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Design and Experiment of Straw Shaped Fuel Stove

YU Lei
(Heilongjiang Academy of Agricultural Machinery Science, Harbin 150081, China)

Abstract; Biomass pellet fuel made from crop straw has the advantages of convenient storage and
transportation, high combustion heat efficiency, and can be used to replace coal as the main energy
source for cooking and winter heating in rural households. However, the combustion of biomass particles
will emit a large amount of nitrogen oxides. Currently, biomass denitrification is mainly used in large
industrial furnaces, and there are basically no nitrogen oxide treatment devices in rural household biomass
boilers. Based on the combustion characteristics of biomass fuel, the structure and key combustion
technologies of a special stove for straw briquette fuel were firstly introduced, and then combustion
experiments were conducted on corn straw briquette fuel. KM9106 flue gas analyzer was used to measure
NO, NO, and oxygen content in flue gas during combustion. The results indicated that by changing the
air volume ratio, intake position, and inflation angle of the two winds, different air pressure jets were
formed within the furnace to strengthen heat and mass transfer, ensure burnout effect, and effectively
control the generation and emission of nitrogen oxides during the combustion process. Analysis of
experimental data showed that when the ratio of primary to secondary air flow was 3: 1, when distributing
secondary air by air pressure jet formed by disturbing flow, the straw shaped fuel had the highest
combustion temperature, sufficient combustion, which can meet the requirements of efficient and clean
combustion, and had high promotion and utilization value.
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stove structure
LR 20kENME 3. 2SN T 4. wKIEHR 5. W84
6. BETH T AN 8 RANMIT 9. AN

(b) FIARE
K2 pkaitgmns g’
Fig.2 Schematic diagram of furnace structure
LoE 2. g kp 3ohipse B 4 PR T SRR
Bt 6. il 7oA T 8. ARME 9. sAR I 10, sEAR I

W T S5 A SEP T 1 G B PR



BT

T FEAT LR BT 5K 5 353

PEATHES , IR B SR B I RO A A7 B 52 AR T Al
LA 1R S BUFE 2458 AL T Ad e

2 XEMERA

2.1 TESGRMBEREAR

7 R B9S2 5 — R KU R KL e L B A e
B S Iy AR R N IR B KU S .
I A R ARG | XL A AR T R R
i )2 O i R R AR Bl R R o XU IS FE T
T, — WA T 50% ~70% , — R XX LT 30% ~
50% , 4 Z XL 9 A b BRI A B A B IR R
JZ 5 — UG A /N B, AL 0.5 m/s , ZRXURL
R KR, AME T 10 m/s, W A8 B 5k 5 KUR AR &
S ABE 7, SR JH P A7 sl o i X, G R RS 2 K
L A 2 ~3 kPa, Jf H— (IR KUS W] BB TE b b
B A, RN A R ERE ), R
SE AN SR P2 , DL s Ak A BT A% 38, 1 DR JPRRE F A g A
NO, Bk be 543 B2
2.2 HDHEBEBMBEHEAR

T R)Z IR AR BB 3 JR S R ) o )2
ATERR BE o B b A AR AR ALY iy R S HE
o AL PFRR 2 R REAR . TAEEAE
— G (UO) KNP FE A, SRR AT KA BE, — .
SRR KA LU 2R 2 A B 7 B AR = T
B2 )7 25 SO )2 B ISR B 1Y iB B
PEL TN Iz Z RS 1 ARSI AT R M AR Ak 2k A
P R RE R . BRI HR B R = KRk A
Pt R ok TR 43 B B 58 . G, 200 U
RERET5% , i d'masARBNT 1 WEHEA
Pt (R b T E B R AR AL, B L E i M A
T B AR NO, (9 Az il i, 0 X380 R b X . 4R
Ja B A Y A RO A B BE AR O e O A
P I O S SR ECR T 1, KOk TR RE AR X R
ik, NO 9 Az it ik 2 o % T 25 40 JOR bR e AR
&, U A G K L ) AR Ak TE XA R S B
ik NO HE ik i OG5
3 XEIMEFIZIT

ARG TS AR A LT Bk T T A% 4 )
AT SR 3 [w) JE] ) SR BB IR TE U i 8l . A A 2F
220 R 15 B T S I G LR 5 0 Ak R L A B 2 Tl
AW A BT AR Bl RE A4, TR B I R 14k ) R A AR
s,

SRR R AR A B A IR E N
AR B I 52 B 2, B U R E B it , 78 5 BE
MY BRI BB 0P AR A A — ek

BRI R, EEAE R UGEE NS
PRI SRS, 9 2 SRH o, 9988 Sl AR e P, AT
fe i R B RE

ARG SR 55 30 R A B O AR e B i B AR
BT T — A BOK e R R XU (B R
SRR TR I E i Bl BT A ) 1 O B R R
R A, B AR S PR R e I 1) NO - HE T Y £
TE o
3.1 PRI ER IR

P — A 5 S XU AL AR — T KUBIL L Rk
PE UL AT — 0 I IR RE e 4, — W I UL o 4 5
PR U 3 2 R, — KL (& TR e KA 2
97 m’/h) AP HHE T 7 16 AL ZE B IRRHZ , 5 0
AR B P

TUURE AL S A B AR A A AR R R
Pic KR B IR, KR B B 2oL, B R
R B A B T o e E A B R K
IR I S, JIEE T 2 i 0 72 T 4 XU L,
B 3.4 I, 0 ) S e B MDA 2

B3 5 F— M B I AR A R R
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Fig.4 Schematic of spoiler component of household

integrated furnace
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Fig.5 Schematic of jet component of hot water stove
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Fig.6  Schematic of spoiler component of hot water stove
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Fig.7 Sketch of jet component of hot air stove
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Fig. 8 Schematic of spoiler component of hot air stove
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Tab.2 Wind speeds of household integrated furnace

under different air pressure jets m/s

T R
FATT 1 2 3 4 5 6  HH
E7/Ri 2.3 2.3 2.3 22 23 23 228
S 22 2.1 2.2 2.2 2.1 22 217
Hil 2.2 2.1 2.1 22 20 22 213

®3 PRA—GPRRRESETHXE

Tab.3 Air volume of household integrated furnace

under different air pressure jets m’/h

ZIRR At
LIV 1 2 3 4 5 6 MM
E7R/ 23.2 23.7 23.5 23.3 23.4 22.9 23.4
S 23.1 23.4 231 21.8 23.5 22.5 22.9
3 22.7 22.5 21.9 22.1 22.4 22.5 22.3
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Tab.4 Emission concentration of household integrated

furnace under different air pressure jets

R 0, I SO, i NO if:  NO,Jfifs NO Jis
A P W/ R/ e/ WRE/
UEN (mg'm ) (mg'm™) (mg:m™>) (mg-m™>)
E/Ri 13.9 0 187.7 0 121.5
S 17.2 0 222.7 0 133.8
Hid 16. 1 0 307.0 0 144.7
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Tab.5 Wind speed under different air pressure jet

m/s

TR R i
FF AT 1 2 3 4 5 6 B
E7/Ri 9.1 88 88 9.1 9.1 89 897
S 8.6 87 87 86 89 84 8.65
Hid 6.9 7.2 65 62 7.0 68 6.77
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Tab.6 Air volume of water heater under different

air pressure jets m’/h
R At
A 1 2 3 4 5 6  HH

iR 126.2 122.4 126.5 126.4 123.6 124.5 124.7
S 111.6 112.3 110.7 114.5 110.2 111.3 111.8
REgi] 95.5 90.3 85.9 96.9 94.2 98.3 93.1
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Tab.7 Emission concentration of water heater under

different air pressure jets

/¢ 0, Ik SO, Jit NO ffi NO, [ii No‘ﬁﬁ
2 N 3 > o

A e g/ e/ e g/ wepBEs
\ S E/ % ,
VN (mg-m’z) (mg-m”) (mg-mz') (mg-m"?)
k7RI 19.8 0 13 0 26. 4
I 19.4 0 37 0 56.6
FiE 12.8 0 143 0 238.0
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Tab.8 Wind speeds of hotair stove under different

air pressure jets m/s

TR PR
AT 1 2 3 4 5 6  HE
e 1. 1.8 1.8 1.8 1.8 1.8 1.80
ERpi 1.3 1.3 1.4 1.4 1.4 1.4 1.37
HE 1.4 1.3 1.2 1.2 12 1.3 1.27

x99 HBRPRERESETHRE

Tab.9 Air volume of hot air stove under different

air pressure jets m’/h

R At
AT 1 2 3 4 5 6 ¥iH
B/ 97.1 101.1 101.6 98.3 99.8 96.7 99.5
LI 71.2 77.1 75.5 77.5 80.2 73.6 76.8
s 76.3 66.5 64.1 64.8 70.7 62.0 65.6
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Tab.10 Emission concentration of hot air stove

under different air pressure jets

/g 0B SO, NO & NO,Jfise NO Jfif
2 o N . aa 5, .
A 34 e/ w g/ W/
. O % .

Jr X (mgem~?) (mg'm™) (mgem~>) (mg-m®)
IR 19.8 0 52.5 0 81.7
S 18.8 0 62.0 0 96.0
Hil 19.6 0 70.5 0 108.8
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Tab.11 NO, emission concentration and converted concentration at different ratios of primary and secondary air volume

— KRR L] 203 Bt/ kAR e — WK He ] 3:2 — WK ] 31

Wi/ NO R O, fRBU FEE NOJREE O kBl HER NOJREL O, kB M NOJRA O, kB TR
min W/ gy WIRES WE/ Ay BB WE/ g B/ WE/ ARy mIRE/
(mgem™) % (mgm™) (mgem ™) % (mgm ) (mgem ') % (mgmT?) (mgem?) % (mgem™Y)
5 61 15.8 140. 77 45 18.2 192. 86 51 18. 4 235.38 55 17.6 194. 12
10 85 13.8 141. 67 68 15.5 148. 36 58 16.9 169.76 81 15.5 176.73
15 95 11.3 117.53 65 15. 4 139. 29 70 14.5 129. 23 65 15.4 139. 29
20 28 18.7 146. 09 102 12. 1 137.53 82 11.9 108. 13 90 13.4 142.11
25 90 13.6 145.95 82 13. 1 124.56 96 9.6 101. 05 74 12.6 105.71
30 104 10.2 115.56 124 8.8 121.97 127 9.4 131.38 72 11.4 90. 00
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