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Abstract

Currently, the steam consumption of multiple effect evaporation and juice heating in the sugar production process is
predicted by mass and heat balance methods from a concentration of juice (brix), which is measured from each effect
of an evaporator. There is no consideration of the thermodynamic of relation of each effect causing the steam flow
rate from each evaporator being insufficient or appropriate for heat transfer supplied to heater and the next evaporator.
The objective of this paper is to present the thermodynamics model for finding the necessary steam consumption and
the proper brix pattern of the multiple effect evaporation and juice heating considered for the thermodynamics relation
of each effect. The brix pattern from simulation trends to near the brix pattern from measurement. On the other hand,

there is still a part of a different brix caused by the efficiency reduction of the evaporator or the heater.
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Figure 1 Juice and steam direction at the heater
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Figure 3 Juice direction, steam direction, and variable position of heating and evaporation process
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Table 2 Calculation results of the rate of vapor generated

(rhvn )at heaters by energy balance and mass

balance
rhvn Factory 1 Factory 2 Factory 3
m,,, 5.54 6.30 3.26
rhv2 1.10 10.91 4.03
m,, 0.99 6.13 5.71
m,, 7.68 4.21 3.30
m,s 4.60 N/A N/A
Mg 3.32 N/A N/A
m, , 11.15 N/A N/A
Mg 5.79 N/A N/A
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Table 3 Relation of the free variable in function by energy

balance and mass balance at evaporator
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Effect of | Relation of free dudsauqulumasfiuoudiaes
Equation
evaporator variable
Table 4 The inlet temperature and the outlet temperature
1 F1 =1(B,) (1),(2),(3),(4),(5) of the juice at the heater "*°
B, =f(F,B,) (2).(3).(4).05), Juice Factory 1 | Factory 2 | Factory 3
2 1P 6).(7).(8
5 (6).(7).(8) temperature (°C) (°C) (°C)
F, =f(B,.B,) | (1).(2).(3).(4).(5) Inlet H/T 1 37.0 41.6 50.0
Outlet H/T 1 48.5 51.8 73.1
B, =f(F,B,) | 2O Inlet HT2 | 485 51.8 68.1
3 2:Ps
3 (6).(7).(8) Outlet H/T 2 70.3 66.4 76.1
- Inlet H/T 3 70.3 66.4 76.1
F =1(B,.B;) | (1).(2).(3).(4).(5)
Outlet H/T 3 76.8 92.1 89.7
(2),(3),(4),(5), Inlet H/IT 4 76.8 92.1 89.7
B4 :f(F3'B3) Outlet H/T 4 85.7 106.8 99.2
(6).(7).(8) ue ‘ ‘ '
4 Inlet H/T 5 85.7 N/A 99.2
F, =1(B;,B,) | (1).(2).(3).(4).(5) Outlet /T 5 | 100.4 N/A 106.8
Inlet H/T 6 100.4 N/A N/A
_ (2),(3),(4).(3),
5 B5 —f(F4,B4) Outlet H/T 6 102.3 N/A N/A
(6).(7).(8)
Inlet HIT 7 102.3 N/A N/A
Outlet H/T 7 104.4 N/A N/A
35 nuiilymiszuuaunsildannms Inlet H/T 8 97.9 N/A N/A
auqamaLLazwﬁdmu"umaqﬂmzﬁmammﬁ’aui@aﬁ% Nt Outlet H/T 8 108.5 N/A N/A

ANRAU (Sequential Simulation)®

Effect 1 assume Effect 2 Effect 3
i B1_ 5 B,=1F.B) 5| B; =f(F.B,)
E =1@8,) E = -
1 1 F, =1(B,.B,) F, =1(B,.Bj)
v
Effects Effect 4
s ired _ & B, =1(F;.B;)
grequire: B, =1(F,B,) [€ %4 - 3.B3
F, =1(B;.B,)
YES
B,,B,.B5.B, Effect1
.. > - fE END
F1’F2’F3’F4 ms.in 7f(F1’B1)

Figure 4 Sequence and direction of calculation by sequential

simulation

42 MIRINNINRA A1USNTURInsady
LAY LLa:qm%QﬁﬁﬂﬁaﬂﬁLﬁﬂﬂﬁaﬁw
fMasmInda (my) AusnSiSueu
( By) mu'%ﬂsfmaaﬁwa”aﬁﬁ%ﬁaﬁmzmﬂ“ﬁv’umauq@‘ﬁm
gavie ( By) LLa:qmmgﬁﬁﬂﬁaﬂﬁLﬁmﬁaﬁu (Tin@evap)
%uﬂu"ﬁagaﬁvlﬁmnmﬁ@ axgnlfiflududsniugulu
myanuudtaesmanasinlawminguainszuiums
Y LL&:Quﬁﬂa"’ammwm sruaamn 4 lduaasdiln Table 5
funsrimslasuuusiaedifuaz
lgfdsninaa (my) Ausndanua lunaia Uz
(B,.B,.B,.B;.B,.B;) LLa:QM%Qﬁﬁ'\ﬁaﬂﬁLﬁmﬁaﬁw
(Tin@evap) %dLﬂuﬁagaﬁvlﬁa'mmﬁ@ azpnliduauls
mqulumsa‘fwaLLuuﬁﬂaaas‘f}ﬂﬁLLamé’ﬂu Table 5



Vol 32, No 5, September-October 2013  Thermodynamics Model of Multiple Boiling and Heating in Production Sugar Process 611

4.3 Léauvlmsuﬂmadﬂiw’mmma@l Table 5 Production rate, the brix and the juice inlet
431 snzaaslatiannissiuledin temperature for each evaporator ***
ﬁlslﬁl,ﬂuwé’amumm%m‘lumiﬁm:mﬂﬁ’]ﬁaw‘ﬁngn
dorhudndadumnoduaauusniiuanilaaud Taua Tsso7w 1 | 1599w 2 | Ts991m 3
ﬁmmé’ué’«fugsni 2115 :
432 mmé’uamgsniﬁ%ﬁaﬁmzmu m, (kg/s) | 302.40 250.00 250.00
%umauqmﬁmagﬁﬂszmm 0.164 115 Fafudednia
luﬂszmumsﬁmzmuﬁﬁwa@iaqmmwmaaﬁwﬁaw N By (*Brix) | 13.90 15.00 15.00
Foyaftldludodt 4.3.1 unedof 4.3.2 vlkmunsndum .
o - da X Y o » B, (°Brix) 21.89 23.00 22.00
WIANUAUTNUITH (Pys) ifiadinlundfaduszinaduan 1
4 . Y . .
‘u;aue]vléi’[mmmmmﬂ Table 1 LLﬂ$1°Eﬂ’]ﬂ’J’];1/J@]?LmJHim B, (*Brix) | 27.61 33.00 29.00
fidmwinldasndlddrurmmamnniloindudives
lavnda (T,) ARt uwramdaduiuaausng g G B, (“Brix) | 36.47 45.00 36.00
Fapfinumsduanniaduudasiunauazdanududu
WNTwaNa (AUSNBLRNAW) esaniimssmevasin B, (°Brix) | 47.20 54.00 43.00
1%15’:’1éTaﬂmaa"suaaﬂvlmﬂuvlaﬁmﬁanﬂ 9 mydulunila
ﬁmzmmwiaz%umau B5 (°Brix) 62.26 65.00 65.00
Ti@ee | 10850 | 9150 | 95.00
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mv2=110 mv3=099 mv4=7.68 mv5=4.60 mv6=3.32 mv7=1115 mv8=5.79
Brix,out = 13.90 ke/s ke/s keg/s kg/s kg/s ke/s ke/s Note :
.. . . . _ | mjin =302.4 kgfs
juice clarification || miout=302.4 | B Juice direction
J W steam direction
I —
a1
O output
(J | mv1=554 kg/s | | s i T |<— I loss3= -1.82 kg/s |<— | lossd= 1.16 kg/s |<—
N < I | | — '
] & e L s L [eew] Jleese ]
Ti,out = 108.5°C = kels =S2loEE = ke/s = e
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i
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[ o=13.90-Brix | [61-2185%8nx | [ 2= 2761 Brix | [ B3- 36.47Brix | [ Ba= 4720 Brix | [ 8- 6226mrin |
To-108.5C | [1i1= 113.71¢ | | Ti2= 105.80c | [1i3=s6.05¢ | [ia-m2msc | [ 7is- s0.06c |

Figure 5 Calculation results from brix for measurement in case of factory 1
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Figure 6 Calculation results by thermodynamics model in case of factory 1
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| mjout = 250 kg/fs || mvl=6.30 kg/s | | my2=10.91kg/s | | mv3=6.13 kg/s | | mvd=4.21kg/s | Hote :

N N n

Iml B Juice direction
ﬂJ r[ @ B Steam direction
- Im O input
—)l loss3= 11.61 kg/s | N e | O output

Tj,out = 106.8 °C

Brix,out = 15 *Brix

—

P

mvac=32.88 kgfs

ms,in= 97.24 kgfs

Ts,in=120°C

i

mi0 =250 ke/s [ mir-16308 kess | [ miz=1136akers | | mi3= 8333 ke/s | | mid = 69.44 ke/s | | mis= 57.69 ke/'s |
[[81- s00Brix | Bl | B3= 45.00 *Brix | | Bd = 54.00 *Brix | | B5=65.00 “Brix |
1j0=91.5 °C | Tjl= 11378 °C | | Tiz= 106.02 °C | | Ti3= 9654°C | | Tia= 83.32°C | | Tj5= 59.48 °C |

Figure 7 Calculation results from brix for measurement in case of factory 2
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| mj,out = 250 kg/s

[ mvi-6.30ke/s | [ mv2-10.01kess | [ m3=6.13kess | [ ma=a21kys | Note :

Tj,out = 106.8°C

Brix,out = 15 “Brix

E L b

miin 250 ke B Juice direction

——
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jh f B Steam direction
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a o
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T 1 i O output
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] [Emec] [meor | [rec ] [eoee ]

Figure 8 Calculation results by thermodynamics model in case of factory 2
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Figure 9 Calculation results from brix for measurement in case of factory 3
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Figure 10 Calculation results by thermodynamics model in case of factory 3
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Figure 12 The brix comparison from measurement and simulation
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Figure 13 The vapor generated comparison from measurement

and simulation
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Table 6 Difference of steam consumption between meas-

urement and simulation results by percentage

Factory Steam consumption Unit
Factory 1
Actual 113.98 kgls
Simulation 108.20 kg/s
Difference 5.07 %
Factory 2
Actual 97.24 kg/s
Simulation 86.20 kg/s
Difference 11.35 %
Factory 3
Actual 88.25 kg/s
Simulation 83.54 kg/s
Difference 5.34 %
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