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Abstract

This article deals with an inverse problem of determining the boundary flux in the two-dimensional
convection-diffusion equation in a rectangular domain. Similarly to the method used in my pre-
vious paper, a conditional uniqueness and Lipschitz stability for the inverse boundary problem
are proved based on a variational identity and controllability to an adjoint problem. Moreover, the
ADI scheme is applied to solve the forward problem, and numerical inversions are performed also
utilizing the homotopy regulrizarion algorithm.
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u(x,y,0)=0, 0<x<[,0<y<l,. (2.2)
s e 10 AL S Sy a2 T, R
(uv - Du) =f(»t), 0<y<lL,0<t<T. 2.3)
Lﬁ%%@w@up,ﬁ@l_%]zigﬁo
p ). D
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uy(x,y,t)r . =00<¢<T. (2.6)
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T EH (2. 1)~(2.6) B A R I (2. 7) T il — AN e 2 1 SO TR f = f (x, ) BORA) . 7E BL R H 4R

AR, K1 BA S R R ) A A AE B, 3R AR P A B 7 V2 B S T R A I —
3. IE[G)RE R4 FEIS) R

SEE 3.0 (7] WIERQ.D~Q.ORIEER, M TEER f=/(xy), Bu=u(f)(xpt) G,
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(6.)FN(6.2)¥ A =X MLt TR, AR 4R, IR EHoE 02 AR E [19] [20] [21]
7. REIGEHFZHREN
7.1. IE[BIZE R B{EERIL

Z R XA 4EX -7 BT R, B Q2.0)~(2.6), FIRER) A R 24 5 AT B . B
L=l,=T=1, D=0.01, v=0.001, FEHfEN

1 1 11
u(x,y,t)=t| —x"—x+1|| -y ——
(%, 7,2) (2 j(3y 57

1

S(X,y,t)={%x2 —x+1—Dt+w,‘(x—1)}[ly3 ——yzj—Dt(%xz —x+1j(2y—1).

372
Bou' (x,y,0) NH LR 25w SORB RO BUEAR, RS 1 A8 S5 B AR AR O 3R 22
Erp e "u(x,y,t)—u (x,y,t)"2 ’
..,
T 1 A 2 9350 AN TR 22 R AR AT )0 K BB T 54
B2, WP b, =h, =1/30, WA K r=1/100, D=0.1, v=0.01, [ 1 GHAEL LR %] =
0.5 I FIRCELAR AR MR B 15

RGN -

(7.1)

Table 1. Effect of space step on error (7 =1/100,7=0.5)
= 1. FEPKIHRENFM(=1/100,:=0.5)

h =h, 1/10 1/20 1/30 1/40 1/50
Err 1.42145¢-2 1.41261e—2 1.38718e—2 1.27718e-2 1.15424e-2

Table 2. Effect of time step on error (h, = h, =1/20,1=1)
= 2. BESKINREMFM(h, = h, =1/20,1=1)

T 1/50 1/100 1/150 1/200 1/300
Err 2.4013e—2 2.40086e—2 2.40044e-2 2.39963e-2 2.39751e-2

M3 1 AN 2 W RAFE M R 22 B I T 22 R DA (R0 N T A oD 9 L 503 22 ) 20 B RE S i o
I PL TR 1 RTUAE SO AR ) A RS R A

7.2. HEDFARER OB OBEER
Hp 1.

DOI: 10.12677/aam.2018.710158 1363 IR Esid


https://doi.org/10.12677/aam.2018.710158

X fif

XET 7.0 R IR BN B R, ARSI SRS IO R [RAG IE ML SR 18 %) F A
SE RSB 1 I R HEAT B A

IRREME £ (y)=1+y+2)" +y°, FEMEE O =spanfl,y,y, '} FRIF, HIEMRa=(112.1), 4
HUEEVE, Me=TH, ELRT, ={x=1,0<y<1} R NEHE

g(y)=u(l,yj,T),j=1,2,m,M—1, (7.2)
s [a b K b, =h, =1/20 , BHABEK £=1/100 .
EBHEIEARN SO IR, B AR D=1, WHEEv=1, MK 0=0.01, ELISL
K eps =le—6, IEWH AR TE 3, Hrb " RRYIHIENR, o™ LRI, Err T ERS H
fR R ZE .

Table 3. Influence of initial iteration on inversion results (without perturbation)

3. VIIRIE RN RORE R BN (R L zh)

a a™ E,
(0,0,0,0) (1.0,1.0,2.0, 1.0) 1.2511e-006
(0.2,0.3,0.5,0.1) 9.0403e—007
(1.0, 1.0, 1.0, 1.0) 1.2545e—006
(1.5,2.0,1.2,1.0) (1.0, 1.0, 2.0, 1.0) 1.7757e¢-006
(2.0, 2.0,2.0,2.0) (1.0, 1.0, 2.0, 1.0) 1.2579¢—-006
(2.0,2.0,3.0,2.0) (1.0, 1.0, 2.0, 1.0) 2.0000e—003

Table 4. Influence of convergence precision on inversion results (without perturbation)

4. WS B RORBERISNA (R I zh)

inv

eps a Err n
le-2 (1.35378, 1.27015, 1.19146, 1.11808) 9.0350e—002 3
le-3 (0.999997, 1.00001, 1.99998, 1.00001) 2.4759e—-005 40
le-4 (1.0, 1.0, 2.0, 1.0) 1.2511e—006 41
le-5 (1.0, 1.0, 2.0, 1.0) 3.9120e—008 42
AR KR
0.. 0..

002§ -0.02

T -0.04 iR 004

ta) = &) B

El g ¥ 5 :

-0.064--" i 0.06 :

008} -0.08 .

1 ; 1 z

1 1
vl 0 0 x ¥ vl 0 o x ¥l

Figure 1. Images of numerical and exact solutions (D = 0.1,y =0.01, =0.5)

1. BERSHEHBEEIR(D=0.1,y=0.017r=05)
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HIZE 4 ATUAE H, YIRS BOW Bk I AR R, B Y SIORE BE IR/, IRZE AR . (AR, B
WSeSAOKE JBE (Rl ISR B AR

5l 2.

VRS, RS 1 AL E, I AR I A, RIS R . HLpsh s
N

g (v)=g(y)(1+c), (73)

Horbre >0 ZIBIKF, ¢ ABET[-1, 1HIBEHLEL.
WAIIRIEARIE N a=(0.2,02,03,02) , D=1 RF#RE, v=UAWREE, W PK o=0.01,
ARSI BE eps = le— 4 T WART D=1, WP K 0=0.01, & 5 5N 35 7EA FHRS AP
NIIEIEE R, Hod o™ FOR M, Err FORERS REARA R Z, 8 0N
Fi(xy)= £ (x5,
7 G,

Err =

(7.4)

Horr foo Ros MR, n BRI

Hie 5 WA W, FEEERISIACT N, REE SRR ZE RN, R e =1% M,
SAEIRE Err = 4.14577e -2, [REMFARIFHIEITFAR, HEF 202 BERER

HR, HRYIRIEART SOEEE NI, ST SR 6, Hrh o RoRWIEIEN, o™ Fon i
fi#, Err F0R APENEIE N & = 1% I SRR FAR AR ZE .

Table 5. Influence of disturbance data on inversion results

5. MR RORREARIFN

£ a™ Err n
1% (1.00703, 0.958981, 2.07221, 0.961636) 4.14577e-2 41
0.5% (1.00369, 0.981586, 2.02758, 0.987034) 1.34763e—-2 41
0.1% (1.00182, 0.99005, 2.0165, 0.991563) 7.95985e—3 42
0.01% (0.999565, 1.00227, 1.99642, 1.00176) 1.74265¢-3 42

Table 6. Influence of initial iteration on inversion results

6. MIMARI IR RAIEN

0

a a™ E,

(0,0,0,0) (1.00782, 0.959981, 2.06178, 0.970171) 2.98891¢-2
(0.5,0.5,1.0,0.5) (1.00174, 0.991306, 2.013, 0.993878) 2.58630e—2
(1.0,1.0,1.0,1.0) (1.00495, 0.97441, 2.03998, 0.980507) 1.93705¢-2
(12,12,12,12) (1.0043, 0.977546, 2.03523, 0.982764) 1.70715¢-2
(13,14, 15,1.6) (1.01039, 0.947987, 2.07869, 0.962651) 1.80944¢—2
(2.0,2.0, 2.0, 2.0) (1.0072, 0.962777, 2.0581, 0.971677) 2.80794e-2
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