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PHUONG PHAP TINH TOAN AP SUAT SONG XUNG KIiCH
CUA VU NO DUOI NUGC KHI CO VAT CAN

Nguyén Gia Thang'", Tran B4 Tén', Nguyén Truong Thanh?

Tém tit: Bai bdo gidi thiéu phwong phdp tinh todn dp sudt séng xung kich ciia vu
né dwéi nudce khi cé vit can. Két qud tinh todn cho phép nghién ciru sw anh hwéng
khdc nhau ciia cdc logi vit can dwa trén quy ludt vé dp sudt trén bé mdt séng xung
kich khi lan truyén trong méi truong nudc. Phirong phdp tinh todn cé g dung
phan mém mé phong Ansys Autodyn 2D. Cdc két qua chinh ciia bai bdo la quy ludt
dp sudt ctia séng xung kich theo thoi gian & cdc diém khdo sdt khi vu né khoi thuoc
né TNT trong méi truong nuwée. Ngodi ra bai bdo ciing trinh bay cdc bude co ban dé
gidi bai todn né bang g dung phan mém mé phong va thé hién cdc qud trinh lan
truyén ciia séng xung kich trong méi truong miedc.

Tir khoa: Song xung kich, Autodyn, Né trong nuéc.

1. PAT VAN PE

Nghién ctru hién tuong nd trong méi trudng nude cé vai tro hét st quan trong
dbi véi cong tac ky thuat quan su ddc biét 1a voi hai quan. N6 duéi bién 1a médi de
doa 16n nhat dbi véi cac tau ngam, tau midt nudc ciing nhu cdc cong trinh quan sy
va cac trang thiét bi hoat dong dudi nude khac. Khi vu nd Xay ra, san pham nd va
song xung kich tir vu nd 1a tac nhan phé hoai chinh cia vu n6 . Trong d6, san pham
nd chi c6 tac dung trong mdt pham vi hep xung quanh khéi thubc nd con séng
xung kich ¢6 tac dung pha hoai & mot khoang cach 16n hon do n6 c6 thé lan truyén
trong moi trudng nude. Trén thé gidi cong viée nghién ciru strc pha hoai ciia song
xung kich trong méi truong nude da dugc quan tam tir rat lau va nguoi ta da thu
duoc nhiéu két qua phuc vu cho cong tac phat trién cac loai phuong tién chién dau
ngam dudi bién cling nhu cac phuwong tién noi trén mat nude[1,2,7]. Nhung do dic
thu la cac linh vuc quéan sy nén cac nghién ctru nay thuong it duoc cong b rong
rai. Voi sy hién dai cua quén doi ta thi viéc nghién ciru nd dudi nudce nham dap
ng cac muc dich chién déu bao vé bién dao dang 1a doi hoi vO cung cap thlet Tu
yéu cau thyc tién d6, nhom tac gia di tim toi va nghién ciru vé hién tuong nd trong
moi trudng nude 1lam co sd cho cong tac thiét ké, ché tao va khai thac str dung cac
trang thiét bi hoat dong trong moi truong nudce ciing nhur nang cao kha niang chién
dau ciia b doi.

Hién tuong nd 1a qua trinh bién d6i phirc tap va & cuong do cao vé tdc do cua
qua trinh, nhiét d6 va ap sudt ctia vu nd. Cac nghién ctru trude day véi cac vu nd
trong moi trudng nude thuong sir dung phuong phap thuc nghiém két hop voi ly
thuyét dé xac dinh cac dic (trung cua vu nd [1,2]. Tuy nhién viée tinh toan chi ap
dung cho mét vai thong sd hoic thot diém cy thé cta qua trinh lan truyen song
xung kich. Ngay nay véi su phat trién cua khoa hoc may tinh va phan mém Vviéc
ng dung cac phuong phap mé6 phong trong tinh toan cac hién tuong n6 dang duoc
quan tim tng dung[5+7]. Phuong phap mé phong c6 nhiéu vu diém 14 phan anh
hién tugng mdt cach tryc quan va co thé tinh toan duoc cc qué trinh phuc tap ma
cac phuong phap tinh khac kho thyc hién dugc. Trén co s¢ d6 nhom tac gia da ang
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dung phan mém mo phong Ansys Autodyn 2D dé tinh toan vu nd trong méi trudng
nudce c6 tinh dén anh huong ctia cac vat can khac nhau.

Trong nghién ciru nay nhom tac gia tap trung di sau tinh toan gia tri ap suat
trén bé mit séng xung kich khi lan truyén trong méi truong nude. Bai bao co bd
cuc 5 phan trong d6 muc 2 trinh bay phuong phap xay dung mé hinh bai toan trén
phin mém Ansys Autodyn 2D, muc 3 trinh bay mét vi du vé vu nd trong moi
truong nudc voi chat nd TNT, muc 4 thé hién cac két qua chinh cua phwong phap

va danh gia.

2. MO HINH BAI TOAN VA CAC BUOC GIAI

TREN PHAN MEM ANSYS AUTODYN 2D

2.1. Mo hinh bai toan

Bai toan dugc xay dung trén mo hinh hién tugng né trong méi truong nudc

(hinh 1) v&i cac gia thiét:
- Khoi thuoc no hinh cau

- Méi truong nude khong gidi han mat day, mat thoang ma chi chiu anh huéng

cua vat can & mot phia voi khoang cach nhat dinh dén tam khoi thude.

- Vat can c6 do day du 1én dé hap thu va phan xa hoan toan song xung kich.

Céc diém xé4c dinh gia tri ciia ap suat trén bé mit séng xung kich duoc xac dinh
trén bé mit vat can va ¢ vi tri twong tng trong méi truong nudc phia ddi dién véi
vat can. Vi tri cdc diém dugc 1ay nham khao sat sy anh hudng ctia goc t6i trén song
xung kich trén bé mit vat can ddi véi su phan xa cia song xung kich. Bai toan
duoc giai voi vat can 13 tAm thép tuong trung cho bé mit clia cac trang thiét bi hoat
dong trong moi truong nudc va vat can la khéi bé tong tugng trung cho két ciu

cong trinh ngam dudi nudc.
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Hinh 1. M6 hinh bai todn va cdc vi tri xudt két qua.

2.2. Cac budc giai bai toan
Budc 1: Chon vat liéu

Chon vat liéu theo yéu cau va phuong trinh trang thai phu hop.

Budc 2: Xay duyng mé hinh chiu tai cua két cau

B6 tri két cau chiu tai, xdc dinh phuwong phap chia lu6i phan tir cho moi

truong, chat nd va két cau.
Budce 3: B6 xung diéu kién bién cho bai toan
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Phéan bién gi6i han cta moi trudng phai dugce dat diéu kién bién dé nd phan
anh gan dung vai tinh chat vo han ctia méi truong.

Budc 4: Xac dinh diéu kién twong tac giita cic moi trudng

Qué trinh giai bai ton c6 sy tuong tac giita cac moi truong san pham nd-nudc,
nudce-vat can 1a cac méi truong khac nhau vé ban chat nén phai lwa chon diéu kién
tuong tac phu hop dé co thé lién két dugc cac phan tir ddm bao truong trinh tinh
toan khong bi 151 vé tinh lién tuc ctia cac phan tir ciing nhu sai s6 vé bao toan ning
lugng trong gidi han cho phép.

Buéc 5: Xac dinh diém kich nd cho khéi thude

Chon phﬁn tr dAu tién thue hién qué trinh bién ddi nd.

Budc 6: Piéu khién qua trinh tinh toan

Diéu khién thoi gian tinh toan ciing nhu cic budc thoi gian dé dam bao qué
trinh nd d4 dién ra hoan toan va soéng xung kich da lan truyén dén cac vat can.

Budc 7: Xac dinh viéc hién thi két qua bai toan

3. TINH TOAN BANG PHAN MEM ANSYS AUTODYN 2D

3.1. Mo hinh vit liéu i
Trong bai bao nay nhom tac gia tinh toan voi vat ligu n6 1a TNT, thép Steel
1006 [4] va bé tong 1a Conc-35MPA[4].
3.1.1. M6 hinh vt liéu doi véi chdt né TNT
Phuong trinh trang thai ctia san pham n?) JWL [4,5,7]. Bay 1a phuong trinh
ban thuc nghi¢ém CI}IQC John — Wiliam — Lee d¢€ xuat va dugc ting dung kha rong rai
trong mo6 phdong no.
Pedl -2 | gl =@ |orr OF (1)
RV RV 2
Trong do: P(MPa) — 4p suét ctia san pham nd; o, A, B, R; va R, 1a cac hang sb
thuc nghiém c6 gia tri dugc thé hién trong bang 1, dugc Iya chon theo thu vién cia

phin mém [4], ¥ =22 14 ti 6 mét d6 ban dAu voi mat do ¢ thoi diém tinh toan, E
0
(kJ.m™) 14 ning luong riéng cia chat nd.

Bing 1. Cdc thong sé cho phwong trinh trang théi san pham né TNT [4].

Théng s6 Gia tri Don vi

Mat do, po 1630 kg.m™

A 373.77x10° kPa

B 3.7471 x10° kPa

R, 4.15 -

R, 0.9 -

® 0.35 -

Nang lugng riéng E 6.0 x10° kJ.m™

3.1.2. M6 hinh vt liéu déi véi nude

Phuong trinh trang thai [4]
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- Khi chjunén: x>0 thi P=Au+Au’ + A’ +(B,+B,u)p,E )

- Khi chiu kéo: p<0 thi P=Tu+T,u’ +B,p,E 3)
Trong d6: P(MPa)- ap suit; E(J)- Noi ning ban dau trén mot don vi khéi
luong, gia tri cia E duoc phén mém tinh toan dua trén nhiét do ddu vao cua méi
truong, thuong mac dinh & 293%K. A1, Ay, As, By, By, Ty, Ts- 1a cac héng s6 thuc
nghiém duoc lya chon theo [5] va dugc thé hién trong bang 2.
u=L-1 (4)
Po
Trong dé: po, p - Mat d6 ciia nudc ¢ thoi diém ban dau va lic chiu tai nén hodc
kéo.

Bing 2. Cdc théng s6 chinh ciia mede [5].

Thong %) Gia tri bon vi
Khéi luong riéng 1000 kg/m’
Céc hé s6 cho phuong trinh trang thai

Mo dun A, 2,2 GPa
Ar 9,54 GPa
Az 14,57 GPa
By 0,28

B, 0,28

T 2,2 GPa
Tz 0 GPa

3.1.3. M6 hinh vdt liéu cua thép va bé tong

Céc dic trung vat li¢u cua thép va bé tong dugc chon trong thu vién cua Ansys
Autodyn, véi thép 1a vat licu Steel 1006 (Bang 3), véi bé-tong 1a Conc-35MPA

(Bang 4).
Bing 3. Cdc théng sé chinh cia thép [4].

Thong s6 Gia tri bon vi
Khoéi luong riéng 7,83 Tan/m’
Mo dun dan hoi kéo 159 GPa
Mo dun dan hoi truot 77 GPa
Gi61 han chay 360 MPa
Gi6i han bén 450 MPa
Hé s6 Poisson 0,33

Do gidn dai khi dat 0,21

Do dai va dap 75 J/cem’

Tap chi Nghién cieu KH&CN quén sw, Sé Péc san Tén lira, 09 - 2016 247



Co hoc & Diéu khién thiét bi bay

Bing 4. Cdc théng sé chinh ciia bé-téng [5].

Thong sO Gia tri Don vi
Khoi lugng riéng 2,750 Tan/m’
Céc hé s6 cho phuong trinh trang thai
MO dun A, 35,27 GPa
Ay 39,58 GPa
A 9,040 MPa
Bo 1,220
B, 1,220
T, 35,27 GPa
Tz 0 GPa

3.2 Phwrong phip chia lwéi phan tir hitu han

Lu6i phan tir ciia cac cu tric nude va thude nd duoc thé hién trén hé truc toa
do phang 2D don vi cua cac tryc la mm. Phuong phap chia ludi voi phan tur vat can
duoc thé hién ¢ hinh 2, voi phan tir nuwéc va thude nd cac thong sé ludi theo bang
5. Véi phan tir thude n6 dugc chén vao nude theo diéu kién Fill[4].

Box | Circle | Ogive ‘ Wedge ‘ Hhombus‘ Quad | Define Zoning
Define Geometry Box Cells in | direction: 20
Cells in J direction: 100
Box % origin 300.000000
t iz fLooumn J Nodes: 2121 Elements: 2000
Dx: 200000000 = ot
oy: T rade zoning in |-direction
Dy [ Grade zoning in J-direction:
Dx
+ pag
 —
*v) I

Hinh 2. Céc théng s6 hedi phan tir vt can.

Bing 5. Cdc thong sé ciia ludi phan tir méi truong nuée va TNT.

. P Gia tri .
Thong s0 Moi truong | Chat nd bonvi
Gdc toa do X -800 -200 mm
Goc toaddY 0 0 mm
DX 1400 mm
DY 1000 mm
Phan tir [ 140
Phén tir J 100
S6 phan tur 14000
S6 nut 14241
Ban kinh 100 mm
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4. CAC KET QUA VA NHAN XET

Bing phuong phap mé phong, sir dung phan mém Autodyn 2D dé tinh toan
cac qua trinh dién ra cta hién tuong nd, nhom tac gia da thu duoc mot sb két qua
chinh d6 1a quy luét cua 4p suit song xung kich theo thoi gian tai cac diém trich
xuét va duoc thé hién ¢ cac do thi (hinh 5, 6). Ngoai ra phan mém cho phép quan
sat dugc qua trinh lan truyén ciia song xung kich vao méi truong va tac dong 1én
vat can (hinh 3,4).

Tir cac d6 thi nhan thay:

- Ham song xung kich c6 quy luat phu hop voi cac két qua di dugc cong bd
[1,2,3,5,8].

- Gia tri 4p sudt cua song xung kich tai cac diém gan vat can c6 hién tuong
ting cao so v6i cac diém & xa vat can va co cung khoang cach dén tam nd. Mirc d6
gia tang dugc thé hién trong (hinh 7).

- Ap suét song xung kich & cac diém gan vat can c6 bién dang khac so véi bién
dang ap suit & cac diém xa vat can 1a do song xung kich khi phan xa di giao thoa
véi song toi.

- Su gia ting khac nhau cta ap suit song xung kich khi vat can c6 ban chét
khéc nhau. Dbi voi vat can 1a tim thép do c6 do dan hdi 16n hon nén muc dod gia
tang 16n. TAm bé tong c6 muc d6 gia ting nho hon do song xung kich bi ton hao
nhiéu do pha huy ciu tric bé mat ciia bé tong.

AUTODYN-2D v12.0.1 from ANSYS
PRESSURE (kPal
28528406

NNSYS

2 567 e+0B
2.282e+0B
1 1.997e+16
= 1.711e+15
= 1.426e+15

=1 1.141e+06

M1 §.557e+15

5.705e+15
2.852e+05

-2.032e-01
vatcanthep

Cycle 78

Tirme 5.071E-002 ms
Units mm, mg, ms
Axtial symmetry

.

baibao

Hinh 3. Séng xung kich bt dau lan truyén vao vt can.
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ALTODYN-2D v12.0.1 from ANSYS

PRESSURE (kPa)
1. 2450 +06

1.121e+06
9.966e+15
1 8.721e+05
1 7.475e+05
] 6.229e+05
] 4.983e+05

1 3.737e+d5

2.492e+15
1.246e+15

-1.983e-01
vatcanthep

Cycle 130

Time 1.006E-001 ms
Units mm, mg, ms
Axial symmetry

Hinh 4. Séng xung kich lan truyén trong vdt can.
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Hinh 5. Dé thi dp sudt-thoi gian tai cdc diém khdo sdt khi vt can la bé-téng.
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Hinh 6. Dé thi dp sudt-thoi gian tai cdc diém khao sdt khi vdt can la tam thép.
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Hinh 7. Anh hiong cia vit cdan téi dinh dp sudt ciia séng xung kich.
5. KET LUAN

Bang phuong phap mé phong nhom tac gia da xac dinh dugc cac thong sb co
ban cua song xung kich trong méi trudng nude co sy anh hudng cua vét can. Cac
két qua cho thiy gia tri ap suit cua song xung kich co su thay doi ting 1én & gan bé
mit cia vt can va voi cac vat can khac nhau thi mac d6 gia ting ciia 4p suét ciing
khac nhau. Phuong phéap nay cho phép xac dinh dugc céac thong sd cua tai trong nd
qua d6 co thé tinh toan dwgc anh huéng cua nd dén cac két cdu va cong trinh
ngam. Phuong phap tiép can bai toan bang cach ap dung phan mém Autodyn va
cac két qua ma nhom tac gia cong bd cho phep phat trién ¢ nhiéu bai toan khac
trong linh vuc nghién ctu hién tuong nd trong méi truong nude. Uu diém cua
phuong phép nghién ctru nay 1a c6 thé giai bai toan phirc tap hon so v6i bai toan nd
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trong moi truong nudc dong nhét theo cac tinh toan trudc ddy. Sy anh hudng cia
vat can dugc tinh todn trong bai bdo da phan anh sat thuc hon véi hién tugng nd
trong thuc té. Cac két qua ma nhom tac gia cong bd cé thé duoc tham khao cho cac
tinh toan cong trinh ngdm ciing nhu céc trang thiét bi hoat dong ngam trong moi
truong nudc vé mic do gia ting cua ap suat trong moi trudng nude khi ¢ vat can
khac nhau.

Loi cam on: Nhém tic gia cam on sw gitip do vé y twong khoa hoc cia cdc gido vién trong
b moén Pan, Khoa Vil khi, Hoc vién Ky thudt quan su.

TAI LIEU THAM KHAO

[1]. Ngb Vin Giao, Duong Cong Hung, Dam Quang Sang (2007). “Co s¢ Iy thuyét chdy
n6 . Nha xuat ban Quan doi Nhan dan.

[2]. Nguyén Vin Thay (2002). “Vat Iy né . Nha xuat ban Quan doi nhan dan.

[3]. Nguyén Vin Tinh, Pam Trong Thing, Tran Hoai Nam (2012). “Céng tdc né min”.
Nha xuit ban Quan d6i Nhan dén.

[4]. ANSYS Autodyn User's Manual (2014). Http://www.ansys.com.

[5]. Gaohui Wang, Sherong Zhang (2014). “Damage prediction of concrete gravity dams
subjected to underwater explosion shock loading”. Engineering Failure Analysis Vol
39, pp 72-91.

[6]. G. Barras, M.Souli, N.Aquelet, N.Couty (2012). “Numerical simulation of
underwater explosions using an ALE method”. Ocean Engineering Vol 41, pp53—66.

[7]. L m. Snyman, F.j. Mostert, W. Grundling (2016). “Design and commissioning of a
semi-confined blast chamber”. Defence Technology Vol 12, pp 147-158.

[8]. H.Cole (1948). “Underwater Explosions”. Princeton University Press.

ABSTRACT
METHOD OF CALCULATION OF THE SHOCK WAVE’S PRESSURE
OF THE UNDERWATER EXPLOSION WITH OBSTRACTIONS

The calculation method of the pressure shock wave underwater explosion when
there are obstacles is presented in this paper. The results allowed researchers
calculated the impact of different kinds of obstacles based on the law of surface
pressure shock wave spread in the aquatic environment. Computational methods with
application software from ANSYS AUTODYN 2D simulation. The main results of the
paper is the law of the shock waves of pressure over time in the survey when the
explosion blocks of TNT in water. In addition, the article also presents the basic steps
to solve the problem with the app explosion simulation sofiware and demonstrate the
process of propagation of shock waves in water.

Keywords: Shock wave, Autodyn, Underwater explosions.
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