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Optimized tri-wavelength infrared temperature measurement

introducing dimensionless model and bending coefficient

Shi Dongping, Wu Chao, Li Zijun, Jia Nan, Pan Wei
(School of Resources and Safety Engineering, Central South University , Changsha 410083, China)

Abstract: Based on the basic theory of infrared radiation, infrared tri—wavelength vectors group altering
low coupling between emissivity and infrared temperature measurement was derived to isolate the object
emissivity and infrared temperature measurement. In order to optimize the tri—wavelength vectors group, a
non—dimensional emissivity model was established and the most suitable wavelength range was identified.
Aiming at optimizing the linear function of emissivity, the bending index n was introduced. The
appropriate wavelength range to guarantee exactness of result of tri —wavelength vectors group was
presented. The tri-wavelength measurement was demonstrated in a laboratory experiment with four sulfide
ore samples. The results show that the fitting of tri —wavelength measurement with true temperature is
better than that of common infrared temperature measurement. The fractional error of tri —wavelength
measurement significantly is less than the common. The availability and accuracy of tri —wavelength
measurement are verified. The tri—wavelength measurement ensures the measurement accuracy as well as
expands the scope of common thermal infrared imager application and ensures the numerical accuracy of
infrared prediction in the spontaneous combustion of sulfide ores.

Key words: tri-wavelength; emissivity; infrared thermometry; dimensionless model; bending coefficient

s B .2015-06-10; {&iT B .2015-07-20

BEE&TB . HRKFF A REFIE 4 (51304238) ; MR 4 0F 75 A= BHIFA B0 H (CX2013B080)

EEE . AR T1988-), &, 44, EENFLIMMEH AR FH W5, Email: 526223151 @qq.com
SImE . R A952-), B, Bz BTN, B, EENF L 2R2EMSY . Email: wuchao_csu@126.com

0204006-1



aoh gk T2

520 www.irla.cn % 45 %
08 = IR 5 e B % 5T 26 5, Sy 2 1 I 52K
=1

LLAN AR B GEAR AR 32 b X | 0 S
ZAEEZ IR, B N T A 2SI B
SEATE o ZDAN AR T i R SR I 2 T AR
AR IZL AN AR, LI O B 32 9 W) R R R
Wi o SR S R 32 0 A T (o) AR Ay P T 3 TR AR JE 4
B2 MR, RV ] — ) e A [ 00 T 4 5 4%
WA A ] | 7052 56 % PR I 4 A S R B A
R NI, S 3 00 R S i Ay 7™ 4 24 21 b
PARBA L R R ET

DG R G AL I, BLE AR XU K 2 %
I3 A5 (B OUIE U B T AR B T 22 9 1k
o TR RS 2 s ARG 1B s SO AERL
POk p AL b, BT AT R B AL A AR
ASCHY = U B ISR v, 4 £ A i I [ o 0 ) & S
RROPE SLBTOT KA AR = P Bt B

JEHAE G R AT LT, N m B S AR T
AR TARIE IR, SR LD PG BOR AT A 4 fik
ol B2 I 2 A 2 AT AR T E T R B
SR BRALH A0 I AR BCHEARAT | BHLAG T 205 B 3
ARAEBALHT 5 KR T A50 1)  H folE FH JE 75 A 3 %
I Y = B BB A, AT A AR T IR TE AR
T RS BE A [R5 15 3 B B LD A IR AR A
o7 I

1 Z5MRREGIIE R

ZLAMRGAS I W 3 1 5 R B D B I ) A e 5 g
LRIy S R R PR ) A AR A R R AR
REH = H M,

WA, T)=W,A, T)+W,A, T)+W,(A,T)=

eTWy+(l-g)tWo,+(1-7)W,, (D)
AP WL, T) RN AR AR B RE & 5 o7 Wy N
B I 0 1A S RE 5 (1—e) 7 W, Ry B 58 S 3ft 4 5 6
(1=7) W R ARG BE 5 & 0 B0 S 3957
RAEG

W iy 2 T S S

Li=e, Ly(To)+r Ly(Tv)=e, Lu(To)+(1-a) Ly(Tv)  (2)
FHT 2 0L (To) F7 45 I 490 2 T S 33 6 S 5 ;L (Tv)
N B PR T B 5 5 T Wy R L Ty

oy HEFICR
T I AR ST 8 P B AR A 2 T 7
AT )=rLef(T)+(1—a)f(T)I+ (=T )AT)  (3)
W) SR R
AT)=—L AT ) -1 =) Ty)-(A=T)JAT)]  (4)

ET,

2 ZIRERAIMAMRAGIIR

NG, BN SR B 2 MR T B R
KABEHR FmWNCR AR KRR Pk
2 TH L 38 6 SRR R R ), DR R 0 £ A A A )
SRR B FTER r=1, S RIAS .

f(To>=8i AT, )—(1-a)(Ty)] (5)

HApRFER f(T) e.a, X FHELRI WY
T, BHR (0, T [A=Ao| <8, TR K R [A-Ao| <8 BT,
MR8 2= A0, AT I A

£, T)=e(ho, T+’ (Ao, A=A+ (Ao, A=A+

...+n+8<n>(,\0,T)()\_,\O)"+0,,(/\) (6)

Soh AT00= T,

E X TC PP A=A =L i) A=A in) s FEH A
R T AN PRAGAS R 107 2 Bt b FBRAFL , A i 9 £L AP AR A )
BT BRAH

£ (e, THA=A0)"",

e(A, D=ay A, T)+a,(A , A (7)
[FIRE | B 5 A AR SR T R IRy

p(A, T)=by(A, T)+by(A, T)A (8)

a(A,D=cyA, T)+c, (A, DA 9)

W23 3(4) AT AR A
ST =7 lef(T)+(A-a)f(T))+(1-7 )T (10)
B aX@WALKXQO) T, T4 3 DARMEL,
i f A WA (11)(12):

AED (1A R (1A

f-z(To’) =1 A, |x x| flTo) |+ 1 Ay X X| fTv)

Al AL ) A AT
(11)

D[ AR

AT =1 Ay x| X Ty -+

£ AL

0204006-2



aoh gk T2

www.irla.cn

% 45 %

% 2 4
1 1 A Si(Ty)
a
1-11 Ay (x| | x| (T (12)
111 4, f(Ty)

e I Wy (A 18 R SR, BIRTIAN 1-s (A,
T)=p(A,T), Bl 1-ay(D)+a(T)A=by(T)+b(T)A,
Rl i — 2 TR

AT |1 A ; S(Ty)

AT =1 Ay (x| (x| AT |+

AT 11 As SATo)
1 1 A Si(Tv)
=1 Ay x| ™| x| ) (13)
oA M

ATV T=T) AT . 11 B4
AT ar g f (T3 KAV, S 7 5% B A2
T W 0 R B I
I,

3 ZREMEMRLALE

SR B DR = B B VR TSR B S B aE A, X =
e B vk AT U A A B B2 RS G O, #E — 2P o8
I T R
(1) 58385 & 5 F8T0 1 4 il ALY
e(A, D=ayA, T)+a,(A , A
LWL R SRR AT 3R 7% i B X )
T 7S BRI, K G 48 e A A3 i 29 BRA T OC &R
WMAAAE— & Bl EE . BRG] A 65 n, # Letk &
SERBERIATARAL N
e, D=ay(A, D+a,(A , T)A" (14)
HHIABHIEE n J5, RS RBIRIL A F 0]
PEAC IR R, #% K S5 R0 o AW Bl KA 8 174
FHIE W 1,

1
N=1/10 |

=

a,

|
|
|
0 A 1
Pl 15275 ) R B0 W B 2 5 A0

Fig.1 Emissivity model curve effected by bending coefficient
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