(115158 =5 IRER & — MR iR 2 SEIRENSER 73 1) /OLL B # %R, 1-11[2024-11-
19].http://kns.cnki.net/kems/detail/11.3676.TD.20240826.1556.002.html.

— B R S i BRIk 2R B SUE R SR B 5

BOREEH L2, iR L2, BRER L2, EETE, BREE!
(1. WRETE R BRIRRNE 5 TREARE, WA/REE 1500065 2. MA/RIE DA MIBEFE R, #84H 450000)

. AR S RIERY TR KA 7T A 50%, sl X R E A% E R, MANFAREZR
BT AL NO HEZR, mdEK R frfak, REAH RS RXEANH AT, B2 HIKAFTIAGHR. HE
FIR R K TRIEAR I R MR ) ISR B AL, AR T — AT AT R AT AR IR . ZEARRE T R A B
By R REH, BB POLHhEK, FINKALERN, FESTFREAS 2oy, TERK
30% 5 T FAURSE B F FAR K FEAAK, FizBRKE AT —46 350 MW % R B4 ) 69 LNASB # b %
L, FEUK QAT LNASB b5 . 8RR F LB RARKIE, £ 30%MY AT T, 57 ERNE
SRR S AR RN h. KBEREN: ERATRAED AR EFR T, ERAEHNA KK
1 66%H, MARAKFEHN, KE 1.0d, A2 048d, FAREF S 0075dd A= oh
B)e HERRRE A 44%0F, AP SERRK, K& 0.7d, B2 0.60d. &R A 2% 0%, BAK T H
DNERAS, KE05d, BZESHA 0.24d #2 0.32d. 66%. 44%. 22%A= 0% IR 2 B 69 B @R F 0 5]
0.74. 0.55. 0.29 #= 0.38, 7% 2 H 4 0.872. 0.934, 0.784 4= 0.512, A A8/FA:tata ¥ # A 5 A A
37.8°/36.3°, 38.4°/36.6°. 35.1°/32.0°, 36.0°/35.4°, 4218 r=0~50 mm F& B N, 66%F 44% 4% ¥ M Z 49
6] 3R AT 22%A2 0% 28 T8 R a9 T oo 22%ZE [E M BT 0 @) 3R E 69 R R ko AR x/d T, A A& AT
B EE R ERTAERNKNIG T, LRAERR R . £ x/d=0.1 ZJ5, 66%H 44%4% ¢ MUBT &9 0% 7%
B A THAERN TN, MAEERNZWAR ), MEZENRANEZBINIEROLE., AREZE
T, 0%ZEME R Bkl AR AR IR T A LR RN A AN T, WA AT OBFRESEZEZNK
IFFE A 66%LETE M F B, x/d=0.3~0.7 LA N A A LB A IR, LERGL S FLRES T
o 44%EETE R E BT, x/d=0.5~0.7 S B N HF A PSRBT DR 0%ERNEH, ${EEEET
rld=0.15 Wik, ZREBEAZ T —RRAE, IO ERKEE X/d=0.1~0.3. 22%4&FRNE K, B
K% A R AR

KAEE: IR R ATARR, B MAR; RS H R R A%

FESES: TM621.2 XEkFRERE: A

Study on gas-solid flow characteristics of a new low-load stable

combustion burner
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Abstract: The existing faulty coal-fired boiler has a minimum stable combustion load rate of 50%, making it
challenging to meet deep peak shaving demands. Previous research has primarily focused on reducing NO,

emissions rather than achieving stable combustion at low loads. Most experimental conditions are set at full
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load, thus lacking studies on low-load conditions. To address the insufficient deep peak shaving capability of
faulty coal-fired boiler, a novel low-load stable combustion technology has been developed. This technology
retains the original burner's secondary air structure. By incorporating central powder feeding, introducing
swirling gap air, and optimizing the premixing section and flared outlet, it can achieve stable combustion at a
minimum load rate of 30% solely through its own recirculation zone. This technology was applied to LNASB
burners of a 350 MW faulty coal-fired boiler, resulting in a low-load stable combustion LNASB burner
(SLNASB). Through laboratory gas-particle phase experiments, the effect of gap air mass flow on the gas-
particle flow of SLNASB was analyzed at 30% boiler load. The experimental results showed that gap air could
regulate the shape and size of recirculation zone. When the gap air mass flow was 66% of the inner secondary
air mass flow, the recirculation zone formed a large ring with a length of 1.0d and a diameter of 0.484. The zone
boundary was 0.075d from the central axis (where d is the outer second exit diameter). At 44% gap air flow, the
recirculation zone became central, with a length of 0.7d and a diameter of 0.60d. At 22% and 0% gap air flow,
the recirculation zone turned into a small ring, with lengths of 0.5d and diameters of 0.24d and 0.32d,
respectively. The total recirculation ratio for 66%, 44%, 22% and 0% gap air flow were 0.74, 0.55, 0.29 and
0.38, respectively, with swirl numbers of 0.872, 0.934, 0.784 and 0.512, and gas/particle diffusion angles of
37.8°/36.3°, 38.4°/36.6°, 35.1°/32.0° and 36.0°/35.4°, respectively. In the radial range of »=0-50 mm, the axial
velocity of 66% and 44% gap air flow was lower than that of 22% and 0%. At 22% gap air flow, the tangential
velocity decayed more rapidly. For the same x/d, the radial velocity with no gap air was greater than with it, and
the negative value range was smaller. After x/d=0.1, the turbulence intensity peak at 66% and 44% gap air flow
was higher than the other two conditions. As the gap air flow decreased, the turbulence kinetic energy at the
same position gradually increased. The turbulence kinetic energy dissipation rate at 0% gap air flow was lower
than with it. Under different conditions, the particle concentration is higher near the burner center region and
lower at the periphery. At 66% gap air flow, there was significant particle recirculation in the x/d=0.3-0.7 range,
with the recirculation starting point close to the burner center. At 44% gap air flow, central region particle
recirculation occurred in the x/d=0.5-0.7 range. At 0% gap air flow, the peak position was near r/d=0.15, with
high concentration particles at the edge of primary air, and obvious particle recirculation in the x/d=0.1-0.3
range. At 22% gap air flow, there was no significant particle recirculation.

Key words: Low load stable combustion; gas-particle experiment; swirl burner; faulty coal; deep peak shaving
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Table 1 Burner design parameters

2 LNASB  SLNASB
—RRRETFR (m?) 0.2771 0.2771
— YR AT (m2) 0.2251 0.2771
PR O A (m?) 0.2270 0.2270

A=A DA (m?) 0.2391 0.2391

SR DA (m?) 0.1073 0.1073

b RUAE R RETE T AR (m?) 0.08218 0.08218
—XRIRSE (C) 94 94
ZURREE (C) 313 313

— KNSR (kg/s) 5.46 5.46
A IRRIR R (kg/s) 4.12 3.64
ARG R (kg/s) 4.70 4.15
Hl R/SER R (kg/s) 0.33 1.67
ZWRRTE (kes) 2.64 2.33

2 BRI IARR

W Tl AR AR, RER > WA A ¥ ELAT
DX BRI SEGE B 0y: (1) PRE ARG S
=R G RAAE, HEGE RO RG (2) FFEREA
(K — X FEHTHE 5 R — A8 TE 1 B [F
WA — RGBS, JRAEIEIE A 2R IR A
g a, —IRKONERLR . (3) % H— X XE
Z B gER ety AN IR, MR SE
BEX; SRR XUBE e 7 1) 5 Hofh — R — 2. (4) X
ORISR B AT R A . Z R CIR1FE LR

0],

WL E, SR TR IR s Ty 3

WA 220 = IR IG5, R ROk ] 0 SR AR
TR P OB R KA AR o B T2l Hp o R 98
X, HAERIEABE B ot X S HENT 1) Je i ok, 42
TR RS . eAh, SRR XL T EIR— IR
WS FER IR 8], & “EA” AEH, 1kl
RRE S B w5 3 B — K RIS, 7 At —
IR IR — O SR AR o X SeAR A0 1 R
TR E B X . R AR SR s S
LNASB #AKe #5748 N Fa % LNASB(f# X SLNASB)#A
s, ALK 3, BRSNS BOLER

] 3 SLNASB #Akeas: (DHT— KR (s (348X
HIE; (AZEBRUH s BEH 15 (6)WEH 25 (7)ilRk4EH
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concentrating ring
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Table 2 Cold test parameters
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66% 44% 22% 0%
—IRRIR(°C) 15
IR (°C) 15
— A (kg/s) 0.0527
P ROA & (kg/s) 0.0519
A Z AN = AT R (kg/s) 0.0829
SR B ) 37.8/36.3 38.4/36.6 35.1/32.0 36.0/35.4
i £ 0.872 0.934 0.784 0.512
Lid 1.0 0.7 0.5 0.5
D/d 0.48 0.60 0.24 0.32
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