Proudly brought to you by : www.chemeng.za.org 


A triple effect, forward feed evaporator is being used to evaporate a sugar solution containing 10 wt % solids to a concentrated solution of 50 %. The boiling point rise of the solution (independent of pressure) can be estimated from BPR oC = 1.78x + 6.22x2 where x is the weight fraction of sugar in solution. Saturated steam at 200 kPa is being used. The pressure in the vapour space of the third effect is 20 kPa. The feed rate is 20000 kg/hr at 27oC. The heat capacity of the liquid solution is cp = 4.19 - 2.35x kJ/kg.K. The heat of solution is considered negligible. The co-efficients of heat transfer have been estimated at U1 = 3123, U2 = 1987 and U3 = 1136 W/m2. If each effect has the same surface area, calculate the area, the steam rate used and the steam economy.

Steam entering @ 200 kPa        ( 120.5 oC  (from Steam Tables)

Pressure in 3rd effect @ 20 kPa ( 60 oC  (from Steam Tables)

Feed entering at 20000 kg/hr @ 27 oC

Overall Material Balance
F = L3 + (V1 + V2 + V3)

Overall Solids Balance
F(0.1) =  L3(0.5)

       L3 = 
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  =  4000 kg/hr
Therefore total water vaporised (V1 + V2 + V3) = 20000 - 4000 = 16000 kg/hr

Material Balance in each Effect (Assuming V1 = V2 = V3 & q1 = q2 = q3)
Effect One

F   =  V1 + L1
L1  =  F - V1
      =  20000 - 5333.33 

      =  14666.66 kg/hr
Effect Two

L1  =  V2 + L2
L2  =  L1 - V2
      =  14666.66 - 5333.33

      = 9333.33 kg/hr
Effect Three

L2  =  V3 + L3
L3  =  L2 - V3
      =  9333.33 - 5333.33

      =  4000 kg/hr

Solids Balance in each Effect (to calculate mass fraction)
Effect One

F(0.1) =  L1(x1)

      x1  = 
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Effect Two

L1(x1) =  L2(x2)

      x2  = 
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Effect Three

L2(x2)  =  L3(x3)

       x3  = 
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Boiling Point Rise Calculation in each Effect 

BPR = 1.78x + 6.22x2
BPR 1
 (
1.78(0.136) + 6.22(0.136)2   =  0.36 oC  

BPR 2   (
1.78(0.214) + 6.22(0.214)2   =  0.65 oC
BPR 3   (
1.78(0.5) + 6.22(0.5)2           =  2.45 oC
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          =  120.5 oC - 60 oC - 3.46 oC

          =  57.04 oC
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Actual Boiling Point in each Effect
Effect One
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 = 102.5 - 10.72 = 109.78 oC
Ts1  = 120.5 oC
Effect Two
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  =  109.78 - 0.36 - 16.84 = 92.58 oC
Ts2 = T1 - BPR1 = 109.42 oC
Effect Three
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 = 92.58 - 0.65 - 29.47 = 62.40 oC
Ts3 = T2 - BPR2 = 91.93 oC 

Note : Ts4 = T3 - BPR3 = 60 oC

Heat Capacities of Liquid
cp = 4.19 - 2.35x kJ/kg.K
F   (
4.19 - 2.35(0.1)       =  3.950  kJ/kg.K
L1 (
4.19 - 2.35(0.136)   =  3.869  kJ/kg.K
L2 (
4.19 - 2.35(0.214)   =  3.684  kJ/kg.K
Enthalpy H with 0oC Reference
Effect One

H1 = Hs2 + BPR1
      =  2691.5 + 1.884(0.36)

      = 2692 kJ/kg
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       = 2203 kJ/kg
Effect Two

H2 = Hs3 + BPR2
      = 2660 + 1.884(0.65)

      = 2661 kJ/kg
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       =  2230 kJ/kg
Effect Three

H3 = Hs4 + BPR3
      = 2609 + 1.884(2.45)

     = 2614 kJ/kg
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        = 2661 - 380

        = 2281 kJ/kg
Using Energy & Material Balances to Recalculate Vi's & Li's
Effect One
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20000(3.950)(27 - 0) + S(2203) = L1(3.869)(109.78 - 0) + (20000 - L1)(2692)

Effect Two
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L1(3.869)(109.78 - 0) + (20000 - L1)(2230) = L2(3.684)(92.58 - 0) + (L1 - L2)(2661)

Effect Three
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L2(3.684)(92.58 - 0) + (L1 - L2)(2281) = 4000(3.015)(62.40 - 0) + (L2 - 4000)(2614)

Simultaneously solving Effect 2 & 3 for L1 & L2 and then substituting in Effect 1  :

Obtained using Polymath : L1 = 14990 kg/hr   L2 = 9640.98 kg/hr     L3 = 4000 kg/hr
                                            S = 8043.91 kg/hr 

POLYMATH Results
 09-26-2002,   Rev5.1.228 
LEQ SOLUTION
 [1] x1 =  1.499E+04

 [2] x2 =  9640.9846

LEQ REPORT
 Coefficients matrix and beta matrix 
 x1         x2        

-4466.26    2319.94   | -4.46E+07  

 2281      -4553.94   | -9.703E+06 

 The equations 
 [1] -4466.26·x1 + 2319.94·x2 = -44600000

 [2] 2281·x1 - 4553.94·x2 = -9703456

Recalculating Values of V1, V2, V3 from new Li Values
V1 =  20000 - L1
      = 20000 - 14990

      =  5010 kg/hr
V2 = L1 - L2
      = 14990 - 9640.98

      = 5349.02 kg/hr
V3 = L2 - 4000

      = 9640.98 - 4000

      = 5640.98 kg/hr
Calculation of q in each Effect
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Calculation of Area in each Effect
Adjusting 
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Average Area = 109.9 m2
Final Answers
Average Area = 109.9 m2                     Steam Rate  = 8043.91 kg/hr                                            Steam Economy =   
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