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1. &8 o4 (Input parameter)

ARE Azel FAGE FYZAS Ao stef B B2 YT oA WS E

Agae}, AA A s

) (unit) = A4 g5t gl ST unitE A&k

(F—1)>2 9J& wj/lyi4E 4A computer program4r© g 4= variable = 3%

W 457 Heln

{Z— 1) Input parameters with the nomenclatures

Parameter Unit nomenclature remark
number of cyclone stages N
raw meal/clinker ratio CF
raw meal to preheater kg/hr RM
coal to preheater keg/hr PHCOAL
coal to main burner kg/hr MBCOAL
raw meal feeding air Nm?/min | AKF
primary air Nm?* /min | AP
CaO content in clinker % CAO
MgO content in clinker % MGO
Al, O; content in clinker % Al, O;
Na, O content in No. 1 R/M % NA,O
K, O cotent in No. 1 R/M % X,;0O
SO, content in No. 1 R/M % SO; NO1
carbon content in No. 1 R/M % CKF
SO, content in raw meal % SO;KF
moisture in air by Drager g/m? Z
(Items about coal) :
specific heat of coal kcal/kg°C | CPCOAL
available hydrogen vs. carbon F() *1 designates
IM content in coal % IM(D) the classification
FM content in coal % FM(D) of coal
VM content in coal % VM(I)
ash content in coal % ASH(I)
sulfur content in coal % S(D
high calorific value kcal/kg QK(I)
(Items for air excess factor)
CO, content in exit gas % UCo, (J) *J is the No.
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O, content in exit gas % Uuo, () of individual
CO content in exit gas % UCo(J) cyclone stage
(Item for radiation loss)

surface area of cyclone m? FCYCQ)

surface area of meal chute m? FCHT(D)

surface area of gas duct m? FDT(J)

surface temp. of cyclone °C TS(I)

surface temp. of meal chute °C TCJ)

surface temp. gas duct °C TD(J)

present temp. of exit gas °C T(K) *K = J + Const.
present temp. infiltrated air °C T(M)

ignition loss of raw meal % 1G(J)

cyclone efficiency (initial value) YY)

dust from kiln to preheater kg/kg-cl RMDCHI

degree of recarbonation REC

designation of ultimate IGASKY

©® 7\x Yo ¢

Cyclone stage 49} 232 # factor 7t &5z U8 Y coal feeding 3t Az ZF
& 37 9 A48 gz FrlEge] 2dddz ¥k
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E=§ 45 & (combustion efficiency) & 47 43l sk 55 vwdRLTH
Hl7lch ol 7159 45w multi—gas detector 8l Drager apparatus =
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coal o] W] e doIst tablex HE dm ¥, AL
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3% o sulfur 59 F#F

+
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7} cyclone stage W2 cyclone 24, w7}~ dust ¥ raw meal chute2 -3t
Iy 7o fLte £ HFFEHezE dHstd 2 4kd(heat transfer by ra-
diation)7 54 (heat transfer by convection)g EAlo]l TE35}E oz w4
< T2

®IzxzH HE

7} cyclone stage @ 5(54 =) o g9 Hdz#@e] 1224 .
cyclone efficiency = %71 (initial value) 2 7}3 & AF-&3h AAbbAlel A 24
3} (optimization) & E& dAAZ2AL AT 4+ Jdz, 29 AR =4 LA ¥

sl S0l o dust® £33} =) AL318 (degree of recarbonation) °] ¥ =l
2. £8H BEo| MA(Construction of mathematical model)

Preheater Holl 4 dojubs e ddstd &4te] 4318 23 342 material ¥
7} 42] energy balance 2| w4l Axlcl

Preheater ol %<5t material @ 7}49] & (sensible heat) 2 B vds 4T
(=Rfex—71%2LE) Fo2 ALt enthalpy ol kg.clinker 3 dEFET F3t
o] AbEach® ol9} Aol g A2 o8 k34 (heat of reaction) ® FTH W4}
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29,5 2&% £490°]c
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oz oS AAEE A4 Mdozw ok 1A H cyclone efficiency & & H3lho
7+ cyclone stage ¢ 5% F3ie}? ¢ °
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—1> Ryl (2¥—-2>= T el A4 Wy flow chart 24 3 —'E— %9 data
Z o7 3 sl techniqueql Half interval method 7} 7§ gl =l S 91-.
FHE-2 = tAlF oz A= Az Yot & FAEHs Zzad ¥
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Input parameters
Y(N)q QK(N)

R(N) J
T(N) RM
IG(N) etc.

<ag-1>

Calculation of heat
added 7 removed
for thermodynamic
model in preheater
QM(N) D
QG(N) etc.

Calculation for
optimization

of energy balance
in preheater

Making into tables
of energy balance
and printing I/O data

Change
individual para-
meters

Interpretation of

the present process

& forecasting changes
in operating condi-
tions when process
improved

Sequence of model programming and interpretation
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Half
Interval
Method

Read input parameter

Material
G balance
as

;

Calculate into To +0.5
form given T,

& assumed T,

for energy balance

—

Change in

cyclone efficiency
(use DO-roop to
minimize abs. value)

T

Print Table
and I/O data

{2%-2>

Print efficiencies
& heat consumption

Change in

individual parameters

Flow chart for optimization
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{(&— 2 ) Program variables calculated from input data

el & BE AA A H4HE 102 5o pre-
calcinator = Hx 9 stage 2 F &3HA
b=t cycloned] =3A1A A 7572 Jiel

o
%

variable Unit nomenclature remark

(Material balance)
clinker production kg/hr CKS
coal to preheater & kiln kg/kg-cl RK(I)
ash kg/kg-cl ASH
material from cyclone No. J kg/kg-cl MMQ@)
dust from cyclone No. J. kg/kg-cl MDQ®)
(Gas balance)
C content in coal % cn
H content in coal % H®)
O content in coal % o
N content in coal % N()
apparent degree of decarbonation| % D
combustion efficiency E
carbon content in coals to kg/kg-cl CcC

preheater theoretical air

quantity required for

combustion Nm?3 /kg-cl | AO(I)
air excess factor R()
practical air for combustion Nm?3 /kg-cl | AA(D
CO, content in exit gas Nm?3 /kg-cl | TC02(J) summation of
N, content in exit gas Nm?3 /kg-cl | TN2(J) gas quantity from
O, content in exit gas Nm?3 /kg-cl | TO2()) raw meal,
SO, content in exit gas Nm?3 /kg-cl | TSO2(J) fuel & excess
H, O content in exit gas Nm?3 /kg-cl | TH20(J) air
raw meal feeding air Nm? /kg-cl | ALKF
primary air Nm? /kg-cl | APL °
leakage air to cyclone No. J Nm3 /kg-cl | MLA(J)
exit gas from cyclone No. J Nm? /kg-cl | MG(J) DMS(J); dry base
(Energy balance)
specific enthalpy of exit gas kcal/Nm3 | HG(J)
specific enthalpy of air ‘kcal%ZNm?® | CPAIR
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variable , Unit nomenclature remark

specific enthalpy of material & | kcal/kg HD(J)

dust
heat in gas from cyclone No.J | kcal/kg-c! | QG(J)
heat in air to cyclone No..J kcal/kg-cl | QA(J)
heat in material from cyclone kcal/kg-cl | QM)
No.J

heat in dust from cyclone No.J |kcal/kg-cl | QDQJ)
heat in feeding air to top cyclone| kcal/kg-cl | QALKF
heat in primary air to calcinator | kcal/kg-cl | QAPL
radiation loss of cyclone as such | kcal/kg-cl | QHCYC(J)
radiation loss of gas duct kcal/kg-cl | QHDT(J)
radiation loss of raw meal chute | kcal/kg-cl | QHCHT(J)
radiation loss of every cyclone kcal/kg-cl | QH()

stage
heat of dehydration kcal/kg-¢t | QHYD
heat of decarbonation kcal/kg-cl | QDEC
heat of precalcination kcal/kg-cl | QPRE *heat of combustion

heat of formation according to
alkalisuiphur from kiln to

preheater kcal/kg-cl | QABS *heat of combustion
sensible heat added with coal
to preheater kcal/kg-cl | QCOAL
heat of recarbonation kcal/kg-cl | QREC
optimum efficiency YD)
the total wall heat loss kcal/kg-cl | TQH
the total heat in leakage air kcal/kg-cl | TQLA
calculated temp of cyclone No.J [ C T
limitation of bottom stage temp | °C CCKEYI *for the use of half
as initial condition CCKEY2 interval method
calcinator efficiency AFIL
preheater efficiency BFIL

2—1 Material 2} mass balance

Mass balance (¢]s} material ¢ mass balance = mass balance 2} 3tth) & 571%]
Wty o 7 AE 4 glvl, = preheater A bRz B8 A Abs] ] 2} balance = F &

~ W3 2oz Re9 dust = Al 2 Joz Al LelslE* balance A
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Md (N) )
Mm(N-1)

j¢———— Ash
Md (N+1)

!
i
i
1

l1kg

{(24-3)> Material and dust balance in preheater
F22 zEH Aoz YUt ohew o
shube] Al (system)z B9 Z7A 1kgd Y4kshes o

oz FeMdl 11

2 & (1 -1 Al o] A7 7l
Mm(N) =Md (N+ D +1

o 7] 4, N.......-cyclone stage 4
N =toll 4 L@ = material & (kg/kg-cl)

Aol shedel (2¥-3>2

Mm(N) -
Md (N+1) - AEo 4 o* dust 2 (kg/kgecl)
t}-Zol Nzte] cyclone efficiency YIN) & 7} 5h=d
MmN) =Mm®N) (/Y N)—-1) (1-2)
2z 59 MAd(N)E Nwddl A e+ dust & veblich
(1-3)

N7 E shbel Az 4 7hebn

Mm(N—1D=Md (N)+ 1 -Ash
27 53, 9714 AshT preheater ol 4 o £ 5% coal & 3 2 (kg/kgscl)olch,

wpAk kx| 2 6lod & Al 7bx] ] mass balance 7} Al 9 x| =4 A AF4Fe] material ¥ du
< energy balance

st o ¥ (quantity) ¢ zdze Aoz AAgel o PRy
Do—roop 2 A 4tst=H| c}g3 o] =

ol 4 3 #Hghel
mass balance = HFEH ZzaY4or =
229 =Y, 2132 comment statements Gl AE)z 7143 Azl wiyHE g

e,
—59 —
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MASS BALANCE OF MATERIAL

BMASH=ASH(2)*RK(2)
NN=N+1
RMD(NN)=RMDCHI
RMM(NN)=1.+RMD(NN)
DO110I=],N
NA=NN-I
NR=NN+1-I
NC=NB-1
RMD(NA>RMM(NB)* (1./Y (NA)-1.)
RMM(NC)=1.—.BMASH/100.+RMD(NA)
110 CONTINUE
———— ANOTHER MODEL FOR MASS BALANCE ————
RMM(1)=RM/CKS* (1.—AIG(1)/100.)
RMD(1)=RMM(1)—(1.—BMASH/100.)
NN=N+1
DO 111 1=2, NN
IK=1-1
RMM(D)=RMD(IK)* Y(IK)/(1.-Y(IK))
RMD(I)=RMM(I)—(1.—.BMASH/100.)
111 CONTINUE
RMD(NN)=RMD(NN)-BMASH/100.

2—2 Gas balance

7} cyclone stage Ab%-oll4 2 Fgt 71425 Orsat apparatus 2 482 2435t Z
Z1vlE 7kl Folu F A48 olE Frider R AA A48 TUIYE Fohu’

7t cyclone stage ¥} 7}~2ko] AL 98 W o g g iy WA EHE WA 3o F
23y nH5E WA E HAlste AALSES, kiln inlet o 22 wislA 24 W wist
2% 488 ¥ YrbAbEE zhekateh

@ ol ] A] A&k (Preliminary calculation)

Z7lulE UCO, (), U0, (1), UCO (U), UN,(U)E #7+ Orsat 7t F-4AJdl o)t
CO,, O;,CO, N, o @3 % 2 3hui,

R(J)=21-UN,(]D/ (21-UN,(J) =79 (UO, (])

- 05-0UCO () (2-1)

olel, ©hak kiln inlet = WHEX] S HH 7 Tabstr] s &oll ¥ A ooz of 2 7HA]
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7hodt data 2 4HAY 3l Zzade Aol wel Aoz ek @n T
HE A JEAE £E Y5 s

A48 )BT Y AA 942 Ty coale 4R Az|z EE

AO(D = 224/ 21-(C(1)/ 12+HT)/44S (D/ 321
- 0d)/32)-PK1) (2-2)

AA(J)= (AO(1)+AO(2)+AO0BY * R (2-3)
kiln inleto] 44 448 7% 2 d458F Eetn &4,

AANN+1D = ((Ao(1)+A0(2)) (1 —E)+AoB) - R(N+1D) (2—4)

oli A (2-8) 4 RK(I) & kg-clinker & coal Z%&%2 yellich
@ 7_‘1_ CYClone StageHH 7}_;_ E\: 2627982914

Zt cyclone stage s &<dt+ wi7bA+ 95, d8 9 739 -F7(excess air) & H

—Ei-_}_.
59 Yrhieo 2 CO,7t, 4559 AEXN =z HO07t27 iEsa, 9452 H¥
< CO,, SO, N, ¥ HO7F wAsl=, d4 8 F7] 59 N; ¥ H,O, #YdF75el «
4802 Agsu G2 O,7tA7 WA S Ei=Ecl
T 7t ol EE el AbEstE, ZE inletd WA A A olE YR 2 HEH
o] CO, WA 2ol 2ebdlgS zotsln, dazfe Wrs YT d4582 b
ghel, o]E Do—roopE A Abste] wirbA 242 FobA Hied, oL SHAo gL
et 2<3 -3 Ze wrtAz432 el el

{Z—3) An illustration of composition& quantity of exit gas conducted a way
from a cyclone stage

Composition & quantity of exit gas for cyclone stage No.(2)

R/M | COMB, AIR |EXCESS AIR SUM WET % | DRY %

CO; 0.2767 0.1681 0. 4448 36.0672

0. 0.0185 0.0185 1.5022

SO, 0.0007 0.0007 0.0591

N, 0.0026 0.7667 0.7693 62.3715
H,0 0.0246 0.05670 0.0119 0.0935
SUM(WET) 1.3269
SUM(DRY) | 0.2767 1.2334

© 7+ cyclone stage®] leakage air
7} cyclone stageol 4 Fd=o] & 9+ leakage air #2l 442 5 cyclone sta-
e Zkel F7u] zpolzg Fohd AL FH, 4L H 48 FFE 7] ¥ cal-



12 AWE A2

cinator 9 Mol @48 Y27 (primary ai)E ¥EZ btk
ohul #sluke] leakage airs wa A Alodof slw o]& Prepol —AT system
A ZEZ inlet® F7)ulst WS 7] = Folc}

J =9 leakage air +=,

Mla (J) = (R(D—R (J+ 1)) (Ao(1)+ Ao(2)+ Ao(3) (2-5)
FAohe 48 FFE I35 #Aatshdo,
Mila (1)=M13(1)‘Alkf (2 -6)

Aot wa Al4behd,
Mla (N) = (R(N) — 1) (Ao(1)+Ao(2)+ Ao(3)) — Apl
—(R(NN—-1) ((Ao(1)+A0(2) (1 —E) +Ao(3)

+ (Ao(1)+Ao02) - E (2—-17)
o714,  Alkf --.-.. 8338 F71% (Nm¥kgecD
Apl «eeeee A4E Az FA% ()
R(NN)----- kiln inlet Z7]¥] (NN =N+ 1)

2—3 Energy balance

Mass balance ¥ gas balance 43 Ao A ©h¢ kg clinker %22 At%3 ma-
terial & stA%E T4z 1 d9dE FIL AsA 4-Sd 2 WtE S e
% lE2Es 0CE goh

Energy balanceE < 7[H& 7€l 1&g e Ao AL (2y-4>9 (28 -
59 7o mule| qlzgtel, (2™ -5>% sl cyclone stage @ ol & vortex 9 e-
nergy balance &, (2% —4 ) preheater A 4] 2| energy balances Holxm Urt

FAA A EHstAY A8 5 AMF, 2438 dataz £E energy balance & A&
Wye 2722 A2 4 Uk 7 cyclone stage o £EE 735k7) Y& A= cyclone
efficiency & 7Fstel 2725 YHstn ol & A4, 4P &5 E d# datad}
il AAske A A4t oz Ry AAs dohe® ahye Feivtez By AAste
o]l Q=8 cyclone & %9313 material & wj 728} 1 specific enthalpy Ztol
vy dAstetn Asleg 3sigez e 2EF A4 YrtEE g

of AAHFE Axl7] Y48l 7 cyclone stage 2 UEA §29 giekslgt Ry o)
(¥ —6>°lct. o714 E5A cyclone staged] Aul wWAs} AU £7HE 4129 =
nHE g Yrf

L
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dust f}\ exit gas after preheater
1
I

—

raw meal ——— |

ﬁ radiation loss

feeding air —-——-— i
* heat of dehydration

leakage air — ——— — 3 Preheater

«—— Coal
heat of . .
recarbonation €-——-— primary air
h heat of

combustion

E——— heat of
decarbonation

— 1 5 raw meal to kiln

A

) . )
heat of e Eeiarath EE bt exit gas after kiln
alkali sulphur kiln dust
circulation

—>  material
—--->  gas
‘ heat of reaction etc.

sensible heat

{(31¥Y-4> Energy balance in the whole preheater
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14 Al¥E A4%x$

|mt

A .
dust : exit gas raw meal from
: | cyclone No. 2
L]
d ] |
r i
| |
i I
A
|
!
: exit gas
radiation 10ss heat of . t from bottom
/ recarbonation cyclone
/
{/ dust from botton cyclone
leakage air
——> material ) sensible
_____ >  gas heat
raw meal

{2%-5> Energy balance in the vortex

Qe(J)
Qd() T
l Qm(J-1)
H(J) <—cyclone| .
)
: Qa(J)
{ Q(gi(JJ+11)
+
Qm(J) r Qi+

{2.%9-6) Energy balanee in any of the cyclone stages.
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@

A A 5o FAge]l T 4 v A=A wgda did g Adstn
TEE 37 2 dAEIE 26k leakage airst Zm Eojste 49 AL
s Eoz HE ulitso] B0l o9& dust o £@E o] duAixlz EHx

olo oA A FE A4S FE ZzadAe sz x5 Mz A o
aloh o e Eol 4o Bl HuUgt udghs Agskrl dal ARRHY Fzxsio Wt
24 9 5o det W2y vjde EE 459 ¥dE 7T 4 dve A4 ¥
Tz 3% (sub—program) oz AA=gel wx| vde 259 golnz ude] 4T
T F3 &% =239 w42 Fo} (specific enthalpy)

g B-DdA @-5)7x gd T, G-6A (3-9D7x 971x o

d-2, B-10)d #ad o AEA4E 715 55l
27 cycloned| 4 dojd HERIGL,
——3§- .——AleSQ —
Q hyd =105 " Tog " 264 (3-1)
3|5l ek cyclone ol 4] ®Ebibol £ 95 %2 grbibdo]l D(%)old,
_ .Ca0 MgO D _
Q des —(100 714+ 100 588) 100" (3—-2)

z|stet cyclonedl A TF=+= A8 (coal)d d4FL AUdeo g 3he

Qpre = (RK(1(QK(1)— 6 (9 H(1)+IM1)

+RK((2)(QK(2)— 6 (9H((2)+IM((2))) - E (3—-3).

zZhol A Absln wlalksbx] 2 # sht cyclone o] 4] WA sk alkali-sulfur &3kl 2%

|5tk raw meal chute 2 W &=+ U8 F sulfure] Tl 4Abekell FUH
48 9 2z 44 d8z8y Eo|z sulfurd) &R el 23, o] sulfur 7} raw
meal chute 98 Foll 4 4138 4 gl drtelncl B mole % Zw 3-& 24 F
Al(3—4) 8 zFol A 4kgle} !

Qasc =RMSO; - 96.1+ 1000 (3-4)

o714 RMSO; = #3tit Wi &8 F CaO%t utg 71537 SO; mole (g «mole) &
vepdie},

g F|shukell Al 3 ko g sh= dust = CaO ngzol=z 3wtk cyclonedl 4 ©] CaO
o X7t 2% CO0 .HhA] CaCO, & B AJghe} #7771 o] ) Al5lo] u]-&(degree
of recarbonation)& 7} st A 4tsld & o}&3 o] Fetn Y 2o wlE 3wk W E
5o FAHF(B)E AAgeh
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Qrec =CO,mol « REC- 1,000 + 39.5/44 (3—=5)
o714 CO,mol -~ CaO%t A 715d CO, o &) mole 5
(g« mole)
TEC «reevencnnen XH ,&_}_ﬂ_.&.

7} cyclone stage @] 259 BAglol iy HE dFL leakage air ¥ kiln inlet 2
7t e dust o] 39 Solel

zteke] false air & Zbwt leakage air, feeding air @ primary air 8] g2 37
9] uld-& Cp air (kcal / Nodc) 2 s,

Qa(l)=Ma () «Cp air 4T (3—-6)
Qapl =Apl -« Cp aire 4T (3-17)
Qalkf =Alkf - Cp air. 4T (3—-8)
I 23 PEAA ulibEo] o) o= dust ¥ stAs 2w ok HEL
Qg(N+1) =Mg (N+1)-HG(N+2) (3—-9)

Qd (N+1D =Md (N+1) e HD(N+ 2)/ (1 —-IG(N+1)/100 (3—-10)
714, HG(N+2), HD(N+2) ------ kiln inlet 25 4 u]d 3}
4T A (kcal /kg =X kcal /Nm?®)
IGI(N+1) - A2 4 o+ dustd 7#dzE(%)
g, HFEA2E Ts (]), &% Fs(J)eold z=k cyclone of w42 o £33
A (JIS)e = F3hd
Qh (J) =Fs () (35+0.062Ts (J))(Ts (J) —Tain/CKS (3—-11)

2 =53 Tair & "7 &E0|c}

© 7t cyclone stage 2% A4k

(18 —-6>7 Z2 energy balance | 'dol] ] zsted oA A Fg upe} zHol ol v] A Ak
2 e AEstd Ao Aoz At 25 & FEeg P00

ohab 7 whell A Ml S5 = b2 9 d8 259 A 4T+ ok 5= Y&z A
ZE " g YEdy e5& vt Y 98 259 HFLE0B2F energy bal-
ance® A A= £EE oo} Z2 A 2% Mdog Foh

SEAA A E gokdle o9 Ze F
clone &) &% 29 WY E 7I63’ =7 Fa, o 43 %
$-e] 2 slet cyclone o &G Asd, vl FFoz G 3uk ME U5
JEk(dg)e gdda £99 zlolst e}, 3ok U89 H(quantity) £ ©] =] mass ba
lance 2 %8 &3 & Fgolmz LE2(UDE 7 5 Aok ool a4uton A4
3 €247t A=z T35+ preheater feed (A Aot FPAF) 57} 44 S =9

o
=
i
[¢]
-
fo
bt
i
]
o
ol
-
=]
i)
ol
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YA w72 Folx SEHYE F441471H A (Half Interval Method) el =
o] 25 Fola AA S 2Eeo ol A FE JAAA EFm oo
Z cyclone efficiency gt2 Fstd, ZE AAAAH S b4 A=A gl

A Aglz A, Az o] 3 47 = cyclone efficiency & 25 7b53gkgt 0o
43358 o8 zd 9 simulation < 3lc},

Fslrto g He oo AAAAHE AZ olfE VAT FEoz Y59 HLE
o] &3tz Hgaldl, HAwtoz e A NH2E A oA FEo A9 H
gdo] =Hu, 240 we} Wrtse vde zolst Zul ursld 8o wjde X o}
2 Az AR e #o] " Eolch

3t A A=l energy balance ¥ ¥ calcinator == preheaterdl 49 4 23 =5
vYEl & alx}2 calcinator efficiency @ preheater efficiency &3’% c}g3 zte] A
o] gke},

_ QD (N) +QG(N)
QD(N-D+QG(N +1D +Qpre

- QD) + QG (L)
7PTe =1~ DN+ D +OGINF ) +Qpre

(3~-12)

7cal =1

(3-13)

II. =233 simulation &1}

& Aol Ae Aol A 71 &7t vpob Zo] Awksl preheater o dAdstA Aol g
%% model o] Zg oYL o] &3te], 7 & W4 HF wEe G2 25 ¥ o
44 5o I dstel] sl =dtslz deh

A ol 2 A FA 2ol Aol Wl AY AARSFE Yol Y FAE
AA R e vt Zolzt glev, 4ux]e A4 D 4 chAH Wy WS =B FF
H3ke| &) ol & FE3}eh

1. Cyclone efficiency

Pas
T
=N
AV
2
2
(52
4
30

= uke} 7o) cyclone efficiency 7} #515= preheater ] 7} £
25 ¥ d4urt gubA oz A53iel. (% # 4wk cyclone efficiency 7} Asl=l™

ol 4 %71 713 A A cyclone efficiency 7} 0.05 &
=1 15kcal/kgecl o d4&uj7} SrhE < b
o
¥y

5
% zeh, ol& FH bt cyclone& mEojw A &

-7

-1~
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{(3—-4)> Exit gas temperature and heat consumption depending on the cy.ione

efficiencies
cyclone efficiency exit gas temp. heat consumption *
top N2 | N3 | bottom o (keal / kg-cl)
0.961 0.86 0.79 0.83 378 206
0.80 395 215
0.77 - 409 224
0.961 0.86 0.82 0.80 392 213
0.79 395 215
0.76 395 216
0.961 0.90 0.79 0.80 392 213
0.86 395 215
0.82 395 216
0.981 0.86 0.79 0.80 398 213
0.961 395 215
0.941 389 216

* The value of heat consumption is the summation of sensible heat carried with exhau-
st gas and dust after preheater.

2. ZLE tl dust =2t

2 wdust €8%0] 01kg/kg-cl Z7hstal d4ule 8keal/kg-cl FE 4+
o,

{¥-5) Exit gas temp & heat consumption with the heat of recarbonation depending
on the dust circulation from kiln to preheater

dust circulation heat of recarbonation temp. heat consumption
(kcal/ kg --cl) (keal /kg -« cl) o (kcal /kg - cl)
0.8 103.6 401 217
0.7 97.9 393 212
0.6 92.1 379 204
0.5 ‘ 86.3 366 194

3. Leakage air

(B—6>NAE Tdz9 leakage air 7} fisichls 257 £ §lsk cyclone °ll
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FoEE FLEn A4 S0 S5 R F1 Qi
Z preheater A wloll A A leakage air 7} 50 % S7tEw W 7bAF 9 O, e 065
% Y5 4459, d48lE 3kcal/kgecl F7ts+ dbwl 2ol Fsiukol 4§
=l 8kcal/kg «cl A XY 4wy} Zs1=e}

(Z-6) Heat consumption as a function of leakage air

leakage air (Nmf/kg -cl) O, content in pH heat consumption | remark
top Ne. 2 | Ne. 3 | bottom exit gas (%) (kcal / kg -cl)
0.035 | 0.030 | 0.021 | 0.010 3.01 215
0.087 3.66 216 * 50%in.
0.080 p 218 crease
0.071 p 220 toa
stage
0.060 p 223
0.055 | 0.045 | 0.032 | 0.015 3.66 218 * 50 % in-
0.035 | 0.030 | 0.021 | 0.010 3.01 215 through
0.017 | 0.016 | 0.011 | 0.005 2.34 211 stages

4. 5l22 F&2(Calcinator efficiency)

(F-71>% 39 3142 T80 Z7154 S o 35l cyclone ¢ 714 &5 ¥ pre:
heater @ £ ¥|7} FolaAl s & 4 ok & 4z T80 1% 455" st cyclo-
ne &7 25E 18CAHE stgss, 49 13keal/kg-cl A= stekslch

o] NSP system ol 4 d4u] Hzhel] st4£29 Fgo] TS & BejFa et

(% —-7> Changes in operating conditions according to calcinator efficiency

calcinator efficiency exit gas temp. of calcinator heat consumption
(%) c) (kcal/ kg - cl)
47.5 862 195
46.9 873 202
46.3 884 210
45.7 894 216
45.1 905 226
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5. X{ At54& (Degree of recarbonation)

3 5t cycloned| 4 3o g st dusteo] EF =] g+ CaO9 A 4tsige] 57t
3}l A 4ksbod (heat of recarbonation)® 7tz 4w|dtel d4ust S-S (E-
8y o + rk

Z A Atshgo]l 10% =sbstw oF 11kcal/kgecd HEo d4u
286 AAEAA plant o 4] A Abshgol] W2 4wl Fzhe rbibg, b dust

%%, #sttd cyclone efficiency & = @ 8Felzt2 3ol

o[}l
N
b
il
N
——
R+
o
X

{%-8) Heat consumption depending on degree of recarbonation

degree of recarbonation heat of recarbonation heat consumption
(%) (keal / kg - cl) (kcal/kg -cl)
20 41 185
30 62 194
40 82 206
50 104 217

6. 2 X} 2~Add](Ratio of secondary firing)

CBE-Dol A & 5 e upebe] 22 M4 0] AL A S 23 £4 4%
8l 7} &7}ste preheater ¥Mi7bs 5 9 A4t 45Hck

% 2a 2449595 10% 5714719 preheater Wizt~ 5% l4¢c 45" o
|+ 8kecal /kgecl A £ =7t
2 AA 3 plantell AE 2 3 44 dkuyl Wsskd 22 YaFe] AP
4 9lomg A4S kRt A 23 £4 AFuFE AAsH ok ek

{®-9) Exit gas temperaure & heat consumption depending om the ratio
of secondary firing

El

ratio of secondary firing pH exit gas temp. heat consumption
(%) e (kcal / kg - cl)
41 404 221
38 400 219
35 397 217
32 394 215
29 387 212
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7. Cyclone stage ¥

(E-10061 4 & 4 3l%ol preheater @ w7t 4uhol| 4 5to g Srbsled zhute)
227t Wgsle, 535 MirlA 257 49¢C sheksln 29kcal/kg-cl £ o 4u)s}
o},

4 stage £EM3 3 §437bz Qe WY €42 Skeal/kged 3= 3t
o,

P

7Dl—

{®—~10)> Comparison between 4-and 5-stage preheater

number of stages
m)\\ 4 stages 5 stages
top stage 345
4th stage 394 532
3rd stage 606 698
2nd stage 805 825
bottom stage 877 878
(& E X &>
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