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Definition of Combustion and Flame

+ Combustion is defined as the process which
changes the chemical energy of fuel to the thermal
energy by oxidizing reaction with oxidant like air,
which rapid heat and visible ray release is
accompanied.

+ Flame is the state of gas phase and formedg
generally in the flow region of mixture of fuel alrl Y
and burning products. |



Fuel Type (1) --- Gas Fuel

+ High Combustion Efficiency
+ Firing Low Excess Air Ratio
+ Easy Combustion Control

+ Usually No Sulfur Content ( No SOx Emission )

+ Typical Gas Fuel
LNG, LPG, COG, Hydrogen, etc
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) Low Theoretical Theoretical Combustion
Component % Density | Calorific Air Product mN/m’
Name Value Requirement roduct m'N/m'N

CO2 €O CHs C3Hs CsHio CmHn H2 02 N2 | kg/m™N | MU/m®N | min/mN CO2 H20 N2
Butane Gas 0 0 0 0 100 0 0 0 0 2593 1186 31.09 4.00 5.00 2459
Propane Gas 0 0 0 100 0 0 0 0 0 1.967 91.3 2391 3.00 4.00 18.91
Natural Gas 0 0 898 29 1.4 05236 0 0 0 0.815 40.2 10.66 1.15 2.16 842
GityGas(138) 0 0 880 40 20 Go° 0 0o o | osar | 417 11.00 120 220 865
City Gas (6A)] O 0 0 1.0 211 0 0 164 615 1.570 271 5.80 0.84 1.06 5.18
COG 30 7.0 27.0 0 4.0 0 570 0.5 1.5 0.467 19.1 4,74 0.45 1.19 3.72
BFG 211 220 0 0 0 0 28 1] 54.1 1.367 3.0 0.59 0.43 0.03 1.01

Table 1. Properties of Gas Fuel



Fuel Type (2) --- Liquid Fuel

+ Relatively Cheaper than Gas Fuel

+ Easy to Handle and Transport

+ Uniform Calorific Value ( 10000 kcal/kg )
+ Necessity of Sulfur and Ash Treatment

+ Necessity of Heating up ( Fuel O1l Type2a3

.

+ Typical Liquid Fuel B
Kerosene, Light Oil, Fuel Oil Typel etc:

.?, 2,




. ) Low Thecretical . .
Component wt % Density lsl_'\emazc Calonfic Air Theoretical Cosm l;:stlon Product
Name ISCOSIY1 Value Requirement mN/ke

C H 0 N S H20 Ash g/cm’ mm®/s | MJ/kg | miN/ke CO: H:0 SOz N2

Kerosene | 857 140 0 0 05 o 0 | 078~083| 2 435 11.40 159 156 000 902
([)Lilg:;l%gl) 859 136 0 ©0 05 o0 0 |osi~084| 4 43.0 11.20 160 151 006 887
Feeloil | ' | ' ‘ ' o
eei | 859 120 07 05 05 03 005 085~088 | ~50 | 427 10.90 160 134 000 861
I;'L\I(ieoél 845 113 04 04 30 04 005] 090~093| ~150 | 41.3 10.70 158 127 002 844
':T‘;‘;'eos" 840 108 05 04 35 05 010)] 093~095 | <1000| 414 10.50 157 121 002 827
Gasoline |80 150 0 o0 o0 o 0 |070~078] >1 | 44 11.60 159 168 000 9.18

Table 2. Properties of Liquid Fuel




Fuel Type (3) --- Solid Fuel

+ Difficult to Handle and Transport

+ Relatively Cheaper than Gas and Liquid Fuel
+ Necessity of Sulfur and Ash Treatment

4+ Necessity of Pretreatment

( Crushing, Gasification, Liquefaction, etex

+ Typical Solid Fuel o
Coal ( Many Types ), Cokes, etc

’%; ' . -’ ; _= o .-.:k”_ et



Component wt ¥ Trugrisi.:;iﬁc Cal;g:ﬁc The?’}‘:tical Theoretical (."l:ar:?::tion Product

Name Value | Requirement

C H O N S HO Ash| g/em® |[MIkg| mPnkg | COz  H20 SOz N2

F‘é“o”k‘lry 855 03 01 0 05 03 126 18~20 | 289 7.75 161 003 000 609
frormaking| 704 04 0 0 06 08 184 18~19 | 270 721 149 005 000 566
Gas Coke [ 757 04 08 0 11 39 198| ~18 26.1 6.73 139 009 001 529
Peat 210 63 629 11 06 0 60 55 151 040 072 000 120
Brown Coal | 424 66 421 06 11 o0 72 16.1 4.16 079 074 001 328
Bit‘g‘:;‘fus 780 52 75 13 10 o0 71 | 125~145 | 321 8.11 146 059 001 638
Anthracite | 844 19 44 06 09 o 78| 13~18 | 303 7.89 158 022 001 620

Table 3. Properties of Solid Fuel




Classification of Burner

+ Type of Dratt
Natural Draft & Forced Dratt
+ Heating Method
Direct & Indirect Heating
+ Air / Fuel Mixing Method
Premix & Diffusion Mixing

+ Oil Atomising Method 0

With & Without Atomising Medlum

B o J|
20



Classification of Industrial Burners

———— Natural Draft

1. Type of Draft

——— Forced Draft

Indirect Heating
( Radiant Tube )

2. Heating Methot——

— Direct Heating

Premix ——— Induced
3. Air/Fuel Mixing—— — Forced
Method
——— Diffusion — Nozzle Mix
— Combustor
with —— High Pressure
Atomizing
4. Oil Atomizing ——— Medium — Low Pressure
Method
= without — Pressure Jet
Atomizing
Medium — Rotary Cup

Use of Proportioning Burner

5. Air/Fuel Ratio —— Use of Pressure Equalizing Regulator

Control Method

Flow Control

~10-
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~ Classification by Type of Draft
Main air inlet

Aomising

medium
injet

Vortometric oil/gas combination buraer {(Model:CVS)

1.805~1.1

Gil/sas combination burner (Model:PCMG)
Air/fuel ratio @ 1.3~1.5 Air/fuel ratio
Preludated air not used Preheated air : to be used
Turrdown i4 Turndown 1:10



- Classification by Heating Method Direct

Main ailr inlet

1
Fuel gas inletT

Convection heating
High momentum gas burner (Mode!:HXG)

ﬂ%_.-

Fuel gas inIetT

Radiative heating

Tlat flame gas Luener (Model:HFB)

-12-



Classification by Heating Method Indirect

Main air_inlet

-

I /=1
- p——— /.f l
—r —]—+ —
= - J L N
7 == N
Single ended tube

Concentric radiant tube unit {(Hodel:CRB)

Combustion Coenzal Waste Gas .

A" Slower Valve )
.RECI..Iptfllor
2 L AT
Cembusiian Air { l‘l:‘} _\ .
K )
Fuel o E — . -/
. . . Burner
Maln air inlet
P@Iot gas inlet & .
Pilot air _'ﬁ l
: jgfk\wfx = ]
—=*EeAN

Fuel gas_inletT

3 1
%ﬁ% . = =

i

Both ended tube '
Low NOx rediant tube burner (Model:RBG-NR)
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‘C'Ia.ssiﬁcation'by Air/Fuel Mixing Method Premix

Fuel gas inlet (

0

Main air inlet
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Low pressure velocity burner (Model:LP)

inlet

Air/gas mlxturezz€4;7§;// ;

£’

gﬁ%éééV

—

=

-

_,-’-T['_F

Ul |
—

Radiation gas burner {(Model:EFB)

- 14—



- Classification by Air/ Fuel Mixing Method Diffusion

Main alr iniet

Atomlising mediun
- inlet ‘ '

Fuel ol ‘H B— { T _ J
inlet "“j“ ecas e

Fuel gas inlerT

W Nozzle mix gas burner (Hodel:NG)

-15-



- Classification by atomizing Method Compressed Medium

Fuel oil inlet Atomising medjum inlet

Y-jet atomiser (Model:SEA)
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Atomising medlum inletl
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‘.‘I_C.I‘aSSiﬁqqtion: by atoinizing Method No Atomizing Medium

01l inlet

Pressure Jjet atemiser-No oll return

1011'outlet

Pressure jet atomiser-oil return

Alr
ol
011 o
: Oil film
rotation
l\

Rotary cup oil atomiser

Mr o onovzle

—-17-
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Simple Flame Classification Scheme

~19 -

Low Intensity
-~ Jet Flame
High Intensity
Long Flame
High Intensity
Short Flame

High Intensity
Medium Flame

Lifted Flame
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New Combustion Technology

+ Luminous Flame Gas Combustion
+ High Turn Down Combustion

+ Combustion of Low Calorific Value Fuel
+ Pulse Combustion

+ Reducing Combustion

+ Fluidized Bed Combustion |
+ Oxygen Enriched Combustion "




New Combustion Technology

+ Oxygen Deficient Combustion
+ Coal Slurry

+ O1l Residue

+ Waste Products

+ Blacking Technique

+ Intelligent Burner System .

+ Regenerative Burner

+ Computational Simulation of Combustion




New Combustion Technology (1)

High Turn Down Combustion

+ T/D Ratio of Conventional Gas Burner ----1:5
+ T/D Ratio of High Turn Down Burner ----- 1:10
+ Type FHC Burner

*High Turn Down Low NOx Burner

* Center Air for improvement of Flame Direction
+ Type DGB Burner

* High Turn Down Burner ---- 1:20 R

-Burner for Drying Oven in Automobile Production

7
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Without center air, the
flame tends to curl up.

AN
e e N e |
o T THe center air effect
' ensures a correct direction

of the flame and its
stability so that a high
turn-down may be achieved.

T -Center Air Effect

Sta
<ty
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Type FHC High Turn Down Low NOx Burner



New Combustion Technology (2)
Oxygen Enriched Combustion

+ Composition of Air: 02 =21vol% N2 =78 vol%
+ Advantages over Ambient Air
 More elevated flame temp is achievable.
- Air requirement in volume is less.
*Flue gas volume is less.
+ Disadvantage over Ambient Air
- Short service life of refractory
-Relatively High NOx Emission




Composition N2 02 Ar CO2 Ne He Total
Volume % | 78.09 20.95 0.930 0.030 0.002 0.001 100.00
Weight % | 75.52 23.15 1.280 0.046 0.001 0.000 100.00

Table 4. Composition of Air ( on Sea—level Ground )



Theoretical

Theoretical Combustion Product

Theoretical
Flame

Oxygen Concentration| Comburent Volume m*N/m’N Temperature
in Comburent
m’N/m’N COz H20 N2 Total °C

100% 2.00 100 200 000 300 [ 2711
80% 2.50 1.00 J 2.00 0.50 3.590 2652 |
60% 3.33 1.00 2.00 | 1.33 4.33 2561

50% 400 | 100 200 200 500 | 2492
40% | 5.00 1 1.00 | 2.00 . 3.00 6.00 2390

30% 6.67 1.00 2.00 4.67 1.67 2222

27% 7.41 1.00 2.00 | 541 8.41 2147

25% 8.00 1.00 2.00 | 6.00 9.00 2087

23% 8.70 1.00 2.00 | 6.70 8.70 2016
215 | 952 | 100 200 752 052 1932 |
1.8% 11.1.1 1.00 | 2.00 | 9.1 | 12.11 1775
12% 16.67 1.00 2.00 | 14.67 17.67 1335

Table 5. Theoretical Combustion Characteristics of Methane in case of

Changes in Oxygen Concentration




m°N/m°N

Flue Gas Volume

Fuel : Methane
Fuel/Air Ratio : 1.0

20 40 60 80 100
02 Concentration %

°C

Flame Temperature

2800

2600

2400

2200

2000

1800

Fuel : Methane
Fuel/Air Ratio : 1.0

20 40 60 80 100

02 Concentration %

Theoretical Combustion Characteristics of Methane

in case of Changes in Oxygen Concentration
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Fuel Saving Rate

50

40

30

20

10

Fuel : Methane 70
Fuel/Air Ratio : 1.0

60

Flue Gas Temp 1300°C 50

40

30

20

Fuel Saving Rate %

Flue Gas Temp 900°C

10

20 40 60 80 100
02 Concentration %

Fuel : Fuel Oil Type 2

Fuel/Air Ratio : 1.2

Flue Gas Temp 1300

°c

Flue Gas Temp 900°C

20 40 60
02 Concentration %

Fuel Saving Rate of Methane & Fuel Oil Type2

in case of Changes in Oxygen Concentration

80

100




- : Max Oz2= 40%

Membrane ~ Control valve
Filter = |
Air -2
Oxygen enrichment ¢ Suction C.ornbuslion Heating furnace
membrane chamber . blower air blower

Packed column

Combustion air blower
Q Max O2=95%

Fuel

3

Burner

O

{ [
Primary air blower Q_~ Heating furnace

" Pressure Swing Adsorption (PSA) Oxygen Generator

Vacuumizing equipment

-30-



New Combustion Technology (3)

Regenerative Burner

+ Advantages
- Waste Gas Heat Recovery Max 90%
Waste Gas Temp. : 1200°C
Max. Preheated Air Temp. : 1080°C

" Pulse Firing for Uniform Temp. Distribution,

"Heat Exchange in the Burners
Shorter Furnace Length




No1 Burner

.

New Combustion Technology (3)

Control Logic of Regenerative Burner

Mode A

o

No2 Burner No1 Burner

Mode B

No2 Burner

?C e ) (| -3¢ bg)

||

=

—

Combustion Air 9 Exhaust Gas

- e
N

Reversing Valve

D il

Combustion Air Q IExhaust Gas

Re\@rsmg Valve _




Conventional

PR Ju— 3 AT HEH X —
Flue

BHH Work ————

ERAA-TRUENT 58S

Regenerative Furnace

JE— ,J,/ﬁ“ﬁ\;~ ——
_~T&T! TaT2
AL o [ T~
-
q > 0
IT \ \ 1
R A2 HHR Work
LqReg i
—

 FEA A —F OREST

"Temp. Distribution by Regen. Burner

‘Z%Q?HUdROf“
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New Combustion Technology (3)
Application Examples of Regenerative Burner

i RCB regeneraiive buners
¥ fted 10 a stee reheakng futnace

M RCE regerecative burmers
fitted 10 3 Jagle preheater

Fronl well I¥pe reverberatory
almmnum mellipg hurpace

Round reveroeratory aluminum meiting furmace

I_‘
1!

Catenary iype continuous steel sirig
heat Ireating lurnace
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New Combustion Technology (4)

Computational Simulation of Combustion

+ Analysis Cords
Fluent, Star-CD, etc...
+ Simulated Results
- Distributions of Fluid Temperature, Fluid
Flow and Gas Species. ‘
+ At present, accuracy of the results is still low.

However, in the near future, it will be
improved.




L o-9g -

Combustion Technology for
Energy Saving

+ Layout study
+ Re-examination of Heat Treating Condition
+ Furnace Construction and Design
4+ Operation Control

+ Waste Heat Recovery

+ Utilities Saving J
+ Enhancement of Plant Management :




Furnace construction

and design Waste heat recovery

Layout study

Recuperator, waste heat
boiler, etc.

Furnace shape,

Furnace type selection
burner layout

and siting

Optimum hearth loading Material, jig, tray preheating

(hearth coverage, heating load)

Workpiece selection

Utilization for low

Conveying and handling Cemperatore furnace
u

Furnace wall insulation

lEnergy saving }

Manag

Heating temperature Combustion controi, air-fuel ratio device

Soating-and cooling-temperature Furnace pressure, prevention
and timre of air ingress

Temperature distribution Review of heating and
heat retaining

-LlE- .

Re-examination of heat c . )
treating conditions harging method of workpiece.

Study of burning power for each zone

QOperation control

- Factor of Energy Saving Measures

Utilities saving

Electricity

Water, steam

Quench oil, furnace
atmosphere

ement of combustion
5

dManagement of control
equipment

Other maintenance

Enhancement of plant
management




Combustion Technology tor
Energy Saving

--- Excess Air Control ---

4+ Definition of Excess Air Ratio

Actual Combustion Air Flows (m3N/kg-fuel)
Theoretical Air Requirement (m3N/kg-fuel)
ex) *Flue Gas Temp. = 1300°C
-Excess Air Ratio Change from 1.5 to 1.7
Fuel Saving Rate = 40.2% o
+ Combined with preheat and excess air
technology control is much more effectiyely




_()E:.“

Furnace Air Ratio Air Ratio After Correction
Temperature Before
‘C Correction 1.40 1.30 1.20 1.10 1.00
1.50 39 74 107 138 167
1.40 38 13 105 135
700 130 | | 37 10 101
1.20 | | 35 67
1.10 3.4
150 62 117 _ 166 210 250
1.40 59 113 160 202
900 1.30 | 57 107 152
1.20 | 53 101
1.10 5.1
150 103 _ 186 256 314 364
1.40 94 173 238 294
1100 1.30 | 87 159 221
1.20 | | 79 147
1.10 7.4
1.50 183 310 402 473 529
1.40 157 272 359 427
1300 1.30 | 137 239 321
1.20 | | 119 213
1.10 10.7

Table 6. Fuel Saving Rate ( % ) on Excess Air Control

(Fuel Oil Type 1)
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Combustion Technology for
Energy Saving

--- Heat Recovery from Flue Gas ---

+ Outline of Air Preheater
 Recuperator and Regenerator

+ Fuel saving rate depends on preheated air
temperature and exhaust gas temperature.

ex) -Kerosene, Excess Air Ratio=1.2 'T

- Flue Gas and Preheated Air Temp. = 900 and 300 °C.
*Fuel Saving Rate = 18.4% | )




Type Exhaust Gas Preheated Applied
Temp. Limit Air Temp. Furnace
Convection type o Reheating Furnace
Flue Type 1000°C Max ,
. Multi-tube Type o Heat Treating Furnace
Metallic — 300~600°C )
) Radiation Type o Other Industrial Furnace
Recuperator Chimney Type 1000~1300°C
Radiation+Convection Type
C i T Soaking F
er:':zmlc Armco Type 1200~ 1400°C 400 ~700°C oaking Furnace
(Tile) Stein Type Glass Oven
Coke Oven
Conventional Type 1000~1600°C | 600~ 1300°C Hot Blast Furnace
Glass Oven (Melter)
Boiler
Regenerator Rotary Regenerating Type 600°C Max 100~ 300°C Hot Blast Furnace
QOil Refinery Furnace
Reheating Furnace
Regenerative Burner Type 1000~ 1300°C | 900~1200°C Heat Treating Furnace
Other Industrial Furnace

Table 7. Outline of Air Preheater
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Fuel Saving Rate

35
30
25
20
15
10

Fuel : Kerosene

Fuel/Air Ratio : 1.2

Waste Gas Temp.
1100°C

Waste Gas Temp.
1300°C

~

Waste Gas Temp.
700°C

Waste Gas Temp.
8900°C

100 200 300 400
Preheat Air Temperature °c

500

Fuel Saving Rate through Air Preheating



' Exhaust gas ,
Fuel T {kcal/kg-fuel)!

Fuel preheating __|
recuperator

Air prehealing =~
recuperator

(tleat loss thmugh furnacc wall) Air Llower
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Fuel saving rate through combustion air preheating (%]
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saving rate 1.0 1.1 1.2 4

35 30 25 20 ¢ 15 10 S 100 Air ratio beforel-cirriction

Furnace
temperature

1300 °C
T 900 °C

Overall Fuel 'Saving Rate through Combustion Air Preheating
and Air Ratio Correction (Fuel Qil Type 2)




Combustion Technology for Low
Environmental Pollution

+ Classification of NOx
 Thermal NOx is generated when atmospheric N2 is

heated to high temperatures. Their generation

mechanisms include Zeldovich
- Prompt NO mechanism is specific to the combustion

of hydrocarbon fuels. |
- Fuel NOX is generated from nitrogen compounds in

fuel, such as quinoline and pyridine in petroleum-

based fuels and coal.



Combustion Technology for Low
Environmental Pollution

+ Impact of NOx
NO?2 turn into photochemical oxidants,
thereby giving rise to photochemical smog.
4+ NOx reduction measures

» Combustion control

- Use of low NOx burners 1 ‘
 Modification of combustion process

- Denitrification equipment

o
o
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CENTER AIR

COMBUSTION AIR INLET -
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" Primary -
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.
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MODEL NP-3(S)PILOT BURNER

A

~ Type FHC High Turn Down Low NOx Burner




Primary Secondary
combustion . /_ combustion
, area \ area :
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NOx Reduction Method on FHC Burner
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N Operation parameter

Chart ol NOx vanation paticn

Remarks

I | Buraes 231 raba

Bumer air ralio: when large, NOx — farge

- {Q, partial pressure of fame — large)
2 /—\
i 1f it further increases, NOx — small (Fall in
- H Mare flame erperature)
=
| Burner ar ratio
2 | Preheated wir i Preheated air teqwperature: when Jarge, NOx
enpeTature i = barge (Rise 1in flame lemperature)
P
o]
F4
4
<] More
=
Prehealed ar temperaiurs !
3 | Fusnace emperalure Furnace wmperaiure: when large, NOx —
x large (Rise in Name wmperalure)
o]
z
o
L=} More
s =
Furnace temperature
4 | Furnace )iheralion ratc Fumace liberation rate: when large, NOx —
{Fumace cross seclion x large (Rise in flame wemperalure due w
liberauon rate or furnace g small heat dissipation snto surroundings)
volume liberation rate) @ / l
o
= ~ Mora
1 Furnace libaration rate
5 | Fuel iype ’ Fuel with Jarge thevzetical combustion
[ I— icmperature — more NOx
¢ ]
z
o /
k>3
= More
Theorelical combustion temperature
—
6 | Fucl N conwent ratio Fucl N content ratir: large —~ more NOx
x
2 /
r4
bl
I More
=
Fusl N contant ralio
7 | Burner combustivn Bumer cumbuslion capacily: large — more
capacily . NOx (Small heat dissipation into
g / surroundings = Rise in flame 1cmperaiure)
@
3 More
= H
]
Burner combustion capacily [

Relationship between Burner Operation Patameters and

Amount of NOx Generated (1)

No | Operation parameter r[_ Chart of NOx variation patlern Remarks
& | Bumer regisler pressure Burner register pressure ditferential: large
diffecential = — muore NOx (Shert Name due 1o betier
Q / mixing —» ris¢ in flame wemperawre)
L]
5 More
=
Aeagister pressura difarantial
9 | Furnace air raue Furnace air ratie: large — mare NOx {when
. there is a suppty of O, frem saurces other
= / than the burner, such as intruding air) (O,
£ Maore paniial pressure of flame — large)
=
Furnace air ratic
10 | Furnace pressure Furnace pressure: large -> more NOx
x
o
z /
@ B
o More
z '
Furnace pressure
11 | Sieam consumplion Steam consumption: large — less NOx
(steam spray or suclion) (Fal} in flame 1emperature)
5 \
Z
g Maore
= .
Steam consumption
12 | Amount of flue gas Amount of flue gas recirculaton: large —
recirculation x Tess NOx {Decreascd O, panial pressure of
g \ flarne — fall in flame lemperature)
@
B More
=

Amount of flue gas recirculation

Relationship between Burner Operation Patameters and

Amount of NOx Generated (2)




Combustion Technology tor Low
Environmental Pollution

+ Impact of Sox

(1) SOz released into the atmosphere causes
acid rain and exerts an enormous 1mpact

on ecosystems.

(2) Condensed sulfuric acid can corrode a
combustion facility. -




Combustion Technology tor Low
Environmental Pollution

4+ SOx reduction measures

« All combustible sulfur contained 1n a
fuel turns into SOxX.

- It is impossible to reduce SOx via
combustion technology.

- Switch to Low-sulfur Fuels o

* Flue Gas Desulfurization Equipment

S
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Industrial Furnace
Conservation Techniques

4+ Furnace Pressure Control

Negative : Adversely Affect to Products Quality
and Thermal Efficiency

- Too High : Hot Combustion Products Tend to
Blow Out

+ Furnace Design Aspect

- Effective Furnace Length and Shape i

- Application of Ceramic Fiber to Furnace Wall




~_ Seclion of reheating furnace - Atmosphere blow-oul
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S~ Healed slab
s _[_ CJ\ Q J /——A\—- Hearth level
el ™ ™~
/ [ \\
- - 7 N Oulside air ingress
o S
Example of too high Example of too low
furnace pressure {urnace pressure

Q

125 — —71
- —
2 100 |
@
E s - A
v 7 -
& 50 »4— —

S —

bt
g 25 -
" T

+D

Z8 57 BS 113 14 17 20 23

Ingress air amount (m®/h)

{Air ingress through 25.4mm square
opening)

" Furnace Pressure vs Ingress Air Amount

—53-



__bg_

m Furnace pressure

r‘ indicating controller

|
|
]
l Air nozzle

Air blower |

o5

L

(

|

L
Chimney

Reheating
furnace

— i

{a) Alr curtain type

______ Damper for Pressure Gontrol

ey ﬂ
. Furnace pressure .

control damper |

|
I
)
[
I
!

F.PT
® | Operating
% cylinder
Furnace pressure :
transmitter

]
f
i
&

|

{b) Poppet valve type




Control signal
[
| Electro-hydraulic
converter

Chimney

PCESNEEN SN

_.Tﬂ

\" Direct-acting cylinder

1__>i .

Recuperator

4
Balance weight
VT

Furnace pressure
control damper

(a) Suspended slide damper

_.Ipw

Control signal
|
Electro-hydraulic

|
damper operating
Bothway device
rotalion

&
=

___ Damper Configuration ___

===

[Furnace pressure Recuperator

control damper
(b) Rotary (butterfly) type damper




Case Study of ECCJ Factory
How to Save Energy

+ Excess Air Reduction

* Install Flow Control System
+ Wall Heat Loss Reduction

* Enhance Heat Insulation of Furnace Wall
+ Exhaust Gas Heat Loss Reduction

" Install Heat Exchanger at Chimney

+ Combination of Above Three Improvements ]
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1) Type

2) Dimension

Roller Hearth Type Bar Heating Furnace for Quenching

StaEk_ ? 4_1 A
N
Door [ : - t :
Ftow \iﬂ . =
L5 =
o FL L.J\\ . J J : ) I
- \ 12,000
View A-
Burner <_J A o AR

3) Capacity 1000 kg/h
4) Fuel Heating Varyu of Heavy A Oil 4211 MJd/kg

Theoretical Air Requirement

Quantity of the Waste Gas (Air Ratio = 1)
5) Fuel Consumption
6) Combustion Air Temp.
7) Fuel Temp.
8) Air Ratio
9) NOx in Exhaust Gas
10) Waste Gas Temp.
11) Furnace Wall Temp.
12) Material Temp.
13) Surface Temp. of Body Cylindrical Wall
Vertical Wall
Fire Brick SK33

Insulating Brick B6

14) Furnace Wall Structure

15) Cooling Water Heat Loss

18) Furnace Pressure

17) Generated Scale

18) Average Specific Heat at Constant Pressure

19) Heat of Oxidizing Reaction (Fe)
20) Total Fe in Scale
Air ratic could be reduced to 1.2.

Air
Waste Gas
Iron

Scale

11.09 m3N/kg
11.82 m3N/kg
61.315kg/h

33°C

33°C

1.6

250 ppm

1000°C

1000°C

33°C — 950°C
134°C

135°C

115 mm

115 mm

2m3/h 30°C — 40°C
49 Pa

7 kg/ton of Raw Material
1.298 kJ/m3N°C
1.381 kJ/m3N°C
0.699 kJ/kg’C
0.900 kJ/kg°C
5.588 MJ/kg
0.755

Seale loss at air ratio 1.2 would be 70% of that at air ratio 1.6.

21) Burner Type

57~ .

Compressed Air Atomizing Burner



This furnace, called the roller furnace, is used for increasing the strength of steel rods by
continuously quenching and hardening.

A simple specification is shown in the attached sheets. Steel rods are cut into a prescribed
size, inserted in succession from the furnace inlet, and heated to 950°C. The heating capacity is
1000kg/h, and A heavy oil is used as fuel.

Contents of this heavy oil are shown below. The low heating value, theoretic excess air
ratio and theoretic exhaust gas quantity are given here, but these can be easily calculated as

follows.
A Heavy Oil
Contact C, 86% H; 13% S, 0.1% 0,0.7%
N; 0.03%
Equation
A Heavy Oil (1 kg); 080,013y 4 00015+ 00070, x0-
12 1 32 16
0.86 0.1211.04+0.005 ¢
- T COs + 5 H>O + Y S0,

x =086 L0413 , 0001 _0.007 _¢ 040
12 22 32 32

0.1040 x 22.4 = 2.330 Nm3/kg fuel

1)  Agp=2.330/0.21 = 11.09 Nm3/kg ful

2y Gop= 0—-1523+Q%1 +0.ng1 + Q%%OB )><22.4+ 11.09 x0.79

= 11.82 Nm3/kg fuel
3) H, =42.11 Ml/kg

For combustion, while the fuel is ON-OFF controlled so that the wall temperature is
1000°C at the furnace center, the average excess air ratio is very high as 1.6 because the air
flows in even during the OFF tiine,

The exhaust gas, at 1000°C, is discharged from the gas duct provided before the furnace
inlet. When calculating a heat value that the exhaust gas takes, as shown in Table 3.9, the
exhaust gas's specific heat varies by gas content and temperature. Strictly speaking, it needs 10
be calculuted for each case.

However, here it is calculated based on 1.381 KJ/m3N°C and constant.

The heat insulation configuration is firebrick SK33 115 mm + insulating firebrick B6
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115 mm. Their mean heat conductivity and the furnace's outside and inside surface
temperature are also shown in the chapter of insulation including examples of energy
conservation type. Strictly, the heat conductivity is also a function of temperature, and porous
materials have more of this tendency. However, here it is also considered as a constant.

This furnace is cylinder shaped. When calculating a heat loss from furnace wall, the heat
transfer calculation is conducted using formulas applicable to the cylinder. Additionally, heat
loss at the inlet and outlet are calculated using formulas for plane boards. However, here you
may use the value which already calculated.

A furnace inevitably has openings including the inlet and outlet, however, radiation oss,
air invasion and blow out of furnace gas from these openings should be avoided as much as
possible. These factors can be calculated by the area of opening, wall thickness and furnace
pressure.

Invasion of air and blow out of furnace gas, in particular, should be given consideration
when examining whether to provide a damper control or not. However, here these are
considered as negligibly small compared with other heat losses.

Scale production largely depends on the furnace temperature and the oxygen
concentration of furnace gas.

Reduction of excess air ratio is the first to be considered in terms of energy conservation.
In conducting the present calculation, it is assumed that the excess air ratio can be reduced to
1.2. And, in this case, scale production is supposed to be 70%.

In case of iron the produced scale consists of FeO, Fe304 and Fe203 and for each the
producing heat and specific heat are different. However, if a scale analysis s not conducted, it
is specified in the JIS that the producing heat may be supposed to be 5.588 MI/kg, the specific
heat 0.90 KJ/kg°C, and the iron content in scale as 75.5%.

The specific heat of steel varies itself by temperature. Especially, as the steel involves
phase transformation, the specific heat increases a lot near the phase transformation. Thus,
while a table of specific enthalpy as shown in Table 5.1 shounid be used for strictness in cases
of heating exceeding the phase transformation point of 727°C, here 0.699 KJ/kg®C is taken as a
mean specific heat.

Using these values, heat balance of the current furnace is calculated as the attached
sheets.

Next, to examine effects of various energy saving measures to this furnace, heat balance
is calculated for each. As measures first to be applied, reduction of excess air ratio,
enhancement of heat insulation, recovery of exhaust heat, etc. are considered. and each follows
premises as shown below.

Excess air ratio is reduced from 1.6 to 1.2, heat insulation is enhanced by veneering the
furnace's inner surface with ceramic fiber, and combustion air is preheated to 600°C by heat

recovery.

—59-



Since the fuel consumption X is unknown, first it is determined based on an assumption
that the input heat equals the output heat, and the value is substituted for further calculation.

As an example, the result of simultaneously applying all measures is shown. To examine
the contribution of each measure, results of individual measures are 1o be calculated by
yourself.

Combinations to be examined are the following.

1. excess air reduction (auto combustion system)

2. heat insulation enhancement

3. heat recovery

4. combination of above 1., 2., and 3.
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0

Veneering Thickness (mm) (Existing) 25 50 75 100
Surface Tem. Cylindrical Wall (°C) 134 113 100 90 82
Surface Tem. Vertical Wall (°C) 135 118 106 97 a1
Wall Heat Loss Cylindrical Wall (MJ/h) 356.9 262.8 206.2 168.5 141.5
Wall Heat Loss Vertical Wall (MJ/h) 14.4 113 93 7.9 6.9
Total Heat Loss (MJ/h) 371.3 2741 2155 176.4 148.4

Table 8. Wall Loss as Function of Veneering Thickness




Scale Loss Improvement

Excess Air Ratio Generated Scale Annual Generated Scale
- kg/ton ton/year
1.6 70 50.4
1.4 6.0 43.2
1.2 49 35.3

Heating Furnace Operation Hour : 7200 h/year
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Heat Balance of the Current Furnace

- Total 2612 MJ/h
1} Fuel's Heat Value 2582.00 MJ/h

Fuel Consumption Low Calorific Value

61.3154 kg/h  * 42.11 MJ/kg

2) Scale's Producing Heat 29.53 MJ/h
Generatad Scals Capacity
7 kg/ton * 0.755 * 10ton/h * 5588 MJ/kg
Total Fe in Scale Heat of Oxidizing Reaction (Fe)

‘Total 2612 MJ/h

3) Material's Sensible Heat 637.65 MJ/h
Capacity Generated Scale Material Temp.
(1000 kg/h — 0.755 * Tkeg/h) * 0.699 kJ/kg°C * (950°C -33°C)
Total Fe in Scale Specific Heat of Iren
4) Exhaust Gas Loss 1513.11 MJ/h
Specific Heat of Waste Gas Fuel Consumption
1.381 kd/m3N°C  * 18474m3N/kg * 613154 kg/h * (1000°C - 33°C)
Waste Gas Quantity Waste Gas Temp.
Waste Gas Quantity Theoretical Air Quantity
18.474 m3N/kg = 11.82 m3N/kg + 11.09 m3N/kg * (1.6 - 1.0)
Theoretical Waste Gas QGuantity Excess Air
5) Radiation Heat Loss from Furnace Wall 371.34 MJ/h

Heat Loss from Cylindrical Wall

356.90 MJ/h + 14.44 MJ/h

Heat Loss from Vertical Wall

6) Heat taken by Cooling Water 83.72 MJ/h
Specific Heat of Water Cooling Water Quantity.

4.186 MJ/m3N°C * (40 - 30) x 2m3/h

Cooling Water Temp.

7) Scale's Sensible Heat 5.78 MJ/h

Specific Heat of Scale Material Temp.
0.900 kJ/kg°’C * Tkg/h * (950°C - 33°C)

Generated Scale
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Price List of Improved Equipment and Other Related Items for Heating Furnace

Improved Equipment Name Specifications Price US$
(Including Laborage)
1. Automatic Combustion Temperature Control 32000
Control Equipment Flow Rate Control
(Including Damper Control) Automatic Valve
2. Thermal Insulation Material Ceramic Fiber 25mm 16600
Plywood Ring 50mm 23800
75mm 33300
100mm 40400
3. Waste Heat Recovery Recuperator 120000
Collecting System 1 Max. Exhaust Gas Volume 1100 m3N/h
(Large Size) Max. Air Volume 1000 m3N/h
Exhaust Gas Intake Temp. 800°C
Air Outlet Temp. 650°C
Air Duct Thermal Insulation
Recuperator 50000

4. Waste Heat Recovery
Collecting System 2
(Small Size)

Max. Exhaust Gas Volume 500 m3N/h
Max. Air Volume 450 m3N/h
Exhaust Gas Intake Temp. 800°C
Air Outiet Temp. 650°C
Air Duct Thermal Insulation




