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A Fast Numerical Solution for
Eikonal Equation
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Abstract

In this paper, an efficient numerical method has been proposed to simulate internal
ballistic of a solid motor with multiple propellants. The essential feature in this method can
be depicted by transforming the original initial value problem for the solid propellant
burning procedure into an associated boundary value problem, which can be described by
the Eikonal equation. A fixed mesh covering simulation domain is established. The arrival
time of the initial burning surface has been selected as the solution variable. At first, the
arrival time is estimated by burn distance from the burning surface which is then
reconstructed based on the arrival time as the simulation evolves. In this simple manner, all
arrival time in the computational domain can be determined to serve as the essential
element in the ballistic simulation. Meanwhile, special regions can be identified by the
burning surface to enhance computational efficiency. By examining theoretical results
from the physical model and computational results of test problems, the proposed
numerical methodology in this research can be an effective tool for solid propellant motor

design.
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DU EEE R AT A A B R AT A T BB BRE IR - i1 - B RaT BRI A BT
AR RES R E - 18] 9(a)EdiEl 9(b) AR b A& BL o i A [E V)i - (EFASL
SEHVETRIT AT SR T RS R BH R LEEE - HEtE AL - BEEEE AR E SRy
ffii(0=0.8) - FTEERIRE AR R (a=0H EWV) & - HATHERRESE RN A BE SR
{56 FHHH SR 0 (5 1A PR R A SR AT B AN BHE T - BURASCAR G R I7/ERT54
[Pz

AT FEFT e Y 5 {5 T B 2 B Ry DUJURE S I A3 =) R 5 s S TR - S Bl
i E BB —AHE > mVUER TR B AR R ¢ (0, £0.5)E4(+0.5, 0) - HEZEBIEZERHA
APttt BT A B SR AT S SR AIRE ST - (8] 10(a) FRIIFH SR EAEA FIRFEEY i R HL
fEE ¢ [ 10(D)AIBURAFIETREITALE y=0.25 K y=0.75 j 5 i FIEE R Iy 7> i Ll - Fhat
BEERATAL - BIEE R S (AR, ~ E0RE AR ARt B ET T LU EHEE
HeffE ~ SEIAVIEREGER - HOEE BRI R AT A R A R

FEART [ B UREAE A [P (SRR R 5 P S e L AR A A SR AER AR TR - st ReEE B
—2<x<2; -1<y<1 - FIEA&ELR 80x40 HYIEACHER » REAATRRELHYEER(O, —0.5)5% » 4%

y<0 > F=1; y>0 > F=15 (12)

PEZEBIEE s E A G ME R o (AR HaVE T & 7 AFTEEA I H 5 i B K
HEERR T R E 11(a) > mkE 11(0) RIZRAE y=-0.25 K y=0.5 iz 55 i ) 20 Y o il >
HhIVELRE T AR R (50 F A B R T A B s AT AR T HAE R - RS R v/ - B EEE
HISLAERE A - TN G ERA SRR AR TR T ENIEE » [EIREHY » S RN R A
HEEBRRRT A A Ry -

DA B ZE BT R EAE SR oA > AR R YR TR 774 0] USSR R A A B DR R Fi e A
KEHEAVAS SR o Horp BEREERT A AN EEI S RIR S Z R » (R R AB S P AR B 5 A8 30T
1E Huygens JFRIRAYITLLAE_E(R(B)) » ZAT ARESRT A A{E 5 FEE T-AB s T BB Ry (545
B MIEEERSTER A R S - 2750E 12> MEEIEEE x-8 y-HaryfEEg B A - 1
EhW - S Bl SW B S AR R > MRIBAEERTAEAAVETETT=0 0 B P BV E F 2 (F
A JEA)

=min(T,, +é,TS+—,TSW +—
F F F (13)

T

P,point

A A S PR H A R RS = 0 I ARBESME S B AR ES - i H IS s U A A a2y
MR BB IR R — B R AL E b o RIS KA E R 2 o« E Pl A E R
Eikonal 21y [2 ~ 10] :
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(TP,fast - TW )2 + (TP,fast _TS )2 — _2
A A F (14a)
ElY
T.+T. 1 [2A?
TP,fast = St \/ 2 (TW _Ts)2
2 2\ F (14b)

BRI » TR T A (I Huygens [STREHTLBEAR » 117151 L Ry 4 5 - 7E18] 12 o »
AL W B S A ST PR B SV 531 - I (el — S A S 5 T 256 P 5.
] TSR

«/_ 2A

V(&) =(A-&T, +ETs + g —&+ E 152
a

Hf s E= S mfmE R - AT (1) - HE
J2A

T =minv
P, fast 0<e<l (&’) (15b)

WEL R PUEHTE L2 DAES W BLEL S FEAVAREL Ry 38 GRS S0 R 2R - BERE
TR MHEBSIASIR M ITE » FiRERYE » (&5 ST R A FERY A S Ry 38 5
Je o TR AT AR PSS TR IEAE E— R A B (R W BLEE S nIRE EA R EIRY SR EE
R Tw#Ts) » RIS ASEIEASGHE I AR BE I R AE R -

TEbss T2 B2 1% v IBREE A SRR HEt BT A B A E R P S5 SRRV E S, -
DU {(E P i W (E BB A2 - DIERBE AT AMIERA M - BAeF R L SRR g
(deposition)fH#EEETH » HEEBEIRE S -1< X,y <1 > TR BB 40x40 > (B [E &) FE
FEE(F=1) » HE4G RS TRINY EAE A A2 15(-1,0)-(-0.35,0)-(-0.35,-0.8)-(0.35,0.8)-(0.35,0)-(1,0) - & 13 i
TR A BEBIZHERR YR » A L4 SR B SRk o 8 P PR R A ARV 45 SR L [10] - BREEERBAA
PR ST R ITENAERENE 55 e R E IR Ry SR B th iy Z @k (lithograghic) ik 15 - &
FEEEIE S -1< x,y <1 > STRSHHER0F 50x50 » HEAGTH y=1 [ NHETTXIEE - ZIghEREE;
EOPaRiiiV=E

F = 26 {cos?[6(y +1)] +0.01} (16)

SRS ST E 14(a) iR 14(b) o [ 14()F R [EIHFEAY L8R FLE 7346 - o i B R B E
[10]F AT R4S SRR E BT » 27 E 14(0) Al ELE AR EE(E y=-0.5 - 0 J 0.5 pRAYSFLIHI 2N
[+ BREAREEE A E R R A& RE 0 - FAE TN E BT (0 A e A Bh 74
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HEZEE - ERE R HEE - AEEETET > (EREHECTR SRR AEERE - R
Wt RAE S A AR R T B N AYEC R - FHRE R Ay A NEFE R SR R AR SR e - A
ATPHE ARt IR St B - FERGIEREETE T - S BT IEAR - AREATHEE R R AT #E
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1 B RGBS 7R A IR ARG VTS A 2 L R MK R

Method
Grid 20x20 40x40 80x80 160x160
& 4.76x1072 3.18x107° 2.06x1072 1.31x107°
Neony —— 0.582 0.626 0.653
€ 5.61x1072 3.63x1072 2.33x1072 1.48x107°
Nconv —_— 0.628 0.640 0.655
€max 1.03x1072 7.20x107° 4.43%x107° 2.88x107°
Neony —— 0.517 0.701 0.621
Method Fast Marching
& 4.53x1072 2.87x1072 1.76x1072 1.05%1072
Nconv _ 0.658 0.705 0.745
€ 5.10x1072 3.21x1072 1.96x1072 1.18x1072
Neony _— 0.668 0.712 0.732
€ max 8.21x1072 5.12x1072 3.11x1072 1.84x1072
Neony — 0.681 0.719 0.757
Method Point Marching
& 3.98x1072 3.98x1072 3.97x1072 3.97x1072
Neony —_— 0 0.004 0
€ 4.72x1072 4.66x1072 4.64x1072 4.62x1072
Neonv —— 0.018 0.006 0.006
€ max 8.91x1072 8.98x1072 8.98x1072 8.98x1072
Neony —_— -0.011 0 0




