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2. Theory

kiln shell ol 4] = #hiB%&S
FrhAl 2 e A o
1) Radiation heat loss
Qr=0A (eTy'—aTy)
2) Free convection heat loss
Qo=mA(T,—Ty)
WEe Rell A9} o] kiln shell ] 4 FEE -8
Bt €55 jﬁ‘«@é’i‘ﬂ S/ sl ewl o) 4t
WERE HES 1 918l kiln inlet zone of %%
gmE @?@Wﬁkﬁﬁi Rl (T, &
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3. Result

3—1. One-layer lining & 7 92} heat loss.

3-;—1~1 B4 /EH3E mechanism

Rohary Kiln shell of] /2] heat lossoll %3} %k
3% mechanism -2 2% 1l FoRsle] vt

3—1—2 Heat loss &} FE
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32l 1. #{E:3E machanism

1100°C, T,=20°C

Atmo sphere

heat loss = trial and error method & &4
glom AigAE obE o 2.
1) Assume Ti;=

i) 999 heat loss & FZES T2 T1

& kach

i) Ty3k Teekel temperature gradient 2-2-E]

heat loss &

Fareh.

iv) B heat loss ¢} iii)el] 4 ]
Table 1. One-layer lining2] ZS heat loss2| § 3

B —

é—leat loss " shell =GB Ig—l;at éc:)ss » ] .
1.13x10° 1.094 % 10° 3
Keal /hr 243°Cl "R . —3-0%
111X 10° 1,134 % 10°
Kcal/hr 248°Cl ™ K ea) /b +2.0%
1.12%10° 1.122 X 20°
Kcal/hr 245°C) ™ Keal/hr +0.0%




(% A7 MEFES HE0] sl Table 19
d
shamotte it XBEF. 2 one-layer lining & 7%
nlet zone o] 942 heat loss& 1.12X10°
Lcal/hr o] of w]e] shell ZEHEEYE £ 245
'C o] o}
3—1—3 Sample calculation
Basis 1) Inlet zone length:28m
2) Kiln outside diameter: 3.5m
3) Heat loss: 1.13x10° Kcal/hr
D T, B3 )

_ Q-L
AT=ga

o L13x10°x0.2
0.9x3.14%x3.3x2.8

=855 (°C)
<. To=T;—855
=1100—-855
=245 (°C)
i) T8 GHE

_ QL
AT=3F

___1.13X10°%0.022
3(02Xx3.14x3.5%2.8
=2 (O
Ty =T,-2
=245—-2
=243 (°C)
i) T3 TgeAtel4] heat loss.
a) Radiation heat loss. Qp
Qr=0A(eT —aTh)
=1.355 X 10‘12>§3. 6x10*%x3.14x3.5%28
% (0.93 x516*—0. 93 x 2934
=8.9x10°% (Kcal/hr)
3714 e=0.93 2=0.939
b) Free Convection heat loss. QC properties
of air at latm, 131°C
p=0.0546 Ib/ft?
#=0. 0506, lb/Chr)(ft)
Cp=0.242 Btu/(b)(°F)
£=0.196 Btu/{t)(hr)(°F)
B=1.37x1072 /(°R)
g=4.17x18% {f/hr?

AT=401 °R
@ = PIAT )

- (11.483 X 0.0546% X 4.17 X 105 x 1.37 X 107° X 401)

0. 0560*

(%)

=2.28 x 101t
(GrPY>104 7<)
(Nwym=0.525 {(Gr) (PP} *
S (Nuw)m=0.525 % (2. 28 % 10“)%
=3.57x10%

hm=(Nu)m X (—g—)

Q. 0196)
11.48

=3.57><102><(

=(0.61
s Qu=hm A AT
=0.61%X3.14 X 11.48 X 91. § X 401
=8.1x105 Btu/hr or 2.04 x 10°Kcal/
hr '
T2 22 total heat loss Qp=
Qr=0Qr+6c
=8.9 X 10°+2. 04 X 10°
=1.094 % 10° Kcal/hr
3—2 Two-layer lining o 7 -%¢] heat loss
3—2—1 #&%E mechanism
#8533 mechanism & [ 2% 2 fof
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3—2—2 Heat loss 2] #HE

one-layer lining 3} 7+&. Hpeo & sl Table
2% 44 & gk

Table 2. Two-lyer lining ] 22 heat loss | 33

Heat loss ?&ﬁ@lﬁ%ﬁg( Heat loss é@:ﬂg‘ W =

158°C| 5.55 x 10°Kcal/hr| —2.5%
166°C| 6. 02 x 10°Kcal/hr| +6.5%
161°C| 5. 69 x 10°Kcal/hr| +0.2%

5.7 x 10°Kcal/hr
5.65 x 10°Kcal/hr
5.68 x 10°Kcal/hr

shamotte T K = insulation brick 2. 24
two lager lining 2 & 7 % inlet zone o}l A1 ¢] heat
loss = 5.68 x 105Kcal/hr o]+ o] = ¢] shell ZH
BEE £ 161°C o] v}

3—2—3 sample calculation

Basis: 1) Inlet zone length: 28m

2) kiln outside diameter:3.5m
3) Heat loss : 5.7 %x10° Kcal/hr
i T8 &
AT="2L
_ 5.7X10°%0.14
0.9%3.14%x3.3x28
=306 (°C)
T,=T,—306
=1100—306
=794 (°C)
i) T4 #E

_ @-L
AT——k 7

—__5.7x10°%0.06
0.18x3.14%3.3%x28 -
=635(°C)
= T,=Ts—635
=794—635
=159(°C)
i) T,of FE
Q-L

AT=%a

__ B5.7x10°x0.022
37.2x3.14%3.4% 28

=1 O
Ty=T,—1
=159—1
=158(°C)

iv) T3} To4le] 9] heat loss
a) Rediation heat loss
Qr=cA(eT i ~aTe®)
=1.355%x10712x3.6X10*X3.14X3.5
X 28(0. 93 X 4314—0. 93 X 293+
=4.38%10° Kcal/hr
b) Free convection heat loss
Properties of air at latm 89°C
p=0.0613 Ib/ft*
©=0.0513 Ib/Chr)(ft)
Cp=0.241 Btu/(Ib)(°F)
k=0.0178 Btu/({t)hr)(°F)
B=1.54x10"° /°R
£=4.17x 108 ft/hr?
AT=248 °R
one-layer lining 3} ¢ why o = 3lod
(Gr(Pr)=2.37x10" (109
(Nw)m=0.525 {(Gr)(PP}*
=3. 65 % 10%

hm= (Nu)m(—g—)

0.0178 )

=3'65X( 11. 48

=0. 566
S Qe=hkmA-N\T

=0.566%3.14x11.48 X 91. 8 X 248

=4.64x%10° Btu/hr or%.17 x 10°Kcal
/hr 28| 22 total heat loss Qr &

Qr=@r+8c v
=4.38x%10°+1.17 x 10°
=5.55x10% Kcal/hr
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Shell EmRE
Two-layer zone T, =195°C
One-layer zone T, =280°C

Hot gas, . x N

4~1 Two-layer zone &] heat loss @ RLBE

4~1—1 Heat loss.
1) Radiation heat loss
Qr'=1,355%x 10712 x 3. 6 x 10* X 0. 93(468*
—278%)
=1.9x10° kcal/(m?) (hr)
i1) Free cogvection heat loss
Q. =hm AT
=0.61x342x 3. 282x 0. 252
=5. 65 X% 102(keal/hr)
iii) Total heat loss
Qr' =Qr-+Qc
=1.82% 103+5. 65 x 10?
=2, 465 % 10%(kcal/hr)
4—1—2 kiln AFEECT,D HE
i) Ty9 #E

_ QL
AT="F

— _2,465x10°x0. 04
37.2

=2.65°C
STy =T +2.65°C
19543

=198(°C)
i) Ty'e] FHE&E
nr="2rL
__2:465x 10> 0. 06
0.18
=821(°C)

ST =T, +821
=198-+821
=1,019°C

i) T,)/9 &

- 9L
AT=—%

_ 2,465x10°x0.06
1.15

=278(°C)
T, =T,+278
=1,019-+278
=1,297C°C)
4—2 One-layer zone ¢] Heat loss @ RIRBEE
4—2—1 Heat loss
1) Radiation heat loss
Qr=1,355X 10712 3. 6% 10* x 0. 93(553*
—278)
=3.96%10% kecal/(m?) Chr)
i1) Free convection heat loss
Qc=0.63x 495X 3. 28% X 0. 252
=8.45x%x10% kcal/(m?) (hr)
iii) Total heat loss
Qr=Qr+&¢
=3.96 x 10%+8. 45 x 10*
=4.80%10° keal/ (m2) (hr)
4—2—2 kiln AFEES FHE(T
D T8 FE

_ QL
AT=—3"~

_ _4.8%10°x0.04
37.2

=5.16(°C)
T,=T,+5.16
=280+5
=285(°C)
i) Te FHE

— 26—



AT="2L Q L
_ 4.8x10°%0.19
0.9
=1,015(C®)
S T3=T,+1,015
=285+1,015
=1, 300(°C)
4—3 Result
wiEC FHES #E, TS Terth vlmd Iz
o % Bo}l Heat loss & FHE ko] FEsk
B & 4 9=

5. Conclusion
5—1 Heat loss &] H#igas
Table 3 Heat Losso| HEk

— 5
1A \\E One-layer [ Two-layer
Shell % @ ® & °C l z45| 161
kcal /hr 11.2x 105 5.68x01°
Heat loss |y kg el 39.6 20.1

% kiln £ER 670 T/D
Inlet zone o} Two-layer lining -& €-© 24 one-
layer lining o) 8 19.5 keal-kg-cl" &g o] 7}
5%& Table 36]4 & 4 gt}
5—2 Cost 9 Higchasd
Two-layer lining ©. 2 Q7= LE #HL
RE RO E Ao R o] F HHE
564 Ragel 293k}
RaE 1. kiln £ER 670 T/D
2. EVEEEE one-layer 900 kcal/kg-cl.
two-layer(900—19. 5) kcal/kg-cl
3. MABRES BE
shamotte & 16,4004 /ton
TEE H 57,0009 /Ton
4. B.C. oil B{H 3.8849// (15°C)
5. AL 3 '
one-layer 34
two-layer fi’—x (35

6. 3 Y<F 330 days/year
7. FEEERY 2SR HI BRE
e 3hA gk

cost 2]
AT

¢ HEe. 2 el Table 4 B o1 = two-layer

lining & one-layer lining o] Hs] 229 &

zhekstEzls 389 7HEFol & clinker WiE 7
49 golodg TS & T gk
Table 4 Cost 2| H &St

HE B One-layer | Two-layer '
. B.C Jil 3759 36794
clinkerli%) i x w0 X 32 4r

i © 3782 3712
it ik K AR IFL—EI35 s cost| 1,902,000+ 2,033,000~

5—3 g 2 MWKBRIEL MES HIREES

one-layer lining ¥t} &b}
3 dA S I Qla, ofd wWE Y g
Zd s} FEER A as] fgEslst 25 B
o BiEGKELE FHEE A5, "B BERTX
PRI Hide R KRES shamotte fif KR 5
AHE ASE AF8 BHT 8B ATk &

5—4 Insulation ¢} B3 A Al F3k

Refractory lining 2.2 -3+ #WH HES
Ry aEEE 47 99
firebrick, light-weight firebrick @ diatomaceous
earth backed fireclay %-& sl ¢}

Two-component firebrick o]y light-weight fir-
ebrick -> #ELY (LY APl 2 434
A= Aele 4% BUE SRS JHoEA
BAKS WA Sta S EO) RIEBES AARD
o

B BRE T BAMES 49 2 fm
o MEE EED IREEETE AA & 2Rk
T Aol WAKES FHe] Ax  UHEERV)
Fo HIE Addsol & T2 AR gk

Nomenclature

Two layer lining -2-

two-component

a: absorptibity, dimensionless

Cp: specific heat, Btu/(Ib)(°F)

D: out side diameter, m or ft

e: emissivity, dimensionless

(Gr): Grashof number, dimensjonless

g: gravity accelation, ft/hy?

hm: heat transfer wefficient, Btu/(ft?) (hr)
P



k:  thermal conductivity, kcal/Chr) (m) (°k)
or Btu/(hr) (fr) (°F)
L: - thickness, m or ft
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(NiDm: Nusselt number, dimensionless

(P,): Prandtl number, dimensionless

@: heat, kecal/hr or Btu/hr

Q¢ free cnovection heat, kcal/hr a Btu/hr

Qg radiation heat, kcal/hr or Btu/hr

T: temperature, °C or °F

g: volume coefficient, /°k or /°R

6: Stefan-Voltzmann constant,cal/(sec)(cm?)
°k*)

p:  density, 1b/ft3

DR KR
u: viscosity, 1b/Chr) (ft)

<4 & ol 4>

Mortar #BEEE 3 HE 2,000psi o]4& 7
EEH AIME B

Cement and Lime Manufacture 1968 41
BT BiTE ARE Bigd dorrd &
BLES A 9] E (Super-Sulphate Cement) 1% {2k
=@ A 9 e (Low-heat Blast-furnace Cement)

B BT T 48 ANEd HIT HE

& —HE= st Exskdedl,

SR vl & (Super-Sulphate Cement)=
3] B k3 Bad EH e ®|elth
o] AlHl B BB slag (Blast-furance slag) =
< AEE XEANEL ANESRY 2 K
- fll BRWEI BAT A22A Gl shg (B-
last-furnace slag)$] B2 MEEY 75% Mk
olth  HFEEES 4,000cm?/g o)A REFEHT
(Insoluble residue)®- 30% T2 Ho g+
sl fL8psel oz &+ NgO. 9.0% B
T SO; 4.5% LT SO; 01918 Fi#& (sulphur)
1.53% 2 H« vk

2,400psi o]+ 28H & 3,700psi o] Ao & 510%
IR

B3 =4 # 2 (Low-heat Blast-furnace C-
ement) %P {EH A E (Low-heat Cem-

ent)e} 7 ﬁ?iéii s EEe BE
M= g2 ov SEANES Hsbd A
whE =

=3 EREEALVEE BE slgst 3B
Cement clinker & B& ¥Hig Ao = slage
MEES 50%~%N%E2 X3 =0 LREHRS
2, 750cm?/go] A o= obslt)

Mortar 3EE= 3 HE 1,100pst o]A 7TH
Z 2,000psi o]& 2882 4,000psi o] Ao]
=z 3

=3y KHZh (heat of hydration)L
60cal/g o5} 28H 2 70cal/g

TR®
olgtz HEs o
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