d lwmﬁaﬁa

Q~M&4£lﬂ AR
 ETANE-MERER

| ’574’EE£ |
:~ ;777f?7%§ ?

e

= BIFERENY N NE T HIRE SN

o~

' (11)

T =R

1995431

f»‘&ﬁ%ﬁ

-~ hgﬁ%5\g;$w¥¥ﬂ?7~ 

BT

JR

| w-os |






 EmwhEER
54 EEAE AR

TR X—BREER
7 4 E|E

%.1%)1/3’\‘ 21

T 7= T
it &

(11)
I\ Lisrary

Ui

1118939!6]
2429

19954~ 3 A

HIZEA %i%)vi?“—-f vy —



B4 FEH

N




5 4 ERE=AVE—FIET 7 5 —7 7 Rk

O e N O Gl = W o -

BeE-21E

5 ok

- List of Tables, List of Fifures

2k O AR
BNOFE
BEOEF=A VT —
AW T TLROE= AN —
WREE (V—2 a9 7552 1)
eI
AR
= A )V*'r"""%ﬁ
PER AR O = A F —
THBOE AN E BN
BERBEM OB = A V¥ —HeER L
HA4 5 BEEOE = AN F—
A F— 2 TARDE = A U F —
TR EGEOH = A NV F—
10 EXMPOF=ANF—
11 HEeTEREe
12 HEBREWMREE






~ List of Tables

Table 2.1 Standard Air Ratio of Boiler

Table 2.2 Standard Air Ratio of Industrial Furnace

" Table 2.3 Standard Outside Temperature of Fumace Wall

Table 2.4 Standard Exhaust Gas Temperature for Boiler (unit: *C)
Table 2.5 Standard Exhaust Heat Recow.fy Rate of Industrial Furnace

Table 3.1 Relation between Furnace Capacity, Required Dimensions and Electric Equipment of
Furnace

Table 3.2 Comparison of Pusher Furnace & Walking-Beam Fumnace

- Table 3.3 - Comparison of Coi'nbustion Method -

Table 3.4 Layout of Heating Fumace

- Table 3.5 Average Electric Power Consumption Rate for Mild Steel

Table 3.6 Heat Balance of Arc Furnace

Table 3.7 Heat Balance Table

Table 3.8 Items on Energy Conservation for Arc Fumace

Table 3.9 Example of Energy Saving Effect in Scrap Preheating by Arc Furnace Exhaust Gas
Table 3.10 Standard Air Ratios for Industrial Fumnaces

Table 3.11 Target Air Ratios for Industrial Fumaces

Table 3.13 Points of Check and Maintenance Services for Buming Equipment
Table 3.14 Required Viscosity of Oil at Bumer Inlet

Table 3.15 Example of Draft Resistance (Water Column mm) in Flue

Table 3.16 Improvement Effects of Wall Composition of Reheating Fumace
Table 3.17 Standard Temperatures of Furnace Quier Walls

~ Tabie 3.18 Target Temperatures of Furnace Outer Walls

Table 3.19 Main Characteristics of Insulating Fire Materials

Table 3.20 Survey Report on the Qutline of Equipment |

Table 3.21 Survey Report on Actual Long-Term Operations

Table 3.22 Table for Measurement Items and Results of Measurement
Table 3.23 Heat Balance Table

Table 3.24 Standard Waste Heat Recovery Ratios for Industrial Furnaces
Table 3.25 Target Waste Heat Recovery Ratios for Industrial Fumaces
Table 3.26 Temperature of Heat Transfer Area

Table 3.27 Working Temperature of Heating Pipe by Material

Table 4.1 Example of Stepwise Promotion Plans

_ Table 4.2 Chemical Componenis of White Liquor

Table 4.3 H-Factor Relative Velocity




Table 4. 4 Cornpanson of Energy Unit Consumpuon in Batch Dlgester and Contmuous D:gester
" Table 4.5 Control Items '

Table 4.6 Evaporation Ratio

Table 4.7 Unit Energy Consumphon of Evaporator X

Table 4.8 The List of Japanese Standard Qualmes of Wa.ste Paper by Paper Recychng Promonon' -
“ Center of Japan :

Table 4.9 Energy Consumphon Pattcm of Pulp and Paper Processes inan Integrated Fine Paper ‘
Mill : R o

Table 4.10 Kind and Hardness of Rolls

Table 4.11 Flash Tank Capacity Index

Table 4.12 Flash Tank Height Index = |

Table 4.13 Transition of the Unit Water Consumption of the Paper Mill in Japan
Table 4.14 Transition of the Unit Water Consumption and Head Box Temperature
Table 4.15. Causes for Paper Breaking and Remed:es ‘



List of Figures

Figure 2.1 Flowchart of Factory Survey -

Figure 3.1 Production Process by Arc Fumnace Steel- Makmg Method
Figure 3.2 Body Structure of Arc Furnace

Figure 3.3 Electrical Machinery and Apparatuses of Arc Fumnace

~ Figure 3.4 Power Consumption Per Unit Charge in Japan

Figure 3.5 Pusher-Type Single Zone Reheating Fumace

Figure 3.6 Pusher-Type 3-Zone Reheating Furnace

Figure 3.7 Pusher-Type 5-Zone Rehea'ﬁng Furnace

" Figure 3.8 Walking Beam-Type Reheating Fumace

Figure 3.9 Electric Power Consumption Rate of Japanese Arc Furnace
" Figure 3.10 Example of Installation of Combustion Supporting Bumer=

" Figure 3,11 Qil Consumption Rate and Electric Power Consumpnon Rate Showmg the Effcct of
Combustion Supporting (Per Ton of Mild Steél)

Figure 3,12 Relationship between Unit Oxygen Consumption Rate and Unit Electric Power Con- -
sumption Rate in Oxygen Enriching Operation :

Figure 3.13 Scrap Preheater Using Arc Fumace Exhaust Gas for Heating Scrap in Charging Bucket
Figure 3.14 Characteristics Diagram of Energy Conservation for Reheating Fumnace
Figure 3.15 Reduction Point for Fuel Consumption Rate
Figure 3.16 Relation between Air Ratio and Thermal Efficiency
Figure 3.17 Energy Saving Effect under Air Ratio Conirol
~ Figure 3,18 Classification of Buners
Figure 3.19 Structure of Intemal Mixing Type Gas Burner
Figure 3.20 Compact External Mixing Type Gas Bumer
Figure 3.21 Structure of External Mixing Type Gas Bumer -
Figure 3.22 Structure of Semi-mixing Type Gas Bumer
Figure 3.23 Installation Chart for High-Pressure Atomizing Type Oil Bumner
Figure 3.24 Structure of High-Pressure Atomizing Type Oil Bumer (Internal Mixing Type)
Figure 3.25 Structure of High-Pressure Atomizing Type Qil Bumer (Extemal Mixing Type)
Figure 3.26 Structure of Low-Pressure Air Type Oil Burner (Non-Proportioning Type)
Figure 3.27 Structure of Low-Pressure Air Type Oil Bumer (Proportioning Type)
- Figure 3,28 - Structure of Non-Return Oil Type Oil-Pressure Burner
Figure 3.29 Structure of Retum Qil Type Oil-Pressure Burner
* Figure 3. 30 Structure of Rotary Type Oil Bumner
Figure 3.31 Structure of Oil and Gas Mixture Bumer
‘Figure 3.32° Average Gas Temperature and Draft Force lnS1de Smoke Stack
Figure 3.33 Fumace Pressure Measurement Port and Pressure Setting




Figure 3.34 Heat Transfer to Surface by Convectlon o
Figure 3.35 Etmssmty ofMetal - -~ - .
Figure 3.36 Typical Wall Temperature of Reheating Furrtace

‘ F“:gure 3.37 Improvement Plan for Wall Composmon of Reheating Fumace _
Figure 3,38 Infenor Reconstruction Plan for Wall Composition of Reheatmg Fumace -
Figure 3.39 Working Temperature Range of Typical Insulatmg Materials.

Figure 3.40 Factor for Detenmmng the Equivalent of Heat Releasc from Openmgs to the Quantlty
. *of Radiant Heat from Perfect Black Body . _ :

Figure 3.41. Double Insulation Method for Skid -

thute 3.42 Comparison of Water Cooling Loss (Calculated Values)

Figure 3.43 Example of Preheater of Air for Bummg (Recuperator)

Figure 3.44 Fuel Conservation Rate '

- Figure 3.45 Fuel Conservation Rate When Fuel Oll is Used When Natural Gas 1s Used
Figure 3, 46 Temperaturc Difference in Case of Parallcl Fiow '

Figure 347 Temperature leference ln Case of Counter Flow .

Figure 3.48 Relationship between Temperature and Oxldanon Loss

Figure 4.1 Production Process -

Figure 4.2 Batch Type Cooking Instruménts

Figure 4.3 Continuous Type Cooking Instrumems '

Figure 4.4 Heater o

Figure 4.5 Relative Reaction Velocity, Cooking Time or Temperature

Figure 4.6 Relation of H-Factor, Pulp Yield and Lignin Content -

Figure 4.7 Continuous Washer '

Figure 4.8 Diffusion Washer

Figure 4.9 Falling Film Type Evaporator

Figure 4.10 Comparison of Forced Clrculauon Evaporator and Fallmg Film Evaporator

Figure 4.11 Recovery Boiler

Figure 4,12 Waste Paper Pulping Flow Shect

Figure 4.13 Comparison of Unit Electric Power Consumiption

Figure 4.14 Water Movement ih Press Nip

Figure 4.15 Chart for Characteristic Factors

Figure 4.16 Nip Pressure and Nip Width

Figure 4.17 Nip Width and Rubber Hardness -

Figure 4.18 Crown and Nip Width

Figure 4.19 Drying Curve of Paper :

' Figure 4.20- The Relationship between Air Condmons and Drymg Speed

Figure 4.21 Leading Dryer

Figure 4.22 Typical Third Group Drainage SyStem_ (Blow Through System)



Figure 4.23 Design of Open Hood

Figure 4.24 Unit Steam Consumption Rate for Open Hood and Closed Hood

Figure 4.25 An Example of “Closed Hood Ventilation System”

Figure 4.26 Waste Heat Recovery Flow for Closed Hood Ventilation System and Control System
Figure 4.27 Cause and Effect Diagram of Paper Breaking






L .' 1 ﬁﬂm'@*% N .







1L EROHRS

COBREBCEDITEMIASTA V74 v T OB - T, 8FLUDTHA S RMHH
ﬁE,T%DﬁK@ﬁtfﬁtbt%®@ééo _
| (= F A~ BB E ik 2 4 B =5 A+ — ¥ X~ DEHE ORISR~ =7 1 &
LT, 530+ —-07%RA e LT, H5VWIROIEOFELOELE OHNIER & L
T, BOAHZERTERLOTHDHIL,
wﬁmgﬁaiﬁm,x$$%&4~5¢@50&m%ﬁ,g@%ﬁom%mﬁ$Lrwmw
ETLSERCEBRETHA T L,
@%ﬁ$ﬁ@ﬁﬂu,ﬁ4éi%@ﬁﬁmﬂbt%@&#&tb,%@@%ﬁ%&l%mfn-
e ACHPBWECMEL, HRGRIE, BEUM, G5 1% - OLDOFUCENL R
+rzE,
._m$w¥;ﬁ%ﬁﬁ%&ﬁ&4%i$w¥ﬁfv&Hﬁl@ﬁ%%%ﬁ%ﬁbfﬁ{F?%V
%ﬁ&t,%&ﬁé@Iﬁ%ﬁ%%ﬁcrm%Lt%ﬁ%ﬁ&ﬁmLf,%%&@%:&&m%
T3,

CII—-1—-1












2. BWOFME

(1) THEMOEM
THHEO— RO F Y Figure 2.1 7T,

Figure 2,1 Flowchart of Factory Survey
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Table 2.1 Standard Air Ratlo of Boiler

Efla ;Z:ic::;:n Fixed besdoud f;lilidized bed i fuel - Gasfuel  Byproduct gas
g’i&::ub;;t?;s - — 105-12  105-11 12
Other boilers

30 t/h or more 13-145  12-145  11-125 - 11-12 - 12:13
10to30t/h  13-145  12-145 12-13 12-13 -

5to 10 t/h- — — 13 13—

<10 t/h - - 13 |

- 13 -

Table 2.2 ‘Standard Air Ratio of industrial Furnace _
(Except for solid fuel furnace or the furnace of below 500 Mcal/h)y | -

Classification Continuous type Inlérmi_ueht type -
Metal casting melting furnace 1.30 1.40
Confinuous billet heating furnace 125
Other metal heating furnace 1.25 1.35
Metal heat treating furnace 1.25 1.3
Petroleum healing furnace 1.25
Thermal cracking furnace and reforming fu‘rnace 1.25.
Cement baking furnace 1.30 |
Lime baking furnace 1,30 1.35
Drying furnace {(only the burner section) . 1.30 150

-1 »~—~73E

1-2 Bba®

In—2—4

A, 7%, Turn Down Ratio

B, Tip B4
BHEE, KE

Atomize 2%, AF—- L E

B

Zr#A. Emulsion
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Table 2.3 Standard Outside Temperature of Furnace Wall
(except for the rotary furnace and the fumace with the capacity of
SOO'Mcallh_ or less at the outer air temperature of 20°C)

- Temperalure oulside the furnace wall (unit: *C)

Boltom in contact

Tem'pe.rature inside the furnace i Ceiling_ . ~Side wall - with the outer air
1,300 = 10 120 | 180
1,100 ~ 1,300 125 110 145
900 ~ 1,100 o % o120
< 900 2 90 , 80 100

0-1 R R Ak PHBE
' x%—AbiwaE,ﬁﬁ
BEERS, MTF®S o — ML
L-2 B o - MEERORE |
B TEREOME |
-  REHRBOTANE, BAR
W-3 R - g8 75 v RESRRELE
- EMERRIRAEH
B O BSTEAET
BoA— D H
fRE o> Maintenance
Ry FEHBH OBRIL (0 S HE<1.3)
M-4 FRFAHE, BHIEE L BAC SR, g, FEo M
| BEBA B R A
M-5 #4357 %—BAEE(
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Table 2.4 Standard Exhaust Gas Temperature for Boiler (unit: °C)
(Load factor: 100% at the outer temperature of 20°C)

Gioporaion  Fixedbed  Fadised bed  Lodfoel  Gasfuel  Byproduct gas
for slectic ilites — |~ 145 110 20
Other boilers _

30 t/h or more 200 200 200 170 200

10 to 30 t/h 250 o 200 170 o

5to 10 t/h - R 220 200 —
C<10t/h . — — o250 - 220 —.

Table 2.5 Standard Waste Heal'Recovery Rate for Industria! Boller

Waste heat recovery rate (%)

Gas temperature at furnace outlef {C) )
: > 20Gcal/h 5-20Gcal’h  1.5Gcal,/h

<600 | 2 25 —
600 - 800 35 30 25
800 - 900 10 30 25
900 45 35 30
V-1 B=xA¥— A A, BER
BEK, BRE

T vF -

SREE (o -2 )

L =¥~ (REZ)

BEFE 13 (Blast Furnace, Flued Coker
EU&:’J"Z (Steel Convertor)

## (Liguefied Natura] Gas)
Rf=F 0+ — CREBX, B /AR

i1—2—9
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Figure 3.1 _Produ_étion proéess by arc furnace steel-making method
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Figure 3.2 Body Structure of Arc Furnace for Steel Making
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Figure 3.3 Electrical machinery and apparatus of Arc Furnace
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Table 3.1 Reiatlons among furnace capaclty, requlred size and electrlca!

equipment
Nominal QOutside Metal | Diameter|. = - Capacity of Secondary
capacity | diameter of bath - of . transformer - voltage
of furnace | furnace core depth | electrode|{ - [(MVeA] (RP furnace)
- [10%g] © [m] [mm] (mm) | RP | HP ‘| UHP V]
2 2178 - 300 | 175 | 15 | - - 180730
5 2.743 400 200~250) .3 18 - 200/100 .
10 3.353 - 400 | 300-350| 5 15 |- | 220100
20 3962 | 450 350~400 1.5 12 . 157 | - 240/100
30 4572 650 | 400~450| 12 {18 |- 22 270/120
50 5182 750 | 450~500 ) .18 - | 25 30 330/130
60 5486 | 850 500 |20 | 27 '35 1. 400/130
70 5.791 850 500 | 22 | 30 40 | 400/130
80 6.096 900 | 500 25| 35 45 430/140
100 6400 | 950 | 500~550:0 27 | 40 | 50 - 460/160
120 6.706 1000 | 550~600| 30 | 45 | 60 | 5007200
150 7.010 1000 600 | 30 50 70 - 500/200
170 7315 1050 600 35 | 60 80 5007200 -
200 7.620 1100 600 40 - | 70 100 560/200
400 0.754 1200 700 - = 150

Notes RP regular powcr, HP: high power, UHP: ultra—hxgh power
Source: Cast Product Handbook, 4th Ed., ed. Japan Cast Product Association

Figure 3.4 Typical power consumption per unit charge in Japan (kWh/ton)

1000+

K]

g

g 8

¢
8

U: Power consumption per unit charge in
Japan (kWh/ton)
'
g

g

g

1 [ 1 1 . 1 1 1 | 1 ] )
2 4 6 8 10 12 14 16 18 20 2 M4 X B W R
x: Weight of charge (ton) -

o
-
-

‘Source: 1977 Japan Cast and Forged Steel Association Report of Analys:s Resultson .. -

Unit Steel Producnon in Different Electric Arc Fumaces
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Figure 3.5 Pusher-Type Single Zone Reheating Furnace
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Figure 3.6 - Pusher-type:3-zone reheating furnece
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Figure 3.7 Pusher-Type 5-Zone Reheating Furnece
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figure 3.8 Walking beam-type reheating furnace
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Table 3.2 Comparison of pusher furnace & walking-beam furnace

Pusher furnace (PF)

Walking-beam furnace (WBF)

Application | 1. Mass production 1. Mass production
' ' ' 2. Slabs of deformed sections to which
PF is not applicable, and for quality
products
Slab carrying | The slab is pushed in with a pusher The slab on the water-cooled fixed
method from the charge side and is caused to beam is carried by-the water-cooled
move as sliding forward on the water- | moving beam, which makes back-forth
cooled skid. ' motions. '
Advantage 1. Equipment cost is less than thatof | 1, There is no restriction in the fur-
WBF. . nace lengih.
2. Cooling water loss heat is less than | 2. Skid mark is minor, and no
that of WBF., scratches are produced.

3. The fumace can be casily emptied
because the slabs in the fumace can
be freely camried by the own power.

4. Slabs can be carried in suitable
intervals.

Disadvantage | 1. Skid mark and scraiches are easily - | 1. The equipment cost is higher than

produced.

2. Buckling of slabs tends to occur in
the furnace and there are restric-
ttons in the fumace length,

3. Charge of slabs of extremely différ-

ent thickness levels cannot be
* made. '
4. It is hard to empty the furnace.
5. The frequency of maintenance of
the soaking hearth is large.

that of PF.

2. As the number of skids is large, the
cooling water loss is larger than
that of PF.
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Table 3.3 Comparison of combustion method (1/2) -

item Axlal flow combustion| - Side combu,stlo_n” _ Roof combustion
Burner T e -
position I F | J-T oo o L ||I|H|
Fuel Fuel oil, C-gas, M-gas, Fuel oil, C- -gas, M-gas. * | Fuel oil, C-gas, M-gas,

natural gas = nawral gas - natural gas
Bumer type External mixing type ' 'Eitemal mixing type or | Roof burher
: ' variable flame bumner

Flame form Long flame 'Short flame (vanablc ‘Completion of combus-

A B ' flame) -~ |toninports
Combustion Broad control raxige Narrow control.range

rate controlla-
bility

Thinning control is
needed in correspond-
ence to the combustion
rate. '

Relauvely broad control
range :

Heating load

May be large with lérgc
capacity bumer '

May be large with large
capacity bumer

Not very large with
small capacity burner

' Restrictions
by furnace
internal
dimensions

There are restrictions in
the length per zone in the

longitudinal direction.

There are restrictions in
the widthwise direction.

None in particular. But
lower combustion is not
permitted.

Flow of
combustion
gas in the
fumace

Flows without unnatural-
ness in the longitudinal
direction,

Drift tends to occur
because there is an angle
between the bumer

direction and the longitu-

dinal direction.

There is no unnatural-
ness in the flow because

‘combustion is almost
entirely completed in

bumer t:les

Im—3—8




‘Table 3.3 Comparison of combustion method {(2/2)

Item

Axial flow combustion

Side combustion

Roof combustion

Mounting of
burners

is complicated.

Nose section is required,
and the furhace structure

The furnace structure is
simpie,

The fumace structure is
simple. But the piping is
complicated because the
number of bumers is
large.

Heat pattern

Equalization of the -
temperature in the width-
wise direction is easy.
The temperature drops in’
the longitudinal direc-
tion. The temperature at
the nose section drops.

Equalization of the
temperature in the width-
wise direction is inferior.
Equalization of the
temperature drops in the
longitudinal direction is
casy.

Equalization of the
temperature is easy in
both of the widthwise
direction and the longitu-
dinal direction.

Workability

Relatively good. -

But no good at the
periphery of the lower
burners because of high
temperature environ-
ment.

The working environ-

ment is good.

The workability is infe-
rior because the number
of burners is large and
because of high tempera-
ture environment,

o




Table 3.4 Layout '_of Heating fur.'nace :

Charging/

extraction | Fumace layout Cha:acteﬁsﬁc's
method ' _
Back CItis easy to charge and extract large
- charging, | _ billets. -
front - A ' ‘ | 2. The layout is easy when twoor
extraction : Extractor | more fumaces are installed. Thus,
: | A = I . i
Eraction this method is suitable for large-
table ' ) capacity facilities such as hot strip - -
_ Charmng | mills and slab mills. - R
~ G U '| 3. The area of openings for charging
R Pusher - and extracting is large. As aresult, "
; -+t heatloss by thermal radlauon or air
: intrusion is largc ' _

. Extraction is done by pushing or

extractors.
Back . Billets can be kept hot durmg the
charging, : _— | rolling, thanks to the closeness of -
side Ejector ‘i‘ Extraction table - the rolling mill and the reheatmg
TN | crarging abe 'ﬁmfz by thermal radi
I = . Heat loss by iation
Pusher from the extraction outlet is small.

. Extraction is done by ejectors or
rollers. However, when rollers are
used, heat loss is large through
cooling water for the rollers.

Side . Heat loss is small at both the
charging, Ejector | ; | Extraction table charging inlet and the extraction
side Charging table f outlet. This method is most
extraction _

‘suitable to a reheating furnace for

long billets.

3.1.2 xALX—ERER
1) 7-78P

HADT — 7 FOBNIFBLORB % Figure 391, FRIOBHE M A Table 357
¥. BARECORBOLERE, ATUF, BRED UHP) BR LAY 5, 7T8, HH
A—FORA, SLCREBRHSEBOMB L LD,
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Figure 3.9 Electric Power Consomption Rate
. of Japanese Arc Furnace
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Table 3.5 Average Electric Power Consumption Rate for Mild Steel

Fumace capacity 10t 15t 30t 60 t 80t
Electric power consumption rate
kWh/ton of good-quality ingot 350 520 430 440 419

7 - VOB FT Of% Table 36 KT, TOBRGRISOXBE THH, BEBTRE
Exhaust gas 16.5% , FkBHKDE. 2% MK\,
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Table 3.6 -Heat Balance of Arc Furnace .

King of steel

" Funace capacity .

Midoteel | Special stedl =508 | e Total
It (N=7) (N=11)- (N=7) ] (N=11)
em
_ 10° kealf 100kl -~ [100kay|  [10%ket{.  [10° ket
steeldis-| % [steeidis-| % [steeldis| % [steeldis| % [steeldis| %
charge t chage t| charge t charge it . |charge t
Heal quantity of 3730 | 59.0 | 4383 | 615 | 4376 | 622 | 398.2 | 59.8 | 4129 | 60
electric power . : o B .
Calorific value of 249 | 39} 167 | 23] 67| 10] 204 | 44| 22| 30
Oxidation heat of _ 3 EA .
Sactotn 27 | 41| M3 | 48| 359 | si| 29 | 43| mi | 4z
Heat | Oxidation heat of : a e '
it | o et o s 1924 | 305 | 2084 | 292 | 2045 | 290 { 1995 | 300 | 2015 | 296
Fotitiondl m2 )} w6 18| 150 | 21| 102 | 15| 121 | 18
Others 361 06 27| o4 44| 06| - - 17 | 03
Total heat input 6308 | 100 | 7130 | 100 | 7041 | 100 | 662 | 100 | 6810 | 100
powntialheat of molten | 339.6 | 53.8 | 3475 | 48.7 | 3429 | 487 | 3447 | 518 | 3440 | s05
s:;"‘““ heat of 465 | 74| 550 | 77| 64 | 90| w2 | 66| su1| 76
Heat loss on trangformer . ' R j o
20 vecondary comdusiot WA 44 ) N9 ) S3) a6k | 66| 27 | 40| M3 | S
Heat Sensible heat of exhaust
et | Sen 110 | 176 | 1159 | 163 | 151 | 163 | 1122 | 168 | 1124 | 165
Heat carried out by ] . :
P o %3 | 49| ™3 (100 | 47| 71| 599 | 90| se1| 82
?thcn (Il::ldt rerl.ere rrriv‘m
urnace , ndiant heat .
at time of sadition 753 | 19| 844 1 L8 866 | 123 | 785 | 118 | 823 | 121
charging, stc.) ‘ _
Total heat output 6308 | 100 | 7130 | 100 | 7041 | 100 | 6662 | 100 | 681D | 100

11—3—12
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REFOER L HDHA L 51Ky,
T T2TX 10 keal /£ 175 2T B,
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STIeAROMAERK &
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InEdF OB Y O —fHj% Table 3T wERT,
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" Table 37 Heat balance table of Reheating Furnace

ﬁﬁfn7)/+FVE
19894F 1202 X 10°~566 X
CORRRENOERIIL, BhT5 1

Heat mput Heat output
| Iiem I.10131. | % o Ilem 11013 %
(1) Combustion heat of |442.9 | 947 | (8) Quannty of heat 2004 | 42.8
fuel - - o - contained by extracted
' _ . steel
(2) Sensible heatof fuel | 0.8 | 02 | (9) Sensibleheatofscale | 50 | LI
(3) Sensible heat of air 5.0 1.1 | (10) Sensible heat of 94.1 | 20.1
_ S -~ exhaust gas
(4) Heat brought in by 0 0 - | (11) Heatloss by 0 0
atomizer - ' incomplete buming
(5) Quantity of heat 0 0 (12) Quantity of heat 572 | 122
contained by - brought out by cooling
charged steel water
(6) Heat of scale 190 | 40 |(13) Otherheat loss 1110 | 23.8
formation t
(7) Heat recovered by ) (0) 1(14) Heat recovered by 0) )
- preheater o - preheater
 Total - |467.7 {1000 - Total 467.7 | 1000
- D+@Q+ 3+ @) @)+ (9 +(10)+ (11)+(12)
+(5) +(6) +(13) +
Remark 1. For recording the quantity of heat, use 10° kcal/t as a unit and round our

figures after the decimal point into a single digit.
2. " Round out figures 'after_me decimal point into a single digit in the percentage.
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Table 387 — 7P OE=FxAF-FHEEXRT,

jtems on Energy Conservation for Arc Furnace

Table 3.8
Decrease of | Substitution of = | Auxiliary combustion of oil
heat input heat input Oxygen injection
: : Prelieating scrap by fuel.
Utilization of Preheating scrap by exhaust gas
waste heat Utilization of hot return scrap
Lowering molten | Increasing of ladle brick temperature
7 steel temperature | Prevention of heat release by ladle lid
Reduction Improvement of Increasmg of furnace capacity

of heat loss

facilities

Adoption of high power system
Improvement of automatm electrode

~controller

Reduction of resistance of secondary
conductor and electrode

Reduction of openings on furnace body
Insulation

Improvement of
operation

Removing impurities of chargmg scrap
Quick charging of scrap and other raw
material

Optimum input of power _
Speeding up of analysis for molten steel
Shortening time for maintenance '
Prevention of electrode breakage

* Blimination of waiting time for crane etc.

Effective operation of dust collector

L

Improve- Selection of good quality raw material
ment of - Reduction of miscasting '
product Decrease of residual molten metal
yield . ' '
Utilization For scrap preheating

of waste Utilization of hot water for hvmg, air
heat conditioning, boiler feed water etc.-
AD ﬂ)ﬁ#‘

KEBDOT - 7FTCRFAOAZ T » 7OBRYRETHID, 7 — IbRLE -

VERK P EOFECH LM T A~ > B L, FRRAN MBS 25,
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Figure 3.10 123 —~ - ORBRE Y, Figure 311 B EEE L EHNBEOBEY =,
RETOBBEYEL DL, BELENILBRBCERTL 2 L3+ 10l B,

Figure 3.10 Example of Installation of Combustion Suppofting Burner

Arc plasma
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Figure 311 Qi Conéumption Rate and Electric Power Consumption Rate
Showing the Effect of Combustion Supporting
{per ton of mild steel)
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Figure 3.12 Relatlonshlp between Unit Oxygen Consumptlon Rate and
’ Unit Electric Power" Consumpt:on Rate in Oxlgen Enriching

Operation
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Figure 3.13 Scrap Preheater Uéing Arc Furnace Exhaust Gas for Heating
Scrap in Chatging Bucket
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Table 3.9 Example of Energy Saving Effect in Scrap Preheating by Arc
Furnace Exhaust Gas

Reduction of unit

Reduction of - Shortening of
Applicable electric power electrode wear steel making
furnace consumption rale © amount time
: - (kWhit). (kg/t) {min.)
30t 30.6 0.17 10
30t 36 0.7 8
50t . 49~ 50 02~04 5~8
- 60t . 40~ 45 0.2~03 5~7

@) P50 AR s
7 - s FREGRRRC EED, HAOREOROENS D, THHOMOM, L
ARBELTI S NETHHR, ¥ —AnEd i h, Bomhiz b3 &R RAE
ALTBEEOFREL S, ROBARSEOARL L Y 4 KOBIDEHA A ﬁiﬂéﬂéa‘l?ﬁ. Wi H
5.
6y PR O KRB
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Figure 3.14 Chatacteristics diagram of energy conservation for rehaeting furnace
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| pressure |
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~ Doubla insulation Fumace wall Matoria t
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Figure 3.15 Reduction Point for Fuel Consumption Rate
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Figure 3.16 Relation between air Ratio and Themal Efficiency
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Figure 3.17 Energy Saving Effect.under Air Ratio Control - . -
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Table 3.10 Standard air ratios industrial furnaces
Standard air ratio
Division - ._ Furnace type, étc.
Continuous [Intermittent S
type type Remarks
Melting furnaces for metal casting 1.3 1.4
Continuous steel billet, bloom and slab 125 L _
heating furnaces ’
Metal heating furnaces other than continuous 1 25 135
steel billet, bloom and slab heating furnaces - s -
Metal heat treatment furnaces L25 ' 1.3
Petroleum heating furnaces 125 -~
Thermai cracking and reforming fumnaces 1.25 -
Cement kilns 1.30 -
Lime kilns 1.30 135
Drying fumaces . - 13 1.5 | Bumer combustion parts dnl&
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(Remarks)
1. 'The values of the standard air ratios shown in the above table are those of the air
- ratios measured at the exhaust gas outlet of industrial furnaces when such furnaces
-conduct combustion, after inspection and repairing, at a load near the rated load.
2. The values of the standard air ratios shown in the above table shall not apply to the
air ratio of the fo]lowmg industrial furnaces: - _
" (1) Furnaces using solid fuels (excluding thosc exclusively using pulverized coal);
(2) Furnaces having a rated capacity (combustion capacity of burner fuels) less
" than 50 Jiters / h (in terms of heavy oil equivalent);
(3) Furnaces requiring a specific atmosphere for oxidation or reduction;
(4) Furnaces requiring frequent opening and shuttmg of the lid or frequent igniting
- and extinguishing of the burner; L
(5) Furnaces requiring dilute air for kcepmg the heat pattem or umformmg
. temperatures in the furnace; :
(6) Furnaces for burning a by-product gas havmg a heatmg value of 900 kcal / Nm®
'(3,765.6 / kI { Nm’ ) or less; :
(7) Furnaces at the time of the periodical inspection or not aperated regularly or
used for research, development or prototype manufacturing purposes;
(8) Furnaces made of the materials affected by hlgh temperatures and requiring air
for coolcd dilution;

(9) Furnaces burning flammable waste

Table 3.11 Target air ratios for industrial furnaces
Target air ratio
Division Furnace type, etc. .
Contt)i,g:ous InmganMnt Remarks
Melting furnaces for metai casting 1.25 1.3
Conginuous steel billet, bloom and slab 1.2 _
heating furnaces
1 Metal I_1eau'ng furnaces other tha:} continuous 12 13
steel billet, bloom and slab heating fumaces
Metal heat treatment fumnaces ) 1.2 13
Petroleum heating furnaces 1.28 -
Thermal cracking and reforming furnaces 1.25 -
Cement kilns . : 1.25 -
Lime kilns ' ' 1.25 1.35
Drying furnaces ' 1.3 1.5 | Bumner combustion parts only
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(Rcmarks) : -

1.~ The values of the target air ratlos shown in the abovc table are those of the air ratios
measured at the exhaust gas outlet of industrial- furnaces when such furnaces
conduct combustion, after inspection and repairing, at a load near the rated load.

2. The values of the target air ratios shown in the-above table shall not apply to the air
ratio of the following industrial furnaces, ptovidéd however, that if possible,
examinations shall be made to ensure- that the air ratio- of the followmg furnaces is
managed based on the same table:

ey

@
@

@
(5
<6)

R

Furnaces having a rated capacity (combustlon capaclty of burner fue}s) less

‘than 50 liters / h (in terms of heavy oil equivalent); -

Furnaces requiring a specific atmosphere for oxidation or reductlon, '
Furnaces requiring frequent opening and shutung of the lid or. frequent igniting

- and extinguishing of the bumer,

Furnaces requiring dilute air for kcepmg thc heat pattcm or umformmg
temperatures in the furnace;

Furnaces for burning a by-product gas having a heatmg value of 900 keal / Nm’

-(3,765.6 / kI / Nm’ ) or less;

Furnaces at the time of the periodical mspecnon or not operated rcgularly or
-used for research, dcvelopment or prototype manufacturing purposes;
Furnaces made of the materials affccted by high temperatures and requiring air

for cooled dilution.
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Figurg 3.18 Classification of Burners
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Figure 3.19 Structure of fnternal Mixing_Type Gas Burner
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. Figure 3.20 Compact External Mixing Type Gas Burner
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Figure 3.22 Structure of Semi-Mixing Type Gé_s Burner
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Figure 3.23 Installation Chart for High-Pressure Atomizing Type Oil Burner
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Ti
Nozzle P
- / Jet nozzle
High-pressure air
Steam  — . ]
Oil — Mixing chamber E; l
l_\\\\\\\‘\_\\\\.LLL\\\\‘\\\\% \\\\\\\

1—3—27.



Figure 325 Structure of High-Pressure Atomizing Type Oil Burner (External Mixing Type)
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: :Fig'uré' 328 Structure of Low-Pressure Air Type Oil Burner (Non-Proportioning Type)
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Figure 3.27 Structure of Low-Pressure Air Type Qil Burner {Proportioning Type)
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Figure 3.30 Structure of Rotary Type Oil Burner
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BERRIC OV TOT = » 7400 ¥ b LABH Y Table 313 K% TR,

Table 3.13 Points of Check an'd_ Maintenance Services for Burning Equipment

Chack spot Pohu_ofdiock: o mm“‘:;}
Fuel piping - | » Check lesking spots md H'htu- «Retighten defective spots.
(ol and gat) { . ed pans.  Blow the air into piping.- -
#Check if there are any foreign !
mmatter of accumulated m:temh :
inpiping.  © . - _
oDismemble and check the oll | «Check worn-out parts, specially bearing, and if
pump : © | defective, replace them,
olrtbe whole pump hdefmhemphunwmu
spare pump. .
»Check V-boltmdcouplh; lndrepl.l:elhem if
neCeRsarY.
: '| « Disassemble end check ofl strain- «Check the interior of strainer,
Attached e . . «Clean the clogged strainer.
eguipment oIf broken, replace the strainér or .repair by
with pliping . partial welding and padding,
«Disussemble and check oil heater | o Chack and clean the heater.
) o If defective, replace it, -
»Check vaives such st pressurs ad- | oIf any function is found, disamemble and
justing, stop and relief. check, mdreplmthcwholeut of valves, NE
sFor the relief valve and safety valve, check and
adjust their working pressure.
o Check burner tiles, #Check if there i3 any carbon attaching to the -
. bumer tile scrape it off while it is hol as for as
circumstances aliow. .
o Chéck il there are any cracks, -
Interior of | o Check refractories, o Check if there are cracks or lage break.
fumace : » Check the joints of refractorics.
« Check the alignment of refractories,
*Check the castable or fumace | +ln addition to the camsble, check the fumace
body, body., |
‘s Check the peep hole and the explosion door.
o Check the flow meter. #Check the accuracy of indimtion
« Check the thermometer., (check the zero point)
«Check the manometer, oCheck a icakige and breakage of the connec-
Instruments | e Check, the fuel safety device. | tions.
) oTest the flame suppmﬂon action. It is necess-
sry to disassembie and clean the flame deleclor
(es. ultza-violet detector).
c. BRHIE

PRSI OIIC K72 > T & THRT <& WERROW L TH S, BIC L » AT,
RBEE, RMORES LHRBI Y = 3% — ) LT 5 BREHER N OBRE T

THhRb¥TLES Z LB,

TUTOEERIETHS,
- 35 K ETVC KB T4y Wﬂﬁ%ﬁxkh—vfb &

PREEA A DIRFEH S IF R BANE, SRR
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Table 3.14 Required Viscosity of Oil at Burner Inlet

Required viscosity of oil at burner inlet
Type of burner .
RW.No. 1 Kinematic viscosity
High-pressure atomizing type 230 sec, max. 59 cst max.
Low-pressure air type . 230 sec, max. 59 cst max,
- 0il préssure type : : 150 sec. max., ' 32 cst max.
Rotary type 150 sec. max. 32 cst max,
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Figure 3.32 Average Gas Temperature and Draft Force Inside Smoke Stac_k
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" Table 3.15 Example of Draft Resistance (Water Column mm) in Flue

- Flue tube boiler 4~17
Heat Smoke tube boiler - . 7~ 10
transfer ]
area Horizontal multitubular boiler _ 3~6

Water tube boiler . _ 2~5

Superheater . 2~3
Economizer 3~5
Air preheater . _ 3~$§
Dust collector 2~3
Damper ' 1~3
Horizontal flue per I m 0.2~03
Flue 90° bend _ 3
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Figure 3.33 Furnace Pressure Measurement Port and Pressure Setting
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Figure 3.34 Heat Transfer to Surface by Convection

Boundary layer
(laminar flow). Turbulence

! )) |

>?

| \Tempe_mm / ) 2 { { (2
AN

Solid . Gas

ERC I hl, PHEB S A AOHRICH T 5B, BRMY: b OESEiTy
ADEREFERVCEEEORKTHL, REMTEDD BNTH AREY 1F, s
B#x 30 keal ' mhCXIRZ AL ER LTW AR SH S,

R OMBITTI, 5 ADMIER I B O BEERUE DY DU DT TH B,

%%@FW?M,ﬁ1®ﬁﬁ®ﬂﬁ%%ﬁﬁlofﬁkb,ﬂx@ﬁhﬁ%#mmof
W, MBHECEM LAV E b BB, ERMBHERNET, DT L-0L
KR CHBT AR LV, COBARE, SHRILEL LT b - T B b <y
Vo ZOMTHAFHEHRTHE EZOGEBL, FiBOLOL BT LD ERS,

o. EHMOBRSIC kb EGH

EEIDIBERFLTOT, ARCTAELTOHHENEATS,

BB B & SR OBE~KEIC X » THEL bR b, AROEESHIEEOHE
BERHShAME L, EROEES SHBOESCHKN SR RROETSHE,

 ESSLORMBER, FOBGEORMEED 4 BCLAT B &K, Bk
b AT B, S : *

COBMRRBRLE L, HLHMRL BEKSRE b1 5,

Figure 335 1¢, AMEREBBMOMEIT L 5 WM ELFRT,

—-3-37



Figure 3.35. Emissivity of _M_etal. E
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Figure 3.36 Typical Wall Temperature of Rehéatihg Furnace

460 mm
Furnace
temperature
Tf
// Atmospheric temperature 35°C
/ /| Emissivity of wall 0.8 o
Refractories L :
A ='l.2_kcal/mh°c
Cp = 600keal/m*C.
Furnace temperature TC| 1300 1200 - 1000 800 °¢
Surface temperature Ts- 199 190 170 149 °C .
Quantity of radiant heat Q 2873 | 2,636 ' 2,165 : 1-,699 keal/ m*h
Quantity of accumulated heat | H | 206837 | 191,765 | 161,463 | 130914 | keal/m*
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Figufe 3.37 Impecvement Plan for Wali Composition of Reheating Furnace
50 mm 460 mm

Furnace

7

Atmospheric temperature 35°C

_ gf:?:mic' Refractories Emissivity of wall 0.8
A = 0.17 Keaymh°C A = 1.2 Keal/mh°C
Cp = SOkealjm™€ - Cp = 600 kealym’°C
Furnace temperature Tf 1300 1200 1000 800 °C
Boundary temperature Tb 800 741 621 307 °C
Surface temperature “|Ts 149 142 128 112 -
-Quamity of radiant heat ™ | Q |* 1,700 1,562 1,288 1,015 | keal/m’h
Quantity of accumulatedheat |H | 133562 | 124215 | 105384 | 86341 | keal'm’
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Table 3.16 Impeovement Effects of Wall Corﬁpoéition of Reheating Fu_rn'ace

When furnace temp. is at 1,300°C , :
_Before . After ~ Improvement effects .
improvement improvement S .
Surface temperature | 199°C © o 149°C 25% drap of surfacial
. - T o temperature :
. - . |- o | 41% decrease in quantity
Quantity of radiant heat 2,873 kealim'h _ 1,700 keal/m-h of r_a_d_iant heat
Quantity acoumulated heat | 206,837 kealjm® | 133.562 kealym® | S50 dectease in' quantity
. ! P “71 | of radiant heat

_&m,F%@%wmnvﬁﬁfw&ﬁbﬁﬁﬁ%éoﬂ%$%@ﬁtt&bo
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Figure 3.38 Inferior Reconstruction Plan for Wall Composition of Reheating Furnace

s L
o S P
ﬁrnace : 7 . \
| lt:em?eratm | Tf . \
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<

\Ts .

Atmospheric temperature 35°C

Refractories qmnﬁc Emissivity of wall 0.8
_ fiber _

A = 12kal/mC A =017 keal/mhe C

Cp = 600keal/m*C  Cp = SOkcal/m™C
Furnace .;cmpcrature Tf 1300 | 1200 1000 800 °C
Boundary temperature ) 649 601 506 a | °c
Surface temperature Ts 149 142 128 112 °C
Quamity of radiant heat +Q 1,700 1562 1288 1,015 'kcall mh
Qua_ntity of accumulated heat | H | 259893 249 506 208,676 167,761 keal/ m’

8L LTAADTREIFOERFEANEEE Y Table 3.17 ko, B AR/ T 16 %
Table 3.18 {74,
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ThHb. | |

¥fo, FIHIKEIBGH OB 4 Table 31910, fAFAE M o i A LG 2
Figure 339 1" T,
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Table_-3_.1?. Standard :tefnperatures of furnace cuter walls

Standard temperamrebf.fum_aceoutcrwall(t)
Temperature in fumace (C) Ceiting | Sidewall |Hearth contacting
_ _ _ with outer air
1,300 °C or more S _ 140 1 120 _ 180
1,100°C or more but less than 1,300 °C SR = BTG 145
9%00Cormore butlessthan 1,10C - | w10 . |95 120
Lmdmn?ﬂO'C g 1w % 100

(Remarks) : : :

1. The values of the standard temperaturcs of fumacc outer walls shown in the ‘above
table are ‘those .of the average temperatures of fumacc outer walls (excluding
unusual parts) during normal operation at an outer air temperature of 20°C or less.

2. The values of the standard temperatures of furnace outer walls shown in the above
table shall not apply to the outer walls of the followmg industrial furnaces:

(1) Furnaces having a rated capacity (combustion capacny of bumcr fuels) less
than 50 liters / h (in terms of heavy oil equivalent); '

(2) Fumaces for forced cooling fumace walls; -

(3) Rotary kilns; . _

(4) Fumaces used for rcsearch dcvelopment or prototype manufacturing purposes;

Table 3.18 Térget temperatures of furnace outer wa[ls :

Targcttempemureof fumace outerwall("C)
Temperature in ftllmacc("C). . Culmg | 1 Sidewall Hm :::'::t:‘:i:-ns
1,300°C or more 120 o | e
1,100 °C or more but less than {,300°C ' 110 | 100 | 13
900 °C or more but less than 1,100°C 100 %0 ' lio
Less than 900°C | L T | 90
(Remarks)

1. The values of the target tcmperatures of furnace outer walls shown in the above
table are those of the average temperatures of furnace outer walls (excluding
unusual parts) during normal operation at an outer air temperature of 20°C or less. -

2. The values of the target temperatures of furnace outer walls shown in the above
table shall not apply to the outer walls of the following industrial furnaces,
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provided, however, that if possible, examinations shall be made to ensure that the
.insulation of the walls of the following furmaces is increased based on the same

' table:

(1) Fumnaces having a rated capacity (combustion capacity of burner fuels) less
than 50 / k (in terms of heavy oil equivalent);

(2) Furnaces for forced cooling furnace walls;

(3) Rotary kilas;

(4) Fumaces used for research, development or prototype manufacturing purposes.

Table 3.19 Main Characteristics of Insulating Fire Materials

Bulk specific Spexific Thermai Safe
gravity : heat . conductivity working
_ t/m? kcai/m? °C kcal/mh*C | temp.°C .
Refractory brick § K32 2.0~2.5 520~650 0.9~1.4 1,300
Plastic refractory § K32 1.9~2.3 380~500 0.6~14 1,300
Insulating fire brick B § 0.7~0.8 166~200 |  0.2~04 1,100
Insulating fire brick B1 0.6~0.7 140~160 | - 0.1~0.2 700
Insulating fire castabie (1,300°C) 1.0~13" 240~300 0.2~0.4 1,100
Cexamic fiber (lower than 1,300°C) 0.06~0.3 20~ 80 0.05~0.3 1,100
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Figurej 339 Working Tempera_tu're_Ra,n'ge of Typical insulating Méterials'Temp’er’a’tﬂre

Temp. (°C) _ .
~300 -200  ~100 . ¢ 100200 300 400 500 600 700 ‘800 $00 1000 £100 1200 1300

Fqlm polyethylene

Hard urethane foam

Hard foam mbbel]
Foam phenol resin
Cattle fur felt

" Basic magnesium catbonate
/7

Foaried glass - ;
’//ﬂ/fl///;/ﬁm.///// A
Glass \Lbol

7y

Asbutmonuined'd'utom earth

Asbestos insulation board JIS No. |

Rock wool

Calcium silicate insulation material (Tobamolite group)

IR
Pearlite insulztion material

Vermiculite insulatiot material

Caliclum silicate insulation material {Zonolite group)
I W//I////HMM/%//(//{/W//”/// AL AL,

Ceramic fiber (Silica alumina fiber)
l U L L L L Ly
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Figure 3.40 Factor for Determining Equivalent of heat Release from Openings to the
Quantity of Radiant Heat from Perfect Black Body

1.00
0.90 3
8 = <3+
=0.80 " T
2 0.70 PT 147 1 Circular opening
an . ] N Square opening
- . h "
= 0,600 1] - J.2 © 1 Rectangular opening
,E 0. 50 Slit
I-E 0 40 u 1} - D
20.30
7] § X
£0.20
0.10
Czedesests 2 3 4 5 6
Ratio : Diameter or minimum width - D
’ Thickness of wall X

Thk, PR - THETS L RO LS D,
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Figure 341 Double insulation method for skid__' ’

Ca'st:ablo

Skid pipe Ceramic fiber
Conventional method - Double Insulatlon-
' mcthod
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Figure 3.42 Comparison of water cooling loss {(calculated values)

r Furnace temperature 1,300°C
Flow rale of cooling water. 0.1m/s
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Table 3.20 Survey Report on the Outline of Ecjuipment

1 { Name of Co. Factory
2 | Address
3 | Name of furnace manufacturer
4 | No. of furnace
s{ | Type
6 !:‘%lm" Nominal capacity 7 tiyr
7 " | Name of main finished pmg!u:t
8 | Type
9 Nominal capacity t/h
El‘l‘ecti;re furnace length x
10 furnace width mm x mm
11 Size and quality of furnace refracto-
ries and insulation ma
12 [REBSSUTG ying of fuel used
13 Type, capacity and No, of buming )
units
14 Type and capacity of dnft
equipment
15 Type and heating surface area of mw
preheater
Quality, size and unit weight of
{16 main heated steel mm, kg

(Remark) As to ftems 10, 11 and 15, attach umph charts representing the vertical and horizontal cross-sections of
the furnace (including the size of main parts of the fumnace xnd preheating unit, kind of refractories and
main measurement: spots).
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Tabie 3.21 Survey Report.on Actual Long-Term Operations

Date of operation

1
Heating bo';::“ nE::n: Shutdown
2 Bxﬁkdown of openating tiﬁ‘e h/month
%
3 Heated tonnage t/month
4 Tonnage per heating time t/hour
5 Average weight of t]rplul heated steel K
{Max. and Min. range)
) t/month,
[3 Fuel consumption ik?/month or
: ' ) Nm?/month
keal/kg
7 Low calorific value of fuel or
. : kcal/Nm’?
8 Encrgy consumption raie per ton of 10%kealit
heated sieck
9 Stutus of operational shift

(Remark)  The definition of the breakdown of operating time is as follows:

Heating times: Time during which stee] is extracted, e, the rolling mill runs.

. Heat boosting time: Time requined for increasing the furnace tempenature vpto
an “exn-u:uble" temperature,
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Table 3.22 Table for MeaSurgment [tems-and Results of.-Measbrement

Date and time of measurement (Hours)
2 | Person in charge of measurement _ o o . _
3 Weather Atmospheric pressure | Atmosphefic temp, - Room temp, Relative humidity
_ mmHg _ °c -~ °C %
4 Soaking rone consumption kg/t or m*Njt: '
5 Upper heating 7one © consumpticn " kg/torm*N/t
T Lower heating 7one . ¢onsumption kgft or m*Nft.
_l_ E Pressure _ kglfem?® or mmAq
8 Temperature ' °C
T Components %
_1-0— Low calorific value kealfkg or kcﬂlm"N-
11 Kind R
_1-2_| Soaking zone consumption kg/t ot m*Njt
F 3 Upper heating zone consumption kg/t orm*Njt
Z g Lower heating zone  consumplion kg/t or m? N/t
15 Pressure kgffem?® or mmAq
? Temperature ' c
-1—7 Soaking 7onc consumption kg/t or m*Nft
._1'8_ & | Upper heating 7one consumption kg/t or m* N/t
19 E‘ Lower heating rone consumption " kgftorm®N/t
_JI)— E Pressure ) mmAq
2t | & Pre-preheating temp. *C
22 | _ Post-preheating temp. - e
23 3 Consumption tft
24 | 2 [ Intet temp. C
;5_‘ :g Outlet temp. °C
26 | G [ Pressure kgffem?
27 | § | Fumnazge tail temp. °C
78 | £ | Intet Temp. of preeater °C
39_ é Outlet temp. of preheater °C
_3-0H § Components % C0,,0,,C0,(CH,,H,)
31 g Combustibie amount %
F;; 5 Cinder amount kg/kg
33 Size (Thickness x Width x Length) mm X mm X mm
M
34 Unit weight kg
E 3 Total charged tonnage t
36 | ¥ | Charging temp. °C
37 | g Discharging temp. °C
_ﬁ— = Burning loss kg/t
—;;- Average in-furnace holding time h
4¢ | Furnace pressure mmaAq
41 | Surface temp. of each part of furnace body °C

{Remark) As to the measurement method for Item 41, describe in the furnace sketch.
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" Table 3.23 Heat Balance Table

Heat input Heat output
ltem 10°kaalt| % Htem 10 keayt
(1) Combustion heat of fuel 8 Quantity of heat contained by
() Sensible heat of fuel (9)  Sensible heat of scale
(3 Sensible heat of air | (10)  Sensible heat of exhaust gas
(#) Heat brought " by atomizer (11) Heat loss by incomplete burning
I wﬁtﬁl heat oo.nhined by G4 mmy of heat brought out by
(6) Heat of acals formation (13) uantty of heat brought out by
1 Hu.t reeaveted by preheater ) it )
(14) Gther heat loss
(15), Heat recovered by preheater ()
_ Total : . Total
T Y+ Q)+ () + (A) + (5) +6) EHIHIOHI DHIDHIINHIY

(Remark) 1. For recording the quantity of heat, use 10? kcalft as a unit and round out figurés after the decimal
. point into a single digit.
2. Round out figures aftey the decimal point into a single digit in the percentage.
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Table 3.24 Standard waste heat recovery ratlos for lndustnai furnaces

Exhaust gas temperature (C) - Capacity Standard waste heat recovery ratio (%)
Lessthan 500 . AeB 3
500 or more but less than 600 AB | 25
I | | A | 35
600 or more but less than 700 B 30
. A 35
700 or more but less than 800 - B . 30
C 25
A 40
800 or more but less than 900 B 30
C 25
A 45
900 or more but less than 1,000 B 35
C 30
A 45
1,000 or more B 35
C 30

Notes: 1. “Exhaust gas temperature” means the temperature of the exhaust gas _
discharged from the furnace chamber at the furnace outlet and at the inlet of
~ the recuperator.
2. Industrial furnaces shall be divided into the following three types accordmg
to their rated capacity:
A: Furnaces having a rated capacnty of 20,000,000kcal /h (83,680,000k)) or
more;
B: Furnaces having a rated capacity of S 000,000kcal / h (20,920 ,000kJ) or
more but less than 20,000,000kcal / h (83,680,000kJ); :
- C: Furnaces having a rated capacity of 1,000,000kcal / h (4,184,000kJ) or
more but less than 5,000,000kcal / h (20,920,000k] ) :
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(Remarks) o | | _

1. The values of standard waste heat recovery ratios shown in the above table are the
ratios of the calorific value of recovered heat to that of sensible heat from the
cxhaust gas discharged from the furnace chamber when combustion is conducted at
a load close to the rated load.

. 2. The values of standard waste heat recovcry ratios shown in the above table shall
apply to the industrial furnaces instalied on January 1, 1980 and after.

3. The values of the standard waste heat recovery ratios shown in the above table shal}

not apply to the waste heat recovery ratios of the following industrial fumaces:

(1) Furnaces having a rated capacity less than 1,000,000kcal / h (4,184,000kJ);

(2) Furnaces requiring a specific atmosphere for oxidation or reduction;

(3) Furnaces for burning a by-product gas having a heating value of 900kcal / Nm’
- (3,765.6kJ / Nm’) or less;

4) Fumaces at the time of the periodical mspcct:on or not operated regularly or
used for research, development or prototype manufacturmg purposes;
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" Table 3.25 Target waste heat recovéry ratlos for'inc'l'ustrial furnaces -

. D e b dt' . (For reference) -
Exhaust gas temperature (C) | Capacity | Ta7Bet waste hea Exhaustgas |- Preheated air
: AR o recovery ratio (%)(  SXMAUSLE . . :
- IR 3 " | temperature (°C ) | temperature (°C) | -
Lessthan500 | A+B | 0 | 16
500 or morc butlessthan 600 | A<B | . 30 % | 2w
A 35 a0 | 20
600 ormore butlessthan700 | B - 30 435 . 230
e e 25 - 470 195
A A 35| w0 | a0
700 or more but less than 800 B 30 - 505 - C 265
| A 40 48 | 395
800 or more but less than 900 B 35 525 | 345
c 0 osis | 295
: N A 50 . 430 550
900 or more but less than },000 B 40 535 . 440
: C 35 590 385
. _ A . 50
| 1,000 or more B 40 - -
: < as

Notes: 1. “Exhaust gas temperature” means the tcmpcraturc of the exhaust gas
discharged from the furnace chamber at the fumacc outlet and at the mlct of
the recuperator.

2. Industrial furnaces shall be divided into the following three types accordmg
to their rated capacity:

A: Fumnaces having a rated capacity of 20,000,000kcal / h (83,680 OOOkJ) or
more;

B: Furnaces having a rated capaclty of 5,000,000keal / h (20,920,000kJ ) or
more but less than 20,000,000kcal / h (83,68 0,000kJ);

C: Furnaces having a rated capacity of 1,000,000kcal / h (4 184,000kJ) or
more but less than 5,000,000kcal / h (20,920,000kJ)

(Rematrks)

1. The values of target wastc heat _recovery ratios shown in the abovc table are the
ratios of the calorific value of recovered heat to that of sensible heat from the .
exhaust gas discharged from the furnace chamber when combustion is conducted at
a load close to the rated load.

2. The values of the target waste heat recovery ratios shown in the above table shall
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not apply to the waste heat recovery ratios of the. following industrial furnaces,
provided, however, that if poss:blc, examinations shall be made to cnsure that the
waste heat recovery ratios of such furnaces are increased based on the same table:

(1) Furnaces having a rated capacity less than 1,000,000kcal / h (4,184,000kJ);

(2) Furnaces requiring a specific atmosphere for oxidation or reduction;

(3) Furnaces for burning a by-product gas having a heating value of 900kcal / Nm’

(3,765.6kJ / Nm’) or less;

(4) Furnaces at the time of the pcnodlcal mspccnon or not operated regularly or

used for research, dcvclopment or prototype manufacturing purposes.

. Thc values of exhaust gas tempcraturcs and preheated air temperatures given for
reference are those values of the exhaust gas temperatures in a case where waste
heat is recovered at the target waste gas recovery ratio and those values of the
preheated air temperatures in a case where air preheating is conducted using such
recovered waste heat which are calculated under the following conditions:

(1) Temperature fall owing to heat loss by radiation, etc. that occurs in the process
from the furnace outlet to the heat exchanger for air tempering: 60°C ;-
(2) Heat radiation from such heat 'éxchangcr: 5%;
(3) Fuel: liquid fuel (in terms of heavy oil equivalent);
-(4) Outer air temperature: 20°C ; '
(5) Air ratio: 1.2.
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Figure 3.43 Example of Preheater of Air for Burning (Recuperator) - -
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Figure-3.44 Fuel conservation rate . Figure 3.45 Fuel conservation rate
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Figure 3.46 Temperature Differrice
in Case of Parallel Flow
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Fsgure 347 Ternperature Differnce
in Case of Counter Flow
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Table 3.26 _Tgmpera"ture of Heéa_t Transfer. Area

Parallel flow . Counter flow .
Exhaust gas _:emperature 800°C - sdo°c 800°C - | S00°C
An£empeﬁuue 20°C 3se°c | 3s0°C . 20°%C
._Tempgrature_of heat transfer area 410°C 425°C :. | S75°C. | _ 266°C
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‘Table 3.27 Working Temperature of Heating Pipe by Material

(Customh::;ei;iglication) - Max. working temp. (°C) Ordinary working temp. ("C)
Carbon steel . 565 . 400
¥% Mo steel 565 450
1 Cr-% Mo steel 565 ' 450
1% Cr¥% Mo steel 590 550~575
2% Cr-1 Mo steel 635 600
5 Cr-% Mo steel 620~650 600
9 Cr-1 Mo steel 650~700 600~650
13 Cr steel 650 600
25 Cr steel o 1,000~1,100 1,000
18 Cr-8 Ni steel 870 800
18 Cr-12 Ni-Mo steel 870 800
18 Cr-12 Ni-Ti steel 870 _ §00
18 Cr-12 Ni-Nb steel 870 800
25 Cr-12 Ni steel 1,000~1,100 1,000
25 Cr-20 Ni steel 1,100 1,000

(Note) The max. working temperature varies slightly according to literature.
The ordinary working temperature was determined considering oxidation limits, tolerable stress,
graphitization, etc. and referring to US Steel’s technical data.
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Figure 3.48 Relationship between Temperature and Oxidation Loss
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By courtesy of : Welding Reseatch Council Bulletin Series Na.31
“Stainless Steel for Pressure Vessels™ )
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