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Abstract: The classical finite element method (FEM) is known to suffer from significant accuracy

degradation under large wavenumber conditions due to dispersion error effects. Furthermore, the reliability of

FEM solutions heavily depends on mesh quality, particularly in regions with steep gradient fields or complex

geometric features. While high-quality meshes are essential for obtaining credible results, their generation

remains computationally intensive and time-consuming. To address these limitations, this study proposes a

modified radial point interpolation meshless method (MRPIM) for three-dimensional acoustic-structure
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interaction analysis. By introducing a novel interpolation node selection scheme, the method constructs
continuous approximation functions within individual integration cells, effectively reducing numerical
integration errors. Results demonstrate that the modified method achieves notable improvements in
computational accuracy compared to the conventional method (RPIM) while exhibiting superior efficiency.
Additionally, the computational overhead of MRPIM is comparable to that of FEM, highlighting its
promising potential for engineering applications.

Key words: finite element method; three-dimensional acoustic analysis; meshless method; dispersion error;

novel interpolation node selection scheme

0 35|

|1

KT BB AR, 7228 R T S BR F Bz — o @t /A H bR i 4 S sl s 7 ik, T i
B EHARAA TG, A8 SR R PS5 B N T O RIS R B AR R 2, R T S
YIRS 255 1k, N4y P 511k . Sommerfeld-Watson A8 # 75 AR T BG4 o SR TR A il A7 75 1Y
IOV BER, FaR T IoRe s 71, B8 E B O RS s . 2 YA B RO A
A [R 22 437 FDM( Finite Difference Method) . 4 BR JC 7% FEM( Finite Element Method) #1311 5 JC 1
BEM (Boundary Element Method ) %75 7 2 85 g |32 ], AT Ab B4 2K R 2 00k F AR (Hix 280y
T T A R R TR T A B R T i, R B TR T R SR O R A ) BB R R A B 1A A
el B0 A X SR PR s DRIk, 2 B G A (9 501 B A o B A e e A 2 TR I P B AT R e 2 — o

F TN 42 5518 2009 T A 7 e FE A T B 22 90 ARAR, 40 TG B ITNiL 47 (Element-Free
Galerkin Method) ™ F1 75 4= #% i &5 ¥ RKPM( Reproducing Kernel Particle Method) ™ 45 . 22 J5, Liu #l
Gu F TAR i (E PR AR, K J 1 —Fh B AR it A 438 ) a5 47 ELJC W A% 7772 RPIM(Radial Point Interpolation
Method)", %5 B4 R RN )7 B2 (1 Kronecker Delta BEECPE ST, PRI T AE B HEAb FIAS 5t (75 ) 41
FFA; 1 HL, 2T AR sRECEPR b ST 5 23 (AR B A OB — AR 1, 78 53 B — 4 ) @ s 5 7 B 2R
Wio BT FIRUEA, FNAME % RPIM AR p™ ™ Moz i m s, ma sl E T
AL, FEM BUS T SRS 0 A0 D sh BB . SR RPIM AE R A A e () sRBSOAN dE 22, B8 I ] B 5 3508k
HATRE R, BHIAFE G T OB BECH RO R 1 43 X1 AR 1) a4 1 TG IO A% 125 LA i D i)
R B SURBRESEHERAR S T (D60 eR B CEIDG IR A , 2RI pR B r e P B, O
MELLE— DR

R RPIM ARG 1 KR vk, 1135 3 TR0 A% v a5 AR (i s 21, Mgt e kA
[ S5 AR {ELJC A 125 MRPIM (Modified RPIM), F 3R i —4E g [l R, 45 2R B, 1275 58 vl A 2R i i
A RPIM VERTHEHRG B MR . it — D A e S Bn 7 2 T AR (Rl FEAS SO RS i Tl Iy i M vt =
A TC U AE 7 ERR A TR, I I RORE B L ORI SE R AT T RESY, 45 SRR, A L T4
FEM FI RPIM, MRPIM 4 J5 Ifi (R BUE AR, Hoasy R4 58 1

1 AR EREELTMEE

A28 1) AR LG RS VR T R F 1 B EA 485 (L, (RT3 5 £ B S5 AR A x4 o 75 7 ) s 1 i
framBr. WiE 1 s, 5 FEM AR, JCMAR LB U 193790 5 Gl @R D rTA S =M RS
(R L) TS B, TR G TG IO R 125 T ) 25 0 8 1 s 7 T T DI 200 H ) P, B MO BN R .
b, AL GARAETY KU HETT 58 P T AR WUAR 4 w8 Jr AR 20 (xR M P R B, R — DR S 5 2 2



650 fE AR 127 530 5 4 40

UCHEATARELYY A5 300 HORI R R b A2 1] 258 o ORI 22 I e e RSO S P38 P P A1 B AR (LR B —
A FBOE ) SRSHRAE, TR A B, HIE U LR BN 1825, i P BOEUE R F AR s T
RO AR Y S S BT S TR0 AR 18 e i (AT ) A B eR S, — SRR RO AN i — U B
{ET R, T AR EEAE

6--67g- oo Sl s Wl
¢ oionp oid ¢ q ‘a\o o~ oia ¢
¢ b mio o fio$ ¢ o mjo o"qiod
o\ p[r0 o ool ¢ ¢.0 ofe o oo ¢
N .Y % x "\ l‘
¢ fpoio ® ojicy ¢ ¢ & 0i0,%6 0ic ¢
. i { ot On
¢ i 0" oxlelio|W ¢ o 8ic oxgio P
See, "o , .. “'._.
¢ o 2] R_© n\o ¢ ‘? () \o \‘:\ ¢
b TG o--Sio--o--Sie
(a) HEGEHE BT AR R (b)) BCERRE T AR T3

BT BRI RIS RIS AR L e P07 58 (A= 4E D7 587 1) )
Fig.1 Integration cells and different interpolation node selection schemes (using a 2D framework as an example)
1] AR E T AR T 2 Z IR (Multiquadrics ) 422 [ B pRAGHEA THR (B, HAA X~
R(1) =7 +(ad)| (1)
A r= V- x) + =) + (e — 2 FoRas [P S Z B RRICHE RS, d, 715 s PR IRIEE, o, F1 g 0
HEASERNTFE S BT REMEEIE, i€ a.= 0 Fl g = 0.95 AT{E =4 A 00 s BB mi Y
HHERIE.
WA 1R, FERr R SR CE SR TTIE, K rg=3d,) ™, SEHOSIN B BT 9 AT

ph(x) =R(x)a+ P(x)b = Z Ri(x)a; + Z Pi(x)b; 2)

2 P=[1xy 2] FoR im0 #h 58 A0 L 22 T2 HE bR AR, @ 1 b A R L R A T SLABAR,
n 4 SCPESN T 1 R R
BT AT AR BT R TRARA SR (2) AT

p=Rya+ Pyb 3)
e
R (r1)) Ry(ry) -+ R,(r)
R (r;) Ry(r)) -+ R,(r)
Ry = : : . : )
Rl (rn) R2 (rn) Rn (rn)
I xv » a
I x Y
Py = A ®)

1 xn yn ZV!

R PRAEAR (25 R A e — 1, B AR SRR

Pib=0 6)
758 (3) RIS (6), Hut 5 R, T4
P =| R@) P(x)][’,ﬁ%“ ‘:,M} [§}=[ w() M(x)][f)’} ™

SRR
K P (x) = R(X) Ry +(P(x)— R(x) Ry Py)S™ PRy WA [0 BE s B, M (x) = (R(x) Ry Py — P(x))S™
M2 FE R (RS 5 S36E), S = PLR Py H _FRIGE R 0] 0, 172 m FE I sRER B T
Kronecker Delta PREUIE B, K HE E4EAL PR A il 444



55 4 1 WP T4 KT S F AR 7 A A AR AR 1 KA - 651

FE MRPIM H, o T 1 et i (B9 b 430558, 3 (7) i SRR 0 A4 R A X
TR ML GE AR (BT S T7 SR, 7 R AR ) 107 2 AR A% £ v SRR e i Ak 33—
o MRPIM 5 i BB 505, 7 R T B im0 AR A A REBRAIE AR PG E . FE AR SCHR AT T 16 kil
WA 38 £ 5 2T AR 0 A DU AR A oo 55 T s EA T AR O, (e PSR 1Y i B T S8 2, R SRt
IR B ALGTT 500 116, K REAR I R RCR . A, (25007 % rp AR i A e O
I FRAFRAE T BT TR EL , 75 T S (L PRSP E R0 WA PR AN S 1Y, 2 P BB MIRUE R R Z . 1R
X EE, BOH T SR AN R RS A T T R I ) — A A L, PRUE T AR A P 7 He i L e
KOS, DT RTAR X e SRS

2 K TEERREFEFHAERTEREERA

X TRMARA T 2200, Z R 24 R = e, =X
Ap+kp=0 ®)
A A BB R T, k= w/c FRFREIEEL o HIEIE, ¢ MG B HE, p s R 8.
B2 () FNNA PRER w, FFXTHEA (Al REIR, Q TR 3, Piz FAS AR RE e BT 15 55 TE 2K
fQ(VW Vp—kPwp) dQ - fr w(Vp-n)dl" =0 )
Aorp: MR REIER Neumann 15, n2 31 5 T 095N ] 507 R 5
R T W AME P, W e Sommerfeld IR A, ASSCT I T T A AL BR BIURT Y) 5E S VL T 4
R PML( Perfectly Matched Layer) . U1 1& 2 Jiy Q. : PMLI _a_
N, K TCRR T S A A R, IR AR
RIS E PML )2, o M2 .
A AR BRI ) b )5 AR RIS G R AN
X — iLO o (mdn,
MB_R-a<x<-R

5 =Tx)=qx, M-R<x<R (10)
R
X; —ZL o (mdn,
HR <x; <R +a [l 2 Ahglal Bl AR, (LA =4k 4])
:Et '43 t 1 %%/j? Al 1:/]? tHEE T */]? Xy g z, *H Xﬂ’ AR f/]? Fig.2 The problem domain for exterior acoustics (using a 2D
n=|x|—R;, LB %o (n) = T(n/a)’, BAKHC & K framework as an example)

SRR IS ISR 12]
I PML 7, 2U(9) AR A5 46y
L Vw-Vp—Kwp dg+jg
o VITRAXTFE AR BRI T .
R RPIM JE %P )5, (1) Al i 5
(Ki—K*M,)p=F; (12)
St K, = (V) VORI RS, M, = W 30RO AR, Fo= [ ¥ (V¥p-myar
FIRANE R SR
Y2 B A PR AR IR, ST 5 AT AR 0 fT AR sl i 7 A
(K.-w’M.)u. =F, (13)
AP K, FoR PR RRI B, M, FR iR BT 56 0, F, RN 154800 .

Vw-Vp—-kwp dQ—frw(Vp'n)dl"zO (11)

PML



652 fE AR 127 530 5 4 40

)N BV R p TR ASE P py 5 HOH (BRI ) 75 R pg Z2 A0, TR

p=pi+p (14)
FEr R A b, SRR IAIES u, N5 AR TR ue HI4E
U.n; = uih; (15)

A n FOR LR & S A SNEAL S R
WA, P R A T 2500 ) P A A A

(o

e =P (16)
K n, = —n R ARFR A P 1 INE L PR
AR (13) . (14) A= (16), [N B e p BOVE I AH 24 F X s i AR SR i i 17— 25 9
FIE, TR 75 e i B i ah =, T A58t ) A e 3l i
f= jr 'I’eTnEO'Le ar = fr ¥inpdl = L W (pi+ p)dl =

(fr P, dF) po+ [ Winp dr = Hp.+ | Wingp, dr (17

e H S R G R, WA W, 2003 m  A DX IR S5 (AR DS A 1 R K
AR 12) M (15), TR AR TR (RIS 5580 o 2o 0 P IR AR o s A — S SIS 3 Bl
RIHCA RS S R 3, (xi,1) = 1w Weue (x0), PTAHALIAR T A A MR 8 80l

fi==ipw | Winfa T = ~ipw [ Winla, dI = po? (L Pl dl“)ue - p’H'u, (18)
Ber R (12) AR (13), FACAR (17) T (18), ATAE/K T st A4 25 [ A 40 b B3 il 5 1
K.-wM. -H w. | | For [ ¥npar
[ —-pw’H" K- kM, H Ds } B L F, (19)

R, AL RS, WA p =0,
3 B{EEG

3.0 ZHFEREHENEEE

W 3 7R, 25 58— 2 TR A 1) 7 AL 4, HL A Sty B T A7 76— 3 ) S B SN v, = 10 ms, oAy
RETA U M NI, Bk 0, RN L=1m, SRE 258 b=01m Ml h=0.1m. FHNFK, K
(R B5 BE K p,, = 1000 kg/m’, /KA R ¢, = 1500 m/s, it Delaunay DU A 5] 4348 B ) B R0 43y
11 812 4> 4 5 S VU HIA, /F 4 FEM-T4 #2850, A& RPIM Fil MRPIM (RS> WS, Ao A% kA7 %45 41
Ak, A5 2640 N1, W ECFIIEE d, = 0.168 m; il i Delaunay VU T AR 43 54 44 ) R R0 43y
1424 /> 10 7 s PUTEAA, £E28 FEM-T10 fEATT, [RIREAR X AR SEATAAMEAL, F7% 2714 5715 A48, 1%
SRS d, =~ 0.166 mo & 4 F545 TR YT 0

P B
R [f S —— g r S ﬁ 0.1 m
Tom 0.1 m
K3 gERAE R LT RS P 4 AT A 6471 03
Fig.3 The geometry of the tube Fig.4 Node distribution used in the numerical examples

BN R N



5% 4 WP KR S FL AR ST (B R ) A0+ 653

cos(kL(1 —x/L))

A sinkL

(20)
5 T P TR AT

e =5 () ) )

b m, n F o by SHEASIIARA MR BB, AR
e, I URE S AT B, X AR i 3k R BT R E B o, N g BB TR . iR S
JI7R, ae B 0~5 S RN A AEER, g B 0~4.0, 2 ARBUR B e (4 12 MIxhisos Mk (75 TR B p S
Wif p° Z IR iR 226, = p° = pla /1Pl ) o BT EE R AT, o, = O B A RE R 15 22 T 2R IR 2R AIR, L
q=0.95 BHTEIRZER/N, W 6 Fia, ¢ BL0.95, 1.03 F1 2.83, a, Hl—4.0~4.0, £l A BUE Y
L HXHR 22 M2k . BT, = 0 il g = 0.95 I, HOE Y RIRHR 2 Fe 1S, IR AEA SCHSR A T 1

0s £=5000 Hz 5000 Hz
0 =0 ‘ -1.0
o a1 T 12}
a=2 ’
-0.5 =3 —14%
=4 . —16 ¢
310 L @ 3
= \ Z 18]
&-1s 2

|
[N
o)
<
7
U A N |
NN NN
o N B~ DN O
T
—N
S 0
(s a]

4=0.95
-0 05 1.0 15 2‘.0 25 3.0 3‘.5 4.0 -4 3 -2 -l 3 1 2 3 4
q
Pl 5 f=5000 Hz B[ E a (B IR AR (B A Pl 6 f=5000 Hz I [E5E g {ELISARIBCE ) B (E i
AHXT R 22 xR ZE
Fig.5 Relative errors in the numerical solutions calculated by Fig.6 Relative errors in the numerical solutions calculated by
a set of values of a, when /=5000 Hz a set of values of ¢ when /=5000 Hz

ARSI FEV N, PR 3 75 2 [ R (18 75 ) o P 8 38 A 4% B 7 24 (S5 R E AR G oy ) I & fin - PRI
R 00T 50 P A RS R AR A T 5 A5 R BB i OGP 3R . R 7 R T R IRV D vk 31 545 21 19 i
80 [ ¢ AiF 41 % 5 5K (21) 25 Y B AL 25 A T ik =2 ) A AR R R 22 . AR 2258 U M e, = (f" = f) 1 £ix
100%, (MR R e BUE T R AR B ES | TBCSRAEIR, fRMANTIRABI5E | BRI A
K, K, FEM-T4 Fn Ui RZe A BRIT (4 1545, FEM-T10 2R P & B A BRI (10 5 55) .

TEF 2% FEM 2007, BR300 A — A 2 g )1 I — AN K 1) 23 i B 8 P 28 /07 B Ok
6 M FATGEE 7 A, A T IR AR kd, = 1o SBAGTZIE I, A BT BT 0 AN 14 800 Hz,
R TH 0SS m=1,n=1,0=38 m=1,n=3,0=1 I, BIE K 15000 Hz) . #HFZ,
P F R A By v 0 BEAS B3 T AT 70 B AORSES AR . {HJ2, i FH FEM-T4 158 (B S 50R
ST AR A A 0 2, 28 I BV 7 26 56 U033 S T P, FEM-T4 BB e LIS B A& RS B . AH EL
ZF, R H FEM-T10 15 2| A BRI 5 B i 0 i o el A9/2, MRPIM Hl RPIM S A I RESL At oHs
B 1 BT RS A%, I H MRPIM 15 21 A REAE A5 3 38 W UL T RPIML, RIUAHXT R 22 BT 0%, 25 bt
i, ] DL 5] T MRPIM 3 B Fe i kG

[ 8 JEI/R TAE 1~14 800 Hz(3Z “ 2Bk )" 249 50) S5 3R Y0 161 P, ST {6l FH B0 87 6 1 17 AR5
2, I FEBUE RS AT Z [ AR 25 . SRR N — 25, MRPIM A (1) 25U 15 25385 ik 1K o gk
B (EAF—3R R, 558 RPIM MY HARS BEAERIRAI A T T B W I, AR S RS
IEF MRPIM., 3 1 g2 FAUE B MR 2 A B Y & 5, 330 RPIM AERRAIR T AE AT Tk



654 fE AR 127 530 5 4 40

JEMR o AL, FEM-T4 BAECfif b BRI BR 22053 T JU AR, H FEM-T10 £ 14 800 Hz FHT it
TCIEPRUE 8BRS B CHAHXS TR 22 B W 109% ), F I IR D7 B E LU B 225675 007 B 265K

6%

FEM-T4

5% FEM-T10
RPIM
4% | MRPIM | 4
3%+ i 2
&
2% t 1 ~ 0
&
1% &0 —2 FEM-T4
o - 9 FEM-T10
—4 RPIM
MRPIM
0% -6
oY I I R . g || |
10 20 30 40 50 60 70 80 2000 4000 6000 8000 10000 12000 14 000
RS HEL fHz

7 ARIEUETT AR RS AR AAR R DR 22 Kl 8 1~14 800 Hz N[ BE IE ARG BB AR 1R 22
Fig.7 Relative errors in the eigenfrequencies obtained by Fig.8 Relative errors in the solutions obtained by various

different numerical methods compared with the analyti- numerical methods in the frequency range of

cal solution 1~14 800 Hz

ARSCHE FORXT LT MRPIM 5 HABEAE 7 i Ae s (&l 9) sk 2 (Can &l 10) 77 1 i 2 91
X PR PR SR A B 7 WA TR R Al 4TS SRR . 18 9 4 T £=10 000 Hz B} L* At
TR ZEMAFFIE T S AR ) AR O R, AT R AN [R)BE ik iU Se, © 2 IR (thF FEM-T4 il
ZRAL T TOHTHE” B B, DROR R R LR o T ULRA 1R, 4 759 A DU TR A AR B AT S R B
0.0769 m, 0.0625 m, 0.0437 m, 0.0237 m, 0.0168 m A1 0.0091 m; T 10 77 5 DU i {AR XA A4 5 p5 -2 5
ME5E A 0.0499 m, 0.0401 m, 0.0227 m, 0.0166 m £ 0.0085 m. M &I AT 15, Bifi 25 45 o5 -2 15 2 1 ik
/I, MRPIM fiff (4 AH X 2 22 Bl 2 REAIS, ZRETISCSI T AT A . BLAb, FEARTRI AT 553 8E B 4%, MRPIM
TR B MR A AR X HR 2%, IX REIRE MRPIM H 75 e/ A1 a5 850 BRIV AT 3k B35 (A R

B 10 24 T AR 22 53R R A 2C R, R TFE 10 000 Hz A R EUE 7 i T RR0R .
THEE B (B Ry B0 ) AR 3 ol AR 7] BB R M oK A R e WE BT AR 2R A B, fR IR, FE BT 2% SR Y
A5 Ak, MRPIM Al FEM-T10 19 il 38 5 07 T HA 75 2 46 T 07, 3X 3R B e AT RB A% 76 57 40 () B[] 9
TR BUE AR BE . 45 TR, MRPIM Fil FEM-T10 #H#5 T FEM-T4 K f%%: RPIM ELA T i3

1.0 _ f=10000Hz o . f=10 900 Hz | |
FEM-T4
0.5+ 8 05+ FEM-T10 4
RPIM
ol ] ol MRPIM |
S 05 =05
g -1.0 | EB —1.0+
15y FEM-T4 ] -L5 )
FEM-T10 (C=3.5452)
-2.0Ff RPIM (C=3.5659) 2.0}
MRPIM (C=3.3840)
2.5 ‘ : : : ‘ -2.5 ‘ : ‘ s L~ |
2 20 -18 -16 -14 -12 -1.0 5 4 3 Y -1 0 1
log,q(d.) log,o(time)
%19 10 000 Hz B AN [RIE(E 7 ik B S X L & 10 10 000 Hz R FIEUE J5 35 B T A R0CR % L

Fig.9 Convergence properties of various numerical methods Fig.10 Computational efficiency of various numerical meth-
at 10 000 Hz ods at 10 000 Hz



55 4 1 WP T4 KT S F AR 7 A A AR AR 1 KA - 655

3.2 KT =4 = O BRI A S

B IEIK T =4k sik 25 O BRAE TS R IR B B S HURT, SR 25 OIRAME = 0.5 m, ARSI, BREE
JZ 1=0.1m, B p, = 7850 kg/m’, ¥ [CHEFE E =210 GPa, IHFA L v = 0.3, NI K ¢ = 6000.9 m/s,
MBI R g =3207.7 m/s. IKEIBEREH p,, = 1000 kg/m’, ZKH B R ¢, = 1500 m/s. WA 11 iR, ¥
TCRR KA EURAR R 6 mx 6 mx 6 m [ PRI, ForP g /NZ MR o =2 m (1) PML W2, (RIS 0
AT 25 0Bk 35 Delaunay DU IA] A 43R4 ] U 534 966 704 A4~ DU 15 2 DU T, 15
FEM-T4 {8701 MRPIM FRLS: R4S, A0 IR dEATARA ML, 8 166 519 7T . I 12 % T
A AT 50 A, T SRR d, ~ 0.111 m. )R Ar i R =X

N 1,(kr)Q, — ka, %J(kr)S )
P(R,6) = Z ¢ |[—(=D" (d ) H® (kR) cos(n6) (22)
n=0 HY (kr)Q, - ka, HY (kr)S,

d(kr)
A R AN O A bR 7 18], HoRAE 5 RSO SCIR[14].

6m

1
[
£
I
1 r=0.5 m
I
[
I
[

6 m

K11 A BRI AY LT R
Fig.11 Geometry of the truncated problem domain

(&1 12 A5 B4 BT A T 39 i 43 AT

Fig.12 Node distribution used in the numerical example

QT T, QA 2 e ), SR B e AR R 245 2250 Hzo 7R, 34T T 500 Hz(kd,, =
0.23). 1000 Hz(kd, = 0.47) . 1500 Hz(kd, = 0.70) Fl 2250 Hz(kd, = 1.05) F 23 LR HUR, 2461 718
BERPU 1.5 m AR BB A s R, AN 13~16 R . AL UL, FEM-T4 fif i 6 R 8 K, BT
W2 b Aw g T AT, JF HAE 1500 Hz B 46 1 B0 (B A St 8 o X U2 B T FEM-T4 " fE7E A %
PR BB 25 TR 45 1) Sk, T8 S SO 75 sy T LS o, 5 3 B 75 SR 54
FARE R A SIS A o VRS EG, MRPIM fif 76 45 45 5 5 5 G A5 fff b fige, LR BTE AR o Fh vl 4,
T E 2 P SRS 2 . R 4 R L ASIE FEM-T4 i (4% B R 1, RIS 2% SR8 v ) S B AR
FEM-T4 fif A 3500, T MRPIM 75725 255105 000 iR Ao 40 65 sl P R SR R 48

90° — IR 90°

120° 60° FEM-T4 120° L4 600 T fEbf
0.10 MRPIM - FEM-T4
0 MRPIM
150° 30° 150° 300

180° 0° 180°

210° 330° 210° 330°

240° 300° 240° 300°

270°
& 13 500 Hz H = Rds a4k

Fig.13 Scattering sound pressure directivity at 500 Hz

270°

Il 14 1000 Hz et g 1
Fig.14 Scattering sound pressure directivity at 1000 Hz



AYY S Ry i
656 WEAR 127 5530 555 410
90° ! 90° —
o o T %"ﬁfﬂ ° 1.5 ° ﬁﬂﬁﬁﬁ
120 0 9 FEM-T4 120 60 FEM-T4
MRPIM MRPIM
06 1.0
150° 30° 150° 30°
04
(\ — 0.5
82— = o T
0 ) \ o : —Qy2- N o
180 & S ) 0 180 (_7;:: “ \_,,/\' 0
L/, \Vwe
210° 330° 210° 330°
240° 300° 240° 300°
270° 270°

P 15 1500 Hz HC R A 1
Fig.15 Scattering sound pressure directivity at 1500 Hz
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Fig.16 Scattering sound pressure directivity at 2250 Hz
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Tab.1 Relative errors in the solutions of different numerical methods for several frequencies

Wi (Hz) 500 1000 1500 2000 2250
FEM-T4 2.95% 10.36% 16.40% 31.98% 49.15%
MRPIM 2.58% 0.65% 3.14% 8.90% 11.32%
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Tab.2 Relative errors in the solutions of different numerical methods for the different sets
of nodes per wavelength

R AR 12 10 8 6
FEM-T4 7.27% 16.53% 33.62% 49.15%
MRPIM 1.47% 3.11% 6.02% 11.32%
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