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Study of Energy Utilization in Cassava Production Plant

Ruchira Taprap
Faculty of Agro Industry Project, King Mongkut’s Institute of Technology Lackrabang

ABSTRACT

The cassava production plant has been chosen as a case study for energy analysis. The
process started from raw material, dried fiber of cassava obtained from cassava root chopped into
pieces then dried by sunlight at the ground field, was mixed with steam in the pellet forming unit.
This pellet cassava was then dried in the continuous air dryer unit to reduce the moisture content.
Then the moisture was slightly reduced at the free fall dryer unit. However, there were three main
units which consumed quite a high amount of energy. Those were boiler unit, pellet forming unit and
air dryer unit. When the enthalpy and exergy of those equipments were analyzed, the efficiencies of
them were as follows: for boiler unit; the efficiency by enthalpy was 61.2 % and the efficiency by
exergy was 14.7 % where its irreversibility was 73.6 %, for pellet forming unit; 5 cases have been
proposed for this study by varying the steam consumption and steam temperature.  The results of
enthalpy and exergy analyses were not much different. However, the plant can find the suitable and
efficiency option to operate the plant. For the air dryer unit, the efficiency by enthalpy was 46.71 %
and efficiency by exergy was 22.03 % and its irreversibility was 53.73 %. Moreover, the program
adapted from Excel was constructed to facilitate and encourage the studying of energy analysis
especially the plant that has similar process.
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f
f
1
(Ah)
2 (A
(As)
21
211
(Mass Balance) (Energy Balance)
Mass input = mass output + mass accumulation (21)

Mmass input
mass output
mass accumulation mass input



mass output mass accumulation

Energy input = energy output + energy accumulation  (2.2)

(An)

Ah
Ah = mCpAt (23)
P At
(enthalpy of phase change: L) Ap?
Ah = mL (2.4)
Heating value (LHV)
AlHr = X LHV (25)
(efficiency) 1
(%) = ( ) x100
( )
= XAiUpIxioo

XAn",



2.12 1

= )+ (
4= ]

X exergy input— = X exergy output + X cxergy loss + Irreversibility (2.6)

()
As = AnT 27
AS = Ah-TAs 29)
As = Ah-t)(An't)

= LHV [1.0038 + (0.1365X(H)/(C))
+ (0.0308 X(0)/(C) + (0.0104 X( Q)] (29)

cxcrgy loss = (I-T/DQ (2.10)

Q T



%) = X100

2.2
(raw material®
2
(preheating unit)! (open system)
(drying ) " 80°0 18°ClI
33°C
(roasting 0
2 21
2
I} (preheating unit ) (drying' unit)
] (subprocess Loffish snack
process)
2 (roasting unit)! 2

(subproccss 2 of fish snack process)



PrOdUCt 1+ Packina unit 14 mi- Roastina unit
Subproccss Il

21

(vaporized water)
(preheating unit)

vaporized water 48 kg/hr,100 ¢
t
fish 236 kg/hr, 14°C- Prehea’[ing unit 4 188 kg/hr, 18°c

LPG 1163 kglhr

2.2



236 kg/h 14°0 )
I 1163 kg/h !
188 kg/h 48 kg/h
100°0 } 3433 kIkg°C I
45.606 kilkg
21.26% 4.93 %
J (drying unit)

vaporized water 18.8 kg/hr, 80 °c
|

fish 188kgfhr, 78°C--=-fT" - Drying unt > 1692 kg/hr, 33 °c

LPG 194 kgthr

' 188 kg/hr 1692 kg/hr
18.8 kg/hr 33°C
38.21% 8.95%

(subprocess 1 of fish snack process)

236 kg/hr 14°c 1692 kg/hrK
1357 kg/hr 66.8 kg/hr
I 4.74%
2 24



vaporized water 66.8 kg/hr,100°c

t
fish 236 kglhr, 14°c 1692 kgfhr, 33°¢

LP® 1367 kyfhr

24 1

' 2
(subprocess2 of fish snack process)

vaporized water 918 kg/hr, 1o °C
I
fish 127.06 kg/hr, B0 CF—--7 » Roasting unit 117.88 kg/hr, 200 °c

LPG 3.1-8 kg/hr

2.5

121.06 kg/hi- 30°c 3.88 kg/hr
11788 kg/hr 200°c
9.18 kg/h 51.12%
16.70%
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(Bucket elevator) (Crushing) Silo
(Pellet forming unit)
(Air dryer)
(Bucket elevator) Free fall
drying (Warehouse) (Belt
conveyor)
3.2 *
heat loss
Steam- Boiler fuel 0||
Cassava Pellet Fgrming
Unit
32
h32 (Pellet forming unit)
!I
Air dryer I
Free fall drying X
‘ (Warehouse) (Belt

conveyor)



321 (Boiler)
2 33
120 U A nue gas 220 °C 16757.40 kg/hr
water 42°C 12200k e~ 7 Boiler steam 120 °C 11200 kg/hr
2 33 (Boiler)
Boiler 2 C 85% 5H 12%
3% 0.940 (LHV) 10390 keal/L
- Enthalpy Input

Anjitll="LHV X
= (10390 keal/ix 1202/hr)
= 12468 X106 keal/hr (1 keal = 4.184 k)
= 522 X106 kjlhr

AHWo = mCpAT
= (1200 kg/hr)(4.1754kJ/kgK)(315.15-298.15 K)
= 8518X 14 Kkihr

XAV, = (522X106kJhr)-K8518 X lo" kifhr)
= 531 xio6 ki
Enthalpy Output

An, ki = mCpAT
= (6757.4 kg/hr)( 1,026 ki/kgK)(493.15-298.15 K)
= 13 X106 kihr

Anh, = mhg

(1200 kg/hr)(2706.3 kilkg)

12



|oss

Exergy Input

|- X:é |['p1

Exergy Output
P g

= 325 x106  khr

% (1.35x 106kJ/hr)+(3.25 x 106kJ/hr)
= 460x 106 ki/hr

(5.13 xi06)-(4.60 x 10

0.71 x106 kJhr

L HV] 1,0038+{0.1365XHIC)+(0.0308x0/C)#(0.0104xS/C)]
1039[ 1,0038+(0.1365+0.12/0.85)+(0.0308¢0/0.85

+0.0104¢0.03/0.85)
106338227  keallt
445 x 1% kil

120 Uhr
(4.45 X104kj/1)(1201r)
5.34%106  klfhr
An(1-T/n
(8.518 x 104kJ/hr)[1-(298.15/353.15)]
459 x 103 ki/hr

& (5.34x 106ki/hr>K4.59 x 103kJ/hr)
5.34 x 106 kd/hr

(L35 x 106KJ/hr
53 X103 kI

(3.25 x 106kJ/hr)[l -(298.15/393.15)]
785 x 105 khr
(5.34 x 103kd/hr) + (7.85 x 106kd/hr)
1.32xi06  ki/hr

(071 XI06) [ 1-(298.15/343.15)]
931 xio4  kllhr

~—

[l -(298.15/493.15)]
hr

—

~—

11 11
=

13



(Boiler)
31 (Boiler)

Enthalpy Input  (kj/hr) % Enthalpy Output  (kj/hr) %

L (fuel oil)  522x 106 983 1 Flue gas 135 xi06 254
2. Water 8.518x 17 2 Steam 325 xi06 61.2
3 Loss 0.71 xio6 134
XAHinl 531 xio6 100 £A nQmy 531 xio6 100

1

= (3.25x106)/( 531 xio§ x 100 = 612 %

32 (Boiler)
Excrgy Input  (k)/hr) % Excrgy Output  (kj/hr) %
I} (fueloil) ~ 534xio6 9992 L1 Flue gas 5.34xio3  10.00
2. Water 459 X100 008 2 Steam 185xi03 1470
3. Loss 9.31xI04 170
4. lrreversibility 393 xio6  73.60
A it 934 X106 100 Hhopt  934xi06 100

2

= (7.85x109/( 5.34 x10)x 100 = 14.7%
31 32

12
612%  147% 134 %

170 % Irreversibility 73.60 %

14



322 ( (Pellet Forming Unit)
{ 1
34
' %%, DWkgh g\ 21Wigh,
Steam 90 OC, HQOkg/hA, Pellet Forming Unit —
34 - (Pellet Forming Unit)

| 1 (steam) 1100 kg/hr 90 C

masshalance m i+ m —m
1100 kg/hr+ 20000 kg/hr = 21100 kg/hr

- moisture halance ;1100 + (0.11)20000 = y(21100)
y = 0156 = 156 %

Enthalpy Input  Anh = mCpAT

(20000 kg/hr)(2.3875 ki/kgK)(308.15 - 298.15K)
4775 x 103 kd/hr

(1100kg/hr)(2660.1 kl/kg)

2.926x 10s  kJ/hr

ZAnr, = (4775% 103kdhr)-K 2.926 x 106kJ/hr)

Ahsinil



L

2

3407 x 106 ki/hr

Enthalpy Output Ah = mCpAT
woiwaiie - (212100 kg/hr)(2.3875 kilkgK)(343.15 - 298.15 K)

Excrgy Input

AR

Exergy Output
A o (2267 X106kd/Mhn)[l - (298.15/343.15)]

33

Enthalpy Input  (kl/hr) %

steam

|oss

XAnM,

2.267X106  kd/hr

£ = An(i-t0/t)
HYE (4775 x 105kj/hr)[l- (298.15/308.15)]
1528 xiod  kd/hr

(2926 x 106Kj/hr)[1- (298.15/363.15)]
5237 x 103 Kilhr

(1.528 x 104kJ/hr) + (5.237 x 105kJ/hr)
5.389 x105 kilhr

= 2970x 105 kJ/hr

(1137 XI08)[1-(298.15/323.15)]
8755 X104 Kilhr

3.3

Pellet Forming Unit

4775x 10s 1403 1
2.926 x10s 8587 2. Loss
3404x106 100 XAh

34

1

Enthalpy output  (kd/hr) %

2.267x10s 66.60
1.137x10s 33.40
3.404x10* 100

16
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34 Pellet Forming 1

Exergy Input  (kd/hr) % Exergy Output (kJ/hr) %
1 1528xio4 282 1 2.970 xio5 55.11
2. Steam 5.237xio5 9718 2. Loss 8.755 xio4 16.25

3. Irreversibility

5.389 xio3 100

1544 xi05 28.64
Vo - 5389xi05 100

output

17 2 "l (steam) 1100 kg/hr 80 °c
1
69.6 °¢ 156 % 35
36
35 Pellet Forming Unit 2
Enthalpy Input  (ki/hr) % Enthalpy output - (k/hr) %
4,775 x 105 14, 2.248x1 06 66.41
steam 2,908 x106 8591  loss 1.137x10s 33.59
3.385X106 100 3.385x10* 1
3.6 Pellet Forming 2
Exergy Input  (kl/hr) % Exergy Output (kJ/hr) %
1 1528 xiod 326 2,922 xi05 62.32
2. Steam 4536 xi05 96.74 loss 8.755 xio4 18,67

Irreversibility

y b g 4689xi05 1

87028

8.915xio4 1901

VAot 4689105 1



3 (steam) 1100 kg/hr 100° C
1
703 C 156 % 37
38
3.7 Pellet Forming 3

Enthalpy Input — (kj/hr) % Enthalpy output ~ (kJ/hr) %

4.775X 105 13.95 2.285x106 66.77
steam 2.944 xio6 86.05  LOSS 1.137X105 33.23
| A h,l 3.422x10s 100 A h_ 3.422x10s 100

38 Pellet Forming 3
Excrgy Input — (kd/hr) % Exergy Output  (kd/hr) %
1528 xio4  2.54 2.970 xio5 49.16
Steam 5.888 xio5 97.46  Loss 8.755 xio4 1449
Irreversibility 2.19% xi05 36.3
o O.0AL X105 100 we D041 X105 100

4 (steam) 1000 kg/hr 90 C
1 1

6 C 152% 39 310

18
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3.9 Pellet Forming it 4

Enthalpy Input  (kj/hr) % Enthalpy output ~ (kj/hr) %

4.775 x 105 15.23 2.001x10* 63.37
steam 2.660 xi06 84.77  Loss 1.137x10* 36.63
|AH it 3138x10* 100 XAh  313810* 100
3.10 ' Pellet Forming it 4
Excrgy Input  (kj/hr) % Excrgy Output (kd/hr) %
1528 xio4 309 2.361 xio3 47.78
Steam 4,788 xio3 96,90  Loss 8.755 xio"  17.72
|rreversibility 1705xi03 34.50
Yeg i 494Lxi03 100 Y oo 4941 Xi03 100
bht 5 ' (steam) 900 kg/hr 90 °c
1
59 C 148% 3 312
31 Pellet Forming Unit 5

Enthalpy Input ~ (kj/hr) % Enthalpy output  (kJ/hr) %
4.775 x 103 16.63 1.735x10* 6041

steam 2.394x10* 83.37 Loss 1.137x10% 39.59
2.872x10% 100 2.872x10* 100



20

312 Pellet Forming Unit 5
Exergy Input  (kj/hr) % Exergy Output (kJ/hr) %
1528 xiod 355 1770 xi05 39.67
Steam 4309 xio5 96.57 Loss 8.755 xio4 1962
Irreversibility 1816 xio5 40.71
¢ pt 4462xi05 100 VA—8can 4462 xio3 100
I (Pellet Forming
Unit)
313
(Pellet Forming Unit) 15
(%) (°C) 1(%) 2(%)
L
1100 kg/r - 90 °¢ 156 10 66.60 %11
2
00 kghr 802 ¢ 156 69.6 66.41 62.32
3
100kght 100 C 156 103 66.77 49.16
4
’ 152 65 63.37 47178
1000 kghr 90 C
d 148 59 6041 967

900 ky/hr 90 ° ¢
313 12 3

0641 % 6232 %



2

14 5
0 C 1

323 (Air Dryer)

(Pellet forming unit)
16 %
14 % 2
34

21100 kg/h,70°C 490.7 kg/h43 ° ¢
Air 27699.02 kyTi34 ¢ Air 27699.02 kgl 43 ° ¢
A 20609.3 kg/h.70°c

28, 35 . (Air Dryer)

J (Air Dryer)
Enthalpy Input =~ Ah = mCpAT
An? (27699.02 kg/hr)(1.01304 kJ/kgK)(307.15-298.15K)
= 253 x105  kihr

(21100 kg/hr)(2.3875 kilkgK)(343.15-298.15K)
221X 106 kllhr

XAHIL = (253 x 103KI/n)-K2.27 x 10 kJfhr)
= 252x 106 KJhr

Enthalpy Output
Ant = (27699.02 kg/hr)(1.016 ki/kgK)(316.15-298.15K)



= 507X105  klhr
Ah* 1, 1%F = (206093 kg/hr)(2.3875 kllkgK)(315.15-298.15K)
= 836xi05  Khr
AnBo = (490.7 kg/hr)(2399.54 kjlkg)
= 118x 106 KJhr

ZAhl = (5.07x 105kJ/hr)-K8.36 x 105kihr) +(1.18 x 105 ki/hr)
= 252x 106 kihr

(Air Dryer)
Exergy Input
SA (2.53 x 105kJ/hr)[1-(298.15/307.15)]
141 x 10¢ kilhr

8 i (2.27x 106kJhn)[ 1:(298.15/343.15)]
298 x 106 kdlhr

(7.41xl0" kifhr)+(2.98 x 105kJ/hr)
305 % 105 kdhr

Exergy Output: 8 = Ah(1-TO/T)

(5.07x 105kj/hr)[I-(298.15/316.15)]
2.89x101  kdhr

/
(8.36 x 105kjlhr)[I-(298.15/315.15)]
450X 100 Kl

[
Sevaporated water ]. 18 X 106 k\] hr)[ l (29815/31615)]
6.72 x 104 kdihr

22



] (Air Dryer)

314 (Air Dryer)

Enthalpy Input ~ (kj/hr) % Enthalpy Output  (kj/hr) %

L Air 253 xi05 100 1 Air 5.07x10s 20.12
2 2.21x10s 90.0 2 8.36x10s 33.17
3. Evaporated water 1.18x10s 46.71

| A hnpy 252 xio6 100 A h 25106 100

= (8.36 x109/( 252 xia) x 100 = 33.17 %

3.15 (Air Dryer)
Exergy Input ~ (kd/hr) % Exergy Output  (kj/hr) %
L Air [41x10s 243 1 Air 289104 946
2 2.96x10s  97.57 2. 451x104 1478
3. Evaporated water 6.72x104 22.03
4, lrreversibility 1.64x10s  53.73
w1 3:00x10s 100 T S 3:05x10s 100

= (451x104)/( 3.05x105) X 100 = 1478%

(Air Dryer)

23



3.3

(Boiler)
(Pellet forming unit)
irreversibility
irreversibility

3.6

Free fall dryer

(Air dryer)
36

24



41

(Boiler)

(Housekeeping Improvement)

60-100°C

(Combustion Analyzer)

W

25



30%

(Air Preheater)

41

(Waste Heat Recovery)

Recuperative

26



I3

01

42

0

2.5%

(Economizer)

555°C  100°F

(Condensate Return)

(Feed tank)
2%

' (Blow-down Heat Recovery)
I !

13 %

21

(Feed water)



(Flash Steam) I
!I

I (Steam Accumulator)
!I
42 (Pellet forming unit)
C
1 2
2
4] (Air Dryer)
10 Cc

156% 4%

2 C

37

C

28

(load)

80 - 90

3 C
13- 4%
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Cp

36

Excel

31-44

Excel

Excel

30

32
32

34
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I I 180 L " } flue

boiler
water 2000 kg/hr » & steam 2000 kg/hr
LHV
grade 1 10,184 0.815 S i 1 ' 1,2,4,5,6
grade2 10,711 0.865
' grade4 10,580
grade5 10,390 0.940
grade6 10,340
3 K)
1 25
(Ihr) 180 25 298.15 N
(kg) 10,417.3146 220 493.15 1.03287
(kg/hr) 2,000 80 353 15 41978-+ ;
(kg/hr) 2,000 120 393 15 N

LHV (grade) 10.390



i. 'SbwVv erithapy
H ,nputlc
~ input (water)

um “input

Noutput !

Hputput wate I’)

sum H cutput

exeravli

exergylin

.sxar *
Einpu\] c
Einput '*

sum Eoutpu.

~output A

Eputput (Water)

sum Eputput

180kg

461,752.50

,634.84

44,496.16

8,009,308.66

71,913 88

8,081,222.55

826,326,33

1.307,890.12

2,134,216 45

oil

water

total

oil

water

total

m " 1

7,824,916.80

461,752.50

8,286,669.30

m w

8,009,308.66

71,913.88

8,081,222.55

5'1- i, | |ri,B S

94.43  flue gas
5.57 steam

loss

100 total

Rishitintar @

99.11 flue gas
0.89 steam
loss
Irreversibility

100 total

2,089,758.073
5,412,600.0(3

784,311.2

8,286,669.3(3

“21f ip

1,307,890.12
102,852.99
5,844,153.11

8,081,222.55

25.22

65.32

9.46

100

10.23

16.18

72.32

100



180kg

©
(2
)

(02

23%

(kg-orgmw

(kg-o"g-w

(kge )=

%
85

12

)= 3.2570
)= 14.1607
61.5681

10.417.3146

0.85

0.12

0.03

Air/Carbon

0.1412

0.0353



cpidigk)

Substance

water

Substance

Air

*k

Temp, at 1 atm Cp(kJ/kg.K)

T(K)

273

280

290

300

320

340

360

373

100

150

200

250

300

350

400

450

500

550

600

650

700

750

800

850

900

950

1000

4.217
4.198
4.186
4.179
4.180
4.188
4.203

4.218

cp(kJ/kg
1.032
1.012
1.007
1.006
1.007
1.009
1.014
1.021
1.030
1.040
1.051
1.063
1.075
1.087
1.099
1.110
1.121
1.131

1.141

K)

T(K)
340
353

360

T(K)M

T(K)

hotair
T(K)

450
493

500

T(K)vru

T(K)

cp(kd/kg.K)

4.1880

4.1978

4.2030

20

13

cp(kJ/kg.K)

1.0210

1.0287

1.0300

cp(kd/kgK)M

cp(kJ/kgK)M

cp(kd/kgK)wn

cp(kJ/kgK)M

0.01500

0.00975

0.00900

0.00774



fa

Substance

water

9

T(K)
373
378
383
388
393
398
403
408
413
418

423

hg (kJ/kg)
2.676.10
2.683.80
2.691.50
2.699.00
2,706.30
2.713.50
2,720.50
2.727.30
2,733.90
2.740.30

2.746.50

T(K) hg (kJ/kg)
388 2.699.00
393 2,706.30

393 2,706.30

T(K)vin 5

T(K)M 5






(kg/hr)
(kg/hr)

(kg/hr)

mass balance: ION

moist balance: >» | +%

te-tu'm nmap!,:
N input

n  put

sum “input

~output

sum Output

steam *.

cassava

1,200

1,260

Xm-uju+% -.

162,378.00
.14,325.00

176,703.00

165,453.75

165,453.75

pellet >
pellet framing unit
(° 0 (NI
120 393.15 N
30 303.15 2.3875
80 353.15 2.3875
« 'ft BUT (l.g/hr)
2000(kg/hr) 1 60.00
HOr
—_ - < 1,260.00
% *“0- - - 14 29
lilj>1I
steam
cassava
total

<J/kg.K)
270630 |
N

N

iviilEi 1 <1,
162,378.00 91.89 peilet

14,325.00 8.11 loss

176,703.00 100 total

165,453 75

11,249.25

176,703.00

100



L' of e W

E nput ("ear

 mur (CRSSAN

39,236.70
236.27
39,412.97

25,767.96
25,167.96

<15

steam

cassava

total

39,236.70
236 27

39,472.91

99.40

100

pellet
loss

Irreversibility

total

25,767.96
870.28
12,834.73

39,412.97

65.28

32.52

100
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Substance T(K) h0 (kJ/kg) T(K) h0 (kJ/kg)
water 373 2,676.1 388 2,699.00
*+* 378 2,683.8 393 2,706.30
383 2,691.5 393 2,706.30

388 2,699.0

393 2,706.3
398 2,713.5 5
403 2,720.5 frIT (K)vi 5

408 2,727.3

413 280033

418 2,740.3

423 2,746.5






(kg/hr)

(kg/hr)

energy balance :

mass balance :

moisture balance :

(kg/hr)
N
322
322
1,260
1,220

40. 22

] £
Air Dryer
-
°C FCp(kJ/kg.K) hg (kJ/kg.K)
25 298.15 N N
37 310.15 1.0074 N
50 323.15 1.0079 N
80 353.15 2.3875 N
45 318.15 2.3875 N
40 313.15 N 2,574.30
m »ir+ 4 ~m
1,260 = 40.0022 + 1,219.998
0.1148 —I 11.48

+m «ir+ m cvaporstod water



enthapy
Hinpu, (air)
Hinpu, (pellet)

sum Hinput

Houtpu, (air)
Houtpu, (pellet)

Houtput (evaporated water)

Houtpu.

exerav

Einput (air)
Einpu, (pellet)

sum Eoutput

Eoutput (air)
Eoutput (pellet)

Eoutput (evaporation water)

£0tput

3,892.59

165,453.75

169,346.34

8,113.76

58,254.89

102,977.69

169,346.34

150.61

25,767.96

25,918.57

627.71

3,662.10

4,932.67

13,101.22

)

input
air

pellet

total

Input
air

pellet

total

3,892.59

165,453.75

169,346.34

kJ/hr

150.61

25,767.96

25,918.57

1%
2.30

97.70

100

%
0.58

99.42

100

output kJ/hf
air 8,113.76
pellet 58,254.89

evaporated water 102,977.69

loss 0.00
total 169,346.34
output kJ/hr
air 627.71
pellet 3,662.10

evaporated water 4,932.67

loss 0.00
Irreversibility 16,696.09
total 25,918.57

4.79

34.40

60.81

0.00

100

%

2.42

14.13

19.03

0.00

64.42

100



cpkigk)

Substance

Air

mg|

T(K)
100
150
200
250
300
350
400
450
500
550
600
650
700
750
800
850
900
950

1000

Cp(kJ/kg.K)

1.032

1.012

1.007

1.006

1.007

1.009

1.014

1.021

1.030

1.040

1.051

1.063

1.075

1.087

1.099

1.110

1.121

1.131

1.141

)1

T(K)
300

310

350

T(K)vin

T(K)

T(K)
300

323

350

4

T(K)W

T(K)

(okligh)

1.0070

1.0074

1.0090

Cp(kJ/kg.K)

1.0070

1.0079

1.0090

50

23

» cp(kI/kgK)M

» cp(kI/kgK)M

cp(kJ/kgKn

cp(kI/kgK)M

0.00200

0.00040

0.00200

0.00092

4-2,



9

evaporated water

Substance T(K)  hg (kJ/kg) T(K) hg (kJ/kg)
water(steam) 278 2,510.6 308 2,565.30
k%%
283 2,519.8 313 2,574.30
288 2,528.9 313 2,574.30
" SA03 2,538.1
298 2,547.2 1
303 2,556.3 m («) 5 —
308 2,565.3 T(K)M 5 —
e 2,574.3
318 2,583.2
H.*
323 2,592.1
328 2,600.9



» hg (kJ/kg) 9




: 2543

. l | , 2536
. 2525: ,
(- )
. 2535:
, 2530.
: 1999,
. 1 exergy
| 2540
2538

Adrian Bejan. 1995 : Entropy generation minimization . The United states of America
CRC Press, Inc.

William z. Black, James G.Hartlay Thermodynamic: SI Version,
Harper Collins College Publishers, New York, 199

Yunus A. and Michael, A.B.1998 Thermodynamics. The United States of America;
The McGraw-Hill Companies, Inc.
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LHV

O =

 kg/m3
k]
KIkgK.
K
,398.15K

?

, kdlkgK

981 m/ 2

, WiraX



Boiler 2 C 85% , H 12%
3% 0.940 " (LHV) 10390 keal/l
<2
O e e
H24 2 —) 2HD - (2
t2—= 2 (3
@
C /P25 A= > co?2
2kgC+32kg 02 ) 44kgC02
1 = 12 = 2667 kg-02kg-C
1 = 412 = 3667 kgCO2kg-C
@

2Hj +02-[ 2HD
4kg H2+ 32 kg 02----p 36 kg HD

02H2 = 324 = 80 kg-Ojkg-Hi
HDIH2 = 364 = 90 kg-HDlkg-H2
3)
boQe) 2

RkygS+Rky 2----- ) 64kgS02

1 = 3R = 10 kg-0gS
d 6 = 20 k- kg

4

02
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[( 2 )(cl J+( 2 ) )
+( 1) )]

(2667 X 0.85) + (8.0x0.12) + (L0 x0.03)
3257 kg-Ojfkg-

o
11

3.25710.23
14,1607  kg-Ojfkg-

26%
14.1607/26x100 = 54.46 kg-

2=0.940
120 0.940x 120 = 1128 kg-

1 kg- ' 5446  kg-
1128 kg- 54.46x 1128 = 6143.09 kg-

excess 10%
fluegas = 6143.09 +(6143.09 xioyioo = 67574 kg





