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Experimental investigation on radiative entropy generation and

radiative exergy in a large coal-fired boiler
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(State Key Laboratory of Coal Combustion ,Huazhong University of Science and Technology ,Wuhan 430074 ,China)
Abstract : In order to study the efficiency of radiative heat transfer in the coal—fired furnace,and achieve the aim of saving energy and re-
ducing pollutant emissions, this paper presented an experimental measurement method for radiation entropy generation and radiation exergy
in large—scale furnaces. The method was applied in a 670 t/h coal—fired boiler of a 200 MW generator unit. The radiative images in the
furnace were captured by CCD cameras installed on the boiler. The temperature distributions and radiative properties in three sections of
the furnace were reconstructed by the solution of inverse radiation problem. And then, experimental results of radiative entropy generation,
dimensionless radiative entropy generation,and radiative exergy of pulverized coal combustion medium and water cooling wall in the furnace
were obtained. The effects of standard deviation of temperature distribution in furnace and radiative heat flux of wall on radiative entropy
generation and radiative exergy were analyzed. The results show that with the increase of standard deviation of temperature distribution in
coal—fired boilers, the irreversibility of absorption,emission and scattering process of pulverized coal combustion medium increase gradual-
ly,and the radiation heat transfer efficiency decreases gradually,and generated by combustion medium , the radiative entropy generation in-
creases from 419 W/K to 629 W/K and the dimensionless radiative entropy generation increases from 0. 048 to 0. 067. With the increase of
heat flow on water—cooled wall ,the irreversibility of radiation heat transfer process on water—cooled wall increases gradually,and the radia-

tive heat transfer efficiency decreases gradually, so the radiative entropy generation generated by the water cooling wall increases from
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1.566 kW/K to 4. 575 kW/K and the dimensionless radiative entropy generation increases from 0. 258 to 0. 346. In the burner area of the

furnace, due to the relatively highest combustion temperature,the radiation heat exchange process is the most intense,leading to the most

available work,so the radiative exergy is the largest. In the furnace exit area where the temperature is relatively lowest, the radiation heat

transfer process is relatively weakest,and the available work is relatively least,so the radiation exergy is relatively minimal. It can be seen

that for the practical furnace ,improving the uniformity of the temperature field in the furnace, especially increasing the uniformity of the

temperature field in the furnace burner region,is of great significance for improving the radiation heat transfer efficiency of the coal—fired

furnace.

Key words: coal—fired boiler;radiative entropy generation ;radiative exergy ; temperature distribution ;radiative properties

0 3

TR IR SRS 0 N 1 2 B O 2R R S i
P& i AR SRR T AR | R A TS Y HE ik
BAEEEY, #1240 gl — Az
FEROR T B TR B 2 B rh I e it e 46t
eGR4 SRR AR R AR 2
JE BT R TR 2R G R SRR AR Y 2 D ER B
S0 R R R R RS P BN PR K
FRIFIRNRAE T AR et B g i 20, e
FERAFFE 4038, Caldas 252 $2H T AE K S 54 N
FR AT e A W BE T TV 2T AR A TR
JE RCRR SR RRPE (MR R B IO R B W 4R R TR
FH AR G 05 B SR A 7 08 1 A IO %) S 7 5
Liu %5 5838 T4 T AR 5 W[5 140 B 1
A B )24 335 B A 0T P 1) 0008 7 1 H 33 A 35 Zhang
RS T 2 ASFATRR R IR A A AR S B S
S0 BERETE , BeAN 16 SR S A A R A
el I, Candau"> 4 5 T 48 5% HRG B2 Hh 0% B 5O
S 5 Liu 2610045 W T 2B WA om0 4 S A 32
T KBUE R AR T, I R Ge IRy 24 50 B #f1 Bk BH
T ZEME K R AR

BT RIRENSHESY, A W BN R R AR e
RGN IR S T R T BUE TR . R
ST T B b2 S HUR be BRI AT
BT, e IR SRR P A SR 7 TS RE 1 2, AT e P
MREEA D TR IE BB IR 2% 2 50 R G000 S
/N, AT 4 77 BE R 8% ; Makhanlall 250 %
300 kW RARS -2 Y BUR SR = I e U A S 0F
2,4 TR 5 LT KRR SR, AR Y
AN BRI AR S K, B Y m AT,
AACHR SR P K s Rajabi 2550 X SRS ML B2
FBUEMIF R, TSR AR R T
o s e A O TR AR R e R S AR

BT XeHR e 22 G0 4 S P O R 9 A R TSR O
e/ IMETT R R B BE 2R G0 0 4 AL FAReR
HEAWR I T BB BUE B 25 R Sl = X) 5L BR

T

BRIE 2 0 e S e R IR T B, AR SRR T
TP I T S S ) R SR A 1 R TR N S
TR S K A I £ v, I CCD AHAILER
TR i K PG 308 3k 8 S0 A 3 S ) RS fige A R
USRS A PR TELRE S0 A SRR SRS A
RSP AR T AR AR BRIE A I B RE THT 1) SR
FEE—5 200 MW & FLHLALIY 670 v/h LG R SH
BRI ARG, X ] — 7 iy 5 AN [R) b v B 1)
RIGZE R AT N RS AL AT

1 FERFGE

1.1 RS AR RS

AR e JE R A0 A — A SR M | K R
S o, B B B W A5 S SRR 8 = 4
23 (6], HR¥E Caldas, Liu 2527 BBF 5 45 50 b P
R S FEARME AT 730« ol T A A A WA
REAN R ) A AR R0 7 S L R T RO i
FEATL S VET EE AI ™ ST, | R T RE T 4 S A b
ANTTIPEG T BRS¢ o A% T ke DU RO 7 HLAA
AKX,

w ([ [
St =] k] () = 1)) s -
1]
ry ey (1)
g 1 [ N o
Se ZLJOUS,ALﬂmLELﬂG(r,S )P(s',
s)d2 -1,(r,s) }d()d/\dv (2)
St = U:L[IAT(?}’S; - LA(r“,s)} (n.,s)d0dAdA
(3)
N =S§,A + SSG,A + S‘Ci,)\ (4)

Hrb k,, WA BIRICRELG o, A TR 28
Ty AT BT EE 5 1, SRR FR i o
I, MR ESCTERE R T, MR, &(s’,
s) AERGIAHRE; A MK s AT M R B s’

89



2019 455 3 #A

www.chinacaj.net

E A g B K 5525 %

NI R A T AR b RN RAR; L(r,s) K
SYRIRETET 15— 5 6] AR SO RTE B A T RO
TR R E s AL AR s, O BETHT b A9 1) %
0 LIS VORI o A BRI A
JEO W AR A BRI AR B e A 3 AR ST
AR,

J PN 1 S S A 7 B M R AR N R A A
FEAAN T RERE B S0 7 B, B S A2 A T
R R R B S A ARG T S A o A
AL P AR v PR A S G R R L Y T
D T G/ TE RN e AU R L SIS S pU
AT P | S Y TC e AR 7 0 M DR B TR A I 45
PO R AN AT 5 S A A 7 M D R A
SRR M R AT T
SeT,

M = 5
0 (5)
ST
== 6
0 (6)
Mw :S‘(A;TO (7)
SGTO
M= 8
0 (8)

A, Ty PG 5 Q S or 5 B T 2 ] 1Y) 4
AP
HRAESCHR[ 5 -6 ] BIAFFEZE AL, I P9 4 S0 KR4
R Z B C R A
a' =Ty (S +S) (9)
a* =T,S;, (10)
K, " T TR & 5 B AR AN T i
T RS RER 5 o SRyl T RE R S PG RN T 3
P T o8 P S
FRSHRE FNER S AR ) C FR R
E=0-(a" +a") (11)
1.2 WPREESHEESHFUEERE
PPN IR 3 A R R S R P R A B SO
[12-14 ] CIFEA LTS, HEEA BAZFIH CCD 4
BLERWSCR A Ji A [R) 5 ) 1 S0 08 B 40 A 59
A 3o JE P A N A i B RLAORT A PR L B A
SRR 0 R S B AR TR Sl o U — b S B A
Tk E G AR | PR 6 b B 0] FBR A 5 %F 2 A4
AU SR A, DT E A0 PR T 53 A1 B SRR o
A E ST K S SR AR R TG B i ]
A WIST A BRI A SR B P i R G, K RGN
()23 () X340 18 m S B o0 . T BRARCRE E (an Tk
CCD FHHIL) R HUb it 4 19 58 585 5., CCD AHHLAY B
90

GETCECR n, AR EHE 5 B AR AR RS CCD AL
SR ASR Ty ) (RS 5 B A 1 5 00 IR R 43 A
TR N
I=AT (12)
Hor 18 CCD AL R S5 B 1= {1(5) ,j=
1,2,3,,0} ;T AW RS s B 4 IR, T=
(T'(i),i=1,2,3,,m}|; A, NWERBIEE, A, e
R S RsE  CCD AMIHLSAR S50 A o6 St
FEPE BETH 2 SR A G, ]l B AL R A B
BEAR  HR 4 S i B R AT 3R m] g 3. CCD AH AL
I 20 1 ESIRE Too, SWIRIE SR T L
T, =A'T (13)
EvG Teep y‘7J(J:/H”{J%I1gIZ}—M%,TCCD = %tCCD<j>4’j=1’
ceunt FORP R B S 4ERE AR CCD 4T
A N A O —1k
K0 PN L 0 A 5 S R SR A AR A 1k
ALBANT 1 eARYE CCD AHMLIIEE AY Ok 55 5 R 1%
THE D RS o B (R e O IR B R, P4 0 R 5
FRtEWIE , a5, A& IE /Y Tikhonov 1F
WAL 75 2 AR IR T A5 20 P IR B S A
T, P50 FH /N Z 3 2K B S R Pk X SR, P
TREAR, R R AR S R, R ] EE
T A AT SRR SRR
HA TR E PR A T I, v TR 43 A
B175 2% o, R0 IR RSB 50 IR S A ¥y
PR I NIRE RS, o, BB AR

o= |3 () -1 0m ()
S, T, AT
2 RBLERRHH

2.1 R R RENEE

IR — & 200 MW & HALZ ) 670 t/h F
e LRI R e T2 SR TV i1 U0 [RS8 0 5, JR 5%
TR B TR Be %, SRR IR A ST LA G fr
190 MW, & 1 R AR o i S a9 15 2%, R FH Y
5 CCD FHMLAT BIAE i JEICHB (FR s 12 m) JABERS
DI (FR 22 m) WP T (B 35 m) 3 AN #kif 4
YN M R T R b AR ET R SE R 10,8 mx
11. 92 m, HIEFHRGT I A BUR g7 kB 3 A~
PN AR IR R A B SR

S A 7 S K ) R S AR AR I IR
Bk E S 25 KV BE - B0 B % 450 °C, AR =X
(1) ~ (1) SRf % Sfr TR 3 N8R 1 4 Jey s



www.chinacaj.net

AR RORURIERR Y R R K R A I I Y 2019 456 3
640 — 70
N
~ N T .
Y 560 | {60 %
S =
s \ i
ij% 480 | o R 8 3 150 =&
g%\ IR R R A 22 \x‘ jﬁ
e | =
400 : : : : L1 40
~ 50 10
% 45 A o B
y o KA BET I B =
Z 40 1g 2
£ 350 =
5ot I
= 16 ped
£ 2 &
= 2
B R R KR A £ 20p Ay ©
~ 1.5 L

Fig. 1 Coal—fired boiler furnace and experimental equipment
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Fig. 2 Temperature distributions and local radiative entropy

generation distributions at three sections in furnace
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Fig. 3 Radiative entropy generation,standard deviation of
temperature distribution, and radiative heat flux of

water wall at three sections
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Fig. 4 Dimensionless entropy generation,standard deviation of
temperature distribution,and radiative heat flux of

water wall at three sections
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Fig. 5 Radiative exergy at three sections in furnace
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