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Study on Accuracy of the Solutions Using the Fourier Time Spectral
Method for Two-dimensional Transonic Flows

Zhan Lei', Liu Feng'*
(1. School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)
(2. Mechanical and Aerospace Engineering, University of California, Irvine, CA92697-3975, USA)

Abstract: To evaluate the actual computational efficiency of the Fourier time spectral method(TSM) in the as-
pect of the time-discretization accuracy, the accuracy analysis is performed on the computational solutions of
two-dimensional transonic flows. The periodic flows over a pitching NACAO0012 airfoil are simulated by solving
unsteady Euler equations. Results show that large time interval could be used for the Fourier TSM to simulate
periodic transonic flows even when shock waves occur. Error analysis shows that, compared to the 2nd order
backward difference formula(BDF) method, the Fourier TSM is much more efficient in predicting the temporal
variation of quantities that are integrated from the surface pressure coefficient, especially the lift coefficient.
When predicting the temporal variation of the surface pressure coefficient, the computational efficiency of the
Fourier TSM is not lower than that of the 2nd order BDF method.
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Fig.1 The variation of lift coefficient versus

angle of attack in a period
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Fig. 5 The second mode of the surface pressure coefficient
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THEG RS 3 45 R B R BB B KBRS 3
LR 0.2<<z/c<<0.6. WK 3 AT DIE .72 HEW
Bl P o {38 A L O o 3 O vk K — R 8 %
(B e T o T 38 U 5% T R ) AR B0 B R
FHE. SNESoBRREGE —AH 16 £4
e e L O Bk R 3 5 R T DA HO B M M AR 8L — AR
SR, AR BRM AR B, MM T=
SRS B R, B 6 (DT LUE % — A A
16 %oy if, 8 B i R T T B A R 54—
R 64 Fam B )E 20 ARERITRER
MEBK. HEEIFREFEH AR 32 %
Gy, B i R O EE T DAVE R R R R R W R
73 B BB i TR S E A — R B = A5 =AM
R

TEW IR RSN FE B Z 5, B 2/¢<0. 2 B E />
0.6, UK — A 8 4,48 BL ot i 1R 3 Oy ¥k b 71

A+ e ot 5 3 R R T R T A R B[R] 3
EHM—ERB=FH=ER R, AWE 3~E 6
DR A — R 8 4o R L i R O vk
M ESERSKE A 64 F4N_HEES
ARBENTESRYEB/RE. XERNERA
FD IR XY i sh AR B i A B+
et . AR E i R O, MR R M
BB BB AR R, B8 R B AT
EMERSBRDBHEUIEX BN R R
R AR

IE R B TR — 3 8 %5 43 ik, 56 g L o
VE) 38 Tk 5 4R T A 7 A 3 K Y 5 ] 9 L PO A
WREIREE SRR 0 A e AR |
EORBRABEN I N RZBAOERBNITER
SGROURAHURENRE. AB2AUER H—
AR 8 %ok, (8 AR Bt i (R 05 R 7R A B0 R
BB RE Bl XS IR 7 2R o A B O 22 (A 3R
FE 3 48 7 S0 [R] BE AU B0 R TR AR AT i B T ) AR
0 I 18] 2 A B9 R BI0E B R U0 T AR AR LR
i

3 BEEERBHEE

ERBHHHBELEREBEE WM E R T A
BAR B B[R] 43 22, 4 B i TR 33 O vk 3R TT DA 3R A5
BEAERENEEENIEEE RIIWBER. W
AEEmEFEEFEREZRHEZ S ARER
BEXNETRAMF S ES R L RIBERS
AT R B BN B . B MR A5 B A A R B TR0 BE Y
Ak & % , 15 EL et B [R5 O 2 BT LA A B IR A B ]
Ay PRI E E D B et 20, AT ) AR R R
HERNHTERURESHESR. A THREBRG S
T 3 B8 & HhiF 4 48 B o B[R] 3 O ¥ RO FE SR AR
B TR PR3l R A B TSR ER , AR SO T kB i
TIRZES IR

B ERBAMGER SR, RGP REFE
Bk DA X Bz 3 3 0 T4 B e R O
HEBREMBER. BT 8ERNRESN
B A SO PR L e B D 9 O R SR AR S TR IR
SR, H—EshREE L ARE , B R3)
EARNFBAETRESER, B BRI S HH Ma.. =
0. 755, F-¥ M an=0.016°, MM AHIRIF 2o =2. 51°,
WA £=0.081 4, ZIEEH RGP REEBKEK



%4

BES NGRS TR RE BT ER S RERNEERR 401

BIRR. AT ET LB E AR HETRE
MBS EE K F TR ERAE. 5581
sl PR B, 35 = 3h R R Y B iR Db
BT HER] Ma., =0. 6, T H AR R ARFEALE.
HRERERWXRAT FERS A, R P EA
DT BE . 8 L i (R O kb, THER PR
FLRpE A 2 B R, AR — A A 4 %8 %
Gr.16 44,32 F0 M 64 H 4. AT HREHREM
RO AXWEA BB G20 AR SR E Ld
P 33l ) R ) B A » O XX S BUE R R AT IR 2
o BAZEEEREZSATENTHEPR
PR [ B B (] 20 38 3R 49 3 D s — A P 3 16

L3255 64 HFhr. EARNRZESHT,
¥E W A% 34 O {58 R 8 EEL ok B RD 9 O R R — N R
64 FARBMBER. ITHRRZSTNATE
#, LA AR NS EER BB ERE
2SI THE P D B TRD 4 2 BN 350 3R AR WL S
FRUEBERN 1X107H,

PRV 9F R 4 4R 807 B T B CR B, M.
McMullen U4 E R THHEAB W —NEBAK
AARBF S ERBER RS R, R
HAMANRBROERBMIRZ ST, X TF&
X BEAA B M AN N ER, MR IR
BRRZE (W TPIDEXLIT -

ErrorZCL = E {[Re,(C.) —Re,(C. 0]+ [Im,(C) — Im,(C.)]*}+
n=0

>3 {[Re.(CL)]* + [Im,(CL.]%) (26)

n=mt1

A :Re, (COM Im, (Co) 4 BN EEME BT+ 7 &
BUER n A5 T o B8 B 0 R BRSO B 5
Re,(CL)F Im,(Cp.) 5> B NET R T+ 11 R ELER n
SRV o B4 B A B SR AR R 5 m A e,
Sr ARG EE R RS o AR A BB E B R R
SR

(26D H 8 — AN A XA FBE M aliasing
R, ME NN ZBMEBE truncation R
%2, B8, X T A0 B B KA — N BUE
B —NRBANERBRNREZW LN EX
W

Errorzcm = E {[Re,(C,) —Re,(C,]*+ [Imn,(C,) — Im,(C,)]*}+

n=0

>3 {[Re.(Cod]t+ [Im,(C,.)]%) Q@D

n=mt1

#ERA (26 ~K CD IR S ASTHERB R
FARBMAERBRE TG RIE 7~ 8
Bim. BN THEBBEHHARE IR (S
Ma..=0.755), A B 20 AR EHER
BB T 7 2R B TR 22 B8 I 1R 43 B RN R R TR
HAFNRBIRZTHERBRNT 2, A&
BABRARE TN T oHraEa 2B 0@ AR
AR & (30 00 R B0 B iR 2R Ak B RO
M TEAEF AR 5 if B AR 2 B 1R 2 B [ 43 B R
REBET T RERARE 2. HEEFRIITFAR
Pz B PG H BL A , B R TR 4 KO R B ) R K
KRR BAEHE . Bt &N RERTE
BRI 7 R B IR 22 B A TB] A FE R SR T T R
RFRNT 2.

—B— W I, AR
- A - CHABES AR, AR
100 b |- dmetwhaig s, gl
— Q== N ABES AR, TREE
—— ) 2B E

T hEFRE

1 . l\v 1 1
20 40 60 80100
— I #3 pa e ] DRI R

B7 FhRHRE

Fig. 7 Error in lift coefficient



402 METEAR

B6H

—B— @ENI G, TR
\ - A - S EBEHARE, HEEE
10° | | =9 — @Rrhwiaigs i, R
=== AR ES ARIE, TR
| | =S pznomsrax

HERHURE

|‘ ] v 1 1 1 1
20 40 60 80100
— ™ A Py e ] T
H8 NEAKRE

Fig.8 Error in moment coefficient

FE SR FAH 7] B 6] 20 H% =R B RT3 T » 8 B A )
BB ERBAN I R REZA B /DT B
MEZESARENAIRBIRE., REWEXE
B AR R B T 2R BN BEK 48 L o i G 3 Oy
BE—TARNTEEAREREES T ZBE
B2 AT Blin, S AEE R 8 F4a
MANRBRIRE(E DESEREER A
64 FEIT A R BEIR Z A T HFKF. R
FEA BB s 3 BE 4 H BB B3 B AR, & AT T R
BONEZEXMZ, WA T B )E 205Xk, 4
B A O R AR A BT R

FEE 79, T RABMH RN F S (F Ma..
=0.6), A B e 2 S AR BRI R ERE

I B ] - 3 R B 42 5 T T IR ) 4 SR B S
FT2. —GFRFGHEBASHNEGR. TR
B B B, AR [ Ak A FR T AR R A () AR
3 AR R ORI B » B o R R BUR 18 BB T
73 ZR BB 1R 22 B I TR 20 B AR EK 4R B T T R B R
BHET 2. TERAAFRNFE > BHREFRT, 6
P B i ()3 5 B AR BB D R IR 2
WHTFZHHEBEEFTARENFAIRBIRE. A
B 7 AT LLE W ARES A 4 ST
ARMIREZESEAEER A 64 F28TT A
AR REL THRAFR. BTN AIRAE#
BB B R, DI T RN FEITR,
R Bt i A 3% 05 vk 7R T B R O T B9 A B
BE.

HERBHREGWERS NI RBHSE R
K. ARZEET EUTERBATFIEMNER,
8 Bt i (R 3 05 Bk AR T ORI E SR BT T
M. X PR O o 5 R BB B[R] 2R AL B a3 R HE S
ABEEN AR S EER. B IR
7 vk B0 B R B[R] 0 ROR AR AT 4B

DA BB IR 2 20t 200 ALK R 1 R B
SREAFRNR. EIBREZERS, EFERLE
BREEHRKAFRITEER, B HEBRBR
SR IR . O T E IR 5 2 T PP 4y
e BL It i [RD 38 05k BT SRR L AR SO R T vk
HEBINBERREENRRHETRESF. &
HERB PR Z (WP D BE X -

Errort, g =%E D1 {[Re.(Cy()) — Re, (Cpu ()] + [Im,(C, (D) — Im,(C,a (D)%} +
s=1 n=0
%E D7 {[Ren(Cpra ()] + [Im,(C,a ()]} (28)
s=1n=mtl

A g HBEERE AR R ITE s HBEERE
BEATLFS .

#TREA OB ESLFOTERINERRT
S REE P IREME 9 B

ME 9 T UE R R FHRETHENE
HE T I RBAR BRI i R R

T A BPE 3 A B H B (B Ma., =
0.755) , FE {8 A FL B ARG By Aok TR 4 3 =R b (— A A 38

PRI EFR BN T ST 16D, 8 B ot i (7] 38 05 ¥ 7E
BB s SRR BT T EREES
ZHREEAAREME. ABITUER, EE
HERBEHIREZERT 1 X102 HEE KN, B EHER
IR 22K, 48 B i (R 3 05 F0 B i SR 2
KEREE N E o P RAMF, B =& BT E¥R
.

FA 7R R B 18 B0 B R 53 B R bk (— > R A Y



%4

BES MABENNEETFERE_EETERSIREROBERE 403

MIEIFRECR TES T 32) , M B i )35 5 Bt B
BREAVEANRBNFHREA BERT ZBWE
ZRAERGR . HEKAE 9 7T LUE N,k
HRBPHIREZNT 1X10 KB W, BB AR
IR 22K, 48 B i R 33 5 ¥ 75 B B0 B D 43 R R
BT BB R AR, BiERIHRERRET
Ja%& .

10°

—— (RN, HREEI

- D - CHEEENARE, HHEESI

—-ge - (R, AR

10° F == SHAEES AR, TR
—— N E 2B E AL

EHFHCP R E

10° F

10° |

20 40 60 80100
—™JEI 24 Py e ] TR PR L
H9 EAREVPHIRE

Fig.9 Averaged error in the surface pressure coefficient
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