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Steady-state heat source identification based on sparse regularization

PAN Tiancheng, LV Zhongrong, WANG Li
(School of Aeronautics and Astronautics, Sun Yat-sen University, Guangzhou 510006, China)

Abstract; The heat source identification problem that aims to identify the spatial locations and strengths
of point heat sources and know well about the heat source properties of actual engineering structure in
time belongs to the field of Inverse Heat Conduction Problem (IHCP). The heat source identification
problem is generally ill-posed, that is, the identified results are very sensitive to the measurement noise
when the measured data is insufficient. In order to overcome the ill-posedness, additional constraints
need to be introduced. In this paper, a novel point heat source identification approach based on sparse
regularization is proposed where the sparsity of point heat sources in space is mainly considered. Due to
the existence of measurement noise, a weak enforcement of measured data through a penalty term is intro-
duced into the objective function. Moreover, to well corporate with the sparse regularization, the alterna-
ting minimization is used to iteratively solve the separated variables of temperature and heat source, and
the threshold setting method is proposed to quickly and accurately find an appropriate regularization pa-
rameter. At last, a numerical example on a two-dimensional steady-state case shows that the proposed ap-
proach can quickly and accurately identified both the locations and the strengths of heat source and is in-
sensitive to measurement noise.

Key words: heat source identification; sparse regularization; alternating minimization method ; regulari-

zation parameter; threshold setting method

« WrREHA: 2019 -02 -21
BE£WH: BXRAKRPERS (117023365 11972380)
EEBANA: BRE (1993 F4), B, FRAE: HPFEIRG; E-mail; pantch@ mail2. sysu. edu. cn
BEEE: A (1988 4FE4), B BARAM: 114 12%; E-mail; wangli75@ mail. sysu. edu. cn



44 HIlRA R AR (ASRBERR)

559 &

TESCPR AR, fETEBF 2P, Kt s
SR RGEIREE , IR BRI, XA
PAL 7 R GEAG 2 4 W I AL R 5 ) B FE 2 S,
B, A s N ME AN RS, DA £ 3
POREJRLRE ,  SICERE I DU RIS AN S R s TR
B2 5 7 AR SR BB B AR, PR BRI A7 AT LA
TR BTG ; iR WHUIEHEARSERN, &
T AR, LR A R TR AS A AR AR
DRI LG AR A1 Ry 08 ek 7 A L 3 AR P 67 i 8 R
BN PIRIRE T L S R R R ST 4R
U, B ETE TR B BGR ERSR E R
BARGEPIER R, DR, IR ) —
oA E B, BRI Y T I R A
T ek

SEPR b, BRI B R
2 SE IR A B L S 1A oA, R BRI P R
T R B PR B BRI A S R B R B, A 2L
A, IR0 5 B 2R R ) Tm] S8R T K = 1) A
FRo MRMFICISIRG 2 8, BECK #& H 7E fe/h —
e 7R TP S 0 A WAL IR fif, kI T Tik-
honov 1E W 4k 77 . 1€ — 4k 1) A% T [n) B
BLACK WELL 2 T J¥54li+ 778 . HUANG 4
T 1 FEHERS BE R AT T — 4R RN AR A ) — A~
B 5 PR (1 5 3 R R R TR
EACIREE, THREEE FE K . GENG %R AR 7
TEAR A TR SRAT I 4y 7R B 7 R TG 8 A ) Rt ) 5 A i
e E PRI SRS . NETO 2558 i T A 38 N 4
SE AV B 2% PR R R 1] 728 £ Y R SR L LT 4
PR T — I TR DAL SRR R — s
— ANPGRS — 2R PR B B BIF Y A LA
Z, EX T SRR PN R A A B, &
S 5 TIN5 L 5 AR B A 2 ]
BRI, MULRAGRAAELE R, mHAEAKR
JCIREZR T, MEFdR R NTFRASEEE, &
HnpE e EARE E . s n, M)
DA Je- e fip e — ) RS %7

AR SORGHE H — BT 9 7 R T PR R 1 55 —
R, 2 R PR A 23 8] b ) 53 A R Y
SIARRELE AL " e xd B AR G AT 400,
HRFAZARA T7 " 43 500 6] 3 R 6 A 43
B AR BT IEACR AR, AE TR IENIE S 7
o, SR T B . AR SO s RE R R MR
BRSO 4 S Ps TR AR T —
EMNSH,

1 g (E AR A AR R o 7

L1 #ESEFEERTER

ZE—N IR 0Q iR Q UL S10)
A, — R TR

AT (x,y,t) _ i(aaT(x,y,L))

at T oox 0x
+i(aM)
9y dy
+Q(x,y,t),
x,y e Q,t =0 (1)

Horb, o,y R RRABAR, T RHIRIE, o ARG
AR TR, Q IR, A SCE I8N 1
PIEEIE .

BN

N aT(x,y,t)nX ta GT(x,y,t)ny
ax Ay

= h(T,(x,y,t) = T(x,y,t))
1E 0, Qi 5 ET(x,y,t) = g(x,y,t) ,fE9, Q0
5k
3,0 U 9,0 = aQ,
0,2MN 0, Q =4¢,0,Q # ¢ (2)
Hrr, n, on, S 50E AE G A T AR R, b
SEX AR R, T, (w,y,0) J2 5 BIAY PR B IR,
a7 Q T 0, Q 43 HIAA T R 5, g(x,y,0)
AR TR 9,0 455 R B A3 A
WG 551 A
T(x,y,0) = Ty(x,y) (3)
Hor, Ty (x,y) S HEISN R UR TR 20 A
Zord —Beit RIS e 2 05, R Q N
TR AR 2Bt B (R AR AR AR Ak, R A S B
A, mOonl _ o apast (1) MR
RS OL T AL R,
jl(aGTTx,yJ))4_£L(aGYYx,yJ))

dx dx ay dy
+Q(x,y,t) =0,
x,y e Q,t =0 (4)

ABRICTT R g L T (1) - (4)
WA RBOUE TT %, 5 48 Q )5 A BRA R0
M0 dQ , 8 BeAMEAE (E A5 2 B A BROTIE pR
W, TRURE S P A9 RE T 2519 IR B R R o TR
2, RRASTHOLT BA BROCH T

KT = F (5)
Hor, K 3L S (R N IR W) ,



513

WAL, A5 FET MBI AL A AR 2 PR 45

T1 ,Tz"'Tn]T%%%fEﬁ'J

R A nxn ke, T =
TR RS R

E,F = [QI’QZ'”QIL:I
1.2 EIBREE
PL S, U 73 5|37 D 2 A R R 00 2 F) 1 A

T 7 53 1 T R . B ) A 2

foZ b s K R R T° , U4 8o
FoBEIL, — MO B AR BRT LR T
P g B/~ el

g(T,F) = ||[F-KT|:
s.t. TS =T (6)

Horpr, |- |, FRmE L R, TS FRIEE
SIS 5 S PB4 A (6) (&2

BRI R T 5900 L0 A IR

TOR—8U, iR T = T°, &
R, AESZBRE T, RS E I e B ki
%, BHBRIAAR (6) 7ok, vn—
TRLEE [ 55 T 3§05, B

gl<T’F)

= |F-KT |2+ T°- 7512 (1)
Horr, B RE— IR, BRI 15 Y W s
BIRZERIIE, B—+ o FIRE RS2 W E &
PRSI, JLF A I M A B — 0 B
WA R RS EEN, f, JE— T 5B

TAERRAS SRR, FEASSC T ° R A
H ST A Rl
1.3 #HERIENL

W, HARRE (7) BAEER, TIIAH
SN LTRIEA TR A o 25 B3 AR A (7 AR 2R
23] B A R Y, B F 2 — R Y 1) 1
HADBRITEA N 0, Wik, AKX (7) @
BRI (| F2o ASCH p = 1, L5 ek B0
I, R LA SRR, I HLl LA
HIE a2l H bR ek Bt

g (T ,F) = |F-KT|!
+B4 T T3|2 + A|F|!
(8)

Hep, A = 0 2—PIENSE. 2k, TR
TE AL A BROTAS AR S IR H AR s B 2 2

jo

2 AT

2.1 RBHRUFERBEFEY
BAHMEE (8) HhikpE T FME F W

AT Ay B AR B, PG, AT RS RS B e Ak

W AT EARR M KRR Y AR R B F
=0, YU RE AP BRI AL AR S

s
2011 BARSY SEEERIREREE RG]
I B A B

( T““)) = argmin g, ( T JFD (9)

Hof,ok o= 12,0 N TRMIEE (9), %
g (T FUV) ik 5 5&41, T

g (T F*V)y = T'AT -2T"B
+ (FU=D ) TRGD
+BLI T - T
“AlFC],
) 5.7 AS w8 ( )T
- F ( AW AW )
) T > T T(Bg +6, fg)
TV s U BY
+ (FU=D)TRG=D
+be( TwS)T 7“’-.5
“ALF,
ss US\ T
A - (A (A™) ): K'K.
AL A
s
B = B = K'F"*™" (10)
B'

Horr, 230 (10) F g EAR S HU 23 50 %5 B
AT R I 1Y i, EAR US X R A5 (1938
o, I R— AR ] AR R A0 (9) /Y
fir, wr

(( TS)“‘)) ) (Ass LB (AY)! )
(ool L 4w

.(BS+,8]? %‘S) (11)

Bb
2.1.2 #MFERFNST
IR AR A5 2] 1 5 4 T K0 P R 3 AR A7



46 R E e (HARBHERR) 59 %
giﬁa ﬁn_l: T = %;\1(., = ;\2” = = AM,€ (17)
(FY) - agming (FO P (12) 8 20 LS B T — - TE M 2
= T A s

PR AR R i R rp 20 A [

FIHH, Wk g, ( TV F) UB—FMEXER, W
j?

g, (T F)

= |F-KT®E+801T°- T°IF
+ Al

= i(((\)j—aj)2+)\0j) +c

a = (Ki‘(k))j,

¢ =BT - TP (13)
Hob, (v), FoRmdt v 955 7 D00 AR, [
(13) Z2RA R, Hith, PRI, RIAK
(12) it
Q_;H = argénin((oj - aj)z + )\‘QJ‘)

a; = A/2, A < 2aq

= f"(Asa) = {a; + A/2, A < -2a
0, A >2]q|

(14)

AR, A (14) 2 513 20 i 1E W Ak
H bR ek By s 0, T H H AR e B AR, o
PA BRI, Mg AL 2% A ]
AE 20 PRI 0 i P U T — 8 i 22, RN
B, ACHAX (14) 47 TEIE, HER A X7
I AR R B )
Q;k) = argg;lin( (Q} - aj)2 + A Q, D)

=fm()\;aj)
:{aj, A <2‘aj‘ (15>
0, A<2q

KT A WBEBCR AR T RTINS
2.2 HEZEFIKRENKSE

TEPAT B — IR ZH, ERL AT I —
FIEMIENA LS BIEAX (15), afEi—4~
BIELE 7 o

7= =2]q],7 =12, n} (16)

A=A, B, A (15) WfER 0, BN
FESS ] T ST A S HEAEAE; A < A, B, 2
SRR AREAE AR N 9 N B (AR R A T
JP e

B, BEARTEWNE L o, Hp, L, Ay 2
BUEZSHL, L 2 RNBAEE R TR EG y J2—
AHGNLE, BEAE L., WE/NOE LT, BUE %L
Ko

1 naC A7) X SERE AT Y

BEj=2
ye—| =i
;7%: j < [max Jll- J
Aj-ver < Pjer il 2

B A E E N S RO
Fig. 1  The flow chart for determining regularization

parameters by threshold setting method

3 BdEF B

3.1 HEBIEST

R JE—A RS HBUER A, EE,
1 B e A FRTT AL 75 i — o 1 MR A 15 3]
TERRASIEOUT , WA T

T,=T -(l+e-r),j=1.2-n (18)

Hp, TR (5) SRAFIITESS j A1 AR
Bl o e MK, — MR 0% . 2% . 5% %55,
rJE—FRUEIE 530 1 BEALE

mE 1 FoR, ORGSR, KRN
0.5m, B p=2787 kg/m*, FLIZ ¢ =883 J/
(kg - K), #fEFHa =194 W/ (m - C), X
MEH A =10 W/ (m® - K), HERENO C,
— A PRIETE AR R o B~ PRI Y TR
0.004 m x0.004 m, FHXTTFH Y HTRUZIEH /MW,
PR P DA A A a R

AR A BROT T SRS, B 2 R,



RN, A JETH G E AL A R SR R ) 47

Point heat
source

Convective boundary

77

(13) (19)

Convective boundary
0.5m

T

K2 RS
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