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FINITE-DIFFERENCE TIME-DOMAIN ACOUSTIC SIMULATION TECHNIQUE

IN GENERALIZED CURVILINEAR COORDINATES USING CONTRAVARIANT VELOCITY
AND PRESSURE FOR LEAPFROG TIME MARCHING

K WE At
Takuya OSHIMA

Finite-difference time-domain (FDTD) acoustic simulation technique in generalized curvilinear coordinates using

contravariant velocity and pressure as variables for two-step leapfrog time marching scheme is presented. The

technique excels the conventional generalized curvilinear technique using contravariant velocity, covariant velocity

and pressure as variables for three-step time marching, especially in that normal acoustic impedance boundary
conditions which are indispensable in practical application are also presented.

Validation of the technique through comparison against orthogonal FDTD with staircasing applied in irregularly-

shaped sound field shows suppressions of phase error in initial time marching stage and diffusion from staircased

boundaries.

Keywords: Acoustic simulation, FDTD method, Generalized curvilinear coordinates, Normal

acoustic impedance boundary condition, Staircasing
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Fig.1 Coordinate transformation from (a) generalized phys-

ical coordinate to (b) computational coordinate.
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Fig. 2 Definition points of variables on staggered grid.
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Table 1 Discretized cbntinuity and momentum equations in generalized curvilinear grid.

Continuity equation
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Fig. 3 Geometrical relationships in a single cell constituting
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Fig. 4 Finite-difference stencil of Eq. (10) at the definition
point of V' adjacent to rigid boundary.

DEIICHEBILENDN, FFETIRE=—EFE DMt n=—F D
HRYEERERCBVTER T ERBE RV, HIZIE pir,;
DEN pij—1, Dijr Dij+1 FOBEEBEIL TERZHENHS. L
ALRBRS ZOXS BEEIIEMERD 0, BRECHWTHE
PIRITER T2 FHBEMMBLLT, Eq. (25) 2E@BTHI L
95,
3.2 ERHEBRARFES O E-YOREREHE

FERERSFFEA B Y O ABEREGIIER ERTRBER
RHTHD, FEAKHOBHNFFERROKFME D, —ikh
BERERTIIBAEEA DY —BTFRCBIBEHOMEESXS
BERHBZENSG, UTOLIICHEHTS.

Fig. 5 D& 51, (i+ 3,7) BERTFHROMBICHERESEET
BHEEERD. U,y A SHEFECBIBRETHY, S51

k1

S = \/{(‘in)wé,j}z + {(g")”%’j}z

725 SITHL SAn B (i+L,5) KBS LIV REOES L5 T
5, HRECBY R TREOHEBAFRNL U,y /S &

END. LEd->T, BRELICBIIZ2EBHMETEA -5
A zRUTFERS.

Pitl,;
z=—2)
Ui+%,j/s

ZTHARAT Y 7 n+ L KB BHERELOEN & REEE
DBIFEEX DL, Eq (26) KN LENBLUOREEEZZNE
NEEB XUREAAICRBERL TROK 51225,

Uit T Yt _pip? 4ol @

28 2z
E51Z, Eq. (27) BLURIRE BV 5EHAER Eq. (9) ik
DRD SN UM BREL BTSN, XoTHAZHE

2
NI TR, Ui’f%l BEUY I —BTFRICBITDENOEIR

B5NB. Eq. (9) K5 I—HTK3 ABIBENOM )L,
Pr. pIE L BEENTO ALY, AELARRE BRI
HREEAIHNT 5 ZENAOETHBRE RS, £ LRMEOR
SLRRIC, EREICHDTHEEER LO (¢,n) MABRELT
HIEEMBETSE, Fig 34V

(26)

[ze, ve] [zn, yn]T ~0

NI | -El ectronic Library Service



Architectural Institute of Japan

Normal acousti\cimpedance z
. V, '

7
Ui+1/2g’i+1,j

n ;
Le—7

Fig. 5 Acoustic impedance boundary condition.
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Fig. 6 Treatment of

staircased boundary.

Fig. 7 Computational field.

a) Orthogonal grid b) Generalized grid

Fig. 8 Schematic of computational grids.
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Table 3 Computational conditions.
Cases” | Grid system M XN  Niotar Grid spacing [m] At [s] A Receiving point (z,y) [m]
ocC Orthogonal 150 x 150 9815 0.1 1.83 x 10~* 0.887 (12.05,3.250)
OF Orthogonal 1200 x 1200 628317 0.0125 2.57 x 107° 1 Ro: (12.06, 3.256), Ra: (12.13,3.231)
GC Generalized 196 x 50 9800  0.0805 — 0.120 1.83 x 10~* 1 (12.13,3.232)
GF Generalized 1568 x 400 627200 0.0100 — 0.0150 2.28 x 10™5 1 (12.13,3.227)

*0O, G, C and F each stands for orthogonal, generalized, coarse and fine.

Case OC (orthogonal) Case GC (generalized)

C (orthogonal)

Case GC (generalized)

a) t =0.0365 s

b) £ = 0.0730 s

Fig. 9 Instantaneous pressure distribution.
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Fig. 10 Comparison of transient sound pressure at the receiving points.
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FAMICRTEREEE |Gs/G2] < 0.1 EThiE, #iET2 0 OMEIZ ERXH 5
84.2° < 0 < 95.8° L7 %5A, HMIISHOBRNBETHS.
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