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131i s pap er p r esent s a com p ar at iv e inv est igat ion on the real and ar t i n eid deton at ion m o dels as

w d l as thei r in f lu ences to the ent ir e under w ater ex p losion sim u l at ions . TE e stu dy is carTi ed ou t by
usin g the m esh less, L ag ang i an , and part i cl e m ethod- sm ooth ed p ar t i c le hy dr ody n am i cs, w h i ch

m robu st , easy to app l y and com p utat ion al l y eR Id en t - N um er i cal r esul t s sh ow th at the r eal d eto-

nat i on m odel p r odu ces m ore r easonab l e r esu l ts th an th e art in ei ai deton at i on m odel .

Hpel ICTam eH CpaBHHTeJIM bI× ´ m m Mm eneik pem bHOH M HCKYCCTBem oH z eTOHam u m ux
m m HM Ha MOAeJIMPOBaHM Hom oAHMX B3pbIBOB- A m peIIIeHEM IIOCTaBJIem oH M Aau t
MCIIOJIM OM H Em eneHHHH r m pomm aMm ecm H MeTOll crJIax emfbIX U ¢ ô , KOTOPHikm m ¢ CR
He c® om bIM H OCHOBaH Ha CBOHm-m x Ê Ú MU Ò× p aHEKa. 3 rOT MeTOl l yem itEEHB, IIPOCT B
pem m a mM M BMEmeJIMTeJIbH0 3ÐÐe¢ m eH. Hoka3¡ £, qTO MOAeJIb peanbHd m TOHall m m eT

Zé ó ue pmyJIbTaTbI, qeM Mom JIb MCKyccm em oæA® OHa½fM.

k ey w o r d s.¤ detonation model, under water exp losion, detonation wm eprop agation-

U n der w ater ex p l osi on inv olv es i n v i o l en t ch em i cal r eact i on w h i ch con v er ts th e

or ig in al h i gh ex p l o siv e (H E ) in to g as at v er y h i gh tem p er atur e and pr essur e, occu r -

r in g w i th ex u m e r ap i d it y and ev o lv in g a g reat deal o f h eat . Si m u l at i on o f u n der w a-

t er ex p l osi on p r ob lem s i s a b i g ch al l en ge f o r t r ad i t i on al num er i cal m eth ods . E ar ly

t heor et i cal an d num er i cal an al y ses o f un der w ater ex p l osi on s w er e g ener al ly b ased

on th e assum p t i on s a ´ th e ex p l osiv e ch ar ge i n t he sph er i cal sh ap e det on at ed ó om

th e ch ar ge cent er an d t he su r r ou ndi n g w at er w as i n f i n i te [ 1- 3] . I n t h e nu m er i cal

im p l em en tat i on s, t he pr essur e in th e ex p l o si v e gas w as det erm in ed em p i r i cal ly ,

w h i l e th e in ter act i on b etw een the ex p l osi v e gas an d th e su r r oun di n g w at er w as n o t

p r op er l y con si der ed . 131ese di sad v ant ages gen er al ly r est r i cts th e p r ed i ct i on o f th e

p eak pr essu r e to b e accept ab l e b ey on d the r an ge o f m or e than l O t im es th e sph er i cal

char ge r ad i u s.

M any ear ly num er i cal anal y ses of u nd er w ater ex p l o sion s em p l oy ed an ar ti n ei al

d et on at i on m odel o f adi ab at i c ex p l osion at const ant v o lum e r ath er th an th e r eal
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det on at i on p r o cess o f H E i n t h e en t i r e u n d er w at er ex p l o si on si m u l at i on s . I n th i s

ar t i f i c i al d et on at i on m o d el , t h e d et on at i on p r o cess o f th e H E i s n eg l ect ed w i t h

assu m p t i on s t h at t h e d et on at i o n v el o c i t y i s i n f i n i t e, an d th e or i g in al H E i s r e-

p l aced b y or i n a su d d en con v er ted t o a g as g l ob e o f ex t r em el y h i g h p r essu r e an d

t em p er atu r e . T h e gas g l ob e p o ssesses t h e sam e en er gy , o ccu p i es t h e sam e sp ac e

as th e or i g i n al H E , i n t er act s w i t h th e sur r ou n d i n g w at er , an d t h en p r od u ces

sh o ck w av es as w el l as bu b b l e p u l ses i n t h e w at er . D u e t o th e assu m p t i on s or

si m p l i f i cat i o n s on th e r eal d et on at io n p r o cess, th i s ar t i f i c i a l d et on at i on m o del

does n ot g i v e t h e p r op er p r essu r e p r o f i l es i n th e d et on at i on p r o d u ced g as p r od -

u ct . I n som e l at er n u m er i cal si m u l at i on s {4 , È , t h e r eal det on at i on p r o cess o f t h e

H E i s i n c l u d ed i n t o t h e en t i r e u n d er w at er ex p l o si on sim u l at i on s, an d t hu s t h e

p r essu r e p r o f i l es i n t h e ex p l o si v e g as can b e n um er i cal l y bu t n ot em p i r i cal l y de-

t en n i n ed . T h ese t w o m od el s on t h e d et on at i on p r o cess o f H E y i el d d i f f er en t

ph y si cs i n t h e ex p l o si v e g as an d m ay l ead t o d i f f er en t r esu l t s i n un d er w at er ex -

p l o si on si m u l at i on s. H ow ev er , n o com p ar at i v e i nv est i g at i on h as ev er b een car -

r i ed ou t on t h ese tw o d et on at i on m o del s an d th ei r i n n u erl ees t o t h e en t i r e u n d er -

w ater ex p l o si on si m u l at i on s.

I n th i s p ap er th e real an d ar ti E c i ai deton at i on m odel s as w el l as th eir i n a l l er lees

to the ent i r e und er w at er exp lo si on sim u l at i on s ar e com p ar at iv ely i nv est i gat ed b y

u si n g th e m ethod o f sm o oth ed p ar t i c l e hy dr o dy n am ics ( SPH ) . SPH i s un i qu e i n

com pu tat i on al f l u i d m ech an i cs du e to i t s m esh l ess, L agr an g ian an d p ar t i c l e f ea-

t ur es. Si n ce i ² inv ent i on t o sol v e ast roph y si cal pr ob l em s in d lr ee--d i m en si on al op en

sp ace {6 » ä , SP H has b een heav i l y stud i ed an d ex tended to dy n am i c r esp on se w it h

m at er i al st rength [9- 1 1] as w el l as dyn am i c f l u i d f l ow s w i th l ar ge d i stor t i on s [ 12 ] -

SPH u ses sm ooth ed p art i c l es as i nt erp o l at i on p o int s t o r ep r esen t m at er i al s at d i s-

cr et e l o cat i on s, so it can easi l y t ace m at er ial in ter f aces, ¨ ee su r f aces and m ov i n g

b oun d ar ies. T h e m esh l ess n at ur e o f SPH ov ercom es th e d i fE cu l t i es du e t o l ar g e de-

f on n at i on s si n ce SPH u ses p art i c l es or p o in t s r ath er t han m esh as com p ut at i on al

f u m e to i n t erp ol at e. T h ese n i ce f eat ur es o f SP H m ak e i t f ai r l y at t ract i v e in sim u l at -

i ng un der w ater ex p l osi on . N um er i cal an al y ses ar e car r i ed out f or TN T ex p l osi on in

w at er w i t h on e case of sl ab ch ar g e an d an oth er case o f sp h er ical ch ar ge. T h e d i f f er -

ent p er f orm an ces o f th ese tw o det on at i on m odel s on th e shock w av e p r op agat i on

an d p eak sh ock p r essur e w i l l b e i nv est i gated .

U n d er w at er ex p l osi on si m u l at i on . T h e un der w at er ex p l osi on can b e d iv id ed

in to tw o pr ocesses, th e d et on at i on pr ocess t hr ough the H E and th e d i sp er si on p r o -

cess of th e deton at i on -p r oduced gas, w h i ch in t er act s w i th th e sur r ou nd in g w ater . I n

under w at er ex p l o sion s, the ex p l osi v e gas an d th e w ater can b e assum ed t o be

in v i sci d an d com p r essib l e w h i l e th e ex p lo si on p r ocess ad i ab at i c . So t h e E u l er equ a-
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t i on can b e u sed to m o del th e ex p lo siv e g as as w el l as t he w ater coup l ed w i th co r re-

sp on d ing equ at i on o f state

Dp = - pv v,»ØØ»

= - þ VD .D t p . ,

( l )
D U = - Z v v.
D t p '

p = p (p ,Ä ,

w here v , u , p , p and t are vel ocity vector , internal energy , densi ty, pressure and

tm e mstant respect ively - Ç 1e f irst three equations in equation ( 1) state the conser va-

t ion of m ass, momentum and energy , whi le the four th equat ion i s the equat ion of

state (EOS) . In this paper TN T is used in the simulati on as the H E and d1e det ona-
t ion gas product i s assumed to behave as a Jones-W i lk ins-L ee (JW L ) high energy

exp losive w ith the equati on of state

, ....

'''EBEBEE-- 1dA--p

(2)

w h er e t h e p ar am et er s ar e d = 3.7 12 Á 10 11 Pa; B = 0.0 32 1Á 10 11 Pa; R I = 4. 15;

R 2 = 0. 9 5; Ø = 0.3q O = p / P U P o i s th e r ef er ence den si ty of 16 30 k gj m 3; E i s th e

in i t i al sp eci f i c in t ern al en ergy o f 4. 29 Á 10 6/k g . TTIe detonat i on v el oc i ty o f 6 930 m /s

i s u sed .

TE e equ at i on o f st ate f or w at er i s

u

ny

¢®,JUg-£+hUEOrtÉ+ä3"²'3Á+ä4Ì.ä,-a+Uga--p
where Ì = pJ p£» 1; Á1= 2.2Á109N /m É Ä = 95 4Á109N /m2; ò = 1.457Á1010N /m É

bo = 02 8; b l = 02 8; po= 100Okgfm3.

, N u m er i cal m et hod - SPH m et h od ol ogy . A s a L agrangi an par t i cl e m ethod ,

the basic concept o f SPH i s that the state of a sy st em can be det en n i ned by a

col l ect i on of arb i t r ar i l y di st r ibuted part i ck s w h i l e for ces are cal cu l at ed
thr ough i nter -par t i cl e i nteract i ons i n a sm oothed f ash ion . These sm ooth ed p ar -

t i cl es can be r egar ded as int erpol at i on p oi nt s, w hi ch f orm the com pu tat i on al

f ram e f or the di f fer ent i al equat i ons gi v en in equat i on ( 1) . Th e p art i cl e p rop er -

t i es can be est im ated by tak ing a w ei ghted av erage v al ue ov er th ose of the sur -

r ounding par t i cl es.
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N u m er i ca l ap p r ox i m a t i o n - I n SPH m eth o do l ogy , t h e f 111i d i s r ep r esen t ed b y

p ar t i c l es, w h i ch ar e t y p i c al l y o f f i x ed m ass, f o l l o w th e f 111i d m ot i on , adv ect con -

t act d i scon t i n u i t i es an d r edu ce com p ut at i on al d i f f u si on o f v ar i ou s f h i d p r op er -

t i es. T h e p ar t i c l es car r y f 111i d q u an t i t i es su ch as m ass m , v el oc i t y v ect o r v , p o si -

t l o n v ect o r x et c , an d f on n t h e com pu t at i on al ó am e f o r t h e p ar ti al d i f f er en t i al

equ at i on s g ov er n i n g t h e con ser v at i on l aw . I n th e stan dar d SP H m et h o do l ogy ,

f or a h rlCH on j ; t h e ap p r ox im at i on o f i t s a m ct i on v alu e at a c er tai n l o cat i on o r

p ar ti c le i as w el l as i t s gr ad i en t can b e ex p r essed as su m m at i on i n t erp o l arlt s ov er

t he n ei gh b or p ar t i c l es u si n g a sm oo t h i n g k er n el h n d i o rl W w i th th e sm o ot h i n g

l en gth h

(f i )

W(S,h) =Ád

where x is the posit ion vectors of the par ticles.

A q pical smÞ thing kernel h nction should sat isfy the requirem ents of nom a-
lÄ m cOM itm j w (x - x w a = ô ¤ M d on eOM it i ´ m w (X - x ' , h ) =

= 8 (X J ) ¿ h ú 0; ¢ ö e comé cmm cond doñ W(x - x ' , h ) = £ ç Á - x ã Ëh ,

w here Ë is a constant dependent only on the parti cular smoothing kernel amd iorl

used. In thi s paper, the cubic sp l ine h nCHon is used [® ,

2 7 1 1» - S 4 + - S 3 . o g S < 1.
3 2 ' ,

; (¨ 3, l g S < 2,

l0, S ¢ 2,

w her e S = | x - i | / h ; Á d i s a dm en m Ð ep eþ rl t con st an t Ó t ed t o t h e sm oob

ing l eng th I n onej w o or thm d m en Si on ai space Á d = 1/ h , l W M M or 3/ 2Ðh 3 b

sp ect i v el y . I t ' s c l ear th at t he Ë used i n th i s cub ic sp l i n e k ern d i s 2 .
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A mygciat viscoste . T he arun cial v i scosity i s used m sPH methodology to sta-

bi l ize the num er ical scheme, prev ent par ti cle penetrat ion and capture shock w aves.

In this paper, w e employ the standard M onaghan type ar ti f icial v i scosity H u [8] ,HV-ä,hx»Ç¤-+-f¤-1¤;vp-UHY-uHVht»'vl
Ì UZ ¢..YEJ-n+'n,,.¢1-2=̈HVvn-zJVV=UHÔv

w h er e Á ,Õ, Tl ar e con stants th at ar e set 1, 1O and Oi h ii ; v and C r ep r esen t th e v e-

l oci t y v ector and t he speed o f sou nd r esp ect iv el y .

E q u ati on qf m od on . A p p l y i ng the SPH k em el an d p ar ti c l e app r ox im at i on con -

cep t t o equ at i on ( 1) , t h e f o i l ow ing db er et i zed equ at i on o f m ot i on i s der i v ed as on e

o f th e st an dar d f orm of SPH equ at i on s an d can b e u sed t o m odel th e H E detonat i on

as w el l as the un der w ater ex p l osi on s

~

N
=Z mj (Vi - Vj Wiwuf"

=-ZmÔ-a

Ô-u =;2m HÔwv¢ E,J,JVv1 luuÓll'¨HVH+¿,Jä4 .,JPp-Sä ,. .tDAny

DX2¤ = v t

Dt

U sin g som e st an d ar d t echn i qu es su ch as l eap ó og (L F ) , p r ed i ct or - co r rect or an d

R ung e-k ut ta (R K ) sch em es can car ry out th e n um er i cal in t eg r at i on of or d i n ar y d i É

f er en t i al equ at i on f or phy sical v ar i ab l es at ev ery p ar ti c le . I n t h i s p ap er , th e l eap ó og
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m eth od i s u sed f o r i t s l ow m em ory stor ag e an d eE i ci ency . T h e p ar t i c l e den si t y , v e-

l oci ty , in t ern al ener gy and posi t i on can be up dat ed in th e f o l l ow i ng f orm u l at i on s:

t = t +At,

Pi (t +% ò Ý - % )+At DPi (t),

Vi (t +ñ j h VAt - Ø )+At DVi ( t),

Ui (t +ú ) = ut(t »Æ )+At DUi (0 ,

Xi(H N ) =Xi (t)+N Vt(t +% )

H ow ev er , t he L F i s su b j ect to t he C F L con di t i on f br stab i l i ty , w h i ch ty p i cal l y

r esu l t s i n t im e st ep t o b e p r op or ti on al to ö e sm o oth i ng l en gd 1s. I n t h i s w ork , th e

t im e st ep i s t ak en as

At = min (Èhi / [hi W Vi + Ci +1.2 (Á Ci +P| VVi |)]),

w here È i s t he C our an t nu m b er , t ak en ar ou n d 0 3 .

N u m er i cal t est s an d an al y ses. H E deton a ti o n p r o cess. T he d i f Ter en ce an d

concern o f th e tw o deton at i on m o del s l i e in w h ether t h e r eal det onat ion p ro cess has

b een in clu d ed int o th e en t i r e un der w ater ex p l osi on si m u l at ion s or the real det on a-

t i op p ro cess i s sim p l i n ed as an ar t i f i c i al det on at i on con d i t i on o f ad i ab at i c ex p l o si on

at con stant v o l um e. I n d 1i s w ork , t he r eal det onat i on p r ocess of a on e d im en si on al

T N T sl ab i s E r st inv est i gat ed to st udy th e d i st r i bu t i on of th e p hy si cal v ar i ab l es m th e

gas w h i ch w i l l af f ect t h e l ater sh o ck w av e- T h i s case i s sp eci al ly sel ect ed f or th e pu r -

p ose o f com p ar i son sin ce goo d num er i cal si m u l at i on s [ 5 , 13 } f or th e sam e case h av e
al ready been g iv en . T he sim u lat i on d on e-dim en sional T N T sl ab deton at i on doesn ' t

l ose gener al it y si n ce ear l y analy ses based on th e assum pt i on of sph er i cal ch ar ge

deton at in g ó om t he ch arge cen ter can b e si m p l i f i ed i nt o one d i m en si on .
In d 1e sim u l at i on , a 0 . l m l on g T N T sl ab i s det on at ed ó om on e end . In Sh in ' s

si m u l at i on , coup l ed L agr ang i an -E u l er i an an aly si s w i th th e so ä w ar e M SC/D y tr an i s

app l i ed . T he w al l b ou n dar y co nd i t i on s w er e u sed to f orb i d m ater i al t ran sp or t Ë om

ev er yw h ere . I n th i s SPH si m u l at i on , th e sy m m etr i c con d i t i on i s u sed . T h i s m ak es

the deton at i on o f th e 0 1 m l ong sl ab ó om on e en d t o th e oth er en d equ i v al en t t o t he

det on at i on o f a 0 2 m l on g sl ab ó om the m i dd le p oi nt t o on e end . B ef or e det on at i on ,

p aEt id es ar e ev en ly d i st r i bu ted al on g th e sl ab . T h e in it i al sm ooth in g l en g th i s one

an d a h al f t i m es t he p an i c l e sep ar at i on . A f t er deton at i on , a p l an e deton at i on w av e i s

p r o du ced . A ccor d ing t o th e deton at i on v el oc i ty , i t t ak es ar oun d 14 .4 Lis t o com p l ete

the detonat i on t o th e en d o f the slab .

F i g ur es 1, 2 , 3 sh ow th e p r essur e, den sit y and v el o ci t y al ong th e sl ab at l Ì s in -

ter v al Ë om l t o 14 Ì s by u si ng 4 00 0 p ar t i c l es. T h e dash ed l i n e in F ig . 1 r ep r esent s
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th e exp er im ent al l y deteÚIl ined C J deton at i on p r essur e, w h i ch i s, accor d in g t o th e
C h apm an an d Jou gl let ' s hy p oth esis, th e p r essu re at t h e tan gent ial p o in t o f the

H u g on i ot cu r v e an d th e R ay l ei gh l i ne [4 , 14 ] and r ep r esent s th e p r essu r e at th e

equ i l i b r i um p l ane at th e t ai l i ng edge o f th e v ery th in chem i cal r eact i on z on e. F or

th i s one- dim en si on al T N T sl ab det on at ion p r ob l em , th e C J p r essu r e i s
2. 1Á 10 l ÔN /m z. I t cm be seen ó om F i g . l t hat the g as b eh i n d th e det on at ion w av e

ó on t h as a p r essu r e p r o f i l e sim i l ar t o a st ep in cr ease f o l l ow ed b y ex p on ent i al ty p e

decay , w i th t he p eak p r essur e im m edi at ely b eh in d the d et on at i on w av e Ë ont an d th e

decay l en g th in creasi n g w i th p r op agat i on di st ance. W i th th e p r ocess of th e det ona-

t i on , th e d et on at i on p r essu re con v er ges to t h e C J pr essu re . T h e deton at i on sh ock i s

r eso l v ed w i th i n sev er al sm oot h in g l en gth s. Fur th er in v est i gat i on r ev eals t h at m or e

p ar ti c l es alon g th e sl ab resu l t i n sh arp er pr essu re p r om es w i th b igg er p eak p r es-

sur es. T h e r esu l t s ar e q u i t e accur ate an d com p ar ab l e t o th e r esu lt s obt ai ned by Sh in .

For th e si m p l i f i ed ar t i f i c i al det on at i on , th e h i gh ex p l osiv e i s r ep l aced by ex p l o -

si v e g as in a su dden , w h i ch o ccup i es th e sam e v o l um e w it h th e sam e en er gy , so th e
den si ty al so r em ain s th e sam e, as sh ow n b y t he dot t ed l i n e on F ig . 2 . I t ' s d i g er ent

ð om th e ab ov e cai CIl i ated den si ty p ro f i l e, w h ich b eh av es as a step in cr ease f o l l o w ed

by an ex p on ent i al W e decay . T h e g as p ar ti c l es ar e n ot i n m ot i on at th i s i n st ant an d

so th e p ar t i c l e v el oci ty i s zer o . T h e p ressu re o f th e gas cal cu l at ed b y u sin g equ at i on
(2 ) w i th p / P 0 4 i s ar ou nd 83 7 59e + 009 N /m 2 and i s sh ow n by th e dot ted l in e on

F i g . 1, t h i s v al u e i s betw een th e ab ov e cal cu l ated f or w ar d p eak p r essur e an d t h e

back w ar d st eady p r essu r e, m u ch sm al l er th an p eak p r essu r e, w h i le b i gger th an t h e

steady p r essu r e. Sin ce th e detonat ion p ro cess i s neg l ect ed i n th i s ar u n ci al det on a-

t i on m ode l , n o deton at i on shock w i i l adv an ce al on g th e T N T sl ab , w h i l e t he p r es-

SU e su dden ly r i ses t o a v ery h igh l ev el w i th i ts Ë ont at th e g as/w at er in t er f ace.

B esi des t h e d i f rerent d i s» i but i on o f t he phy si cal v ar iab l es, t he r eal det on at i on

al so cau ses tw o sh aded ar eas both i n F i gur es l an d 2 M di E er en t i n st an t s. 111e sh aded

areas in F i gu r es 1 and 2 ar e f or t h e i n st an ts o f 14 Ì . I t i s f oun d th at th e up p er sh aded

ar ea i s appr ox im ately equ al t o th e l ow er sh aded area i n th e d en si ty pr o f i i e i n F i g . 2 ,

w h i ch i s a r en ect i on o f the m ass con ser v at i on in th ese tw o m odel s. F or p r essu r e d i s-

t r ibu t i on i n F i g . 1, t h e upp er sh aded ar ea i s b i gg er th an th e l ow er shad ed ar ea. T h i s

sug gests w h en con si der in g th e deton at i on p r ocess, th e gas w i l l ex er t b i gger f o r ce on
th e su r r oun d in g w ater af ter the detonat i on i s f in i sh ed . I t ' s reaso n ab l e to pr esu m e

th at th e d i fTer ences of th e di st ibut i on o f th e phy si ca1v ar i ab l es in th e h i gh ex p l osi v e

gas w i l l l ead t o d i g er en t p er fon n an ces w hen in ter act in g w i th th e su r r oun di n g w at er ,

an d m ay l ead t o d i f f er ent sho ck b eh av i or in th e w at er .

TN T stab u p IOSio n i n wa× ß A ft er det on at i on o f t he h i gh ex p l o siv e, th e ex p lo -

si v e gas o f h i gh p r essu r e, t em p er atur e an d v el oci ty ten ds to m ov e ou t si de, an d in ter -

act s w it h th e sur r oun din g w ater . F or th e ab ov e case, th e in ter act i ng d i sp er si on pr o -
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F ig . 3. V elocit y pro f i les along the TN T slab

cess o f d Ie ex p l osi v e g as t o outsi de w ater i s i n v est i gat ed h er e . I n th e sim u l at ion th e

com put u i on al dom ain of w at er i s 10 m , w h i ch i s l ar ge en ou gh to p r ev ent th e boun d-

× y ef rect .

F i gu r e 4 sh ow s the p eak sh ock p ressur e i n the w at er-at d i t rbr en t l ocat i on s. I n th e

a gl i r e, Á i s the l en gth o f th e or i g inal H E char ge l en g th , R i s th e d i st an ce ó om th e

p r essw e m easur e l ocat i on to th e detonat i on en d o f the ch arge . I t cm be seen th at the

p eak p r essures i n b od1m odels decr ease as d 1e sh ock w av es m ov e aw ay Ë om t he ex -

p i osiy e g as- T h e decrease d th e p eak p m sm es b eh av es as am x p onen t i al decay . A t

l ocat l on s n ear er to t he ch ar ge or ex p losiv e g as, th e p eak p r essu r e f or t he r eal det on a-

u on m od el i s m u ch b i gg er th an that f br d Ie ar ti f i c i al m od el . A s t he sh ock w av es ad -

v m ce d m ad, the d i f Ter en ce b ecom es sm al l er . B ey on d d 1e ran ge o f 8¤I O t im es the

char ge l en gth , the d i f reIm ce i s t oo sm al l t o b e n eg l ig i b l e.
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F ig . 4. Peak pressures at d ifTerent locat ions f or t he case of slab TN T charge

F i gu re 5 show s th e p r essur e h i st or y f or d Ie l ocat i on at 0 2 5 m , w h i ch i s 2 5

t im es t he l en g th o f th e o r i g in al T N T ch arg e. I t i s obv i o us that t he p eak p r essu r e as

w el l as t h e p r essu r e cur v e f or t he real deton at i on m od el i s h igher th an that f b r th e ar -

t i f i c i al det on at i on m odel . I t i s n oted th at th e ar r i v al t im e fo r th e sh ock w av e t o r each

th e l o cat i on i n th e r eal detonat i on m odel i s sl i ght ly ear l i er th an th at i n th e ar t i f i c i al

det on at i on m o del . T h i s i s anoth er repr esentat i on o f th e b i gger im p u lse o f th e ex p lo -

siv e g as t o sur r oun d i n g w ater in th e r eal deton at i on m o del .

U n d er wa ter u p l osio n qf sp h er i caf TN T ch arg & T o h r th er v al i d ate our ob ser -

v at i on t hat th e in f l u ence o f t he t w o deto nat i on m o del s on ö e ent i r e un der w at er ex -

p i osi on s on 1y an d g eat l y d i f er s at ear l i er stag es or near er l o cat i on s, an d i s n eg l i g i -

b l e at v er y f ar aw ay locat i on s, an ot her num er i cal test w h i ch in v ol v es in a sph er i cal

T N T o f 13 7 k g i s sim u l ated . For th e sph er i cal ch arg e deton at i on Ë om th e ch ar g e

cent er , som e em p M eal f o rm u l ae ex i st t o p r ed i ct th e p eak sho ck p r essu r e at d i f f er ent
l ocat i on s [ 1- 3] . O n e ap p r oach i s t he Penn ey -D u sgup t a th eor y , w h i ch num er i cal ly

int eg rate th e R i em an n equ at i on s ou tw ar d ó om th e ch arg e. A ccor di n g t o
Penn ey -D u sgup t a th eory , f or T N T , th e v al u e of the peak p r essur e i s as a a ln CHon o f

shock r ad iu s R and th e ch ar ge w ei gh t W,

Figure 6 show s the detai led comparisons of peak pressures obtained ó om diÉ
f erent resour ces, experiment al data ó om [ 14] , É e Penney-D usgupta theoreti cal
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F ig . 5. Pressure h istory f or the locat ion of R/a=25 for the case of slab TN T charge

» - - Real detonat ion m odel
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F ig . 6. Peak pressures a d i fTerent locat ions for the case o f spher ical TN T charge

v alu e, an d d 1e SPH sim u l at i on resu l t s w i d1tw o deton at i on m od el s. I n th e l og ar i thm

scaled f igur e, a i s t he r ad i us of d 1e o r i g inal H E ch ar ge l eng th ; R i s th e d i st an ce ó om

th e p ressu re m easur e l ocat i on to th e ch ar ge cent er . F or th e r eg i on o f R M > 10 , th e

Penn ey -D usgup ta cu r v e cm be app r ox im ated as a str ai ght l in e, an d com p ar e w el l

w i th th e exp er im ental d ata. T he peak pressur e becom es h i gh er f or c l oser d i stances. I t

shou ld be n ot ed ö Ö ö e p ermey -D usgupta cur ve i s on ly v al i d for th e reg i on of RYG >

> 10 ; f or th e r eg i on o f 10µ Rf a > 1, sin ce th e exp er im en tal data i s not av ai l ab l e, th e

v al i d i t y o f t he Perm ey mD u sgup ta theory n eeds t o b e h r th er v er i f i ed - In th e SPH sim -
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Comparative study of the real and artmcial de tonation models

u l at i on , É e p eak p r essu r e m easur e l ocat ion s i n w at er can be tak en ó om the g as/ w a-

t er In ter f ace (´ ² 1) t o a E th er d i st ances. T he num er i cal resu l t s b m SPH sim u l a-

t i on al so ag ee w el i w i th t he ex p er im ent al dat a and th e P enn ey Ä usgup ta cur v e f or

th e r eg i on RYG> 10 . T h e p eak p r essure cur v es h m t he tw o d eton at i on m od el s ar e

b oth abov e t he Penn ey -D u ss l i p t a cu r v e, and ar e c l oser t o t he ex p er im en tal dat a th an

th e Penn ey -D u sgup ta c® v e. Sim i l ar t o the abov e case o f TN T sl ab ex p l o si on i n w a-

t eL t he p eak p r essu res in b oth m odel s decr ease as th e shock w av es pr op agat e ah ead .

A t l ocat i on s n ear er t o th e ch ar ge or exp l osi v e gas, th e p eak p ressu r e f o r th e r eal

deton at i on m odel i s m uch b i gger t han th at f or th e ar ti f i c i al m odel . B ey on d th e r ange
o f 8¤l O t i m es th e ch arg e rad iu s, t h e d i f Ter en ce i s t o o sm al l t o b e n egl i g i b l e.

C on cl u si on s. I n th i s p aPer the r eal an d the ar t i f i c i al d eton at i on m odel s o f H E as

w el l as th ei r in a l i en ees to t he en t i re un derw at er ex p l osi on sim u l at i on s ar e com p ar a-
t iv el y inv est i g ated by using t he m esh l ess, L ag ran g i an m eth od o f SPR - T he

sm ooth ed p ar ti c le h y dr ody n am i cs i s r obust , easy t o ap p l y , com pu tat i on al ly ef TICi erl t

an d can g i v e good p r edi ct i on s f o r b oth m agn i tu de an d f orm of th e sh o ck w av e. m e

study i s carr i ed out w i t h num er ical ex am p l es o f sl ab an d sp her i cal T N T ch ar ge . I t i s

f ou nd th at th e tw o d i f k r ent deton at i on m odel s l eads t o d i E er ent p ro f i l es o f p h y si cal

v m ab l es alo ng t he h i gh ex p l osiv e gas, and y i d ds d i f er ent im p u lses t o th e su r -

r oun di n g w at er . TE e real d et on at ion m o dei p ro du ces sÊ on ger im p u l se th an th e ar t i -

n ci d d et on at i on m odel . Si nce th e r eal det on at i on m ode1pr op er l y g iv es th e pr o f i l es

of ph y si cal v ar i ab l es i n exp l osi v e gas beh r e in t er act i n g w i th w at er , it l ead s to m or e

r eason ab l e r esu l t s. F or t he ar t i f i c i al det on at i on m odel , n eg l ect in g t he d et on at i on

p r ocess an d sim p l y rep l aci ng t he or ig in al H E ch ar ge w it h exp l o si v e g as y i el d l ow er

p eak p r essu r e an d sl i gh t l y l at er ar r i v al shock w av e t im e . T h e di f Ter en ce in p eak

p r essur e i s r ath er large at c l oser d i stances, an d becom e sm al l er w i th the adv an ce o f

th e shock w av e, an d f in al l y t ur n s to b e n eg l ig i b i e at t er t h e r eg i on o f 8¤10 t i m es th e

char ge r adi u s (o r equ iv al en t ly ch ar ge l eng th ) . So i t can b e con c lu d ed t h at f or n u -

m er i cal si m u l at i on s o f un der w ater ex p l osi ons, b ey ond th e r eg i on of 8¤10 t im es th e

ch arge r ad i us, both tw o deton at i on m odels can get f ai r ly g o od an d cl ose r esu l t s; i n

r eg i on n ear er th an 8¤10 ti m es th e char g e rad ius, the real deton at i on m odel r ath er

th an the ar t i f i c i al deton at i on m o del sh ou l d b e em p l oy ed t o obt ai n m or e reason ab l e

r esu l t s.

I Iom HO HopiBm JUM H aMani3 MOReJId peanbMOI Ta IIIIYÍ OI m TOHal liI Ta IXHiH BIIJIMB Ha MOl le-
nmM Hm nU BOAHMX M 6yxiB¤A JM P03BW aHM IIOCTam eH013am U BMKOPHCTaHOÊ ceJIMOd r iApo-
AMHaMIU ø Meroi l 3rJIU XeHMX M CTMHOK, éKHH He e ciTKOBMM i 6ØyeTbca m BRaeTMBOCM X
U CTMHOK n a× aHEm . 11eH Mem A C CTiæKMM, IIpoem M y peanh aIIiI Ta Í ceJIMfo eÕekTMBHMM-
HOKÊ aH¶ ½£ MOAeJIb pem bHd m TOHauir zaE Kpam pew nbU TM, Hix MOAeì Ä É Í oj A¢ OHanil
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