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Tém tit

Nghién ctru vé cac tac dong ctia vu nd dén cong trinh 14 mot nhiém vu c6 ¥ nghia rit quan trong nhim danh
gi4, kiém soat, giam thiéu cac anh hudng bét lgi cua chung. Trong tinh toan, dén nay méi chu yéu dé cap dén
truong hop vu nd don, chua dé cap nhiéu dén truong hop nd nhiéu lwong nd ddng thoi, chi co thé danh gia qua
thi nghiém nd hién truong. Tuy nhién, viéc thuc hién cac thi nghiém nd hién truong voi cac yéu ciu khét khe
vé an toan va k¥ thuat, phai thuc hién nhiéu 1an 12 mot cong viéc kho khan, tdn kém, mat nhiéu thoi gian. Muc
tidu ciia bai bao nay 1a nghién ciru ap luc song xung kich véi nhidu kich ban nd khac nhau (mét lugng nd, hai
lwong nd ddng thdi c6 khdi luong bang nhau hodc khac nhau) bang phuong phap mé phong. D6 tin ciy cia md
hinh dugc kiém ching qua viéc so sanh véi cac cong thie thue nghiém va cac cong bd khac. Cac két qua dat
dugc bd sung thém céc kién thirc quan trong vé phén tich nd, gitp ting cudng do chinh xac, tiét kiém thoi gian,
cong strc (khi c6 thé chinh xéac héa sb lidu trudce khi thi nghiém hién trudng) va ning cao hiéu qua trong thiét
ké két cAu chiu tai trong nd.

Tw khoa: song xung kich; TNT; CONWEP; coupled Euler-Lagrange; hiéu tng Mach.

STUDY ON SHOCK WAVE PRESSURE UNDER SIMULTANEOUS EXPLOSION
Abstract

The study of explosions and its impacts on structures plays an important to assess and minimize the adverse
effects. So far, most research focuses on blasts with a single source of the explosion. Simultaneous blast sce-
narios do have not much attention. Field-in explosion experiments with strict safety and technical requirements
that can repeat is a difficult and expensive mission. By the simulation approach, the current paper aims to in-
vestigate the shock wave pressure in different explosion scenarios (one source of explosion, two simultaneous
explosions with the same or different TNT equivalent). The reliability of the proposed model is validated by the
comparison with empirical formulas and previous publications. The results obtained from the study strengthen
the understanding of explosion analysis, save time and improve accuracy as well as efficiency in the design of
structures subjected to blast loading.

Keywords: shockwave; TNT; CONWEP; coupled Euler-Lagrange; Mach stem.
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1. Gioi thiéu

Céc kich ban vu nd dai dién cho cac su kién bat ngo bét nguén tir cac nguyén nhan vo tinh (tai nan
cong nghiép) hay c¢b ¥ (khung bd, chién tranh) c6 thé din d&én hau qua tham khdc vé con ngudi ciing
nhu ha ting x4 hoi [1]. Song nd va tac dong ciia song nd dén két cdu da nhan duge sy quan tam 16n
trong vai thap ky qua [2], bdi mot sé nhom tac gia va phong thi nghiém khoa hoc quan sy, dan sy, voi
sur hd trg ciia cac thi nghiém ngoai thyc dia va phuong phap s6. C6 thé ké dén trong d6 cac nghién ciru
vé tim composite chiu tai trong nd [3], cac tdm nhom [4] va két cdu thép [5], cac tAm panel [6], két
chu bé tong cdt thép [7, 8], két ciu bé tong siéu tinh ning [9, 10] va cac hé théng cum kinh [11] dudi
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anh hudng cua tai trong nd. Su da dang vé cac cong b lién quan dén tai trong nd cho thiy tim quan
trong ctia nd trong linh vuc két cau cong trinh. Trén thuc té, cac vu né bét ngudn tir nguyén nhan cb

¥ (khiing bd hay chién tranh) c6 thé xay ra dong thoi nhiéu lugng nd véi myc dich tao ra tinh hubng
pha hoai nghiém trong hon hay trong san xuit cong nghlep, nguy co Xay ra mot vu nd ddng thoi ludn
hién hiru, vi du cac su ¢b nd xay ra trong cac co so san xudt, luu trir chat nd hay nha may xir 1y héa
dau. Cac hudéng dan hién c6 vé thiét ké chdng nd nhu UFC-3-340-02 [12] va ASCE 59-11 [13] méi
chi dimg & muc danh gia vu nd don tac dung 1én két cdu cong trinh. Khi xay ra nd dong thoi, ap luc
song xung kich va va song phan xa c6 thé s& cao hon nhiéu so véi truong hop cac vu nd don twong
duong.

Duya trén tong quan vé tai trong nd va tic dong cua tai trong nd, c6 thé thay co rét it cac nghién
cuu lién quan vé ap luc song xung kich véi kich ban c6 hai, hodc ba vu nd xay ra déng thoti, véi cac
duong luong nd giéng nhau va khac nhau. Do cic yéu cau nghiém ngit vé an toan, bio mat ciing nhu
k¥ thuét, viéc tién hanh tho nghiém lién tuc cac vu nd trén thuc té 1a rat tdn kém va kho khan. Sir dung
cac md phong sb sau khi duoc kiém ching véi két qua thu duoc tir thyc nghiém 1a mét cach tiép can
pht hop va hiéu qua. Theo céach tiép can nay, giai doan tinh toan ap suat nd dau vao thuong doi hoi
nhiéu nd lyc nhung c6 thé tan dung cac cong cu sb tién tién nhu cac phin mém thuong mai mo phong
vu nd Abaqus [14] hay LS Dyna [15]. Tinh linh hoat ctia cac cong cu s6 nay c6 thé hd trg hiéu qua
cho viéc phan tich cac kich ban nd noi chung. Trong mét s6 truong hop, cac gia dinh dau vao co ban
6 thé yéu clu cac hiéu chuén, vi du viéc lya chon md hinh vat lidu trong phan tich nd.

Trong bai bao nay, cac mé phong sé duge thuc hién dé phan tich su lan truyén séng nd va ap luc
song xung kich véi cac kich ban hai ngudn nd ¢ cac duong lugng nd gidng va khac nhau, st dung
tiy bién Coupled Euler-Lagrange (CEL) [16] trong phan mém Abaqus explicit. Két qua dat duoc tir
nghién ctru nay bo sung thém cac két qua quan trong vé séng nd nham ting cuong hiéu qua trong thiét
ké cac cong trinh chiu tai trong no.

2. Téng quan vé séng nd

Mot vu nd duoc bt du tir cac ngudn nd nhu trinitrotoluene (TNT), hdn hgp amoni nitrat va nhién
liéu dau (ANFO) tao ra sy giai phong ning luong rat nhanh gay nén va diy khong khi xung quanh
khoi ngudn nd, tir d6 hinh thanh nén song xung kich. Noi cach khac, ning lwong giai phong trong vu
nd dugce truyén vao khong khi xung quanh tao ra séng xung kich [17]. O mét khoang cach nhat dinh
tinh tir tim vu nd, bit ké ngudn phat ra sao, tit ca song nd déu c6 hinh dang gan nhu giéng nhau [18].
Céc tham s6 song nd, nhu van tdc song xung kich, ap suit cuc dai va thoi gian song t6i 1a cac thong
s6 quan trong hang dau.

P0+ Ph
<=
2
o Py
. Xung lyc Thoi gian
o \_/

Hinh 1. M6 hinh hoa séng nd phat ra tir mot ngudn nd

Hinh 1 cho thdy hinh dang ciia song nd dién hinh duoc tao ra tir mot vu nd trong khong khi. Song
nd v6i van tée Uy, thoi gian dén bé mit vat can 14 7,. Ap suat xung quanh (4p suat khi quyén) 1a Py.
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Khi dén bé mdt vat can, 4p suat dat gia tri 16n nhat Ia Py. Phan song no twong g v6i p sudt trén Py
duoc g01 la pha duwong, trong kh1 phan bén dudi P, dugc goi 1a pha 4m hay pha hit.

D6i voi mot lwong nd hinh cau Iy tuong, mot khai niém chung cua tat ca cac cong thure thuc nghiém
la khoang cach ti 1€ Z, dugc xac dinh dya trén khoang cach thuc tir nguon nd dén diém khao sat va
dwong lugng nd TNT theo cong thirc ciia Hopkinson—Cranz [19, 20]:

R

= Wi ©)

trong d6 W 1a duong lugng nd, duoc dinh nghia 1a khdi lugng trong dwong TNT va R 1a khoang cach
tir diém khao sat dén ngudn nd. Smith va cs. [21] dd dua ra cac gi tri khoang cach ti 1& Z dé xac dinh
céc diéu kién nd ing voi tirng treong hop. Trong do, vu nd xa duogc xéac dinh khi 3,97 < Z, vu nd gﬁn
duoc x4c dinh khi 1,19 < Z < 3,97 va vu nd rat gan la khi Z < 1,19.

3. Cac kich ban nd va mé phéng s
3.1. Kich ban mé phéng né

Anh huong cua séng xung kich duge khao sat 1M 1M
v6i céc kich ban nd khac nhau 1}hu minh hoa trén T ‘i'
Hinh 2 va Bang 1. Cac lugng n6 C1, C2 dugc dat .
cach bé mat khao sat 13 2 m. B& mit khao sat bé 2 1
® ® —

tong duoc gia thiét 1a rat cing. Co 3 kich ban md
phong khac nhau twong ing V()’l du'cmg lu'cmg nd Ce oD

—_—t =
(kg TNT) khac nhau tai ngudén nd. Véi mdi kich - o
nay, mé hinh s& dugc phén tich va két qua ap luc =
song xung kich tai cac diém A, B, C, D s& dugc IIII’I 7 III.III rTrrrry
trich xuat tir mo hinh sd. Bé tong
Kich ban mo phél’lg nd 1 (KB1): Véi llI'Q’I’Ig Ilé Hinh 2. Minh hoa c4c md hinh nd

C2 =5 kG, tuong tng tai B, C, D 1a truong hop nd
rat gﬁn, A la vi tri nd gén; A, D 12 vi tri ndm trén bé mit két ciu, co xay ra hién tuwong phan xa song.
Day 1a kich ban dé kiém chirmg mé hinh bai toan véi cac cong thirc thyc nghiém.

Kich ban mo6 phéng n6 2 (KB2): Véi hai lugng nd C1=C2=5 kG tuong tmg A, D 14 vi tri nim
trén bé mat két cdu, ¢ xay ra hién tuong phéan xa song; A, B 1a vi tri nam trén dudng trung tuyen cua
hai mat song bang nhau (do lu0’ng nd Cl C2 gay ra); C D 14 vi tri ndm trén du0’ng thang ndi vi tri
lugng nd (va vudng goc) voi bé mit két cu ctia lwong nd C1. Pay 1a kich ban nham khao sat song két
hop, song phan xa tai cac vi tri dién hinh.

Bang 1. Cac kich ban mé phong vu nd

Kich ban (KB) vu nd Cl1 (kg TNT) C2 (kg TNT) Ghi chii
KBI 0 5 Mot lwong nd
KB2 5 5 Hai luong nd bang nhau
KB3 10 5 Hai lugng nd khac nhau

Kich ban mé phong né 3 (KB3): Véi hai lugng nd C1 = 10 kG, C2 = 5 kG, tuong tmg A, D 1a vi
tri nam trén bé mat két cdu, c6 xdy ra hién tuong phan xa séng; A, B 1a vi tri nam trén duong trung
tuyén ctia hai mat séng (do lwong nd C1, C2 gay ra); C, D 1a vi tri ndm trén duong thang ndi vi tri
luong nd (va vudng goc) voi bé mit két cau ciia luong nd C1. Day 1a kich ban nhdm nghién ctru song
két hop, song phan xa tai cac vi tri dién hinh.
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3.2. Xdy dung mé hinh sé

Béng 2. Thong s dau vao ciia thude nd va khong khi dung trong md phong

Loai vat liéu Loai théng sb Chi tiét Gia tri Pon vi
Khoéng khi Mat do // 1,29 kg/m?
EOS Hang s6 khi 287 J/kgK
Ap suit xung quanh 101325 N/m?
Nhiét dung riéng // 717,6 J/kgK
Do nhét // 6,92¢7° kg/s.m
TNT Mat do /! 1630 kg/m?
Hang s6 EOS Téc d6 truyén séng 6930 m/s
A 37377e" N/m?
B 37377e" N/m?
w 0,35 /!
R1 4,15 /!
R2 0,9 /!

Hai phwong phap mé phong trong phan tich vu nd dang duoc sir dung rong rai nhit la CONWEP
(Conventional Weapons Effects) va Coupled Euler-Lagrangian (CEL) [22, 23]. Phuong phap CON-
WEP con duoc goi 1a phuong phap Lagrangian thuan tay, trong d6 tac dong cta vu nd duge quy ra
tai trong dat truc tiép 1én cac bé mat cua két cAu ma khong thé hién sy lan truyén song nd. Phuong
phap nay don gian va dé ap dung. Tuy nhién, nhuoc diém cua phuong phap CONWEP 1a né khong
thé hién dugc cac twong tac bac hai gitra cac song phan xa trong cac phan tir lién k&, day 1a mot hiéu
{rmg quan trong trong phan tich vu nd [24]. Khac v6i phuong phap CONWEP, dya trén thuat toan tinh
toan ghép nbi Euler-Lagrange, phuong phap CEL mo ta day du twong tac két cdu va mién khong khi
xung quanh [16]. Song xung kich trong diéu kién téc d6 bién dang cao va hiéu tng hinh hoc phi tuyén
tinh cua két ciu cling dugc miéu ta theo cach tiép can CEL. Vat liéu nd va céc phﬁn ttr rin nhu bé
tong hodc thép duoc md hinh hoa bang phan tir Lagrangian trong khi cac phan tir Euler dugc st dung
dé mo phong khong khi xung quanh. Trong mé phong CEL, phuong trinh trang thai cho vu né TNT
dugc md phong theo cong thirc dé xuét ciia Jones-Wilkins-Lee (JWL) [25], trong d6 4p sudt dugc tao
ra thong qua viéc giai phong nang luong tir ngudn nd:

wp

wp
=A(l -
P Ripo

yexp(-R122) + B(1 -
P Ropo

)GXP(—RZ%O) + wpEn, )

trong d6 A, B,R1, R, wlacac hﬁng $b vat liéu; p 1a khdi luong ri€ng cua thude né; E,, 1a mat do khdi
lwong.
Phuong trinh trang thai khi 1y tuéng dugc xéac dinh theo cong thiic sau:

P+ pa=pRO-6) 3)

trong d6 py4 1a ap suit xung quanh diém nd; R 13 hing sb khi; 6, & biéu thi nhiét do hién tai va nhiét
do tuyét ddi trén thang nhiét do.

Cac thong s6 khai bao thudc nd, khong khi theo phuong trinh JWL dugc minh hoa & Bang 2
[25, 26]. Trong d6 Equations of State (EOS) dugc hiéu 1a cac phwong trinh trang thai duoc phat trién
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dé 1ap m6 hinh chit nd gidn né va khong khi xung quanh. EOS xéac dinh mbi quan hé giira cac bién
trang thai cua nhiét dong luc hoc nhu ap suét, thé tich, mat do va ning luong bén trong. Phuong trinh
trang thai ctia Jones-Wilkins-Lee (JWL) 1a dugc su dung rong rdi nhat do tinh d& thuc hién cia nd
trong tinh toan thuy dong luc hoc thong qua céac hang s6.

M6 hinh s6 cua trong nghién ctru lién quan dén dap tmg dong phtrc tap cta két cau dudi tai trong
nd va thoi gian tinh toan mé hinh phy thudc vao kich thudce 6 luéi ciing nhu kich thudce ciia mién
Euler. Kich thudc pht hop cua mién Euler duge x4c dinh dé thu duge két qua chinh xac nhat nhung
ddng thoi ciing phai tiét kiém duoc thoi gian phén tich. Trong mé hinh mé phong CEL, mién Euler
phai du 16n dé bao phu tat ca cac phan tir két cdu bén trong [14]. Vi mo hinh s6 hién tai, khdi khong
khi (mién Euler) bao trim toan bo khéi chat nd va tdm bé tong cbt thép (phan tir Lagrange). Mién
Euler dugc chia ludi boi cac phan tir EC3DS8R, 1a cac phan tir gach tuyén tinh tim nut véi tich hop
giam. Kich thudc 6 luéi trong khoang 7 mm - 10 mm duoc 1y di min va dong chay khong phan xa
(non-reflection) dugc ap dung cho diéu kién bién cta mién Euler. Piém nd TNT duoc mo hinh hoa
dudi dang hinh cu c¢6 ban kinh 0.09 m twrong duong véi luong nd 5 kg TNT. Trudce thoi diém phat
nd, qua clu nd co nang luong va mat d cao, sau do6 ap suat do vu nd tao ra duogc lan truyén trong
mién khong khi. Phan tir tuyét tinh tim nat C3D8R duoc chon d& mé phong bé tong. Mit dudi cua
tam bé tong dugc cb dinh dé khong cé chuyén vi theo phuong thang ding. Ludi mo hinh cia tim bé
tong duoc chia theo kich thuéc 10mm va dugc mesh dudi dang phan tir explicit ding cho phan tich
bai toan dong.

4. Két qua phin tich

M6 hinh s trude khi dung dé khao sat anh hudng ciia ngudn nd dén séng xung kich can duoc
kiém chung. Quy trinh kiém chimg dugc thuc hién bang cach so sanh két qua dat dugc tir mé phong
v6i cac thi nghiém ngoai hién trudng. Viée xac minh md hinh c6 thé tham khéo trong [27] véi cac
cong bd trude d6 ciia nhom tac gia. M6 hinh sb cua cac tim bé tong siéu tinh ning UHPC gia cudng
ludi thép chiu tai trong nd di dwoc phan tich. Két qua dwoc so sanh voi thi nghiém ctia Mao [27] vé
d6 vong va trang thai hu hong sau vu nd dé kiém chimg tinh chinh x4c cia mé hinh trong mé phong.
Céc két qua dat duoc da xac thuc do tin cay ciia mo hinh dé xuét.

Hinh 3 minh hoa su lan truyén cua song nd trong khong khi v6i trudong hop 2 ngudn nd duoc
kich hoat ddng thai. C6 thé thiy & cac bude thoi gian diu tién sau khi kich nd 1 = 2 x 107 s dén
t =4,2x107* s, song xung kich phat trién doc 1ap tai hai vi tri ngudn nd. Thoi diém 7 = 5 x 1074,
quan sat thay dugc su giao thoa ctia séng xung kich xuét phat tir hai nguon nd nay. Sau thoi diém nay,
song giao thoa nay bao trium ca mién phan tich.

() r=2x10"5s () r=32x10"
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(©) r=42x10"s dr=5x10"*s
() t=8x10"s Hr=11x107s

Hinh 3. Sy phat trién cua séng nd trong khong khi

Ap suét (kPa)

8000 | = : o —— B;émA’
——DPiem B
——Diém C

6000 [ e mRs e Dbiém D 4

4000 Y 4

I e B A R | RS RN, ST ——

o LR s S

0.000 0.001 0.002 o 0.003

Thoi gian (s)

Hinh 4. Db thi 4p sut tai cac diém khao st twong tmg véi KB1

Hinh 4 thé hién duong cong ap sult — thoi gian tai cac diém khao sat A, B, C, D thu duoc tir md
phong. Vé mat dinh tinh, c6 thé thay thoi gian song t6i tai cac diém nay la khong gidng nhau. Vi du
diém tai diém C song t6i tai thoi diém 4,58 x 107 s nhung tai diém B, séng t6i c6 do tré twong g
v6i bude thoi gian 6,06 x 107 s. Cac diém cang xa ngudn nd thi song xung kich s€ tac dong mudn
hon. Diéu nay 1a hoan toan phu hop véi quy luat vat Iy co ban vé sy lan truyén cua song trong khong
khl [28] Bang 3 thé hién 4p suat 16n nhét tai cac diém A, B, C, D. Ap suat 16n nhat tai diém gan nguon
n6 nhit (diém C) 1a 7694,2 kPa. Nguoc lai, 4p sudt nho nhat tai diém A (diém cach xa ngudn nd nhat)
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14 3589,4 kPa.
Béng 3. Ap suét 16n nhét (kPa) tai cac diém khao sat (KB1)
Diém A Diém B Piém C Diém D
3589,4 3787,1 7694,2 5001,6

Mot s6 cong thuc thuc nghiém dé xac dinh ap suét song tdi cua vy nd trong khong khi, cu thé nhu
sau:
Cong thuc cua Mills [29]:
1772 114 108
L “

Hay cong thuc cuia Sadowski [30]:

106V 430vC? 14
_ O6\/E+ 30vc? , 1400C (kPA) )
R R2 R3

p
trong d6 R 1a khoang cach tir ngudn nd dén diém khao sat; Z 1a hé s6 ti 1¢.

Béng 4 the hién khoang céch ti 1€ tai cac diem khao sat ung vdi vu nd twong duong 5 kg TNT.
Bang 5 va 6 thé hién két qua tinh toan ap suét tai diém B, C (cac diém trong khong khi) theo cac
phuong phap phan tich khac nhau.

Bang 4. Khoang cach ty 18 tai cac diém khao sat

Diém KS Khoang cach dén diém nd R (m) Z (m/kg!'’?) Trudng hop nd
A 2,2 1,28 N6 gan
B 1,4 0,82 NO rét gan
C 1 0,58 N6 rat gan
D 2 1,17 NO rét gan

Bang 5. Ap suét ti tai diém B theo cac phuong phap tinh

Vi tri Piém B
PP tinh Mills Sadowski MO phong
Ap suét (kPa) 3176 3321 3787,1
Chénh léch (%) 16 12,3 I/

Bang 6. Ap suét ti tai diém C theo cac phuong phap tinh

Vi tri Piém C
PP tinh Mills Sadowski MO phong
Ap suit (kPa) 8711 8438 7694,2
Chénh léch (%) 13 9,6 /!

Theo Bang 5 va 6 c6 thé thdy ap luc tai cac diém khao sat trong khong khi B, C tir mo phong va
cac cong thirc thuc nghiém chénh Iéch 16n nhét 12 16%. Su chénh léch nay la gia tri co thé chép nhan
dugc. Sy chénh Iéch nay li€n quan dén cac diéu kién 1y twéng mo phdong so véi mot vy nd thuc té dé
xay dung nén cong thirc thyc nghiém.

174



Bang, N. X., Chinh, M. V./ Tap chi Khoa hoc Cong nghé¢ Xay dung

Khi song nd tiép xac véi mot bé mat cing (nhu bé tong) hinh thanh ap luc séng phan xa 16n hon
ap luc song toi [31]. Ap luc tai cac diém A, D khong dugce tinh theo cac cong thirc théng thudng cua
Mills va Sadowski ma phai ké dén hé s6 phan xa. Vi diém A, z = 1,28, gia tri song xung kich téi Py,
= 660 kPa dugc xac dinh theo do thi h1nh 13 dugc d& xuit boi cac ky su Hoa Ky [32]. V6i gbc phan
xa tai diém A 12 @ = 27°, khi d6, hé s6 phan xa C,, dugc xac dinh 13 4,5. Ap suat phan xa tai diém A,
Pr =660 x 4,5 =2970 kPa.

Véi diém D, z = 1,17 theo d0 thi d& xuét boi cac ki su Hoa Ky [32], gié tri song xung kich t6i
P, = 793 kPa. Vi goc phan xa tai diém D 1a & = 0°, 4p sudt phan xa tai diém D duoc x4c dinh theo
cong thue:

(6)

4Py, +7P
P, = 2Pso(#)

P, +7P,

Véi P, = 101,3 kPa la ap suat khong khi. Thay s6 vao cong thirc (6) ta dugc ap suat phan xa tai diém
D la P, = 4098 kPa.
Bang 7. Ap suét phan xa tai diém A, D theo cac phuong phap tinh

Vi tri Diém A Diém D
PP tinh CT thyc nghiém Mo phong CT thyc nghiém Mo phong
Ap suét (kPa) 2970 3589,4 4098 5001,6
Chénh Iéch (%) / 21% /! 22%

Tir Bang 7 ¢6 thé thdy ap suit phan xa tai cac diém A, D theo mo phong va theo cong thirc thuc
nghiém c6 sy chénh Iéch 16n hon so vai cac diém B, C (vi tri khong ké dén ap sut phan xa). biéu nay
6 thé dugc gidi thich 1a do ap suét phéan xa phu thudc vao d6 ciing cua bé mat phéan xa. Ngoai ra, mot
két qua quan trong khac co thé thay 12 ca mé phong va cong thirc thuc nghiém déu cho thay ap suat
tai diém D 16n hon tai diém B du khoang cach ti 1¢ tai diém D 16n hon tai B. R& rang, hi¢u ing phan
xa lam tang dang ké ap suét ciia song xung kich.

Ap suat (kPa)

18000 F I . ]
biém A

16000 - =———DPiém B .
Diém C

14000 - i _
------ Piém D

12000 - =

10000 - f

8000 .

6000 .

4000 + .

2000 + .

0 - e S I | WU LY PP S

0.000 0.001 0.002 Thoi gian (s) 0.003

Hinh 5. D) thi ap suét tai cac diém khdo sat twong ing véi KB2

Hinh 5 thé hién duong cong ap suat — thoi gian tai diém A, B, C, D ung véi kich ban 2. Bang 8
cho thay su gla tang vé ap sudt tai cac dlem khao sat gitra kich ban 1 va kich ban 2. C6 thé thay ap
suét tai cac diém khao sat véi trudng hop nd kép (KB2) tang tur 2,3 den 2,8 lan Su gia tang ap suét tai
diém D 14 16n nhat mac du khoang cach ti 1& ctia diém D so v&i 2 ngudn nd 1a nhé nhat. Diéu nay c6
thé dugc gidi thich bang hi¢u tmg ap suat Mach [33].
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Bang 8. Ap suét 16n nhit (KPa) tai cac diém khao sat (KB2)

Piém KS biém A biém B biém C Piém D

Ap suit (kPa) 8986,2 10278,3 16940,8 14062,9
Chénh léch véi KBI 12,5 lan 12,7 lan 12,2 lan 12,8 lan

C2 Cl

R 45

=

B Vel

E

1) A
Frrrrirrirririry

Hinh 6. Géoc tdi v6i cac diém khao sat Hinh 7. Hiéu (mg Mach trong phén tich séng n6
(Ghi chii: T- song t6i1; P- song phan xa)

Thong thuong, song xung kich phat ra tir mot vu n6 trong khong khi hinh thanh song toi. Song toi
nay va cham v6i mat dat va hinh thanh séng phan xa. Minh hoa goc téi véi cac diém dang xét nhu trén
Hinh 6. Déi v6i cac goc toi nho, song t6i di trude song phan xa va hién tuong phan xa dién hinh xay
ra. Tuy nhién vdi cac truong hop goc toi 10n, su két hop gitra song t6i va song phan xa tao ra hiéu Gng
Mach, nhu trén Hinh 7. Giao diém ctia song t6i, song phan xa duoc goi 1a diém ba. Khi hién twong
Mach xay ra, song két hop nay co thé 16n hon dang ké so vai cac gia tri 4p sudt phan xa théng thuong.
Theo Vasilis va George [34], khi goc téi 1on hon 40°, hiéu (ng Mach s€ xay ra. Nhu trén Hinh 5, géc
t6i tai diém D 1a 45° voi ngudn nd C1. Nhu véy tai diém D s& xay ra hién twong chong chét ap suét,
diéu nay din dén 4p suat tai diém D ting nhanh hon tai cac vi tri khac.

Ap suét (kPa)
35000

Piém A
30000 | H I —ime |

- : =—Diém C
. :': ...... Piém D il
20000 - |
15000 - ]
10000 |- _
5000 | _
0 N T ——
0.000 0.001 0.002  Thoi gian (3) 0.003

Hinh 8. Db thi ap suét tai cac diém khao sat twong timg véi KB3

Hinh 8 thé hién dudng cong 4p suat — thoi gian tai cac diém khao sat ing véi kich ban 3 (KB3).
Bang 9 thé hién su chénh léch ap suét 1on nhat tai cac diém khéao cia KB3 so véi KB1 va KB2. So
v6i KB, ap suit cua cac diém khao sat cuia KB3 tiang tir 3,3 t6i 5,9 1an. So voi KB2, ap suét tai cac
diém khao sat cuia KB3 tang tir 1,8 1an dén 2,1 1an tuy theo vi tri. Mot 1an nita c6 thé thdy ap suit phan
xa tai cac diém khéo sat tang nhanh hon cac vi tri khac. Ngoai ra tai diém D chiju anh hudng ctia hi¢u
mg Mach, sy gia tang ap sudt 16n nhit so véi cac vi tri con lai.
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Bang 9. Ap suét 16n nhit (KPa) tai cac diém khao sat (KB3)

Piém KS Piém A biém B Piém C Piém D

Ap suét (kPa) 16296,4 209974 25560,6 29711,8
Chénh léch véi KBI 14,5 lan 15,5 lan 13,3 lan 15,9 lan
Chénh léch v6i KB2 11,8 lan 12,0 lan 11,5 lan 12,1 lan

5. Két luan

Bai bao khao sat ap luc song xung kich voi cac trudng hop nd khac nhau. Dya trén cac két qua
thu duoc, c6 thé rat ra cac két luan sau:

- Két qua khao sat ap luc song xung kich cho thiy su dap tng tdt so v6i cac cong thirc thuc nghiém.
Phuong phap Coupled Euler-Lagrange chimg minh sy hiéu qua va do tin cy trong viéc phén tich két
cAu dudi tai trong nd.

- So vdi cac cong thirc thuc nghiém, két qua mo phong cho thay sur chénh 1éch vé ap suat phan xa
16n hon so véi ap suat thong thuong trong khong khi. Két qua nay lién quan dén do cting cta bé mit
khao sat.

- Kich ban mét vu nd kep cho thiy su gia tang dang ké vé ap suit so VO‘l vu nd don tai tit ca cac
diém khao sat. Khi dung vu nd kép véi luong nd gap doi truong hop vu nd don, ap luc clia song xung
kich c6 thé tang 1én gap 2,8 lan.

- Du khoang cach khao sat so voi nguén nd cao hon, ap sut song phan xa tai mot s6 vi tri thé hién
gia tri 16n hon so véi ap suét song nd cua cac diém trong khong khi. Khi ting lugng nd vai cac kich
ban khac nhau, v6i cac diém nam trong ving xay ra hiéu tng Mach, hién twong chong chat séng nd
gdy ra sy gia tang 16n nhit vé 4p suét so véi cac diém con lai. Day la diém can luu ¥ khi thiét ké cAu
chiu tac dong cua séng nod.
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