d the dwa ra cdc nhin xét saw:

- Khilay n=5n=17n=10; k&t qud chi sai khde dwdi 1%. Vi vay chlcin My dfnn =5
13 di.

- Bén kinh bién ‘)Lo dwge liy bing 1,2; 1,5; 2 Tin bén kinh hinh tru D/2 khéng 1am Anh hudug
dén két qué, tinh todn. Pien nay cb thé Iy gidi dwoe v1 £ift dién ngang cda vit thé 13 khéng thay
ad;

- Néu chen [max, (

Vi vy can lay max (ACI) < 0,07L {I = T, N} &% két quid di.chinh xdc.

AC

) < 0,07 thi sai 58 gitva nghiém s8 vd nghiém giai tich chi < 2,3%.

b) Da tmh tozm cho truémg hop chwa ¢é 1o glfn tich 13 vat thé dang hai hinh ttu tron dong
truc, cd chleu cao bing nhau vi bing 1/2 dé siu cda nwéc, dit chdng 18n nhan. K& qud tinh todn
va so sanh véi cac k&b qud cla Chau vd Yuen (3] (hinh 1) cho thiy sw tring hop t8i. Dudng s6 1
vd 2 twong ing 13 két qud dng véi Dy/Dy = 0,5; D, /D = 0,75 [D;,Do 12 dwdng kinh hinh tru
dwéi vy brén). o] diy ban kinh bién do dwoe 14y 13 0,60, s8 phin 8 vanh khin N = 22 (N, = T;
No'=12; N3 = 16); Ap ~ bién dd séng; B = D1/2; p - mit d8 khdi lwong nwée; zo = —H.

c) Bidt ring khi D < 0,2L (cé ta1 lidu ghi D < 0,1L) thi tai trong séng {Airy hoic Stokes
cip 2, 3,4, 5) tdc ddng Ién hinh try trdn thing déng (san mé rdng cho hinh tru nghigng holc ¢é
tiét dién ngang bit ky) cb thé dwge xdc dinh bing céng théd gin ddng Morison [2]:

¢]

Fy = [ (O (pg)Dzll-i- %chD.uM]de
-H

Mo men quén tigh M, ciing c6 bidu thic twong tu.

& day C'M, Cp - hé 88 quan tinh vi hé s§ cin. Do viy Fx, M, thwdng cang c'hrcc tinh lam 2
Pth Phan do lgc qudn tinh va phin do lwc cdn.

_4_.1D du-o'ng kinh hinh tru
%, % - vin tdc, gia t8c cha chit léng tai vi tri (0,0, £} theo truc Oz, ¢ e [0, —~H] _
. :_C_’D:,‘ dwge 1y trong khodng (0,6 + 1,0) vi Car dwoc 1iy trong khofmg {1,5+2,0)
- . Théng thudmg dé élAm bdo an toin cao ngwdi ta thwdng liy Cp = 1,0; Cpy = 2,0.

Nhuw mét thé nghittm cda chwong trinh tinh toin cho truwdmg hop vit thé 13 hinh tru tron
thing ding c6 kich ¢ nhé so véi bwée séng. Cde tinh todn d3 dwoe thye hién d6i v&i séng Airy
c6 bién d§ Ay = 3,45(m), buwdc séng L = 115(m), dé siu cta nwée H = d6(m): 20 — —H, cdn
dwong kinh hinh tru thay déi tir 0,01L dén 0,4L.
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Ké qui tinh bing PPFTBL va cdng thirc Morison dwgc chi ra trén bing 1 véi Fx =
f:/(209D A H); My = my /(209{ 5 D?) AcH ) 14 cdc dai lwong khéng thir nguyén.

Fx
TeAGRE
_ 140 .8 S
.
- ) = - 1.20 A KD TINH TOAN
0 1.00 — K& TroNG (3]
Z .
n.aul 2
0.60
0.4
D, ] _
0.20
W rr s LI TErY ) ) " ‘ — KR
' i , 0.80 - 050 100 150 - 2.00 250 300
My
. HEAEGR3
FZ . .20 §
TGAGR
. A K@ TINH TOAN
0.60 A KQ TINH TOAN .00
: - — KQ TRONG [3]
0.50 _ KR TRONG T 33 0.80 \
0.40
.60
0.30
0.40 A
0.20 A
.10 0.20
i N ? 1 kg G.UD e IKR
0.00 0.50 1.09 1.50 2.00 2.50 3.00 | . 0.50 1.00 150 2.00 250  3.00

Hink 1. Hai hinh tru trdn ddng truc, bdn kinh khic nhau {a step cylinder)

K&t qui trén bing 1 cho thiy:

- Viée chon Cp = 0,6 hay Cp = 1,0 khéng giy inh hudng 1én (sai khic < 6%) dén k&t qud
tinh toin bing céng thirc Morison. Pitu 46 ¢6 nghia la: V&i séng tuyén tinh Airy, thanh phin
lrc cin 13 nhd so véi thanh phin hre quén tinh. Trong trwémg hop khi séng 13 phi tuy€n thi nhén
dinh trén chwa chic ddng.

- Khi D < 0,2L thi sw sai khde giiva If thuydt nhidu xa vi ¢dng thire Morison chi < 6%, Nhy
viy, néu séng 1a tuyén tinh Airy, vt thé 1 hinh tru tron thing dbéng thi cin ldy Cp = 2,0

- Khi D > 0,25 thi sw sai khdc khé 1ém. Sy sai khdc cang lén khi D cang ting vi két qui
tinh theo cdng thirc Morison 1én hon k8t qué tinh theo 1f thuydt nhidu xa.

d) P tinh todn cho trudrng hop vit thé 1a bé chira diu hofic hinh tru tron ndi trén mit nwée.
K&t quai tinh todn dwoc so sinh véi che két qud trong [6, 5| cho sy tring hop t3t. Bién 45 song
mit xung quanh bé chira diu dwec so sinh véi [6] ciing cho thiy sy tring hop tét.

¢} Trén hinh 2 vi 3 bidu din phan b8 bitn &5 séng mit (so véi bién dd séng t&i) gan hinh tru
tron thing dﬁ'ng 6 chidn cao > d9 sdu cda nuwéc va bing 7/8 d6 shu cda nwée & diy D = 40(m);
L = 63(m); H = 40(m}, m iy bang 5 trong (4 5}. K&t qui cho thdy:

+ Khi hinh tru 6 chidu cad > d5 sdu cda nwedce thi bién do séng mit bing 1,2+ 1,4 tai mit
trg gip séng va bing 0, 6+0,8 tai phia sau mit try. Céc két qui ndy cé thé thav nhin du’dc moét

chch dinh tinh t&¢.
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s Khl hinh try n?xm cdch mit nwdc 1/8 chidu siu H thl bidn 46 séng mit ba.ng 1,2 khi tran
.tm mit tre vi ting lén d&n 1,8+ 2 khi trin qua mit try. Trong ving phia trén mit try this 1,0,

+ Trong trutrng hop k.hl tru cdch mit nwéc 1/2 chidu sdu H thi phin b8 bién d§ séng mit
haﬁ ohir khéng thay déi, xip xi bing 1.

Nhimg két qui na.y ¢6 thé dwa ra goi ¥ ndo d6 cho bai todn truyén séng qua bii ngim vi cho
phep sﬁ dung phin m&m tao dung dwge nhwr mdt cong cu nghién cim ding ké.

Bdng 1. So sinh véi cﬁﬁg thirc Morison

Cong thire Morison

Iy thuyét — L

nhiéu xa Fy(max) My (max)
T T Op=1,0 Cp=0,6 Cp=1,0 G p=0,6
% Fx(max) My (max) . Cri=2,0 =20 Crm2.0 Cﬁ:z o
001 0,089 1,308 0,044 0,041 1,725 1,461
Slrg02 0,078 1,312 0,080 0,079 1,431 1,381
0,06 0,237 1,335 0,238 0,237 1,370 1,365
“0,10 0,400 1,349 - 0,395 ° 0,394 1,365 1,363
016 0,621 1,309 0,631 0,630 1,363 1,361
0,18 - 0,681 1,275 0,709 0,708 1,363 1,361
0,20 0,731 1,232 0,788 0,787 1,362 1,361
0,824 1,065 1,028 1,027 1,362 1,360
0,844 0,948 1,182 1,181 1,361 1,360
0,822 0,603 1575 1,574 1,361 1,360

. N T ey

T 77 I3 e eed T

; Hink 2 Bien 45 séng mit qua nh hinkh try Hink 3. Try ngim cich mit nwéc 1/8 46 sin
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Téc gid chan thanh cdm om TS Pham Vin Ninh 43 dit.vin d8 nghlen cire vi cho nhign go

¥, ¥ kifn qui bdu trong qud trinh thye hién.

o]

Pia chi:” ' ' C Nh@.ri:ng_dy 28/9/199:

- ‘A - .4
Phin vién co hoc bién, Vién Co hoc
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SUMMARY

WAVE FORCES ON FIXED VERTICAL AXISYMMETRIC BODIES

In this paper, wave forces on fixed vertical axisymmetric bodies are considered by the hybrid

boundary element method. A program package on Fortran IV on PC has been developed and
applied for the cases of a vertical circular (large and small diameter), step circular cylinder, circular

dock,..

The results have been given good agreement with the one obtained by others.
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