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R A BE IR R AL LR FC RN, A5 s T
15~25 kW =W ORRLIR e s 1SR e i A DL S
HBERRIRENG, 4 5 A ORI o8 v 46 (R3S o
PRI S

1 ERERERE

1.1 RIEFER
ARG FIT FH (1) 25 40 o SORE 8 R A4 i 188 k) k43

{EAT 0~25% 2 AR JGESRE T FEFFRUR AL 5 Ff
BT A BURLIRRL 1 SR AR 2 T 22, JEAR AN
JSFAES 6~8 mm, KJF 10~30 mm, ki
230 1.2~1.8 glem®s 5 FAEY) FBURR R Tk 23
By JCZm AT DL CHVE LR 1. JLH, ks 1 K
B, M 24.41%, 2 EJEEATGE g BGRA N ik
FEVRN T3S

F 1 STHEMRBAHE TSR, TESHIRALEZKRE
Table 1  Proximate analysis, ultimate analysis and net calorific value of 5 kinds of biomass pellets
. T4 #t Proximate analysis TG /3 HT Ultimate analysis A4 o Pk
UL A ;
g2 R J5UR} Net calorific
’Nf Pellet material KAy LKAy Ry B s ) A A R Value_/l
' Ash/%  Total moisture/% Volatile/% Fixed carbon/%  C/% H/% 0/% N/% S/% (kJ'kg™)
1 TKFEAT G 2441 7.33 60.14 8.12 34.81 5.67 34.22 0.59 0.45 11501
2 FOKFEFF 12.40 8.44 70.67 8.49 40.32 5.75 31.06 0.70 0.52 13537
3 FAR /S 7.21 9.23 69.70 13.86 42.78 6.00 39.69 0.14 0.54 14729
4 iR 0.87 8.91 77.68 12.54 45.09 6.63 4493 0.09 0.57 15158
5 BA 0.32 5.52 86.53 7.63 48.69 6.53 35.33 0.06 0.54 16712

TE: RS H A bRUE: NY/T 1881.1-2010 A= 57 I8 440 il BURARIA R 7 VAP 005 UKL ORI RIRE S (K45 PR 20 PB4 4L
Note: According to the standard of NY / T 1881.1-2010: Biomass solid fuel test methods; Air dried basis samples were used in the test; Data in the table are the

mass fraction.

1.2 RERKERTE
.21 RBEBAEE

RIS A GI-2 BRI R ENL AR
BRIMLZEEBRA T « 6100 A FHET (Parr 24
F]D) \ SA223S-CW R R (B2 RFITRFEA
O CERD HRATD « 101-1A e HGE KT 1A
G B RIMUARE R A A« XL-1 #8 mil
(P B RO A R 2\l ) . 2400Series 11
CHNS/O JCE MY (PE A « 3012H ZUHH4y/
JHAAHTA G 08510 S B AR FTT ). KM9106
ST (HEEYLE AT 6 mm fLAATT (2
YFETR] DL B (0~1200°C, -

RIS AR A FSR I B T et 7T IR I
PB-20 Fd /=4 5 SORE 0k b e 26281 ik ST R
15~25 kW, k22300 W, KHL25W, HERFHELHL
25 W, TEHHENL 15 Wo WK 1 FR, ixBRkeds A
EERRR, Bk, KBL. TR R ER
ML AL TR b7, Rk # s 5 PR i
B, EhAm ) A, sk kR XL
e T T VA R A A ) 2 B n ] T AR ) SRR e T
P G AT I .

1.2.2 RX¥T+4

AR AT AN RN BB ARS CT

AR BT BE IR IR GB/T 10180-2003) P

RIESTIRE v o5 b 6 P2 L e, il 2 fn

o AEP TR A T G A AR ke

AR AR R G L S 2 A i R AR IS, xR

JFURTRLIA S & (R GE 175 Th Z Bt A TR 4y, x4

SR R EE H AR « 1 v TR S A KU R

0,/CO EZMRBEVERE TS HAT R ML B,
R 2 NIRRT S HL

152 NE Slag spiral  2.7%%1% Blanking tube 3.4%| & Control box
4. XML Fan S35 HE ML Slag motor 6.7 K %2 Igniter 7.JRME=E
Combustion chamber

E: 5l A% 3CR[26-28].

Note: Cited reference [26-28].

B 1 AR E

Fig.1 Biomass pellet burner
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SN
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pipes

1./ K 22 Tgniter slag spiral 2. XAl Fan 3.5 HLHL Slag motor 4.k Jf
{1 J&2% Flame sensor 5.4/ B {4 /4% Temperature sensor in furnace
6. H 7K i 8 A2 18 8% Temperature sensor in water-outlet 7.3 7K il & A4 2%
Water-inlet temperature sensor 8.ff ¥R /K it /4 /& #% Circulating water
flow sensor 9.35HL Computer 10 AVAZS S ILFEFL KRS Temperature
sensor of air into the furnace 114738k Jif4/& 4 Flue pressure sensor
12.HENHIR A4 38 Gas-in-flue temperature sensor 13.C\O\N\S f&/&2%
C\O\N\S sensor 14. 14881 AL Feed motor

T 5l HZFEIHR(32]

Note: Cited reference [32]

B2 AHFREEEREFETER
Fig.2  Diagram of biomass combustion
equipment-monitoring platform

F2 RRPFEMNLHATSH

Table 2  Main thermodynamic parameters
HITSH ML AR 1T

Thermodynamic parameters ~ Test sensor/instrument Remark
MoK IG5 5 Gl(kgh™) ik AR AU BEKE 1m A
POKEIF R FE 1/ °C PT1000 FA a5 HKE 1m A
PR Bty KR 1./ °C PT1000 AR HKE Tm K
IREHFER B/(kgh™) AT IR E
HAAAE Q/(kIkg ") Parr 6100 BT AR M
P Gu/(kgh™) W EFE

XL-1 48 & & il pr .

SA223S-CW T3 KT
KM9106 {53 HT 1%
KM9106 MH< 43 H 1%
KM9106 MH< 43 H 1%

W AR R C/%

HENHE 1 m A
HEMHEIE 1 m A
HEMHEIE 1 m A

HeH AR RO, 5 5 RI%
HAHLL O, T 0/%
HEMRAL CO &7 El%

NI SURBE 1y C PT1000 FAH AL i
HERRIELEE ¢,,/°C PT1000 FA AL HeAHIE 1 m Ay
IRBE S HE Y EIRE 1./°C PT1000 HhAg HLAE

e SIAZHEIMRB1,33]; RO A Y, — B CO, 5 NO, B il
Note: Cited references [31,33]. RO, is dioxide, RO, =CO,+NO,.

1.3 REHZE
1.3.1 MR pkpeds s

PB-20 FAW) BRI B e s W F Ty 15~
25 kW, JITLARERREURIIY 2 R 3 Apdbkla, b
3. 4. 5 kg/h, FUORIBREHR I AW 3 Fross X
WU 70 0~9 55, 1E5Z 3, 0~2 800 r/min,
5 QUL REE DN, ANEH T IEE SRR, wd
AR IRATRIN, T HES R AR, R
WU, W Sl 8 SR R HCR AU, Rk

BT 5.7 M9 63 B, J 2 600, 2 700,
2 800 r/min, i 33 A LHLIK.
F3 5 MEALAREERIEMAIIER
Table 3 Theoretical input power of 5 kinds of pellet fuel
AN FIERE R (B RHA Th

WUk Gh Theoretical input power of 3 kinds of feed rate/kW
e 3kgh?! 4kgh’! 5keh?!
1 9.58 12.78 16.00
2 11.28 15.04 18.80
3 12.27 16.37 20.46
4 12.63 16.84 21.05
5 13.93 18.57 23.21

FERR T 00 B IAR,  Tv HHLU)AE SR ek R
Z IR, BURBEIR I LF T o0 R B F ML R
EPLE 2t AR e IS, JELLIR 1 he

BERE 1 min DI S HL, 00 A HE R R
15 min &5 1 K.
1.3.2 MR A B4

I TFAERT, B PR BE T, 45
HE, A PRI AR R, B AR K
Jts, BTG, B IEAE SR P Gk E R R,
FRE A T o P40 AT BE ok 2 /N1 100 H
R AC, BT i I U AR TR 5 1
2 HEEIEFR

BRI T PEBE IR BRI B R, HSRVP
FE P PERE . BT B SR R A A TR e o
RARE, TR ECESR T M BE, ARG
AE o A SCHCHE TR AR B TP RS 56 R
GB/T 10180-2003) DU 15 2 SR B g8 (KRB % |
LA R B IR R ARSI, SR oA AT LA
B AN [F) 2K 5011 B RRELE AN [A) AL % 3R i R etk
BRI, TR 38 I E R bE 2 S ok le
Gttt itz %,
2.1 BRERMIE

iy &SGR TE & B BN (EL R GRS
SRR, KRR T R S B R

n=100%—(q2+q3tq4+qs+q¢) (D

sy AIRERCE, % g MHEHFAIRR, %; ¢;
NAEARTEEIRBEIBUR, %; qu NEAARE R
PRI, %; qs WEHIRR, %; qs MK
PR, %o

o gy HEAHBGEL 2 32 B0 5 HEAR E A S,
WIE 2RI, HERIEE AR RS Bk e, gs B
PR FIRE L AR e, T A% LE ¢,
Al gso BRBesRBERR AR (2):

n=100%—(g3+q4+qe) (2)
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2.2 IRk
2.2.1 AKRKRZTAMBERIRE ¢;
q3=(1=qa) X Vg, X 12636 X E/Q, X 100% (3)

A v WHEE TSR], mikg; E b CO FE
R, %; O NEABE, RUEALA MR, kikg.
2.2.2 BEHRARTAMBEABE q4

gs=[ar X C/(1-Cr)+ ap X Cp/1-Cp)] X

32866.4 X A,/0, X 100% (4)

X, AW KR B KR A b, S
AP E AR G B K, Y% Cp NI RTIRY)
i, %; ap N CRE RS BIKEE S, AR,
%s; Cp k) CIKATIR i, WARLAH, %s A, AKX
EE, %
2.2.3 REMEHIMK g6

q6= ap X ()X Au/(0,X (1-C)) X 100%  (5)
A (e IRy, S ARG, R
FEAR N 200~300°C 2 1], HrE ks B4/, klkg.
2.3 UEFREH

BRSNS R o HERIIEAT R SERR R I R E
B m A, Ay

0=21/(21-79X (0 0.5 X E)/(1-R-O -E)) (6)
X 0 K O HEHRE, %; R A RO, (4 A4LY,
— M CO, 5 NO, B2 A HElE, %.
2.4 MHLHER

DR HEBOR B, ISR

T 5K B A TR AR R 6 (1) AF 5 ¥ e
YIHERChR e, IR (B KA is Y HE O v
GB13271-2001) P4, BEHL [ 4R 0 KU SEAR 1 1 HE
PR, PRESSLHTANHLIX b —2KIX, IR 2 s e
O A 120 mg/m®, HHTERRE CRRKR S ) 4
1 2.

Wit FR 2 AR, SRR L R . BRXT
b A A T UL BRI O A1, AR HE 25 T FA 45 2% 1) B
B, SRR A SE AR U AR SE 4
PRIGEIIG . IE IR 3 PP R, R
I3 BT A R R

3 HFHRE5H

3.1 A[EIFRL A BRIGE HIR K 5 4
30101 WUk 1 A9 RBR M AR AR AT AT

RIGRIL, FORL 1 AE IR S2E XL,
THE WA, BRI RERFEEE 1 h LB, B
PORE IR, ARefee il &3k, Y15
BRAE 60% 20T 50%, HEEREL 5 kg/h KT
LT, BRKEZ) 15 min BIAEK, WA E . J5U A
SR 1 B TR KIREE (24.41%), KAEAR, B
e AL G 2E, ghE M, A KIGARERELE,

Wi 4 FroR. Xy IR A8 - AE H T &
IO IREL, T BT IR e 2 4544 o
3.1.2  BUE 2 69K BRMA AR AR AR AT

TOORE 2 AR (135 v F AL N 3 t/min, )3 45 (1)
Wi ) 23500 k. BERLE 3 kg/h, %% 5 s/15F 40 s; HER}
4 kg, #5 s/535 s; BERIE S kgh, 5 s/
1530 so MURE 2 19 9 Fh LA RWER 4 o,

I R R, UKL 2 7EREEL 3 FT 4 kg/h NI
PRBERCR 5 YILE 90% AL, ELAS [ JRUH L% 1 I A 2
AR HEEE 5 kg/h (1) FEEE] 70% /047, HBEXAL
e AU TN 5 0

HERE 3 AT 4 kg/h SRR TSR RIR ¢
7E 0.10%~0.27%2 0], HidHEZSHRE o & 1.48
DL L, SHEPRHRVCHCE LR, S i . HEEL S kg/h
(1) q3» 042 18%LA b, 2R RAE T bkl i
o 7E 0.92~1.13 28], S mU BN, 5H0R%
BEZ HBEREA TS, IS H CO S ifmem, it
M3 AR i AR

HEEL 3 kg/h ZEFEIE 2 800 r/min I, [ A A 5¢ 4>
PRGEAIT I qu A PFTIGC, AT RESR R HE kL D,
TR, K 50 2 R EBR doe R IR RIORE AW R 1
TE K R ARSI . ek, HEEL S keg/h (1)
g4 {EFETH 2 600 r/min I, T HoAth 2 Rkl 4%
b, HLRf A 2 1 d N o B PR HERL K,
HBORLRLS I by, RS e R & A
A, A A, PR Z MK i, W)
AR ] S BT A (PR T, 7 g FFF.

RIURL 2 B BE P PR g BEARE e, BERL 3
4 kg/h BILE 0.05%~0.08% 8], HEEl5 keg/h 1F
0.08%~0.10%2 8], EEREF K EREE K.

WAL 2 FEHERL 3 kg/h IPIH AR HEBCGRAR =1, 8
2800 r/min I, ik 393 mg/m’. FkL 2 K4k, [A
INFERL 3 kg/h INRBEAR R 58 4, IK 53 45 G B /N
KKK Z, HEAIOH OKHE, S BUREA R,
UK Jers WK 2, Sl ICAE IR TE s I I g 2
Bo HERL 4 1S kg/h B AR CRE R A [ K
He bR HEZ Y o
3.1.3 Bk 3 MR RIS AT AT

WIURE 3 BREEI P LIS R 3 t/min, 45 (H]
WIS TR 23 90 k. HERLE: 3 kg/h, B 5 s/ 60s; 3K}
i 4 kg/h, ¥ 5s/555s; HERLE 5 kgh, 5 s/45
50 s. Hki 3 [ 9 Bl LWLEE RUNE 4 FioR.

RIGLE R TR, B0F S, ARG IR R
KN s, HERE 3 F 4 kg/h 18 7 BILE 90% LA
by BN I AN, JERE S ke/h 1R g B
K4, 7F 85.01%~87.76%2 [ .

WORE 3 (1) o (357 1.45 VL E, M TR T
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DU AR ISR 2 f R IR, B R DA E T 0k 3
fe2E e R AR S RS S M. 3R]
w3 fMakgh W a¥) KT 2, HgsfE 1%LLF, Ut
B A SRR LA UC S . HERL S ke/h (1) o MIFE
1.5 Zifa, MR ER D, g3 6 3% A4, bk
3 R4 kg/h FlfEr, (HAREW p MEZERE.

HERL 3 kg/h B, qa BEEE I DN, BROA
I, ASEN, BEMRREE e sy, K]
WY R, S T . 2Bk 4 kg/h 7E
B3 2 700 /min B, g, A HTRAR, WA RGZ T
ORI EEE R 5%, B ER L 0E 2 700 r/min
A T R 5 AR T3 3% 2 600 F1 2 800 r/min
i 7% 2547, A RESETE R e B rh i v W Lo
AIesh, HHERZ R RPRR Y . bk
5kg/h 1) g4 E 10% R, B & T30k 3 Fil 4 kg/h,
IERS]iik SUS NN RN RS ek o S S (G N o
SEMIIRBERCR AR BN o ] REJR DAL Bk
IR, M2 EA, [ kS8 A 7
gy, FEUREA TSy, KBTI A
P

3 FIHERHE ) ge YITE 0.04%LL R, 8l T
LR IR S, AU ) B AR R AR 38 A Y
N

AL 3 A s TSR AR S P SR A L S
K.

.14 B 4 69K LR AR AT

WKL 4 BRBE TC TG . Bk 4 1) 9 Fh i gh
Rk 4 o,

R R oK, BEEL 3 kgh i, g fes, K
& 4 kg/h, FEHIIE 95%LL 1, #EkL S kg/h B, 4
4 N ST T RER- A ISy Nl LS S N BN
M 86.91%I4 1 21| 96.45%.

HEBL 3 Al 4 kg/h () a 76 1.2~1.7 28], #EXE
FLEGE S, BRIt sE4s, CO HEUE N, 1T g3
BINT 1.5%, (R RBLER AR A0 L i s/ o 1
HERL 5 kg/h 28634 2 600 r/min A5 2 700 r/min
N, g R, FermikF] 4.29%, B KRS B
FHRE/AN, FIORL I AT AR o R e AE AN AR 4y, ik
2 600 r/min B 1723 S0H /DN, 55 1] e e i i TR) 1<
CO HEUE /> T #5332 700 r/min, 11%%3% 2 800 r/min
S EH R, CO HsUE > TH#Eid 2 600 FI
2 700 r/min.

EEXF gar HERE 3 I 4 kg/h IBEAABRER 704, K
BN, KERIIE RN, g KT 4%, TRk}
5 kg/h 7EFEIH 2 600 r/min I g4 15515 9.88%, /i
FZ T8 7 A 86.91%(1 = 2R ], % T3 K
9 0.226 kg/h, HoAl T80 ) K =AY 0.04 ~

0.05 kg/h, WHEFHTHURL 4 Ko S8, Bhleid
PR L TEA SRR, THREE, Ky
Sk A IR AR URR T4, 0 PR v e S R A O
75, FAMBAT T R e ARG R, B KT
IR, AT AR B S AR ] RS AR

3 FHERHE) g BRBERL 5 kg/h 765533 2 600 r/min
INF7E 0.03%4h, R THIIE 0.01%LL T, 4T
WKL 4 IR & =

WRL 4 FEEL 3 R 4 ke/h O ASIE SRR &
[ K HE b, Fodr, Bk} 3 kg/h ZEF%3E 2 800 r/min
B R A RO T B8 2 PR A W 1 B BERA e RS A
faog, HERUERIYIRZ . THERL 5 kg/h AR A HETR
eI Y SRR, MR R O bRA 2 R 2 4,
FERIRER, R KS RN W2, Bk
FHXSATE A, AT R K Z TR
3.1.5  BUEL 5 89R B AR A8 AT AT

WKL 5 BRBEIN TET G . Uk 5 1K 9 BR T 4h
R 4 i,

IREG L5 RN, Wik 5 7EHERL 3 kg I, 5 7E
ANF RALEFE IR T, HERL 4 kg/h 1) 5 M Bt 4 i 438
KAt mr, 3k 5 kg/h AR, (HBAE 91%LL I,

[F) A AR K RORL, - HLIR e 2808 AH 25 AN 2 (1 4 Ol
T, XFEEE 4 kL 5 AR 4 (PR BUE, K
L, WKL S 1R g3 TEELRURE 4 (MR, R AE R DR ks
5 PSRRI R/ HAR, BONAAEL, AUk 4 FT
ORI, BELERRIE 1 N IO BRORE 5 22 S i 1) B
Iy BRI .

[N, HEBRAN A T, BURL 5 (1) qq BEAA LU TRE
4 By, FEEHBAE TRORL 5 1 SR URORE LE AT
4 KPR RN, R PR SN, A7 SRR
RICIRIGE A R AR 1T, MRS, A4S K
TR & Bk 80%~90%. BER} 4 kg/h £ 34 H
2 800 r/min I ELiFER} 3 kg/h 7R3 2 800 r/min I 1)
n fE e B TR 4 kg/h B 3 kg/h HER R
%, IRAEHERCTRROR 2, R (R k) /0 1 gk
Bl 3 kg/h, 53 qu BN L, ERRBEIE BRI R
I AT LERRAE AN IAF B ()42 194 SR AL A o

WKL 4 F1 5 ) g ¥ITE 0.03% LU, tHIE35 T &K
FrEAEE .

WKL S IME AR HE SR B, JERL 3 7 4 kg/h 1)
o R IR s 2T I S I v R A G R4 N b T
40 mg/m’ iy . (HBEEL 5 kg/h (02D s, MK
BN 2 g, HIRKFERR 4 EEEL 5 kg/h
—FF,

3.2 FEIBRIARI M E SESHB S T R &R
1AL S FRERIRENE 3 X3 Bl L USRIk
BRI, BINPRRZE =K, 3 ASIE, W
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A B B SR, s T . kA
WTPEREIRIGHURE GB/T10180—2003) B th 4%
B RUER B AR 69%, AN SLH LRI
PRI, AHE T B b AR v (R HE R i 2k
MUK, RS A ()M AR5 R I SR 2R AT 4
ORI B2 140°C o SHEH AR N 8%, HIHh i

Kk 2.9%, TR RGN, THE A
PRGE B IRBEBCRACT 70.9% W AT A hnite, M HE
ORI 7 S A A ORS00 6 A ) 5% b v Y
(120 mg/m’, A RIE 1 4 BT,

RIS 25 I, Ui Hh PR i s i 2 50,
M%S%mo

R4 5 FBRARIEYBRIR I REHEARICE

Table 4

Performance index of 5 kinds of pellet fuels

BERH Feed rate 3 kg-h™!

iR Feed rate 4 kg-h™! BB Feed rate 5 kg™

AL PERESTA S e HE i i i
No. Performance index Speed Speed Speed Speed Speed Speed Speed Speed Speed
2 600 2700 2 800 2 600 2700 2 800 2 600 2700 2 800
rmin’ rmin’ rmin’ rmin’ rmin’ rmin’ rmin’ rmin’ rmin’
IRBEBE /% 65.66 63.74 64.23 50.51 49.87 50.28 - - -

1 M HEIH (mg-m™) -- - - - - - - -- -
TR 2 - - - - - - - - -
MEFTHRZY o 1.83 1.97 2.13 1.48 1.66 1.73 0.92 1.02 1.13
SRR TERBEIIUR g3/% 0.10 0.24 0.27 0.26 0.23 0.16 18.29 19.37 19.59
[ AR 58 R AAR: gu/% 5.15 3.28 8.17 7.25 6.3 6.69 12.99 7.80 6.86

2 WA ERAAR g6/ % 0.07 0.08 0.05 0.06 0.07 0.07 0.10 0.09 0.08
AR /% 94.68 96.40 91.51 92.43 93.40 93.08 68.62 72.74 73.47
JHARHE U (mgrm®) 198.0 186.0 393.0 74.2 78.5 86.1 80.1 75.8 77.7
I S 4 2 2 2 1 1 1 1 1 1
MEZFTHRZ o 2.68 2.76 3.07 2.07 2.11 2.86 1.45 1.60 1.80
FRR GBI R g3/%  0.55 0.57 0.70 0.14 0.05 1.00 3.12 2.74 2.55
A A 58 R IABUR: g4/ % 5.83 2.90 1.86 4.92 7.09 4.18 11.84 10.75 9.66

3 WA ERAAR g6/ % 0.03 0.04 0.04 0.04 0.04 0.04 0.03 0.03 0.03
WRBERR /% 93.59 96.49 97.40 94.90 92.82 94.78 85.01 86.48 87.76
JHAHE U (mgrm ) 75.9 60.0 82.3 70.0 69.4 65.0 87.0 90.0 104.0
T SR S 1 1 1 1 1 1 1 1 1
2R a 1.50 1.53 1.69 1.24 1.28 1.29 1.04 1.06 1.10
SRR EIMPEABIR g% 0.74 0.76 0.91 0.89 1.31 0.40 3.18 429 0.98
A R 5 R IBUR: g4/ % 0.22 0.29 0.71 2.43 3.5 1.25 9.88 2.26 2.57

4 WA ERRATR g6/ % 0 0 0.01 0.01 0.01 0.01 0.03 0.01 0
WRBERR 1/% 99.04 98.95 98.37 96.67 95.18 98.34 86.91 93.44 96.45
AR HE (mg-m™) 114.0 96.6 183.0 79.2 73.8 60.4 154.0 136.0 162.0
JHA RS 1 1 2 1 1 1 2 2 2

2R a 2.03 2.17 245 1.44 1.49 1.52 1.21 1.25 1.33
SRR AEIMPEABIR g% 0.09 0.12 0.16 0.08 0.20 0.04 2.52 2.11 2.09
[ AR 78 A RBE R R g4/ % 2.10 2.06 1.99 3.70 1.40 0.13 6.05 3.70 3.50

5 IR q6/% 0 0.01 0.01 0.01 0 0 0.02 0.01 0.01
PRIEUEE /% 97.81 97.81 97.84 96.21 98.40 99.83 91.41 94.18 94.40
HHAHE U (mgrm ) 45.0 39.0 42.0 68.0 64.0 48.0 165.0 180.0 142.0
JHAC R S 1 1 1 1 1 1 2 2 2

A K B T X

Note: ‘—’ is meaningless, because the test time is too short.
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Fig.5 Control parameters recommended for burner with
5 kinds of pellets

R RSt

T TR . g NN PRIE 2876 R
B bR KU e ERACR
%i*;  Feedrate/  Fanspeed/  Slag speed and time .

0 T efficiency/
No. (kg'h™) (rmin™) of turn on/oft/ %
(rmin”, s ’

1 J— J— J— J—

2 4 2 600~2 800 3, 5/35 >92

3 3~4 2 600~2 800 3, 5/60~55 >92

4 3~4 2 600~2 800 0 >95

5 3~4 2 600~2 800 0 >96

Vi A S,
Note: “—” means that there is no best parameters.

4 FHIRRIEW

BT 15~25 kW AW FUmokiidbeds, AN A
IROTHY S PR R R B, PTAR LA 4518

1) ki 2 (K4 12.40%) HERE 3 kg/h, ki
4 (K5 0.87%) Wik 5 (JK4y 0.32%) fEibkHE
5 kg/h B A EER INHENR IS 983, BRARMH AR IR
PRBEHRE 5 (K 0.32%) IF, o] LA IEE R AD
i, I 5E AR I RIORE R B IR HH 2% 5

2) KAy BT 20% M BRI EHR A 78 07
THARE, R, 48K, STHEX AEH
AN SEURURE SRS 25 s K3 5 500 12.40% 1 TRE
IREHESE S BN BERE 4 kg/h, KWLEE 2 600~
2 800 r/min ¥JuJ, EBIEE KR 3 r/min, F 5 s/
15 35 55 KATME 7.21% ORI 4R 7 35 1 2 44
J bRl 3~4 kg/h, KA 2 600~2 800 r/min,
TEE EAIXT NN 3 t/min, %5 5 s/¥ 60~55 s; K
SHEIRT 1% RURL RS LAk 3~4 kg/h, X
WL 2 600~2 800 t/min, ANFEE NHEH S5,

BB 1) R Ao R RSUR RRJ T 5 A VAN (1)
PRBLIE N PEIR IS ;s 20 6 A=W Uk R BR e 1) 5
WK ER L, BRIk KA. B, JHEHEE,
Iyt WG, R A AR B 2 R G R 1 3 Y
PEs
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2. College of Engineering, China Agricultural University, Beijing 100083, China,
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Abstract: Because there exists much diversity in raw materials, biomass fuel pellet properties, and corresponding
combustion equipment, research to develop the fuel adaptability of biomass burners is necessary. The research
was accomplished on a self-build biomass combustion equipment-monitoring platform. The monitoring platform
has multiple sensors to collect and process data of the burner’s control parameters and combustion state
parameters. Based on the platform, the author used a PB-20-type biomass pellet burner, which is designed by the
Chinese Academy of Agricultural Engineering. The author investigated five kinds of biomass pellets with ash
values from 0 to 25 percent, And tested nine kinds of working conditions for each pellet with 3, 4, and 5 kg/h fuel
feed rates and 2 600, 2 700, and 2 800 r/min fan speed. The thermal performance of the burner was tested
according to the GB/T10180-2003 Thermal performance test code for industrial boilers and the GB13271-2001
Emission standard of air pollutants for coal-burning oil-burning gas-fired boilers. During each test, the water
circulation amount, inlet and outlet temperature of water, cold air and exhaust gas temperature, slag temperature,
0,\CO\NO\NO; content in flue gas, and the slag ash content were processed. The excess air ratio, anti-balance
efficiency, gas incomplete combustion heat loss, heat loss due to combustion in refuse, heat loss due to sensible
heat in slag, soot emissions and blackness of each condition with the thermal performance data of the burnerwere
then calculated. Combined with physical and chemical characteristics of the pellet fuels, the pellet fuel
combustion efficiency change and its causes wereanalyzed, and fuel feed rate and the best match into the air flow
of 15-25 kW biomass pellet fuel burner were obtained. The results showed that the pellets with ash content
=20 percentwere not applicable to this type of biomass pellet burner; the recommended parameters for pellets
with ash rate 12.40 percent were 4 kg/h (feed rate), 2 600—2 800 r/min (fan speed), 3 r/min, turn on 5 sec/turn off
35 sec (slag-off speed); for pellets with ash rate 7.21percent, the recommended parameters were 3—4 kg/h (feed
rate), 2 600-2 800 r/min (fan speed), 3 r/min, turn on 5 sec/turn off 6055 sec (slag-off speed); and for pellets
withash rate <<1.0 percent, the recommended parameters were 3—4 kg/h (feed rate), 2600-2800 r/min (fan speed),
without slagging. This study summarizes the burner’s control parameters for the biomass pellet fuel, and provides
data support for the promotion and application of the pellet burner.

Key words: biomass; fuels; combustion; biomass pellet burner; ash; feed rate; fan speed; fuel flexibility
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