1
!
4.1
(Feeder-)
(Crusher) '
(Rotary Dryer)
(Rotary Dryer) r]r]
(Gypsum Hammer M ill)
(Plaster)
(Calcine) Imp.M 1 125-130°
(Silo)
(Mixer)
! " (Slurry)

(paper roller)
(Pinch  Roller)

(conveyer) (cutter)
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(Board Dryer)

(Steam)
2
1. 1271 . 122 . 259
2. 9 . 1.20 2.40
4.1
4.2
2
1, (fuel oil) !
2. = ,
4.2-4.6

4.1-4.7



Flue gas 100*c

!

SILO =
Flue gas 80°c i Flue gas 230 °c
steam 17.5 bar
fuel/air
Wet gypsum BOILER [~
ROTARY DRYER ([dry gypsum IMP. MILL ’
| blow down ..l’_‘il“t
. fuel/air TANK
fuellair plaster nakerue .| I
‘{ 1
BOARD
chemical/water PRODUCTION wet board BOARD DRYER dry board
Y ——
PROCESS
condensate

Fig 4.1 Simplified Block Diagram of Board Production Process.
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Table 41  Yearly Energy Ccnsunpticn and Cost

LIST UNT 194 198 1986 1967
liters 2513531 2305071 2255878 3,636,526
Fel ol ki 1.0210x1011 9.3634x1010 9.1636X1010 1.4772x10M

Cost share 104236 95591 50465 107641
%B‘ftc cog)t 2352885 2242197 1342800 1516977
on boar

Kehr 1,046,746 917156 902,756 1477217
3.7683x109 3.3018x109  3.2499x109 5.3180x109
Electricity Cost

are 15073+ 13207 1.2999 1.8169
%Bﬁc | coas)t 4051 3097186 293550  25.6065
on boar

Fuel oil price  baht/liter 4.147 4,147 2636 2,960
Elec, price  haht/unit 1.4 144 1.4 1.23

Board products ton 44301415 42632871 44,284.276 70,957.664

Total energy kI 1.0587x10  9.6936x1010 9.4886x1019 .5304x10n
'%'g'%ﬁ?e'eﬁé&gy . 64 %65 65T 9652
:/gtﬁg'eecet;é‘rig”yy : 3% 341 343 348
Tota(lengpgs; of MB 119309 108798 72464 125810
c'{') sotf/tglfgl 8(I)|St % 87.31 87.86 82.06 85.56
e’ﬁ)éffgié’?;tgst , 06 DU Y UM

Total ener Kjlton board  2.3898x106 2.2737x106 2.1427x10" 2.1568x106

)
Total cost
o Board Bfton board  269.3136 2551983 1636350  177.3042



Table 4.2

Monthly

Jan.
Feb.
Mar.
Apr.
May.
Jun.
Jul,
Aug.
Sept.
Oct.
Nov.
Dec.

Total

Monthly Energy Consumption in 1987

BOARD PRODUCTION

Pieces

168,850
136,819
204,777

205,869

201,083
195,344

205,436
233,593

252,387
276,764

168,851
207,043

2,446,816

ton

4,896.650
3,967.751
5,938.533
5,970.201

5,831.407
5,664.976

5,957.644
6,484.197
7,319.223
8,026.156
4,896.679
6,004.274

70,957.664

Liters

258,572
212,857
320,082

312,310

284,378
302,331

300,436
322,733
361,949
385,855
266,962

308,061

3,636,526

FUEL OIL
k)

1.0503x1010
8.6465x109
1.3002x1010

1.2686x1010

1.1552x1010
1.2281x1i°

1.2204x1010
1.3109X1010
1.4703x1010
1.5674X1010
1.0844x1010
1.2514X1010

1.4772x10"1

kJ/ton board

2.1449x106
2.1792x106
2.1894x106

2.1249X106

1.9810x106
2.1679X106

2.0485x106
2.0217x108
2.0088x106
1.9529x106
2.2146x10S
2.0842x106

kw-hr

93,785
77,983

139,157

110,973

105,882
129,331

128,609
127,641
147,304
174,817
113,726

127,949

ATT, 217

ELECTRICITY

kTqg

3.3763x10s
2.8074x10s
5.0097x10s

3.9550x10s
3.8118x10s
4.6559x10s

4.6299x10s
4.5951x10s

.5.3029x10s

6.2956x10s
4.0941x10s
4.6062x10s

5.3180x109

kJ/ton board

6.895x10"
7.0755x10%

8.4359x10"

6.1965x10A
6.5366x10"
8.2187x107
7.7713x107
7.0866x104
7.2451X104
7.8438x10A
8.3609x10"

7.6715x10"



Table 4.3

Monthly

Jan,
Feb.
Mar.
Apr.,
M.
Jun,
Jul.
Aug.
Sept.
Oct.
Nov.,
Dec.

Total

Monthly Eiiergy Consumption in 986

B)AFD PRCDUCNCN
Pieces ten
142,123 4,121,567

96,947 2,811.463
112,886 3,273.694

70,693 2,050.097
108,766 3,154,214
117,322 3,402.338

98,349 2,806.621

157,227 4,559.583
121,051 3,510 479
146,709 4,254,561
198,582 5,758.878
155,889 4,520,781
1,527,044 44,284.216

Liters

226,369
143,630
159,798
104,315
163,030
158,345
152,650
215,609
175,310
219,532
3004

236,860

2,255,878

REL OIL
KT

9.1953X109
5.8344x109
6.4911x109
4.2314x109
6.6224x109
6.4321X109
6.2008x109
8.7583x109
1.1212X109
8.9176x109

1.2204x1010
9.6215x1010

9.1636X1010

kJ/ton hoard

2.2310x106
2.0752x106
1.9828x106
2.0669x106
2,0995x106
1.8905x1 06
2.1631X106
1.9208x1 06
2.0286x105
2.0960x1 06
2.1192X106
2.1283x1.06

kw- hr

86,055
54,164
61,867
42,144

67,515
64,564

60,885
87,815
14,59
87,136

122,367
93,649

902,756

ELECTRICITY

klg

3.0980x1 08
1.9499x10e
2.2212x10s
1.5172x10s
2.4305x10s
2.3243x105
2.1919x10s
3.1613x10s
2.6854x10s
3.1369x10s

4.4052x10s
3.3714x108

3.2499x109

kl/ton board

7.5165x1 04
6.9355x1 04
6.8033x104
1.4006x104
7.7055x104
6.8315x1 04
7.6463x104
6.9333x1 04
7.6497x1 04
7.3730x104

1.6484x1 04
1.4575x1 04



Table 4.4

Monthly

Jan.
Feb.
Mar.
Apr.
Vy.
Jun,
Jul.
Alg.
Sept.
Oct.
Nov.,
Dec.

Total

Monthly Energy Consunption in 1985

BX¥D PREUCTICN
Pieces ten
151,197 4,384,713
75,054 2,165.566
107,399 3114571
154,473 4.479-117
105,581 3,061.849
108,644 3,150.676
120,225 3,486.525
145,644 4,223,676
84,498 2,450.442
167,356 4,853,324
156,214 4,530.206
93,814 2,720.606
1,470,099 42632871

Liters

245,329
117,797
160,217
232,958
171,281
175,761
204,463
248,215
136,664
251,512
221,531
153,343

2,305,071

FIEL OIL
kl

9.9655x1 09
4,7850x109
6.5082x109
9.4630x1 09
6.9576x1 09
1.13%x109
8.3055x109
1.0083xL010
5.5514x1 09
1.0217x1010
9.2425x109
6.2289x109

9.363x1 010

ELECTRICITY
kifton board ~ kw- hr KTe
22128106 97,016 3.4926x108
2.2096x106 51,688 1.8608x10s
208%x106 59,185 2.1307x10s
21040x106 105492 3.7977x10s
22123x106 63,257 2.2173x108
22661x106 67501 24333x108
2.3822x106 73,119 2.6323x108
23873106 96,952 3.4759x10s
2.269x106 53,806 1.9370x10s
21052X106 101,055 3.6380x1.08
20402x106 90,191 3.2469x108
2.2895x106 58,204 2.0953x10s

917,156 3.3018x109

kl/tcn board

7.9654x104
8.5926x104
6.8410x104
8.4775x104
14317x1 04

1.7231X104
1.5499x104
8.2296x1 04
1.9047x104

1.4950x104
1.1672x1 04
1.7016x1 04



Table 4.5

Monthly

Jan.
Feb.

Monthly Energy Consunption in 1984

BOARD FRCDUCTION
Pieces ten
131,825 3,822,925

86,748 2,515,692
159,561 4,627.269
110,408 3,201.832
101,748 2,950.692

82,033 2,378.957
148,200 4,297.800
179,776 5,213.504
123,302 3,575.758
132,732 3,848,938
144,066 4,177.914
127246 3,690.134

1527635 44301415

Liters '

216,191
129,962
269,178
189,134
161,867
140,317
210,231
284,945
198,056
219,601
231,275
202,514

2,513,531

RA. OL

k]
8.7819x1 09
5.2192x109
1.0934x1 010
1.6828x1 09
6.5752x1.09
5.7023x109
1.0977x1010
1.1575x10 °
8.0452x1 09
8.9285x109
9.3946x109
8.2263x109

1.0210x1011

kJ/ton board

2.9212x106
2.0985x1 06
2.3629x1 06
2.3995x106
2.2283x1 06
2.3969x106
2.5541x106
2.2202x1 06
2.2499x106
2.3197x106
2.2486x106
2.2293x1 06

kw- hr

92,748
54,790
109,536
73,100
67,028
61,935
96,500
121,245
91,486
102,462
94,264
81,652

1,046,746

BECTRATY

KTe

3.3389x10s
1.9724x108
3.9433x108
2.6316x108
2.4130x108
2.2297x10s
3.4740x10s
4.3648 xio8
3.2935x10s
36886108
3.3935x10s
2.9395x10s

3.7683x109

kJ/ton board

8.7338x104
1.8404x1 04
8.5292x1 04
8.2190x1 04
8.1777x1 04
9.3726x104
8.0832xL o4
8.3721 X104
9.2106x1 04
9.5834x104
8.1225X104
7.9658x104



Table A6 Energy Equivalent of Electricity and. Total Enery/ in 1986 -1987
1986 1987
Monthly  BAD RALOL HECROTY  TOA B AE OL BECROTY  TOA
FRODLCTICN(ton) ~ (kT) OF) (k) TN B FROUTIONEn) (k) (OE) (k) TON BO¥D(kj)

Jan, 4,121.567 0.1953x109  1.0327x109  2.4816x106 4896.650 10503x1010  1.1254x109  2.3748x106
Feb. 2,811.463 5.8344x109  6.4997x10s  2.3064x1 06 3,967.751 8.6465x109  9.3580x10s  24150x106
e, 3,273.694 6.4911x109  7.4240x10s  2.2096x106 5,938,533 1.3002x1010  1.6699x109  2.4706x106
Apr. 2,050.097 42374x109  5.0573x10s  2.3136x10S 5,970.201 1.2686x1010  1.3317x109  2.3479x106
My 3,154.214 6.6224x109  8.1018x10s  2.3564x106 5,831.407 1.1552X1010  1.2706x109  2.1989x10s
Jun, 3,402.338 6.4321x109  7.7477x10s  2.1182X106 5,664.976 12281x1010  15520x109  2.4418x106
Jul. 2,866.621 6.2008x109  7.3062x10s  2.4180x106 5,957.644 1.2204x1010  15433x109  2.3075x106
Alg. 4,559.583 8.7583x109  1.0538x109  2.1520X106 6,484.197 131091010  15317x109 22579106
Sept. 3,510.479 7.1212X109  8.9514x10s  2.2835x106 7,319.223 14703x1010  1.7676x109  2.2503x106
Oct. 4,254,561 8.9176x109  1.0456x109  2.3418x106 8,026.156 15674x1010  2.0985x109  2.2143x106
Nov. 5,758.878 1.2204x1010  1.4686x109  2.3741X106 4,896.679 1.0844x1010  1.3647x109  2.4933x106
Dec. 4,520.781 9.6215x109  1.1238x109  2.3769x106 6,004.247 1.2514x10 ©  15354x109  2.3399x1 06



Table A7 Energy Equivalent of Electricity and Total Energy in 1984 - 1985
1984 1985
Monthly  porep RELOL HECROTY  TOA  BRD AELOL  AECROTY  TOA
FTOUCITCN(En) — (kj) (O.E) (KJ) TON BOARD(KJ)PRCELCTIONtn) (K] (OE) (kl) TON BOARDK)

Jan, 3,822.925 8.7819x109  11130x109  25883xlo6  4,384.713 09655x109  1.1642x109  25383x106
Feb. 2,515.692 5.2192x109  6.5748x108  2.35%8x106  2,165.566 4.7850x109  6.2026x10s  2.4960x106
Mar., 4,627.269 1.0934x1010  1.3144x109  26470xLo6 3114571 6.5082x109  7.1022x10S  2.3176x106
Apr. 3,201,832 76828X209  8.7720x10s  26735x106  4,479.717 94630x109  1.2659x109  2.3950x106
\: 2,950.692 6.5752x109  8.0434x10s  25010xLo6  3,061.849 6.9576x109  7.5908x10s 25202106
Jun, 2,378.957 5.7023x109  74322x10s  2.7094x106  3,150.676 7.1306x109  8.1100x10s  25235x106
Jul. 42978 10977x1010  11580X109  2.8235x106  3,486.525 8.3055x109  8.7743x10s  2.6338x106
Alg, 5,213.504 11575x10 © 14549x109  2.4993x106  4,223.676 10083x1010 1.1586x109  2.6616x106
Sept. 3,575.758 8.0452x109  1.0978x109  25569x106  2,450.442 5.5514x109  6.4567x10s  2.5290x106
Oct. 3,848.938 8.9285x109  12295x109  2.6392x106  4,853.324 1.0207x1010  1.2127x109  2.3550x1 06
Nov. 4177914 9.3946x109  11312x109  25194x106  4,530.206 92425x109 10823109 22791 X106
Dec. 3,690.134 8.2263x109  9.7982x10s  2.4948x106  2,720.606 6.2289x109  6.9845x10s  2.5463x106



4.3

4.3.1 ? (Overall
mass and energy belances around the whole plant)

2 (subprocess)
It Rotary Dryer Imp. mill
596.589
2, (Board Production Process),
(Boiler) (Board Dryer)
672
4.7 12 kg/h
( ] 1 ) subprocess 1)
9.8164 x 10s kg/h
(Rotary dryer), n 2
Imp. mill
4.7 1 2
4.8 (kg/month)
( [ L)
4.8 1
12
4.9 1 2
kd/h 1
72.96%
" 2.4059 x 10s kd/h 3.40% 2
49.39% 1433 x 106 kd/h

5.78%



od.11%

410

82



flue gas from flue gas from flue gas from
rotary dryer:(196.328  imp. mill:(1653.5 board dryer:sor27

+4206.424) A +7902.4) flue gas from
boiler:12207
_ 3
gypsum o .8164x1 03 SUBPROCESS 1 r SUBPROCESS 2 board:9.120x1 0
ir i iler:1161
1.ROTARY DRYER BOILER alr nto grOI erl ols
o Yer laso927
air into | 2. BOARD DRYRR
rotary dryer:4175.64 2. IMP. MILL | 3. BOARD PRODUCTION fuel into boiler:588
imp. mill :7906.- 1 PROCESS
fuel into chemical+water:6.715x10
rotary dryer:30.7829
imp. mill :139.2384
Subprocess 1. mass input=2.2068x1 0 4 Subprocess 2: mass input = 7.2049x10
mass output 2.2068x10% mass output = 7.2040x10

Fig 4.7 Mass Balance around Subprocesses 1& 2 (kg/h)



flue gas from flue gas from  flue gas from

flue gas from

rotary dryer: imp. mill: board dryer:  boiler:
2.6266x106 5.7009x106 3.4089x10" 8.2031x10"
gypsum:5.8563x1 0
o 1. ROTARY DRYER
alr into
rotary dryer:2.4911x10 2. IMP. MILL board :6.1258x10

imp. mill:4.7170x1 3. BOILER

board dryer :3.0863x1
boiler 7.8079x10f 4 BOARD DRYR

5. BOARD PRODLiTION PROCESS

fuel oil into [ A chemicals+water:4.5125x10
rotary dryer:1.8365x
imp.. mill:8.306
boiler :3.9514

t

Whole plant : %is input = 6744x107
s output = 5.6744x10

Fig 4.8 Mass Balance around Whole Plant (kg /month )



flue gas from
rotary dryer:2.1999x10

!

flue

> imp. mill:(5.5831x10 5

85

gas from
5

+2.1748x10 7)

gypsum:0

air into ————=f
rotary dryer:0
imp mill :0

SUBPROCESS 1

ROTARY DRYER

used:5.0025x164
loss:1.2164x10

IMP. MILL

used: 4 .6590x10°
loss:1.8040x104

e-fuel into

rotary dryer:(3.267x103

+1.2759x10 )

q
SILO

A

. . 4
plaster:6.4547x10° imp. mill:(2.0689x10"

+5. T714x10 )

plaster:3.1654x10°

Fuel oil into

Boiler; (7.4183x10$+

2,4373x10 )

Air into —=

Boiler : 0

Dryer : 0
chemicals+water: Q—e

SUBPROCESS 2

+BOILER

10ss:2.9845%10"

BOARD DRYER

used :1.2231x10
loss :3.9823x10

BOARD PROCESS

7
5

1oss:1.3324x106

Flue gas from Dryer : 6.2173x10
t— Board : 5.1847 x 105

A- S input - = output

A - 1.14331x106

subprocess 1

L input = 7.0713x1lo"
£ output

su
6.8307x10 +
A =2.4059x10s

Overall Efficiency of subprocess 1

= energy used
energy input

5.1593x1of X 100
7.0713x10°

= 72.96%

(5.78%)
bprocess 2 1 input = 2.4764x107
Z output = 2.3331x107+

A= 1.4331X106

Overall Efficiency of subprocess 2

= energy used
energy input

1.2231x1ol X 100
2.4764x10'

= 49.39%

Fig 4.9 Energy Balance around Subprocesses 1 &2 (kj/h)



Flue gas from

Flue gas from Flue gas from

Rotary dryer:  Imp. millg: Dryerl 9
1.3124x1 cr 4.6283x10 4.1780x10
Gypsum 0 1.Rotary dry%gAd 2.9844x106
2.1 0 veed 2778500
Air into Rotary dryer:0 _ AMP. ML USed 2.0 L2 9X
imanill oo 15 LI
3 - UIYET ysed  8.2192x10
oryer: 0 logs 2676110

Fuel oil into ¢

Rotary dryer: 7.6314x10 9

3.4555x10
1.6429x10

Imp. mill
Boiler:

Overall Effciency of plant ( L

5.Board Production Process:

Flue gas from
1.7497x107

Board: 3.4841x10

chemicals + water*, 0

10
= d/ £ inoput = 1.1297x10°0 Y-
) = energy use inpu %.0648%1100 X
= 54.71%
individual loss 3.1089x10  (1.51%)

Fig 4.10 Energy Balance around Whole plant (kj/month)

8
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4.3.2 ' ? (RotBry dryer)
1 = 9.8164x10s kg/h
{ P
2. C 15° = 0.9408 kg/l
32,720 1/h (30.7829 kg/h)
T 80°c

(LHY) 41,450 kilkg
(Cp)

Cp = (1.685 + 0.0039 T°C)/s

5 15°
80°c, Cp = 21227 kllkg.K
3. 150 m
15 (0.D. = 1.63 in)
76.81 2
0.0127 m (k=288.0
kii/m.h.K) (rockwool) 0.051 m

(k=0.122 kl/m.h.K)

4. 80°c
1.137  kllkg.K
80°c
80°c 1.046
kilkg.K

5. 40°c



Boie

88

6. L
1=110 W
2=1 kv
3=11 kW
1. 0 =30°, Po=1atm
8. 0*0218 kg water/kg dry air
4.3.2.1 ? (Rotary Dryer)
Ao = (12.38)(HI - 1,100) m3Nkg fuel
10,000
Go = (15.75)(H1- 1,100) - 2.18 m3Nkg fuel
10,000
G = Got(m-l)Ao A = mAd
A = (m3Nkg fuel)
Go = <m3Nkg fuel)
A = (maNkg fuel)
HL = (kcallkg fuel)
m = (-)
G = (m3Nkg fuel)
A0 = (12.38)(9,907-1,100) = 10.903 3Ykg fuel

10,000
Go = (15.75)0,907-1,100)-2.18
10,000

11.691 m3Nkg fuel
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'l (in=13)
A =13 X 10.903
= 14.1739 m Nkg fuel
*| ! = 1.2928 kg/ 3N 0°
A = 183240 kglikg fuel
G = Got(m-I)Ao
= 11.691+C0.3X10.903)
= 14.9619 3u/kg fuel
= 19.3427 kglkg fuel
T =180
Vapor: 196.328
flue gas: 4,206.424
7
Gypsum: 9.8164x103 —
Fuel: 30.7829 — —
—— Gypsum: 9.620x10s
5

Air for combustion: 564.066
Air for drying: 3,611,575

Fig 4.11 L% (kg/h)



90

4.3.2.2 (Rotary dryer)

80°C
1.046 kllkg.K

(kJIh)
(T=30°C) = 0
(T=30°C) = 0
= 30.7829x2.1227x(80-30)
= 3.267 X 103
f = 30.7829 X 41,450
= 12759X 10
= 12792X 106 kJi
= 13320X 105 kb
(kJIh)
(T=80°C)
9.620X10 XL.137x(80-30)
= 54689 X 10

= 196.328:2,255.176+4.184(100-30):
= 50025 X 10s

| = 12164 X 104 )
= 4206.424x1.046x(80-30)

2.1999 X 10s
1.2792 X 106G kJ/h



9

4.3.2.3 ( (Rotary dryer)

Ex (LHV)[(1.0038+0.1365(h/c)+0.0308(0/c)+0.0104(s/c) 3

41,450111.0038+0.1365(0.1175/0.8648)+0.0308
(0/0.8648)+0.0104(0.0157/0.8648):

Exr = 42,384  kilkg

Exr

(ki)
= 30.7829x42,384
= 13047 X 10s
' = 30.7829x2.1227x[(80-30)-3031n(353/303)3
= 2431551
= 0

= 0
= 1.3049 X 106 ki/h

= 1.3320 X 105 kJ/h

? (kJIn)

= 9.620x103x1.137%C (80-30)-3031n(353/303)3
40702 X 10*

196.328 X {2,255.176C1-003/373)3
+4.184C70-3031n(373/303)3
8.8859 X 10*
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= 1.2164x10%1: 1-003/313)3
= 388.626

= 4+206.424x1.046C(50)-3031 053/303)1
= 1.6373 X 10%

Irreversibility = 1.1586 X 10s

= 13049 X 106G kd/h

433 I

77 mp, mill

= 100°C
( C) = 148 1/h
139.2387 «kg/h
= 41,450 kJ/kg

58°c

Imp. mill 100°c

= 660 om
=380 cm

0.25 m(k = 5296 kii/m.h.K)
0.013 m (k = 288.0 kJ/m.hK)
(Rockwool)  0.051 m(k=0.122 ki/m.h.K)

51°C 78.79 m

T0 = 30°, Po = 1 atm



4.3.3.1

Gypsum» 9.620X 103
Fuel» 139.2384

Air for combustion» 2,551.404
for handling» 5,355.3

Fig 4.12
4332

(kJ/h)

93

4 = 160 KW
" 5= 1L W

100%c Cp = 1.0093 kii/kg.K
Imp, mill

Flue gast T = 100°c
Vapor» (11510.0+143.5)
hot ain 719024

Plaster» 8.1099x10s

Imp. mill (kg/h)

Imp, mill

139.2384x41,450
5.7714 X 10e

139.2384x2.1227x70
2.0689 X 10*
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A = 9.620x103x1. 137x(58-30)
= 3.0626x10s
1 =0
= 6.0983 X 10 kd/h
» = 6.1560 X 10 kJ/h

(kii/h)

1 = 81099 X 10 X 1.137 X 70
= 6.4547 X 10

=7,902.4 X 10093 X 70
= 5.5831 X 10

= 1,653.5 X1 8790 X 70

= 2.1748 X 10
25°c ( )
= §.330x10"x9 620x103/172
= 4.6590 X 10
» = 1.8040 X 10 -

= 6.0983 X 10 k-J/h
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Imp, mill
= 42,384x139.2384
= 5.9015 X 10e

= 139.2384x2.1227x11 (70)-3031 (373/303)3
= 2.0757 X 103

= 9.620x103x |. 137xC(58-30)-3031n (331/303)
= 1.3335 X 10*

= 59169 X 10G /h

6.1560 X 10s /h

8.1099x103x |. 137xC70-3031n (373/303)]
= 6.4756 X 10*

= 7,902.4x1.0093xC70-3031n(373/303):
= 5.6013 X 10*

25° ( )
= 1.710x10*x9.620x103/172
9.5641 X 10s

1,653.5x1.8790X 70-3031 (373/303):
2.1819 X 10*
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= 1.8040x10* 1-003/324)
= 1.1693 X 10a

Irreversibility = 4.8167 X 10e

= 5.9169 X 106G /h
4.3.4 (Boiler)
1. 97°c
1 588.0 kg/h
41,450 lkg
2. ' , \ 230°c
Boie

40% (A/IF)
152642  m3Mair/kg fuel

3. (13 bar)
10,054 kg/h
4, (bolw down) 54.0 kg/h
. To = 30°
Po = 1 atm
6.
(3) = 185 kw

(7) = 110 kw



K

NS ST C TN

43.4.1

condensate»10,054 kg/h
l T = 145°C

97

0.33x4.184 kiim3N K
1.3807 ki/m3N K

(Boiler)

Flue gas (230°C): 12,207 keg/h

1

BOILER

steamt 19,000 ke/h

|

// Fuels 588,90 kg/h
W7 Air 11,619 kg/h
Fig 4.13
(kg/h)

10,000 1.

5 2.

if 588.0 3.

11,619

22,261 kglh

l

blow downt 54.9 kg/h et 17.5 bar

(Boiler)

(kg/h)

(17.5ban)= 10,000
54.0
12,207

(230°C)

22,261 kg/h
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4.3.4.2

(kJ/h)

= 10,054x4.284x<145-30)
= 4.953 X 106

(T = 30°C) = 0

= 588x1.883x07-30)
= 7.4183 X 10%

= 41,450x588
2.4373 X 107

(11+18.5)x3,600
1.0620 X 10e

= 2.9400 X 107 k*J/h

(ki/h)
10,000x(2,798.00-125.52)
= 26725 X 107

54.0X(893.216-125.52)
= 4.1455 X 10*

9,428.8552x0.33x4. 184x(230-30)
= 2.6037 X 106

= 2.9845 X 10%

= 2.9400 X 107  kJ/h



4.3.4.3
, (ki/h)
( )
?
(kd/h)
! (17.5 Dbar)

99

77 (Boiler)

10,054x4.284 115-3031 (418/303))
- 75419 X 10s
=0

588x1.883xC67-3031 (370/303)]
= 71631995

586x42,384 = 2.4922 X 107
1.0620 X 10B

2.5683 X 107 ki/h

10A01798.00-125.52) -303
(6.3658-0.4360))
= 8.7575 X 10e

54x[ (893.216-125.52)-303
(2.4154-0.436))
= 9,068.6412

9,428.8552x0.33x4.1841200-303

In(503/303))
= 6.0435 X 10s

2.9845x10%[ 1-003/318) )
1,407.7830
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Irreversibility — 1.6311 X 107
2.5683 X 107  ki/h

' (Board Dryer)

17.5 bar gage, T=209°
h0 =2,798.00 kJ/kg, 0= 6.3658 kikg.K
h, = 893.216 kd/kg, r =2.4154 klkg.K

13.0 bar gage, T= 195°
hB=12,790.3528 kilkg, 0 = 6.4657 kilkg.K
hr = 8324575 k-Jlkg, r = 2.2887 k-Jlkg.

dead state
ho = 125.52 kd/kg, 0 =0.436 kJ/kg.K
0 =303 K PD= 1 atm

=236.89 n2, =55
=236.89 2, =45°
=390.144m2, =45°
= 12.3871 2,
= 150°
2 4
50°c
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4. = 150°

4.35.1 7 (Board Dryer)

steam 10* kg/h
W hot eir (45,927+4,800) kg/h

10
w11 ‘
air 45,927 ke/h DRYER

| |

wet board 13.920x10° kg/h dry board 9.120x10° keg/h

condensate 10 kg/h

4.14 (Dryer)

<kg/h) (kg/h)
1. 13.920x10s 1. 9.120x10s
2. 45927 2. 10,000
3. 10,000 3. 50,727

6.9847x10" 6.9847x10



02

4352 | | ?
(ki)
1, 10%(2,798.00-125.52)
(17.5 bar) = 2.6725 X 107
2. 13,920x1.137x(50-30)

(Cp=1.137 kilkg.K) = 3.1654 X 10s

3 0
4 o 43200 X 10s
27042 X 107 ki/h
(kJ/h)
1. 9,120x1.137x(80-30)
= 5.1847 X 10s
2. 10,000%(893.216-125 52)
= 7.6770 X 10e
3, 45,927x4.184C(0.45x0.1263)+0.243
(T = 139°C) (139-30) = 6.2173 X 10
4. = 3.9823 X 10e
5, t 4,800 [2,255.176+4.184(70)1
= 12231 X 107

= 2.7042 X 107 ki/h

*%
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4353 ? A

1 7 (kd/h)
L. = 10* [(2,798.00-125.52)-303
(L7.5 bar gage) (6.3658-0.4360)3
= 8.7575 X 10e
2 L = 131920X1.137C(50-30)-3031 (323/303)3
= 1.0008 X 10*
3 =0
4.* ! : = 4.3200 X 10s
= 8.7675 X 10G ki/h
(kJ/h)
1 9,120x1.137C(80-30)-3031 (353/303)3
= 3.8587 X 10*
2. t 4,800£2,255.170C 1-003/373)3+4.184
[70-3031 (373/303)33
= 2.1725 X 10G
3. 10,000 [(893.216-125.52) - 303
(2.4154-0.4360)3
= 1.6794 X 10e
4. 45,927x4.184C(0.45x0.1263)+0.243

[(139-30)-3031 (412/303)3
= 9.0641 X 10



3.9823xI0E[ 1-003/318)3
= 1.8784 X 10*

6. Irreversibility
= 3.9518 X 10e

= 8.7675 X 10e kd/h

4.4 )

4.4.1 1 (Subprecess 1)

1 (Bucket elevator 1)

252018 m
10.77 1| 0.89 m, 0.28 m
80°c = 353 K
[ To = 30° =303 K
[ 80°C
0.0127 m (k=288.00 kJ/m.h.K)
I h =135 (AT/1)A ( )
h=16054 /12K 5.7795 kJ/ffi2.h.K
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' (To, PO)

(x/k)+(1/k)
. A=252018 m
AT = (353-303) =50 K
X =10.0127 m
k =288.00 ki/m.h.K
h = 5.7795 kx/m2.h.K

Ql= 252018 X (50)
(0.0127/288.00)+(1/5.7795)
= 7.2808 X 103 kJ/h
= 43436 X 10e kJ/month

1 (Gypsum Bin 1)
56.172 m2, AT = 50 K
Q2 1.6225x10% kJ/h 9.6797x10e kO/mcenth
' 2 (Bucket elevator 2)

35,2638 m2, AT =45 K
03 =9.1689x103 kl/h 5.4701x10e kii/month

( "2 (Imp, mill bin 2)

4473 m2, AT =40 K
= 1.0338x10* kJ/h 6.1675x10e kJ/month
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1=7.2808x10s ki/h

1 = 1.6225x10* ki/h
2 =9.1689x103 kJ/h
2 = 1.0338x10* kJ/h
1 =4.3013x10* kJ/h
= 2.5661x107 ki/month
4.4.2 2 (Subprocess 2)
13 Dbar 500
ho = 2,790.3528 kJ/kg
hg = 125.52 kJIKE
G dhe=f) (4.5)
E 500 kg/h
h0 = 2,790.3528 kJlkg
hg = 125.52 kilkg

Qs — 500(2,790.3528-125.52)
1.3324 X 10e kJ/h
672 h/month

8.9538 X 10e ki/manth



1:rotary dryer
2:hucket elevator 1

3:gypsum bin 1
4-bucket elevator 2

5 imp. mill bin 2

6.imp. mill

7:51l0 [ﬂ
g:dust collector 6

Fig.A.15 Detail Equipments in Subprocess 1
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