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< AR 5 >

1., 8ymbol 3 noMenclatures
2 .hoeat balanco '
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hoat balance HRFS HBBEFE 20°0 2 EoHgv,

1+ Symbel3a} mnomenclature

F - w4 A%  Symbol 3 Nomenclature & oh &3k Fr,

Q : Heat intake ( AL Kcal/yg clinker)
Qz ! Heat expendivure ( ¥4 " " )
C Qx ot {F BEE ( » " v )

Qa: Fuel 9 JAMEEL « ” n )
Qg : Coal dust o MREEE (v ”| o )
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Qaz

&

Qel ;

Qed :

Qés :

Qes

Qi

O—0il & MREEH  ( Bfr Keal/kg clinker)

Puel? Sensible heat. ( Bfr Xecal/kg clinker)

I COoal dustd Sensible heat. ( {7 Kcal/kg clinker)

Raw meal$d Sensible heat ( y # )
Dry raw meal ®] Sensible heat (7 ” v )
Raw meal 1 7K4r2/ Sensible heat ( # v 4 )

Mirker BEAH . (B4 Xceal/kg clinker)
Dry raw meal & Jo 0° ¢ 77?.7«} hn#aat bl
FESE #( I Kcal/kg clinker)
CaC03,MgC0s % Xaolins®l el
HESE B 7 y r )

HHEE raw meal 2 900°Cd 4] 1,450° 0 ZF3]

m#st e BERE B (7 4 " )
Clinker 4:pREL ( ” ” )

200°C ol A1 A4S Oop ¥ KFEKY
Sensible heat ( 7 " ro)
1,450°C o1 A4 Clinker o RH #HZ (#6L. Kealke

Oooler inlet & clinker HEZh ( BAfF, Kcal/kg p )

Clinker waste hsat , ( 7 " ” )
Cooler EREZE G IR HFiEL ( 7 ” ” )
Raw meal th KAy EFRE { v v ‘// )
Grate waste gasdl g BIBLH&( ” no-)

Bl A R AHKY Sensible heat:

( l/J n. ” )
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Qiz 1 EMel A FEAI Coz¢ Sensible heat

( 847 XKcal/kg clinker)

Qz "»’fd%‘};‘%gasﬁl sensible heat -~ ( 7 " " )
Qk : Dust % radiation Hfthel &3 Theat loss

o v 7 )
Q% : Primary airel kI iz (04 # P )

Secondary airal fRgF [OIMHL ( $f7 Kcal/kg clinker)

g

Wf1 : Olinker 1kg24 Coal dust A& ( #fL Kcal/kg cl. )

Wez @ COlinker 1kg % CO—o0il fHS ( ¥ff Xcals/kg clinker)

Wm Clinker 1kg % dry raw meal EHEZE ( B A7 Keal/kg cl,)

Wr : Clinker 1kg % JEkldu, K& (Hifr Keal kg clinker )
Hyp; : Coal dusfeJ het Calorific value ( Bif¥y Kcal/kgecoal)

Hlz : 0O—0il g he't' Calorific value (Hff Kcal/kg 0il)

Veoz : Clinker 1kg ¥ [FEHdl 4 F43k 00, B

(B Neb/ig ol )
Ao : Tuel lkg ¥ HMBRRBEEE (M Nm® kg )
Go : Tuel 1kg % T MMEgas B (BAr NmB/kg )

A1 @ Primary air B ( HfL Ngp kg cl. )

Az : Secondary air & ( 7 " r)
As i Cooler BRF ZE{HE ( 7 ? 7o)

Cf1 : Coal dust ¢ .specific heat ( BifZ Kcal/kg °0C )
ofz : C—oil ¢ specific heat N G v )
Cm : Raw meals® specific heat ( 7 "o no)

Ck : Olinker$ Stecific heat ( " ")



SA 1. Adir ¢ Specific heat (ZEF) ( BB Kecals/kg °0C)

{20 ; kY Specific heat (EFE) ( Bfr Kcal/Nm® °0)

laor ¢ (0022  Specific heat ( EFE) ( ¢ » v
Gp + MREEgas$] Specific heat (EE) ( 7 " ")

t 1 H¥EE ( 20°0)

tr1 1 Injection Coalel WE (°0)

tfz 1 C—oilé mWmE (°C) |

tn t Grate ADS JREEE( °0)

tk1 1 Cooler A& Olinker z‘ﬁéﬁ ( °Q5
tke ¢ Cooler [ (Clinker W ( °C)
ts o Cooler MIEMS HHBE ( °0)

tg ¢ Grate waste gas BE ( °C)

tar : Primary air ®E ( °0)

tAz ! Secondary air BHF ( °0)

2 o Heat palance
1) Heat intake. Q1
1.1 fuel & MEEE © - Qa
a) Coal dust® MAMESA: Qal
aE1) o
Qa1= Wf1xHL1=.0.105x5,799 = 609 (Kc¢al kg cl1.)
b) C-oil 9} RABER . Qaz

it ) L
_ Qaz= WfzxHl2= 0.0R98x% 2,450= 282 (Keal kg cl)

Qa= Qal + Qaz= 831 (Kcalskg cl.)

1.2 fuel 8§ Sensible heat: Qb
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a) Coal dust? Sensible heat ; Qbl

Qbi= Wfix Cfl x (tfi—t)
= 0., 105x 0.25x (30-20) = 0, 262 (Keal/kg cl.)
b) 0—0il¢ Sensible hoat : Qbz
CQbR="We'x 0f2x (tfr—t )

= 0.0208x 0.45x, (120 - 20) = 1.341 (Kcalkg cL)

Qb= Qbl + Qb2 & 2 (Kcal/kg cl.)

1.3 raw meal® . Sensible heat : Qc

.

a) dry raw meal 2 -Sensible heat : Qcl
' &£3)
Qel= Wmx.Cmx{tm—1t)= 1.55x0.2 (30—-20) = 3.1
(Kcal/kg cl.)
b) raw mealeds K42 Sengible heat [ Qcz
Qez= Wrx (tm—1t)=1.55x0,125(30 —20) = 1.9
(Kcal/kg cl.)
Qo= Qo1+ Qcz=5 (Keal/kg cl. )

61 = Qa+ Qb +Q¢ = §g§,(Kca1A<g cl, )

2) Heat expenditure @ Qg
2.1 Oligker BEMAHE : Qe
2.1.1 dry raw meal$ 000°C %7 MmEsed FEIE
# 1 Qel
Qel = Wmx Cm x (900—t) =1.55 xo.zs; (900—20)= 360
{kcal kg CIT
2.1,2 0a003, MgCOs ¥ Kaolin® Aol LEY 7 Qe
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Qer = 714x (Cal0 )+ 588x (MgQ)+ 564 x { AL203:}

fl

714 % 0.6435+588%0, 0216+ 564X 0.0858=504
(Kecal/kg cl.)
2.1.3 H®H%3 raw meal¥ 900°C oA 1, 450°O.77P_X{ PLIES
st=8l FiEE-+= & Qes
500°Q ~ 1, 450° 0l A& Olinker H# 3} [E]—chcli
MA i ABMEHRE-S olinker &3 Zria &v,
Gon = 0. 65 X1, 450 X 1~ 0«2834 x900x1= 173 (Kcalskg cl.)
2ele4 Olinker 4l #k : Qes
Qo4 =100 Kecal/kg cl.
o}  ¥{f= Nacken® Rl KY.
2.1.5 900°Cel Al SR 002 ¥ KEARKY HEHE Qes
Qes = 187 x(0a0)+ 262x (MgO)+ 159 x (Al203)
= 187X 0.6435+262x 0.0216+152x 0. 0558% 135
| (Kcalkg cl.)
21.6 1,450°0C ¢4 Olinker ﬁiﬁ‘?ﬁ"* Qes

Qo6 = 0.265%1,450% 1= 384 (Kcal kg cl.)

wpel 4] Clinker KERCA -2

Qe= Qal 4 92 + Qo3 — Qes~ Qes5—Qes = 41.8. Kcal/kg cl.

2.2 Qooler inletdl41 4 (Clinker ﬁg"?“ 1 Qf

Qf= 0k x (tki—t)= 0.253x(1,320-20)=3 29 (Kcal’kg cL)
. 2.3 Qlinker waste heat Qg

Qg= CkX (tke—~1t) ==0.l§'7x (140~-20) = R4 (Rcal kg cl.)
2.4 Cooler BFZEHRN K3 heat lossi Qn
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#)
- Qh=A3x04Ax (tz—t)=1.654 x0 311x(320~-20)=154
, ’ (Rcal/kg cl.)

2.5 rawmeal s KA EFEE QL

Qi=Wrxr=1.,55%x0,125x585 =113 . Kcal/kg cl.

B, 7:EBNA B FERAR (Kcal/kg HO0)
Y =596—~0,55%

2.6 Waste gasdl {K3 heat loss, ! Q]
2.6.1 dry raw meald A R KFERI BRI QL

R2e &

= Tg—— (1. 85 x 0.125+ 0.02 } ®x0.360x{110-20}59

(Keal/kg cl.)

B Wpoo: Kaolindl4 F&Ed KEALD (k)

(AL 5. 58
_(—._..3.8-3-_):0.353x - = 0,02
100

Wago = 0.353 x
Hz0 D - 100

2.6.2 KA Fad CO0p o FAR QG
Qi2 = Veoz X Ogog X (tg— 1)
= 0, 269% 0.409x (110—-20) = 10 (Kcal/kg cl.)

i Veo, : Clinker lkg [FtalA FEF 00 %
(Np3/kg cl. )

v 0,00 %222 4 g5 (Mg?)
oo = 0040 X2 ~+ 0e56 X ———
oo = 00 40X Torgy T FeR 100
2.6.53 MiEgase] Sefisible hedat! Qjs
a) from coal aust
°= 1,000 ‘ 71,0000 I

{Nm3,/kg coal)
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. O1HL 1.01%x 5,799
101p+0.5-— x~—-—~~—-+0 5= 6, 358

1,000 an 1,000
(NmP kg coal)

Qi3 = | Yox VB +Apfm—1)xCa)xWex (tg—1)
=(6,836x0.,331+ 6,358 ;(1,586—1)x 0.311)
X 0.105x (110-20)
=32 (Keal/kg cle)
b) ‘from C—oil
1.11 HE 1.11x9,450

Gp =—— = + Q,04= -~ +0.046=10,540
1,000 1,000
(NmB/kg o0il)
0.85HL ' 6.85x% 9,450
= + R.0% — oo+ 2,0 = 10. 042
1,000 1,000

(Nps kg 0il)

Qgg = (10‘;‘ 54x 0,329+ 10.042(1.586—1) x 0.3117

~X 0,0298 x (110- 20) = 14 (Kcals/kg cl.)

Meld Gy = Qs + Qfz = 46 (Keal/kg cl.)
Q= Q31+ Qjz+ Qi3 = 65 (Keal/kg cl.)
‘2.7 dust % radiation MMl 4K heat loss @ Qx
Qk = Q1= (Q8+Qg+ Qn + Q/i+ Q’J )
='898— (418+ 24 + 154+ 115+ 65) = 124 (Keal/kg cl.)

QL = Qe+ Qg+ Qn+ Qi+ Qj + Qx = 898 (Kealrkg cl.)

]

3) WHRHE . Q@

331 Primary ’air of . R EIRER: Qg
#5)
Q= A1x Cax(tar—1t)= 0.132x 0.311%x (95R0)=3
(Kcal/kg cl,)
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3,2 Secondary aird] f&ks [EIKHE : Qp

S

. _— 6 )
Qm = Azx CAx (tag—1t) = 0.916x 0.331x (850—20)

7_2_5_2;‘ (Kecal/kg cl.)

1

4) Heat efficiency (¢ )

=1 AR ((p)

3= 418 -5
QD=—QE——Q~C x 100 = —x 100 = 4 6. 5%
= Qa 891
4,2 Kiln ®ZE (yx)
i = Qo 418+ 113 -5
Yy = Qe+ RESUL I 100 = x 100= 59%
Qa 891

BEd A EmE SE8Y RES ey Table 1o R
shop Zoh,

Table 1. Kiln No.19 Theat balance (20°C HK%)

= B B Kcal/kg cl. %

1. heat intake Q

1.1 fuelys) . #RHEEZL Qa 891 99.2
1.2 fu'el-s]-'k Sens‘iblé heat Qb 2 0.2
1.3 raw mealg) s’énsible heat Qg 5 0.6
B total | 898 | 100.0
‘2., heat expenditﬁre o Qg |

2.1 Olinker K& B # Qe 418 | 46.5
R«? Cooler inlet® clinker BE | Qr |  (329) -
2.3 Clinker waste heat % 24 Re 7
2.4 Cooler £RFZE4S] Theat Loss |Qp' 154 17.2
2.5 raw mealdh K4 HRE Q1 113 12.6




' : B &
pi] g TR ~
‘ * S Keal/kg cl. %
2.6 waste gas heat loss - Qj ‘ 65 Ze 1
Re7 dust % radiation HAh Qi 124 1 13. 9
. total ‘ e ﬁ 898 100.0
5. 1 Bk |
3,1 Primary air A& QL 3 -
Qm pAsR -
"~ 255
‘4. Efficiency T
4.1 BERRR _ Yo - 4645
4.2 Kiln $% Y1 - 58,0

Fig 1. = ©lol st heat balance diagram ©[ck,
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Fig 1. Heat balance diagram



Table 2. Lepol kiln® heat balance B (20°0 k)

|Lepol |Lepol | Lepol |re—
Item , : kiln (kiln [kiln
Knl 1) Wmr2)| Ont 3)|™@TKS
l. heat intake
1.1 fuel®] MR EEE: 891! 829 | 987.1
1.2 fuel? Sensible heat 2 L Be6
1.3 raw meal 2] Sensible heat —|. . 51 8. 17.8
: total B892 857 (100853
2. heat eXpenditure ‘ ‘
2.1 Olinker BEAlfH# 413| 385 | 427.9
" 2.2 Cooler inlét ¢ c¢linker FEE (329) - (324, 0)]
2.3 Olinker waste heat ' 24| 16| 16.9
" Re4 Cooler %72 %Y heat loss | 154 ‘ w9 | 89.8
R.5 raw meal h KHZKFH 113] 122 | 139.0
- R.8 waste gas heat loss - 65 78 | 113.9
2.7 dust ¥ radiation b 124|177 220.8
 total .l 898, 857 |1008.3
3. fHEREA ;
%. 1 Primary air @ﬂ,’{?&%&‘ ‘ ‘5 - 8.9
%.2 Secondary air B Ik ’252 . 210.0
] totel | =ss| | 218.9
4. Efficiency ‘
4.1 BERZIR (4p) 1 46.5 “41.8
4.2 Kiln %X ( Yx) 59.0 | 5546

#1. Lepol kiln kn1 ! B—AAEMBTE No.l kiln
2 o Lepol kiln Wmr : W kiln ( )
3 . Lepol kiln Omt * BAJSHFHANEHETE kiln



5. Wi st

Table 2+  ATLH#H kiln No,1 (Kni) 3 Lepol kiln Wmr (%
= ) % Tepol kiln Ont ( B4 EHHA
AE HETH) =%He heat balance ¥ . HES - Aeoltt,

ATH kiln ¥ 2FEHREEE-S Wnr kiln ol H89. 41Kcal kg
cl. (% 4.5%) 7} = fEelvk, JABR HHBES ey
Clinker waste heat >} Wmr kiln ] 16 Kcal/kg cle] ok
24Kcal kg cle (Wpr o #1.545) 1w 43 Oodler’%%ﬂmﬁo!
ek hqat loss 011 Aol AE Wmr kiln 9 79Kca1/kg cl°ﬂ st 8
o '154Kca,1/ké :vol-; (Wars]  #9245) 4 e, @A 1000191'
01]‘1; HEH 5]+  waste air & FIF = F -] HEREE g4 BEREH
d FH st vhrb ZeEkw  EXSL,. Cooler stack o Al HElH
Ele. airs & 300° 0 BlEC]®E . Qoal millel 4 raw coal
wimmoe 2 A1} == boiler roomd Al FHSFE I A
Zhg e~ g,

3 Bt KEH M7 Primary air 8 Cooler stack o A

pit B He &f Primary air B9 4 2584 RBIT,

anary airs % 200° 0 7tx] BW#g 4 4 A HNob¥ Cooler

= M)
HiwT

L -2 o #ind el k.  Cooler stack? exhaust air
¥ on3/sec (300°C ) ({8 cooler flap door &ol (K3 JREE
10% 2 HEF)ol™ coal mill 8 hot air FIBEE2 #. 5.3106
(‘250“0) 2 FABETREEYL . A



itl . Coal dust 4 1low calorific value & ( Ha)

f'&'

i) high calorific value Hhi= 5,900 Kcal/kg coal
ii) Injection coal 9 - T4

KF (M) : 1.5%

ash (A) : 21%

VoM : 3. 5%

F.Co ¢ 7342%

iS. S 0.8%
#1) Dieterichs Hol fkohel AR

Combustibles = V.M. + F. 0, = 3.5+ 73.2 = 76.7%

v VM x 100 3.5 100 = 4 ‘6%
R e = e % = 4,
CT VML + PO V6. R Ze2
.0, ’ ACY)
= x 00 &= = = 95,4
C SV T, ¢, 00T G = 2547
. 7«30 7.35
Ho= Vo (== = 0.013)=46( -~~~ — 0,013) = 2,25%
Ve+ 10 4.6 + 10 —

Op = Tyt 0.02V,2 = vb.4 + 0.02x4.6° = 95.8%
Ne = 0.07Vg=0.07% 4.6= 0.322%
' V, i dry, ash-free V.M. %
F,: dry, ash~free F.0 %
He: dry, ash—free N, %
C ¢ dry, ash—free fotal ca rbon%
Ne i dry, ash—free N,%
EEy

H=H;x 0.767= 2.25x0.767= 1.7%



0= Ccx 0.767= 95.8% 0,767 = 73.5%
N=Ncx0,767=0,322%0,767=0.3%
0 =100~ (M+ A+S+C0+H+Y¥ )=1,3%
i) He1 = Hn—6 (9H+11) =5,200=6 (9x1.7+ 1,5} = 5799
Keal kg coal.

2o, C-0il® low Oalerific value HtE ( Hi;g)
C-oild TEAW & HA Y& HWBAE ITIS RO B03-1965
ol g stel |
C=286%, H=12% 7 %,
i) 0~eil® high cdlorific value
Hpe = 10.100 Keal kg oil:

i) 0—cilé low calorific value.

tav]

Hiz = Hy— 6 ( 0H-+M) =10, 100~ 6.( 9x12) = 9, 45

= 9450 Keal/kg il

#3 . Clinker 1kg¥ FEu& dry raw meal £ ( Wp)
Olinker lkg 34 dry —vaw meal o 4 F4 = exhaust gas
Bl A skoiv,
i) Olinkerthe] Al j5zp xaosin (xajor A fhIga &
EAE AN FETE KGR ( Wmo ) &

Alo0g 5,58
(f 2P0 = p.asR e 0T = 0.01969
100 100

WhH2o = 0,355%
&= 0.02 kg kg cl.

ii) Olinker a8 (a0, MgO7} 05005 (kg), MgCOz (kg) ol A



Koot MESE 7144 BAESE 08 (Weoz) &

/ (020) (Mg0) 64.35
= 786X ~ + 110 X ——— = 0786 X ——
Weoz = 0 100 100 100
2.16

+1.10 % —- = 0,53 k&g c1.
4 100 —

i ) sz .L+WH2(J + chz = 14+0.02+0.53=1.55 kg/kg cl.

4 . Cooler RFBKEIH (Az)
i) Coolerd f# S+ -Cooling air BHIZE (Vy)
® main fane air BFEFE
BIFE . h=.40m WG

T x 0. 88%
4

Section arsa: S= = 0.61nf

vi= C|2eh (/o)

= 0,98 |2 x980x4 ( ,1/0.001‘29); 2,412 cm/éeg
5 4.1 ms ec ‘
V,;=0.%,.S= d;98xé4¢.1x 0.61= 14.4 0 gec 2t 25°C
=13.2 NnP/ sec
® Pulsating fand air FRHAIE
BE: h=v0mm Wg

Section area ! S = 0.41x 0.25-*:‘0.11:5'"

vz =0.98V2x980x7 ( 1,/0.00129) = 3185 % gec
5 &.8mkec

Vs'= 0.98x 0e1X 3l.8= 3.1m /sec at 25°C

= 2.8 Npp/sec
whelA]

Va= WV, + 2V =18.8 Np3/sec = 2.603 Mnf/kg cl.




i)

i)

Primary air EHIE (V) |

E: b= 120mm WS

2
Tx0.205 .
=T = 0.0315m"

Section area: 8
: B 4 .

V= 0.98)2x980 x12 x (1,/0.00128) = 4179 om sec
= 41.8 nsec
T = 0.98 x41.8 x0. 0315 = 1. 29 m/s6c (at 95°C)

= 0.132 g kg o1

-
o
o
©
}01
i
=
) ECA‘
>
o
o

Primary aird cooler stacke] 4 AR srA (V1)

Vi1 = 0. 954 X 0. 25 = 04 238 Ny /500

Primary air f AL S ( Vog )

Voo = Ty —Vp1 = 0,716 Nm®/sec

= 49:"9—?2_ ng’/i{g cl .

PRIERGI BB R B EE (Ve )

Oeal dust REEHE B SIEHE
1.01x5,799 '

Ao = : -+ 0.5 =6,358 Nyg® kg coal
1,000 22298 S /EE

C—oil REEMARENE
0.85x%x 9,450

Ao = +
i, 600 T

10.042MN,3 x 0.0ZQBkg/kg cle= 0.299 Np® kg cl.

HeEk4) MERE{NER 2
0,667 + 0,299 =0.966 Ny kg o1,



-

© HERREZ{AFER

Ve = 0,966 x 1.085 = 1. 048 NmS/kg cl. ({Em=1.,085)

iy_)  Sec ondary.,aiirffl (:Va,)
=Vo—Vb=1.048— 0.132 = 0,916 Np3/kg cl-
v ) Oooler (RFZBRE( As)
Az =Va— Vqa— Vb1 = 2.003— 0.916= 0.033= 1,654
N /kg cl.
‘BfE5 . BE4) 9 d)A BR
RE6 . i) WE BE

&

< B E T OB >

AETEMRBE 1 JLS RO 303-1965.
Zement — kalk—~Gips ; Sonderausgabe Nr. 7
7 Rechnungsgang f&r die ‘Untersuchung*Von'
Dreh—und “hachtofen in der Zementindustrier
f‘s&‘&fﬂﬁm &im I RBE LS
Otto J::abahn ~+ Cement Engineers' Handbook.
Alois X.Schmidt ! Material -and Energy balances.

Paul Weber - ! Heat Transfer in Rotary ki ln.



