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Analytic result of main components of biomass briquette

Jiite /081 quality percentage/%

AR TR ITRE T Content of air dry element/%

TSR A Air dry

MH Project A ﬁ%} . e i Cad % Had % Oad B Sad % Nad % Pad # Kad heat productivityQy../(kJ *kg™)
Water ~ Ash  Volatiles Fixed carbon

FEFTF Straw 497 1386  65.11 16.06 3832 506 3354 011 063 015 11.28 13 681
FKRFEFF Maize stalks ~ 4.86 593 71.15 17.75 4217 545 3786 012 074 260 13.80 14 867
RS Sorghum stalks 417 891 68.90 17.48 4143 525 3746 0.0 059 112 13.60 14 441
FAK Weed tree 521 345 7638 14.96 4786 598 3544 0.6 094 150 838 15 346
AEHETE Peanut shells 643 379 6820 21.58 4956 621 3466 0.0 124 015 926 15 844
HAVEVTOTMH Average 513 7.19  69.95 17.57 4387 559 3579 0.2 083 110 1126 14 836
HH Bitumite 8.85 2137 3848 31.30 5742 381 716 046 093 012 0.10 24 300
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Note: 1. Feed hopper 2. Furnace 3. Frontal gas chamber 4. Frontal arch tube
plate 5. Drum 6. Screw smoke tube 7. Rear arch tube plate 8. Economizer 9.
Taphole 10. Header 11. Burning layer 12. Heating surface 13. Down comer 14.
Chain grate
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Fig.1  Structure figure of biomass briquette chain-steam boiler
VR RTB R A, (RS B AR R R AL
& LA AR A — ORGBET T, B2 1 B R A
et . B RN B/ PR U AR A AT —
AR, A ) SR HE AR W BE R R TE R HELL T, £
UES A2 HE O ) R R MR RLE BITE bR B R F 4t
TUEAR 5 o ORGSO A ZE R ], (B ) ey v A P
P AR SR s PR ), IO 1A AR DR HE 0, 9D T )



1

T LA AW SO ORHE 25281 A I 245

71,3t Hal Al THARECR S 1 fmdr iR
22 SHPERNSEEZITRITE

ARSI B A W SRR AR 2% 2 TR P SR R R
WREZER AN 2 iR o SRR HER_E D7 ETZ R A
ARTHE R HERR L, At B AP RE S A R, R
75 058 1] ) A B A BB At R S MO P i 1 S )
MG, BT T 6] DL et S 2 ] S S A
HETO, B A s Bt (RS 3 — ke, Th RS Bt 2 [h)
AT 5 IR T A0S A 8 1] ) R FE B
A i S5 A s =3 PRI — A % . AP BETTRESE
HEA D HE S P RS  HA N S 1 SR
BERCR BARBER e, At A W B b i e h BUIK 45 i

[t

TE: LEEASDHE 2.— UK 3. 00U 4.t 5. 55— Hhbe % 6. 8L 78000
1] 8.7t 9.5 —IhBE A 10 /5 HE 1158 = HRBRE 12 5 0 13

Note:1. Chain grate 2. Primary air 3. Secondary air 4. Frontal arch 5. The first
combustion chamber 6. Arch crown 7. The flow of flue gas 8. Middle arch 9.
The second combustion chamber 10. Rear arch 11. The third combustion

chamber 12. Furnace rear wall 13. The exit of flue gas
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Fig.2  Structure figure of biomass briquette chain-steam boiler
furnace
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Note: 1. Water-cooled wall I 2. Water-cooled wall II 3. Convection heating

surface 4. Down Comer 5. Screw smoke tube convection heating surface
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Fig.3  Structure figure of biomass briquette chain-steam boiler

heating surface
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Note: 1.Chimney 2.Dam board 3.Entrance of flue gas 4.Settling basin 5.Cleaning
door 6.Exit of flue gas
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Fig.4 Structure figure of biomass briquette chain-steam boiler
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Table 2 Test results of biomass briquette boiler

JUH Project

BAEAIE Data source FEFF Straw  EKFTF Maize stalks =5 28T Sorghum stalks

IS E I K PR Received heat productivity/(kJ - kg™)
i HZ8Y R Rated Output of steam/(kg*h™)
ZEIRILE Temperature of steam/°C

ZEVE ] Pressure of steam/MPa
B I A

Boiler positive

ZETUE Enthalpy of steam/(kJ *kg™)
heat balance 257K Temperature of supplied water/°C
257K T Pressure of supplied water/MPa
257K %% Enthalpy of supplied water/(k] *kg™)
FRRHISFER Consumption of fuel/(kg*h™)

H ISP Balance efficiency of Boiler/%
HEARIRE Exhaust smoke temperature/°C
HEMAL 11 7625 SR EL Exhaust smoke excess air number
Ptk & i Content of carbon in slag/%

A TE R Be it Je CBLER Y T B &I b 1 [T ACAS 58 448k
B2k )Heat loss due to unburned carbon in refuse/%

B 4 O

Boiler negative

HEFA K Heat loss due to exhaust gas/%
heat balance SMRARTESHRBEI K Heat loss due to unburned gases/%
AR Heat loss due to flue dust/%

TR FIFAIR K Heat loss due to sensible heat in slag/%
BRI Combustion efficiency of Boiler/%

E SOF- 7R Negative balance efficiency of Boiler/%
B dPE R AR 2 Deviation of balance of Boiler/%
HEM CO 23t Content of CO in exhaust smoke/10
HeMArR €O, &3t Content of CO, in exhaust smoke/%

T o
J Boiler HEMH NO, %4 Content of NO, in exhaust smoke/10°
pollution HEMAH SO, # 4 Content of SO, in exhaust smoke/107°
emission

HEH A AR 5 5 Content of smoke dust in exhaust smoke/(mg*m™)

JHAHRAK 2 R EE /P Fume Ringelmann Blackness

Bl 13 498 14 684 14 258
Bl 955 984 976
S 171 173 173
S 0.7 0.7 0.7
ik 2765 2 766 2 766
S 20 20 20
S 0.8 0.8 0.8
R 84.6 84.6 84.6
] 231.6 215.9 221.5
T 81.9 83.2 82.9
] 135 131 134
] 1.46 1.45 1.48
S 9.3 7.8 8.2
T 45 2.8 2.9
HE 8.6 8.9 8.4
5 0.33 0.42 0.46
HHE 34 3.8 4.4
T 0.38 0.18 0.27
T 95.17 96.78 96.64
5 82.8 83.9 83.6
T 0.9 0.7 0.7
] 360 371 386
S 124 11.9 13.24
Bl 125 116 138
S 44 52 47
S +T5 26.4 27.1 29.4
S <l <1 <1

DIREEAS Y I8 b i 1 78 VR i I8 3] 984 ke/h ZRIA
REEIRE] 173 °C, Z87RJES136 8] 0.7 MPa, 0l /& 122
K, AIFE RS MG KA TR B

2)IZER I IRBERR IR 96.78% , 5 Z B MUZ W HEA= )
Jo R TSR B 1 1) 98 4% HL I A5 AT, X 2 R AS [R] B
HELEF4 LI R SRR FE Y S5 3 N 5 2 Y, J8 1 a5
T 4 T S B P R R AR 8 1.49% 48 T+ 22 83.2%, it
X R 2 b HE | 22 b e 8 4 5 45 2 SR B8 1 DEIE , HE
TR 10.6%8% 2 8.6%, A i 5.3%F% & 3.4%,
E 5 251G R AR A R BT B = A AR, Ul A
BtA R

3IZEYHEH CO NO, SO, HHZE & 54351 h 360

10°,116x10°.,44x107°.26.4 mg/m*, H AR A & T2 4
HEER D11 108.6 mg/m® FE R 26.4 mg/m®, BAHHIZEA G JH XL
48 N BRA R BT B AR AR T B A RO B, HL
A B IR LS o

2 % X #
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Development of chain-steam boiler for biomass briquette

Zhai Wanli, Liu Shengyong*, Guan Zeyun, Wang Pengxiao, Liu Hongfu, Xia Xuning, Tang Yating
(1. Key Laboratory of New Materials and Facilities for Rural Renewable Energy, Ministry of A griculture, Henan A gricultural University,
Zhengzhou 450002, China; 2. Collaborative Innovation Center of Biomass Energy, Henan Province, Zhengzhou 450002, China)

Abstract: A special chain-steam boiler applied to biomass briquette was devised through optimum design and performance
test to overcome the shortcoming of traditional biomass boiler which had low degree of mechanization and high pollution.
The design foundation included the component analysis of biomass briquette, the combustion characteristic of biomass
briquette and the main technical parameters of the special chain-steam boiler. The boiler had single longitudinal layout
drum and water-fire tube shell, and its combustion equipment was chain grate. Water-cooled wall was installed on both the
left and right sides of the furnace, and convection banks fixed on the flanks, while screw smoke tube convection heating
surface applied in the drum. During the boiler working, biomass briquettes with certain particle size were fed into chain
grate by feed hopper, and then burning in the furnace. The high-temperature flue gas was generated by combustion flowed
along the bottom of the drum, then entered the convection banks on the flanks through the export of boiler smokestack, and
then entered the convection heating surface of screw smoke tube through the frontal smoke chamber. Passing through
economizer and deduster, the exhausted gas was discharged into atmosphere through chimney pumped by induced-draft fan
finally. Innovation of the boiler was the new structure of the furnace which has front, middle and rear arch on the upper part
of the chain grate to form more efficient air dynamic field. The stability of combustion was improved on account of the
arrangement of the arch crown and combustion chambers, and the combustion efficiency was improved also for the high
fitting degree of chain grate and furnace in this design. In addition, the screw smoke tube in the drum, which may strengthen
the effect of convection heat transfer, could also raise the thermal efficiency of this boiler. For the purpose of achieving to
the national standard, new type water film dust collector was chosen to decrease the discharge quantity of atmospheric
pollution in the exhaust smoke. Experiments were carried out in the pilot plant of Henan Agricultural University on March
2015. Three different types of biomass briquette were combusted to test the thermal performance and environmental index
of the chain-steam boiler. These experiments continued 7 days, and the boiler operated normally 6 h each day. The test
results showed that the combustion efficiency of this boiler reached 96.7%, and the thermal efficiency was 83.2%. The
output of steam was 984 kg/h, while the temperature of steam reached 173 °C, and the pressure of steam 0.7 MPa.
Furthermore, the content of CO in the exhaust smoke was 360x107, and 116x107° for that of NO,. For SO,, the content was
44x10°°, while 26.4 mg/m’ for smoke dust. The test data indicated that combustion and thermal efficiency of the new boiler
were higher than traditional boilers. Moreover, powerful smoke removing function could be achieved by this new boiler, and
contents of smoke dust, nitrogen oxide and sulfur dioxide in the exhaust smoke are low enough to meet the national
standard.

Keywords: vapors; biomass; boiler; biomass briquette; chain-steam boiler; thermal performance; smoke removing



