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ABSTRACT: The influence of thermal inertia of the furnace
refractory on the peak regulation characteristics of a 300 MW
circulating fluidized bed boiler (CFB) was studied by using a
numerical calculation method. Based on the actual operation
conditions of the boiler, the calculation results reveal that the

thermal inertia of refractory is affected by its thermal
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conductivity and the thickness. Specifically, the thermal inertia
of refractory decreases with the increasing thermal conductivity
and decreasing refractory thickness. As a consequence, the time
that required for the refractory to reach heat equilibrium
decreases from 5 812 s to 3 426 s if the thermal conductivity of
refractory increases from 1 W/(m-K) to 15 W/(m-K), while it
increases from 3 267 s to 7 771 s if the thickness of refractory
material increases from 30 mm to 90 mm. Practically in the
presence of the traditional refractory in the CFB dense phase
zone, the time required to achieve heat equilibrium state
becomes 82, 65 and 60 min when the load of this CFB boiler
rises from 50% to 100% with a rate of 1%/min, 2%/min and
3%/min. For a refractory with higher thermal conductivity, the
equilibrium response time will be reduced to 65, 46 and 40
min, correspondingly. According to the calculation results, a
formula for the heat absorption rate of refractory material was
obtained. In addition, the influencing coefficient of the thermal
inertia of refractory on coal feeding was also defined and
calculated.

KEY WORDS: circulating fluidized bed (CFB); peak

regulation; thermal inertia; thermal conductivity

0 35

RSEIL “HrakUE, TR WK B ER,
BRI H L OKPFHAE K& HEL ] AR BR YR R R
FUBEIE N B . (KU 6 LR RS M. AR ]



F44E F4a4H

K B OB R 515

U = A0 U R 0 R T R T 2 i R X B, AR
THM 24817, BRAT T AR A Re R 0 R R
FH™, R SR A ) A LA T 5 R B LA B %
RIGTERIERIRE 1. 2 ERSAPERR B, KK H
Fe 7K B g R FEME LA 50 4 it e 3 ] FEL I (1 2R 3
VUG ) R, RIS TRRE R .
7RISR G, G EALEAE XK H AR
T AR P T AR HE 32 B R I Th B

A5 F AL ZEL R A R U T SR O P L ZH B A TR
RN PR e RE T . AT B AP ALAL, T ER
ALK (circulating fluidized bed, CEB)%atHLZH 7]
KRR Ffar L0 T A A R, HA& LT
(TR B R UG 6 720 EL TR PR AL PR B0 b #4045
PEBLK, POE VR RE ST R 2, 2 B LA R 04
RN T 1%/min,  SE LR H RIS P 0
KW Bk, CARHEE XK HARSEHL, $EEH
Pt AT FE A R UROR FLTE AN KT, TR E R R R
PR B S LA R E U R T o

ST AT B ALK R B DR SR R g R O B
D AR, SRR R R e Y, HL
IR A5, DAORIEAE 1 IR e R FH LK 1)
YRR 2D PRUE A A R
AR L, D& R AR A TR K. N
I8 B — POE R ER, 7B ERN Y Fs
P, JEAE IR B0 A T A H B . JE IR
DRG0 B 1 3 B2 R AR AR PR L R AAER
PE T ORI . L (25 0 2R Se) 1 e )
JEIR ZE A B

F 915 A 3L A4 PR R o 45 S KL A% A 6 458 K (0~
10 mm), 25 KERIURL AR B 1] AH 0L (2 600 )1,
PR b 76 78 A7 A o 2 PR b A TR K B R R IR
WL B 1 B R0,y B B R0 RIBA R
HOIRPEH T “ORATREE PTG g7, I e g
FIR “RIRER” fifife, $&7 CFB 4Rl I 2E .

PRABHAB AR ILLE 2 AN 5T He— 2 7R AR i
it FR A, AORHURL I B 5 AR B IR B #CP A
PR AIRERT s 3 SR AEIE IR AL PR B A% 67 fir
AR, I R O Y R b N ROk
X 2 3 O IR OB PE o O AR R O ) R
Stefanitsis %V 7t 1 AEIE IR R B 41 v B B

VIR, @I 7R B A A i 2 R A BB IR K, TETE
G FE BRI BN, DUAR THIE 3R Ttk
PR AR A8 7 A 3 e 1) 7 2

CFB 84 47  flit J SMI IR 2 Gt (1) T K4 A 6
PE A S PO R I Y LR R . TEME PR AR
BRI R, T O R AR B A G
RPN, A7 AE R KA A T FEE A8 A AR S o i i P AR
Ao B ZE 3R A5 o AR SRR IR KA RS M s S
N AR R R AR, i kAR S
i B BT I B I R AS BT 7 I Ao 7R TE B KA
BHAARYER EIE, 75 B KRR 32 X
WM R, 7 BRI KM RHRE . AR
W, AR 3o 26 555 o B[R] A8 A A o SR /NIRRT T
A AR R VR - TE KA ARAE B 3 B A A A
g UM IS SR SRS S 07 30, R Bk
B AR ST A TR 1 25 N AR AR A S 4 AVRE MR AT
WEFL, R I il T B [ 1 28 £k it 26 755 4 FE 50 ek 3
TEPR A . Rafique 250490 50 1 iR b TR 8
R KA RS 1 & R RE RS . H,  H AR
PER AR 8 7 R R R BB PE (1) R it TR
PIRERAIEI SR

AL LLHE 300 MW I I S A 8 10 PR B 4 s
BRig AT TO0 N FERT, X A& Gui K4k e 5 # it
KA EHE AR PR R AT AL, THE T AN
7471 A S 2RI e 2 R DX K A AR AT 4 T 9
). W R NI G 2, F 7T 45 SR X K CFB 4
PR IE IR T A -2 NS EER.

1 HEER

1.1 300 MW LI FAEHIAL RS T A

300 MW MV Il 8447 R F MBS P i 25 44 o
i R FH BB 2K VA BE A 1, SR S jhe L LA IXUAR
M, PHNAEG iR AR 6 F iR #k
R 6 Fr iR S 5R . AMEIR L E 3 AR
AR A, B RIS 1L, 1A
[l Al 1 K% 2 2R B o O 3 P A A e A
WE . RIRHASRENRIER . B ek g &
i KA AL 3 A B IR

ZAL KA R R B AR A X . B
AN R B AR UE . RS B RS, T



516 EHEEG: WP KRR X AR TR AL R 3R TR IR S IR TR

Vol.44 No.4

B EURHE . RRHR i E  E R EARE K
SPHRE B o e b AR DXSZ AT X 5 4
KFKARARTTA, BUARTR KRR R A T KB =
SEAE S [RDRHR SRR A Ak, AR X
HH KB 2 KV BE LR AMU I R IRZ AL 1%
RAGRIPI AL AT SRR AR 1T

IR P # s
KT A E

IR #dds

- [’/

= PN
| ==

A — IR
EET

E1 300 MW Tit5 57 CFB 434 kA A5 B

Fig.1 Distribution diagram of refractory materials for
300 MW subcritical CFB boiler
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Tab.1 Distribution of refractory materials for 300 MW
subcritical CFB boiler

AL E i K BT EE DA mm i K AR S % /mm
A AR 77 —
Pl g A 60 —
el 50 —
AN 25 —
RIS RS AR 25 —
Ir AR 25 —
A 150 250
WA= ED T B Ak i 150 250
IR FHR 150 250

i KRR DB BT 02 2 s - 50
FE BB KO RHER AR IR — 2

300 MW IVl 5418 24 A IR B 0 i K A L 5
BRI . WRARER, LS
TR Bl Es 8 o3,  To KAFRLE 808 626.70 to T
L [EDRE IR AR R R e A G B A A,

R2 TR KRR

Tab.2 Thermophysical properties of refractory materials

7 A K
B AR WA RRE
Mk

12.55/900 ‘C

FHEW/(mK)] L5 0.093+0.000 16T .

11.28/800 °C

P plkg/m?®) 2750 500 3560
0.92+

P e /(T kg™ - K™) 0.769+0.000 267 1.229/900 C

0.000 147T

£3 300 MW LI 5 CFB &R kAR R B0 A

Tab.3 Mass distribution of refractory materials for

300 MW subcritical CFB boiler t
Eiigha rnﬁj Wé it KARUREE R
Bk
At AR 27.53 —
Jpi b S B 115.17 — 166.46
B sz A 23.76 —
SRR H 37.81 —
R ER EAER 76.14 — 151.49
o B ARHERL 37.57 —
N 44.69 16.59
DAY mE N [} 30.11 10.95 308.75
IR EHE 147.99 58.42
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Fig. 2 Schematic diagram of heat transfer process of

refractory materials in dense-phase area of boiler

P, G s,

he=0,(ho+h, )+ =8, )(hy+hy ) (3)
e h A By Sy R R 4] 5 ] A4 B0R 43 BIORH 1)
ST R A, A1 Ry, 53 A A JBURL [A] 5 [] AA S0RE
IY B (AR S 3 R R L o, UK [ 14D B 1) ST 1)
AR . WURL A5 [ A JSURL 23 5O R 0 L 4 2 2R
Bl d @), S)HE .

_ dp(S . 0.5 1-1
hc_[ /lg +(4/10pccc) ] (4)
h _( llng )(&)03( Utz )O,ZIP’,, (5)
= —
dye,” py"  gd,

Reft o NIRRT
SR p, F p S B R A S0 1 025
py FR RN S R B0 s A e
c e AR . TR A RURL B A, ¢
SO 2 B 6] 0 S50 A 9 T ) B0
R USRI

Wk A 5 P 3 B O 2 0

o(T}-T}!
(1+g—m£4m ©
e. e

w

h:

cr

o~ T!)
; ™)

1
(?d+?_l)(Tf_Tw)

w

hdr:

A oM Stefan-Boltzmann &% #0; T8 T, 5 N
WA BET R s en e flle, 200 A0k . ik
3 BSUAF R B THT (1 IR AL %6

EH T OB 45 S A B 4 ik T [ A A B
PR 5] NS BB R, B 0.006 m?*-K/WE,
13 HEIHRESH

B, AT KRG 14 3 5 0 D]
2, PSR KRS A R B kAR R FE T
o O B B S 2 K e s O (D% B S B
PERZ I R RT3 TR 4 s TR R R
Ve IR P AT W R AR A 2 10 min Bk B )
HRE 850 “CIFUA LA 2 °C/min AZ 1k 33 34T T
HIZAT, 50 min 5§ i IS 1] 950 C IR FFFR
SE o MR AR B 21 A BT R )R A B E AR
RSN 95% B RIS [B] 8 SR~y 1R) o 1
BRAT T ASTE LB T B AR KA ) 2
FSF- A7 18]

Hk, BT LBy irEoe, X300 MW
I S PRI PR B b AL 2E % AR DR AN [R] i K
MRMEAS [F) AR S ff il o R AT TR
P R AR e AT LOLEAT I R A2 4 0~10 min
5] 5 47 LA 50% 4% 47 4 7€ L 450 (boiler rated load,
BRL) 7 fif fa /€ 3247, 5 10 min B4R 5 43 51 L 1%/
min. 2%/min. 3%/min [#E R LG G817, IR
SE P I R 2R AR A, B S 4 W TE 604 35
27 min i 8 4PIE B 100% 452 10 6 f o

TR I AR rh ok A SR R R T B K
M REAT IR, THE TR S iR .

R4 RO LR R R T T

Tab. 4 Calculation working condition of influence factors of thermal inertia of refractory materials

24 RITA T2
Tiif KA RS 2/ [ W/ (m-K)] 1,1.2,2,3,4,5,10,15 12
P R E A/ [W/(m*-K)] 360 360

i JAT R BE 5 /mm 60 30,40,50,60,70,80,90

fiif KA FE p/(kg/m?) 2750 2750

Tif KA R ¢ /10/(kg K)] 1092 1092
LR 1 )C 330 330
VIR T,/C 850 850
AR T,/ C 950 950
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Tab.5 Thermal inertia calculation conditions of refractory materials in dense phase area of furnace

Bh AR G A R firf Bk JELRE/
R E HE T T R e
(%/min) mm
1S JAL L 50%~100% , 100%~50% 1,2,3 60
e S A OB 50%~100% , 100%~50% 1,2,3 60
7E 100%-+ 75%-+ 50% BRL T, 280 ssoc] 00
FAEFRRAL B IS I2 17 S50 2R 6 . a0t { 000
E -
F6 300 MW XLIG FEFHMALIRIRS BT SH ; 200 1 500
Tab. 6 Operation parameters of 300 MW subcritical [ﬁ 160 - o
CFB boiler i — 1 W/(mK) | 700 B
£ 1201 S I ] *1 5 W/(m-K) %
S8 100%BRL ~ 75%BRL  50% BRL s W/(mK) | g0
A R/Wh) 966 779 466 ﬁ 80 1 s j %gﬁg
e . . o —5 W/(m'K) 4 500
FARIEE/C 541 541 541 40 t I [A] 10 W(m'K)
E7&I7JE S1/MPa 16.10 14.49 11.37 0 . . . . N 00
25K/ C 276 255 233 0 30 60 90 120 150
247K i J1/MPa 17.92 15.75 12.59 5 ] /min
RAE fi/MPa 17.51 15.46 12.37 B3 Bt R E) 5k 2 Aol B R A R TR b B
R i 2R oy = L)
KR AR DRI C 930 900 850 Fig. 3 Heat absorption per unit volume of refractory
Ny
AR/ (V) 204.90 15713 108.59 materials with different thermal conductivity in the
WRREHEA & R/ (kI /kg) 13 498 13 498 13 498
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Fig. 4 Schematic diagram of the variation of refractory

equilibrium time with thermal conductivity
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Fig. 5 Heat absorption per unit volume of refractory
materials with different thickness in the process of

variable load
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Fig. 8 Change of heat absorption rate of refractory

materials with time
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