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Scheme design and control strategy of a novel coal pulverizing system based on
addition of small pulverized coal silos

DING Sibian, TAN Qinxiong, DING Hongyu, YANG Tao

(School of Energy and Power Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: To solve the problems of slow milling response and poor control precision occurred in direct-blow
pulverizing systems, a novel pulverizing system adding small pulverized coal silos is designed, and the
corresponding air-powder control strategy is proposed. Moreover, based on the dynamic simulation model of an
ultra-supercritical unit, the operation and control strategy of the novel pulverizing system is simulated and
validated. The results demonstrate that, the proposed control strategy enables precise and rapid response of
air-powder parameters. In the load response simulation tests conducted within the load variation range of
75%~85% of rated load, after the small pulverized coal silos were put into operation, the load response rate of the
unit’s model can reach 5%/min and recover stability faster. Therefore, the novel pulverizing system and its
operational control strategy significantly enhance the unit flexibility. The research provides a viable technical
approach and guidance for improving the flexibility of coal-fired boilers.
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Fig.1 Overall structure of the novel pulverizing system for supercritical unit
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Fig.2 Schematic diagram of “dual-source pulverized coal
supply” operation under variable conditions
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Fig.12 Variable load process at a rate of 13.2 MW/min in
“direct-blow pulverizing supply” method

3.3.2 Ffix Kbty 7 A& R frid A2

BRAFEN /R G S5 A i B BE A BTde T, A
NEHBAS PG T B 3245 PID 5 28 AR 40 5 E], el
300 s Ji/NA 75 s, HARIEHISH S KRB —EL.

Kl 13 JRH iR 7, e RS HRA
BATJE 3T 3%/min H AR AT SRR 4R . R 13
ATLVEH, fERARE RS G, YRGS EIH
BT, BARME, TR, ML SR
i KAz N 12,1 MW, HiEEED>T 3 MW, Xt
TR R, FLH AR K2 12.2 MW, &

i 71/MPa




%11 3

JREAR TR RUNG B RO R R R G5 ST S s ] RS RT T 87

iSRS LI 2 4.0 min. T, AT E
WA PR T, BNNREIEAT R, WL RS M
B2 AR (R W AT 2o

570
555 F i I
= 540 F — P MniE4
A
'::E'é 525} HLEH B fax
= sl0f
495 il
480 1 1 1 1 1 1 1 1 1 1 1 J
21. . o
! W EUR A
£ 205[ T RT3 R
Z 200[
9s[
= 90l
18.5h, LV

P NP PP TS S
T SLFSFFT LTSS
PR S EFFEF P

7 FLI ) /s

13 PERER AR T 3%/min ImEL QT2
Fig.13 Variable load process at a rate of 3%/min in
“intermediate coal pulverizing supply” method

TIPE 2873 I N 7 T, 55 R F Uik 77
XA, A ECRGG, b fe s R 6w
(AL, TEAR S ar B S AR B R 28R R T )
TAHIILG, BAETE. Bl fed, 3280500710
ZERC KL 053 MPa.  IE4E I E 3%/min (11742 61
RN, AR RERaEn R L S 4 AL

eGSR g A 7 R LA

47 5%/min ARG AT, HEARWIE 14 Fros.
585
570 | \‘r\

555 F \
sl | \ — EHRS

5251 — MR ffuf
s510F

495 przl

480 k£,

B faf /MW

20
2051
210}
205
200}
195}
19.0}
185 |
8O0k W
QQQQQ QQ QQQQ QQQQ QQ QQQQ
EEE NG ANCENOE PP
77 BN A /s

14 g AT 5%/min FEEE H1frid iz
Fig.14 Variable load process at a rate of 5%/min in
“intermediate coal pulverizing supply” method

— PR IR e A
— RN ARE

It J)/MPa

PR 14 T AR I R A LA £ 4 i 2 e K
2132 MW, SZELA i Ra s FEI IR 249 2.67 min, 7%
VR Wz 0.96 MPa; T f fef i A2 LA
FRFRRMZELIN 14 MW, FFRIE IR KR ZE N

http://rlfd.cbpt.cnki.net

1.08 MPa, SEHLFEE I Z) 4.8 mine MFEZIRIET]
AL AT kA, BIELE 5%/min (1R R AL F 7S
AR, Bl AT ARG R AL S A IR R, FEREAEAR
Rl RN KA S E R E, 1817 RIiEVE S E IR,

445 ik

A SR X R I AL 2 B SR R G A7
HATIRAE . PEhiRE B 25 W, R H TR TR
G IRy R Gt b S L g . BT B B
FRAL B R G AT A4 i SR AT T 3630E, 1 K
SEIRRA, ANSCHR I ot g vk S s ) S T LA S
DU — IR AR S EU DOd RS s ], 76— e iR
A THHIB AT RGN, FEFAL R T

DI R (PSRN I Y g s b
IZEMIATT, MHLEAZ THUEITH, B e EEh
2 BRGS0 75k 2 (R AS P, AT S
T ONRET N, EET SR TR A R
RGIAREEN, KGR Z 2 6 BN AESR &
fFA R G RefE & U LOURFFBER AR, fRIE
ThERAREIELT,

2) FETFH IR R XA
BT, Rl B R s U R R
A5 BT ELV TR XK 2 1) SR AR [R5 T i
K EEWAE 720, T SEIL 7 AR EER 77 20
JE FH A5 S o

3D WIS RS KUk i g, ERRRLE
) b, Bt 2 BRI RS, @A AL
DAPRIIE SR R 3 I 4 1) 5 R ML AT 1 S B el
&, SCHINHEREHESR A PR AR B R RS
il b, SRAHRR AL SN DX, i
ANHTERE—F  KE M N R WA BTt

4) HLZH A7 4mf Wi 477 BRI R B, 7E 75% % 85%
BUE ST JE N A7 B AE SR NN B i AR 471
Tif 1 e LIS 3 2%/min, H R e i )kt 7.6 min;
TN NG G WL AR 7 Aef 1 260 5%/min B #3445
Reblading N, I HAE 4.8 min NAHE AR T Fa5E

(& % 3¢ k]
(1] XI5, Fa®, Rk, 55 REE R EER
RIFNR R[] 871 TRER, 2022, 42(11): 993-1004.
LIU Jizhen, LI Yunzhi, SONG Ziqiu, et al. Flexible and
intelligent coal-fired power generation technology and its
evaluation system[J]. Journal of Chinese Society of
Power Engineering, 2022, 42(11): 993-1004.

(2] BRFHFIX, FZ0m, SiENI & SRk B4R
FEVRIERARBERE[I]. L LR 24, 2023, 43(22):
8772-8790.




88 kA% e

2024 F

OUYANG Ziqu, WANG Hongshuai, LYU Qinggang,
et al. Research progress on deep peak shaving technology
of pulverized coal-fired boiler power unit[J]. Proceedings
of the CSEE, 2023, 43(22): 8772-8790.

[3] GUYJ, XU J, CHEN D C, et al. Overall review of peak
shaving for coal-fired power units in China[J].
Renewable and Sustainable Energy Reviews, 2016, 54:
723-731.

[4] ZENGD L, HUY, GAO S, et al. Modelling and control
of pulverizing system considering coal moisture[J].
Energy, 2015, 80: 55-63.

[5] GAO Y K, ZENG D L, LIU J Z, et al. Optimization
control of a pulverizing system on the basis of the
estimation of the outlet coal powder flow of a coal
mill[J]. Control Engineering Practice, 2017, 63: 69-80.

(6] &M, deT. Hlm S el AR o i I s AT AR A L

175 ERE ). IR, 2022, 51(1): 87-92.
LU Pengfei, XUE Ning. Flame stability upgrading
scheme of supercritical boilers for ultra low load peak
regulation operation[J]. Thermal Power Generation,
2022, 51(1): 87-92.

[7] MADF, ZHANG S, HE X, et al. Combustion stability
and NOx emission characteristics of three combustion
modes of pulverized coal boilers under low or ultra-low
loads[J]. Applied Energy, 2024, 353: 121998.

[8] AN Y Z, RAMAN V, TANG Q L, et al. Combustion
stability study of partially premixed combustion with
low-octane fuel at low engine load conditions[J]. Applied
Energy, 2019, 235: 56-67.

(91 AF5, Ui, MHEEA. 5T Ja bl Il i e b AR s

BRBATER RGN P E 2R, 2022,
320 F1 2): 94-99.
FU Yu, HE Jingi, LIN Kaixiang. Safety operation control
system for boilers under low based on advanced
detection[J]. China Safety Science Journal, 2022,
32(Suppl.2): 94-99.

[10] HFF, W=, xIgEht, & B E T RANE)

BR[N] SRR S TR, 2008, 24(9): 41-44.
TIAN Dan, TIAN Liang, LIU Xinping, et al. Dynamic
model of medium speed mill direct firing pulverizing
system[J]. Electric Power Science and Engineering,
2008, 24(9): 41-44.

[11] BTEBAE. #lB RGBT 5ig47[M]. bt P EZAFIK
HLH AR A, 1995: 129-131.

JIA Hongxiang. Design and operation of pulverizing
system[M]. Beijing: China Water & Power Press, 1995:
129-131.

[12] HENDERSON C. Increasing the flexibility of coal-fired
power plants[J]. IEA Clean Coal Centre, 2014, 15: 15.

[13] BUDDENBERG T, FURTH T, LEISSE A, et al. Indirect
firing system to increase flexibility of existing steam
cogeneration plants[J]. VGB Powertech, 2012, 92(11):
66-70.

[14] RICHTER M, OELJEKLAUS G, GORNER K. Dynamic
simulation of flexibility measures for coal-fired power
plants[J]. VGB Powertech, 2020(4):53-60.

[15] BERGINS C, LEISSE A, REHFELDT S. How to utilize
low grade coals below 1 000 kcal/kg[C]//POWER-GEN
Europe, 2014.

[16] BERGINS C, AGRANIOTIS M, KAKARAS E, et al.
Improving flexibility of lignite boilers through firing
system optimisation and retrofit[C]//POWER-GEN
Europe: Amsterdam, 2015.

[17] DROSATOS P, NIKOLOPOULOS N, AGRANIOTIS M,

http://rifd.cbpt.cnki.net

et al. Numerical investigation of firing concepts for a
flexible Greek lignite-fired power plant[J]. Fuel
Processing Technology, 2016, 142: 370-395.

[18] DROSATOS P, NIKOLOPOULOS N, KARAMPINIS E,
et al. Numerical comparative investigation of a flexible
lignite-fired boiler using pre-dried lignite or biomass as
supporting fuel[J]. Renewable Energy, 2020, 145:
1831-1848.

[19] SR, k¥ K, fH, 55 Sl BIR Az T

Fi A ) AR B[], h 1 TR AR, 2019, 39(10):
784-791.
MA Dafu, ZHANG Shouyu, HE Xiang, et al. Technical
problems occurring in ultra-low load operation of
pulverized coal-fired boilers and the solutions[J]. Journal
of Chinese Society of Power Engineering, 2019, 39(10):
784-791.

[20] Bk, M, Se/had, &6, —Ffud Fl TR L 3 0 f by

ARG M ILEK 5% CN202110744297.2[P]. 2021-08-20
[2024-04-15].
YANG Hui, YANG Zhen, DANG Xiaojian, et al. A
pulverizing system and its powder feeding method
suitable for deep peak shaving: CN202110744297.2[P].
2021-08-20[2024-04-15].

[21] skat, P, FkaR, % —F0 b BN E R R

S5 1 AR P B AT R A N, 2R 48 CN202221520661.3[P].
2022-10-04[2024-04-15].
ZHANG Chi, JING Kai, WANG Yonggiang, et al. A fast
response system for boiler load in a medium speed
pulverizer direct blowing pulverized coal system:
CN202221520661.3[P]. 2022-10-04[2024-04-15].

[22] M5, Bik, BET, 5 — TS ke

R G K BT 5 far B U7 70 CN202310624752.4[P].
2023-09-15[2024-04-15].
RAN Shenming, MIAO Miao, YANG Zhangning, et al.
A method of combustion system and load increasing for
pulverize coal boiler: CN202310624752.4[P].
2023-09-15[2024-04-15].

[23] ATSONIOS K, VIOLIDAKIS I, SFETSIORIS K, et al.
Pre-dried lignite technology implementation in partial
load/low demand cases for flexibility enhancement[J].
Energy, 2016, 96: 427-436.

[24] FkiGWe. i lr sk RGP 577 D]. Ft
B HHIAR, 2014(12): 24-27.

ZHANG Qingfeng. Explosion prevention ideas and
methods for power plant boiler pulverizing system[J].
North China Electric Power, 2014(12): 24-27.

(251 iy, FENI, FhEHEG. PR 45 16 2 Bk i A
JE[3). RS H A, 2009, 21(12): 3536-3541.

NI He, CHENG Gang, SUN Fengrui. Simple modular
modeling method of thermo-fluid network[J]. Journal of
System Simulation, 2009, 21(12): 3536-3541.

[26] =548, (REat, 228, R KBEHIHRGEKRS

PIEM]. dbat: JESERS HR, 2002: 202-207.
LYU Chongde, REN Tingjin, JIANG Xuezhi. System
modeling and simulation for large-scale thermal power
units[M]. Beijing: Tsinghua University Press, 2002:
202-207.

[27] Fg. BT LR S BT R M S
SEHL[D]. Abst: JEH KA, 1999: 26-71.

WANG Wei. Research and implementation of modular
modeling method based on thermal-fluid network[D].
Beijing: Tsinghua University, 1999: 26-71.

(DS MR 2)




