#55% 451 #HE R Vol.55  No.l
2026 4F 1 1 THERMAL POWER GENERATION Jan. 2026

DOI:10.19666/j.r1fd.202605113

TR @R 9B KBEE KA R HR4aP
B AU E T G A

BlGR L, ZXE 2, FL?% Bl R? KHEREL KEXRS
w3, R 3, APEAC
(1. A Gh e RN A KR, LAk ZE 257087;
2. WL TAF IR A PR 8], v 94 710054
3. P HHKRFRREHH TSR, #db KL 430074;
4, #AbE E A AR FF R IR A RS, #de XX 430060)

K] E] [869) ARBERY REASEBERAEIN AR, KERKRHE, FEFT. TEEREF
WEA TR R R 5 BRAE KRBEERFATON. AR, HIZERAE RGP IRR T AL
A& AT T R IR AL 2 R B 7 b 0 2 I ARAE ST 47 345 [ 7 3 IR A& H it CFD
A3t 30%ECR LIS AT AW BIR B HABBENL, AT T . 1BE I BRAKABE R QT T4,
R T TIARR R 9B AE KRB S 09 R, B RAEE AT AR GRS, 155 LA A AiE,
(4R ] #AaA L R &I, 30%ECR TIUBR A Fi£ 99.86%, CO /it = K & X 4.38 mg/mS.
%5, 30%ECR fi FrAakiX e & B, MR RAHEET, R¥bhRIKE R} #7142 90 MW, Wi
AR A ER, BLAKAAZIE BHR A AR, [ ] THER X5 %A K% B8 d sk
T4 i 3 B AE KA BT 8B R R L I, KB TIK AR iaRy & A &80y
B8, 15 E5 04 HERN 91.47%, FIAY T AT HEET. ZEXRB THRA A, H
Bl X R R A BCERER R AL,

[x # 18] TASARERSZE KRREHEK, REAE;, R, AR, 2AEHaE

[BIRAAMEN] (RBMEZE D) EHEL. + R[] # A K E,2026,55(1): A2ds M ah-2 .k W, Vet 4. 3 3Uin
#4[J]. Thermal Power Generation, 2026, 55(1): #2454 71 2% -2% 1k 71 21,

Application of adjustable recirculation zone staged ignition combustion
technology in deep peak regulation retrofit of lean coal-fired boilers

Zhou Qiang?, Li Xingzhi?, Li Renyi?, Zhou Guangqin?, Zhang Sen?, Zhang Xilai?,
Ma Shuai®, Yao Bin®, Deng Hongjie*
(1. Shengli Power Plant, Shengli Petroleum Administration Co., Ltd., Dongying 257087, China;
2. Xi’an Thermal Power Research Institute Co., Ltd., Xi’an 710054, China;

3. School of Energy and Power Engineering, Huazhong University of Science and Technology, Wuhan 430074, China;
4. POWERCHINA Hubei Electric Engineering Corporation Limited, Wuhan 430060, China)

Abstract: [Objective] Deep peak regulation has become an essential operational requirement for thermal power
units to adapt to the large-scale grid integration of new energy sources. Lean coal-fired subcritical boilers frequently
encounter unstable combustion and require auxiliary oil ignition during ultra-low load operation, which restricts the
flexible peak-shaving capacity of power plants. Taking a successful deep peak regulation renovation project of a
lean coal-fired boiler as the research basis, this paper conducts a comprehensive study on the adjustable recirculation
zone staged ignition combustion technology. It systematically elaborates the core content of the technology from
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three key dimensions: technical working principle, computational numerical simulation, and practical engineering
application effects. This research aims to validate the technical feasibility of applying the proposed technology to
realize full oil-free stable combustion for subcritical lean coal-fired boilers under ultra-low load conditions, and to
provide reliable technical support and practical guidance for the promotion and implementation of similar boiler
renovation projects. [Methods] In this study, a high-precision refined Computational Fluid Dynamics (CFD) model
was established to carry out full-furnace combustion numerical simulation under the typical ultra-low load condition
of 30% Economic Continuous Rating (30% ECR). Based on the simulation calculation data, the dynamic variation
characteristics of furnace internal flow field distribution, combustion temperature field uniformity, and water wall
heat load were comprehensively analyzed. In addition, the structural composition and stable combustion mechanism
of the adjustable recirculation zone staged ignition burner were expounded in detail, and the field operation data
and test results of the engineering renovation were summarized and analyzed to verify the practical performance of
the technology. [Results] The numerical simulation results demonstrate that excellent combustion performance is
achieved at the 30% ECR ultra-low load working condition. Specifically, the pulverized coal burnout rate reaches
99.86%, and the flue gas carbon monoxide (CO) concentration is as low as 4.38 mg m, indicating thorough fuel
combustion. The field steady combustion tests conducted at 30% ECR load after technical renovation further verify
the remarkable practical effect. When the boiler operates with lean coal, the minimum oil-free stable combustion
electric load is successfully reduced to 90 MW. During the whole ultra-low load operation period, the furnace
negative pressure fluctuates steadily within the normal safe range. The denitrification system can maintain
continuous and stable operation, and all flue gas emission indicators fully meet the national ultra-low emission
standards. [Conclusion] The adjustable recirculation zone staged ignition burner adopts a slotted bluff body structure
to construct an active staged ignition mechanism, combined with a flexible adjustable perimeter air design. The
innovative structural design effectively solves two key operational problems of lean coal-fired boilers, realizing
stable combustion reinforcement under low load conditions and preventing furnace slagging under high load
conditions. After the renovation, the corrected thermal efficiency of the boiler reaches 91.47%, which realizes high-
efficiency and stable operation of the boiler in a wide load range. All operational indicators of the renovated boiler
fully meet the design expectations. This study provides a valuable and practical technical reference for the deep
peak regulation transformation of the same type of subcritical lean coal-fired boilers, and has good engineering
application and promotion value.

Key words: adjustable recirculation zone staged ignition combustion technology; deep peak regulation; lean coal;
numerical simulation; flexibility renovation
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Fig.2 Schematic diagram of the conventional bluff-body
burner
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Fig.3 Schematic diagram of the recirculation-zone staged-
ignition burner
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Fig.5 Velocity distribution in the horizontal cross-section at
the burner level
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Fig.6 Temperature distribution in the horizontal cross-
sections at the burner level

0 0.020. 04 20 140.16 0.18 0.2 ﬂﬁkﬁﬁ}ﬁ/%

a) A ZIRIEAE
B 7 SRR XK EHEEASARS B S H

Fig.7 Oxygen volume fraction distribution in the horizontal
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Fig.9 Furnace heat-flux distribution
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Tab.6 Efficiency test results for Unit No.3 under low-load
stable-combustion conditions

SEMMEAT, ERRIEE 521°C, FHARREE
N 524 °C, FIRIRIEAKT 40% 7 faf IS (1) B TH{E
529 °C. FFHGR IR T 40% 6 g I #6318 500 °C.
FZARBIR K EMERCR, B RAERBERKER
i, S22 YRR

F 7 Hl4H 90 MW RATLRIKRESH
Tab.7 Steam-water system parameters of the unit at 90 MW

TiH 90
FHERRE/(thD) 270
S PR (th) 39.6
BT B AB
SRR/t hT) 500

E AR F1IMPa 7.2
FEIRIRFEC 521

— kiR K 1% 39
TR KT 1% 42/64
T IAFRIRE F1/MPa 1.0
P RZEVRIREIC 524
FIRARTRIRIR KT 1% 2122

HE 30%ECR
R IMW 90
IBAT RN AB
BATEEY% 8.5
HEJHIR BE/°C 146.0

B IE SR HERIR E°C 135.4

RIREBRERI% 0.72
JFES R Yo 1.00
RIR R K% 0.21
HESR AR 2R1% 8.11

B IE TR A2 1% 91.47

3) RKRG
VKRGS S EUE T Fron, fE 30%41
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4) ZINHL B EER

3 SHLHARITE 90 MW I 6 frf Fabh ik 4t 39 1]
KABE, BRI, A, SRR RS
TR EH, WA HIERIS .

5) SCR A A NOy i B3 FE

AT A A T 8 1 B A g M AR
IR R EMC AT SCRON EUARE 2 (RiF B i R 4 0%
PGB, BB K 5 I B A ROK GRS
FOR AT TAR TP A i #RARSEBR 3 24 20 4%
Wi B A IERE, £ 9OMW LRI, SCR A
TR AIB 435119 332/326 °C, MR 8% T e K de /s
JRIEAR ZE /N T 15 °C, SCR N R = T i Al iR
FELRYE 310°C, Vi HA E A 110 B AR 2 1 AR5 396 2 T
T2 30% G fif I 2K

£ 90 MW i fafist, A/B JiEAH A 1 NOy i Fik
FEM 43519 795/715 mg m3,  fiifil 1 A/B 43 )
N 41.2/142.6 mg/Nms, BEWGH Rk bRHECE SR, &
B T AR RIEVEGE I | AR RS

6 £518

ASCUARERMIR ) 3 54 b IR L R e s g3
XFEE 73T 3 it R 3 FH 3 I A0 P MR GR R JR 4% 1
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DL 1 R IR0 DX 20 8 KHRBEAS HEAT IR R 25
R [0 DX 20 08 KIRBERS 5 BB RF IR T 4%, 18
Ao R SRR R SRR B AA T X, FEAR A
AN, SRALIRBEREE K MG ST IE A
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