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Abstract

The research and development on energy-saving model of the hot stove in Blast
Furnace (BF) at Shougang Group is based on heat transfer theory of Hausen. The
balances of quantity and quality of the system of the top combustion hot stove were
studied. According to the first thermadynamics law, the essential principle meant not
only making the few processes reach optimum states, but also making all of the
system keep energy conservation, In this article the energy-saving model was
established on the BF No.l and No.3 at Shougang Group and some positive results
were presented as tollowings:

1.The heat transfer inside the regenerator was analyzed to obtain the curve of the
temperature vs. the height of regenerator during the time of burning and transmitting
blast in the top combustion hot stove in BF of Shougang Group.

2.In order to get the scientific basis on practical operation, the relation ship of the
heat transfer coefficient and burning time, the convection coefficient and the
transmitting blast fime were established.

3.Based on the heat transfer theory, the model on the top combustion hot stove
was established to optimize the operation conditions, as the volumes of coal gas and
air, the theorized buming temperature, the valume and temperature of hot blast, the
temperature of residual gas and etc.. Then, the efficiency of the heat transfer was
improved and the emission of poisonous gas was reduced to prevent the pollution.

4.The application in the BF No.1 of Shougang Group has proved the feasibility
of the energy saving model and the calculation. The efficiency of the energy-saving
model is analyzed and good results occurred.

Using the energy saving model to optimize the operation system, the operator
can master the flow of energy and adopt the operation institutions in time to improve
the utilization of energy. According to the composition of coal gas, the theorized
burning temperature can be calculated. And the ratio of coal gas and air will be
optimized to avoid the waste of coal gas improper operation. Then, the rational
burning time and transmitting blast time can also be established to improve the
efficiency of the hot stove in the condition that the air temperatures can satisfy the BF.
And when the higher temperature of BF is needed, the temperature of air can also be
changed to fit it well.

The BF gas is the most important fuel of the top combustion hot stove. COz, the
main component of BF gas, increases from 18.3% to 23.4% after being burned. With
the percentage of 49%, CO, is the most important part among the greenhouse gas. By
using the energy-saving model, the BF gas will be saved to reduce the emission of
CO, . It is a direct and economic way to lighten the greenhouse phenomenon.
Therefore, the research and development on the hot stove will reduce the emission of
the pollutant gases.

[KEY WORDS] hot stove energy-saving model
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Fig. 2.1 Scheratic disgram of the structure

of the top combustion hot blast stove
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Table 4-6 Comparisons of with simulation and calculation by manual work

i FHRR /T FHETRE /O
5 HWEE | KWE £ Bl | S ZE
142000-6-19. dat | 1098 1016 82 211 265 54
142000-8-10. dat | 1092 1108 i6 235 262 27
14#2000-8-25. dat | 1091 1134 37 233 261 28
3#2000-9-11.dat | 1077 1095 18 232 241 9
3#2000-9-25. dat | 1098 1116 i8 237 242 5

4.3 RILRBIEITER

F4-6. F 47 5Bk 152000 6 A 19 B8 B 10 .8 B 25 H, 3#& 17 2000
#9711 H. 9 A 25 HRALEAT B R IER RIS R .

47 BFRAPRRAEREHER

Table 4-7 Results with optimization combustion parameters

o H WAL % WS | ERW | BRE | #ik

o, | CO [ N, | H | O | 1ER g =B | B

#48 | No'/h | N/ | RE

W5 kJ/ N C

1 | 1#2000-6-19. dat | 16.7 [ 21.3[52.2|1.2] 8.6 | 2817 | 170000 | 104508 } 1218

B | 182000-8-10.dat | 16.4 [ 21.0150.9 | 1.2]10.5| 2779 | 172800 | 107093 | 1227

H1 | 122000-8-25. dat | 16.4 | 21,0 50.9 ] 1.2 | 10.5| 2779 | 172800 | 107093 | 1233

3 | 382000-9-11.dat | 17.0{21.8(52.8 1.2 7.2 | 2881 | 163200 | 104862 | 1221

& | 3%200—9-25.dat | 17.0(21.8(52.8 (1.2 7.2 | 2881 1mm{ﬁM%01ms
i
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At Tholk A2 TREAA 22 Al X

4.4 BEIBHEHARER
FMAALTT RBATIG R, (RPN BT T ZA-BE ) R 10 e £
FTATE, A EE AR 48, BAXIPIRER AT (8] i Rk 2—3 /NI A B 1—2 e,
R R AR AT, e RS TR . RS R RE . BRRE K
TS BITEER LR E 4-9.

49 BPUP LA RAER R A B

Table 4-9 Time of experiment cycle with the optimization parameters

W B | s i Rk i8] #hIE b (]
R ¢ FHh R B Ff oy A
FH 1 4 8: 40 10: 00 1:20 10:00 11:12 112
8 2 2 10:01 11:09 1:08 11:10 12:43 1:33
\ 3 1 10:13 11:10 0:35 10:55 11:55 1:00
16 4 3 10:55 11:50 0:55 11:50 13:45 1:55
5 4 11:13 12:38 1:25 12:38 13.28 0:30
6 1 11:53 13:52 1:57 13:52 14:51 0:59
7 2 12:43 14:30 1:47 1432 15:33 1:01
8 3 13:45 14:47 1:02 14:47 16:10 1:23
9 4 14:20 15:32 1:12 15:33 i7:10 1:37
Z [ 3 16:10 18:10 2:00 18:30 20:10 1:40
16 2 4 17:10 18:45 1:35 19:45 1:08
| 3 1 18:10 19:20 1:10 20:00 21:30 1:30
24 4 2 19:15 20:25 1:10 20:30 22:00 1:30
5 3 20: 10 21: 20 1:10 21:20 22:20 1:00
6 4 20; 50 22: 00 1:10 2208 23:10 1:08
7 1 21:30 22:30 1:00 2245 23:35 0:50
8 2 22:00 23:06 1:06 23:08 0:10 1:05
9 3 22;20 23:35 1:06 23:40 0:45 1:05
10 4 23:01 0:10 1:00 0:15 1:15 1:00
] 1 1 23:40 0:45 1:05 0:50 1:50 1:00
0 2 2 0:15 1:20 1:05 1:25 2:20 0:55
I 3 3 0:45 1:55 1:10 2:00 215 1:15
8 4 4 1:15 2:25 1:10 2:30 4:25 1.85
8 1 1:50 3:10 1:20 3:15 5:15 2:00
6 2 2:25 4:15 1:50 4:25 8:15 1:50
7 3 3:15 5:15 2:00 5:20 7:05 1:45
8 4 4:25 6:25 2:00 6:30 g:00 2:30
9 1 5:15 7:45 2:30 7:50 10:30 2:40
10 2 6:15 9:25 3:10 9:25
11 3 7:15 10:30 3:15
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Table 4-10  Results of test of the cycle with optimization parameters

| B | #® PTG (T) ESRE | mirRE | HREE | mRBEERRET CO)
wo| oy Y ki i e m*/min () B R | =g
S Y = R L Y o
[
1 4 1106 1006 100 330 5042 1109 136 32 142
8 2 2 1109 1000 109 220 4940 1127 129 32 134
I 3 1 1140 1080 60 310 4826 1092 129 31 134
18 | 4 3 1080 1040 40 240 4961 1055 127 35 135
5 4 1100 1070 30 340 4697 1015 127 36 137
6 1 1140 1110 30 330 4929 1038 134 36 142
7 2 1140 1109 31 280 4997 1076 132 36 141
8 3 1170 1100 70 270 119 9 152
g 4 1100 300
Z 1 3 1130 1080 50 300 5133 1130 117 a7 145
15| 2 4 1105 1050 55 290 5167 1127 132 38 142
I 3 1 1100 1090 20 290 5171 1120 127 38 137
24 4 2 1140 1090 50 280 5124 1124 132 38 142
5 3 1135 1090 45 270 5173 1z 127 36 132
8 4 1100 1050 50 260 5156 1113 128 35 127
7 L 1120 1110 10 260 5187 1122 130 35 127
8 2 1130 1100 30 280 5007 1120 122 35 128
g 3 1154 1093 61 255 5161 1121
10| 4 1100 1042 58 269
Aol 1 1143 1070 73 260 5079 1127 123 33 124
0 2 2 1170 1102 68 297
I 3 3 1154 1104 50 265 5047 1131 113 33 121
8 4 4 1104 1055 49 273
5 1 1161 1074 87 253 4899 1054 121 32 128
B 2 1161 1066 95 270
7 3 1128 1060 68 275 4026 1022 143 32 150
8 4 1102 1057 45 330
9 1 1139 1052 87 318 4968 1022 126 32| 126
| 2 1172 1070 102 310 5113 1033 125 31 134
i3 1130 1030 L00 286 5133 1050 110 30 146

BIRY, HRSRERINE LR RN AT RE R, B TARK
WA EIBAE, T ELRK B B R BRI R, EiRs E Ethil
B I BRI RS BT R AR B A KR RIR P RUR A B 0L, RS E4E
BRI RERMEIT L RSNANEE, THRELEFRE. BN 88T
i,
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HArSakE, SEANPRERYE, QTR SR ES N, HhITEY
AR, ANT &P AP RRARE, M ESEARE, EFSEENRER
b, AR EARPRMCE, WATSSURRELSERLE 4-11.

F A1 ST SRR RN

Table 4-11 Temperature with and without change operation

T H EE] XE 4k,
WPTRE / C 124 58 —66
ESEE /C 330 283 —47
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B5Z BENFSITS

BT AP HCPEPR AT S B, B AR R SRR T I S R E
AR 5-1, RUEE R ERAR AT
#5-1 EHUEI B AR S A T AE (%) it

Table 5-1 Comparisons of computation results

Wik =
5 5 1#2000-6-19. dat | 1#2000-8-10. dat | 1#2000-8-25. dat | 342000-9-11.dat | 352000-9-25. dab
ATHEER 60. 5 68. 2 74. 9 72. 8 76. &
FERUBT Y £ R 61. 7 71. 0 74. 3 73. 0 77. 4
RE 1.2 2.8 0. 6 0.2 0. 8

BAETE, MRRPHREFERYEREER. BREAESFIRONE
Eah BEMERES), £SEE FANEKES. nReERATRERKH
WRASMESKRL, EESRENEIENABERIFNT, FEFERES
WABEAR LS, S0m DGR AN SR A A R st — PR

BB IEERFA THZAENBEARREARNREL, RETRAAE
RIBR, BPAFREZSRAE, HNTHEE, BETAPEL, HEHRTY
THE, 2FNREE. B2, BUTARERIARFREFEEADHE:

—RZEA. BRERETREEREARE—MELT, REEETHARSE
BN AMERE B SR TAATEDMBRT AR, KRRIEIT TR AN 2 &
TRBESHE, BRIERS), ERESTRERETRBERL, FBRHFRE
M —TR&E.

ZRFER, REANPBEERFY RITTRENNE, EERE. KR
BRERAMESTEETERMEAMR, Z+E2ER—ERRABRVTHE R RIER
K.

BB IRG R R E
MEHERTEH, XRINEAF. ARPORERDLRERNRFS. ©
ZRSAFRNERE. DRRYRRES . WENH Y. BRANESHELFRFE
Sl 2

PGP R R AT o FHE AN RIR M BE. TERR BRI (B AP TR —
B, HEFHRN AR RSN, RENEEMER, UESEANELAR. BER
BRASHN: — KRR ENT LR, LB RK TR R0 S f 8 b
6], FHTREEIREE ANXEZHZINESBERATESORHAL, UR
PR R AT R EEN BT, XARTReEMEEFHETRH,
PR, A—AHERTHEAERTSE, ERERTTREANRE, RS
BAERBNAN, REPTEEEAEIMATEE ™ "™,

A¥ sl FTERERFRIRENZURE. RATTEH T =M.
(L BEEESE, ANESE: (2) BEERE, ATEIE: ) ZEH

5.1
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bR Tk RFETREM 22w X

BAEARAT . BRBREHIE R ARSI, TTiar MBS B SN H0H
FERECT UATIRAUMGE, LMRUCERITE A (27 15 40D JEIPTI0R B4R & 2
W M0, EIERERMR LR SRERE, SR T TR
T, ESVRSEE LA RRE ERRRT, AR, RO IER

BRG] AR R R R A B BRI T, MRS RS
BFER, REEITREP. BURESENETRRREES RS, S
RAPTTEE AL R LR 7, T LA R st — e RSB TR
MESE, REESEREMTAES.

5.2 HRPRERESHMTE

B REFRENFTERNBEEREIEREBEEHNAE, LET—H
ERMF R AE. ™

RSP R ERERE R R H B EEMARIL, RirefEEAUTH
e ORMEr, A RIZAEE: @eRBRERY, BEEESREE
FURUE R BRI OB ERBEMS, ERERE . MEFR BRI
SRR BTG R R B EE P ] MBI TR IE R SR E
HLEl, BEIA R LA BB RHRERRHRIT BB ES. £RE
HRE, A=A BREERHIET, EAMRAS. Hik, HE. FESEN
LWIRE N RN SRS, UEIRAKP TR ESERERE, Bkl
RBEESE, LHBRRAFER. SERR", #RBIREIENL, T &8
HESHE, ANTEEHMABE, & TEAEIRELE, FEENRFETERDY
Sk, REHRRSNE, BRI HFG.

B FERRAPBRE N AR, FHEATHRA R EERERSTE, AR
BB ERE A ERER, FRERIEATHRANES, RERRNEENEHK.
B 6. 1. E6.2 ARMF—EBET, FARRNPEENHBEEFTETERN
H—EERT (Q,=122x10°X 4, 18kJ/h) , ARIMAKEH]. 3% KRR (8] % 52 A0 5 #4
F B, FIF EXCEL Sk RSk i 304, 355 1 SR B SR 5e e R B 52 R B B
MM BRENERER NS NE. a@6. 1. B6. 28N, E— AP, aT1%
MAL RIS, ERERNN, RRPEENERNSE SR, ALY
B, L 2 NETEA TS m.

12 72 4 e ) 3 A R TR T, A5 R AN R B A T, TR R FEAR T G T RE X
B LR B RE B AT LATE & R T A B, MR, BT REEUKH,
4545 B B (6l AE TR B m O AL

R, BFSIE R0, #O8 B A MR RIPRE . BRUP R AR EE R YIxR.
B T I 8, RGP R A e 2R 0 4% AR DR A 1 4 A H L R SR B
WAEE). i EWEE, HR T RESENRE.

i, MHARRE, RTBEREE AN, GEAENEESAIREN
PR,
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Fig. 5-1 Relation of heat transfer

. ) . Fig 5-2 Change of convection heat transfer
coefficient and combustion time

cafficient in the transmiting blast time

HWAR PRI ERAE B 10 K B0 FERAEES, M —HH 120~150
SER, BYIHYE 6~T7 W/ B, REERFT A, RRAPSE KRR REIZEREE
AR ELH R, IR TR IR R AR AR
BRI A B 5, R BRI R T M sl . bR
RS TEL, BRABXT SNt (), IASRTERERE, WARSKERBR.

ATHFRERARPRERERE, 28 KBRS AR5 S Lk
ITHRAE RS R AR R+ 0 B . R 5-2 AZMEFHRRY TERRE
SEMEF RN EERREXT .

B 5-2 AT W, FMAMIAERBEE A2 35 48, #IPETI 10 240, KR TH
45 4reh, WERIEMN 16 K. EWMEFARPRERPHEERTEMR. ERHER
MAPZRAE AR AT LU E s NRPARKPRELR, ATHREES BN &
i) 2 2 B4 R

®5-2 EW. ERHRRAPEEHEMLE

Table 5-2  Comparison of hot stove operation parameter of Baosteel and Shougang

b} iR A BKIEAEY B HRHE
PheRTiE | SFTE | KA RE | HE |EAH :g Ei R ER R
{min) {min) {min) (m’mh) | (C} (KPa) ) & T 0x
(x4. 18K [ 4. 18K])
i)
pr,) 35 10 45 >54000 | 1310 | 500 1450 790 4500
H1R 120--150 10 120--160 | 313776 | 1250 | -—- 1250 700 3000

5.3 RN A R BR M

(RYETS 18, 38w bP B 0 3 PR S AT v AR A 2R R BR VR R R R R X R B 3

ALK R HANP ARG EE . BRI LR 8. i THAT T ke
BESEROLL, WBTRABESMBREANEL SRR SR, EHAER

4]
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AP ZEREIAR T, RRARY A AR R R RIER R, LAIT SRR s ik

—LREBEEN G EER.
®5-3 LILIBIERTG & Rt

Table 5-3 Comparison of with and without optimization operation
ﬁ%lam%‘maam thALET 1 WAL
15 ABIEY | BRMR | ARy | ESmeE
| C T
1 142000-6-19. dat | 61.7 1098.2 | 8012 1218, 39
2 1#2000-8-10. dat 710 1221.6 78. 29 1227. 20
3 142000-8-25. dat 74.3 1173.1 78, 88 1232. 51
4 3#2000-9-11. dat 7.4 1253.0 78. 40 1223. 52
5 382000-9-25. dat 73.0 1216. 5 81.07 1218.62
¥ % 71.5 1192.5 79. 35 1224, 05

M 5-3 AT N, HMRUPERIAERA TR, it LEANE TR EHN
8%, EIRMPERETHRSE 32T, BE-EHRE.
ATAERR B ESR R RE, BEEMEFARPFRELSE, BUEER
RAF R R AT (] Fi (], 38 5-4.

F 54 ARPPBRIGERERL

Table 5-4  Variation of operation cycle in hot stove

MH AW (min) FHBRBKHE 1§ H B #jp et
) mignt | speE | EREE | CR/H Crmin)
gtgii) 120 10 120 6 60
PR 40 10 50 12-14 120-140
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I IR AL SR T LRI EEAT KB, 18 R G SRR
FE AR L b S RS A B, R T R R SR AR AT Y
15 1 BO A 52 S B 5 U A A B U R B R AR

MAAMP M, RLRESHE, TURGHRPUUE TN EL, B
FIF A EeRRFE, WG R HRE OSSR A N .
EHRRBRRIPEN ., BREMIMET, FRETEETFOXRERETR
¥, JREAERAREREIMERN, FEIDESREBE KRR R
BERRAGAMENKRERS, EESREFTRAAFTHB NS,
PR P SERE AL SR AR B, TR ERRpP—A
BAERPD, FHRTARERFRERIL. ERRPRERREENR.
B BRI, HAEB R E RIS RERE RGN, TLABIRER
R g R H .

FERFRELN T, BEARPBERERY, HTREREANEIER
TR, BEH. RAARFRERERMEEERPIT. 770ER
THAT, LB E MR R 1 R R 48 o B SR AR R SRR AR
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REBBAL M AEFER, EBE L™ AR R 2R W 20—60%, Gt o kM,
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AR DR (LA AR R BR 0 23, TREMRA L BEIR T RUE ) 40% . Hk
AL, THEHEARR, WREAET A,

A SRR S B RBATEE, MALRIRE I, BiD 0 REEA R R R4
HE SRR ED S SRR EN 1% , (VRTEE, SHAF M. Bk,
BN RN YRR R R MR R, MEERAE. WRERE, BB
IRTE, BbTT %R R B SIS RHL

HHEF AR RERIT R SR, R SHHZTHER, FIRRATR
5 S 57 44 XA 4 P A AR AR T e I R R B R R Kt KU R A E S B AR Y
KEBEREFFIRIPRE. BIPRMAPESITRELRE, TURRARPANE
7%, REHSURE, THEES, HAOTRYER R,

WAGREY: BN EFARP TR MBS R KRR, WS HRNP
Bk EE AR, TTLORANRIRIEE R B 3hiEH, EREGENATESE AL
AR, KHRESS. HAEEREE, FEDURTE R At FU5n B g e B &
BASPARCR . R, FIRTREA, 7R E BRI ARIPES AR AHERT
BARYPERAE RN, DR, B RS, ERAIR R, R4t
R, BT 5 BRARIPREKF.

LR, EWMEPAKYPPREENEFERFERBEENMT . GRENAEZL
FT, CRRB T HFEH R RS, AEARF RTINS S5 5 EA R,
RS R E R R MR SRR, DRIER P AR R EEE. 5, FIE
AR AR RS E R RN, BAEMATEREE, FRAEAEHTR
t, BHRUEHERE AXZ—H TERESER—PHTHE, HTEART
BRXHMEE.
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