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Abstract

The open loop responses of a pilot plant scale long-tube double effect evaporator were studied theoretic-

ally and experimentally.

Good agreement has been achieved between the experimentally determined response of the evaporator to
the step changes in the final product rate and steam rate and the theoretically predicted response.

The overall response of the system can be approximately described by the simple overdamped second

order transfer function without transportation Lag.
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Fig. 1. Schematic Diagram of the Double effect Evaporator
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Fig. 2. Vertical Long Tube Evaporator
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Table.2 Transfer Functions in the Block Diagram

Transfer Values Calculated from ’ Transfer 7 Values Calculated from
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0.00069 ’
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Table.3 Parameter for the Approximate Transfer Function

for the System

Disturbances ‘l Variables ] T,(min) l Ty (min)
Step Change in I C, I 9.36 ‘ 5.04
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A : Heat transfer area, ft?

a : Coefficient defined by equation(12)
a’ : Coefficient defined by equation(13)
B : Liquid bottoms flow rate, Lbs/min

5128 M 10 M43 1972 88

o

: Coefficient defined by equation(12)
: Coefficient defined by equation(13)

=

: Concentration of the solution, wt fract
: Feed rate, Lbs/min

: Transfer function

QOO

N

: Transfer function of controller

@
s

: Transfer function of measuring element
: Transfer function of valve
: Vapor enthalpy, Btu/Lb
: Liquid enthalpy, Btu/Lb

: Process gain for the transfer function defined by

19)

now

equation(24)
: Heat loss, Btu/min

: Evaporation rate, Lbs/min

O

: Steam rate, Lbs/min

~

: Temperature, °F

t : Time, min

U : Overall heat transfer coefficient, Btu/(ft2)(°F)
(min)

W : Weight of liquid holdup, Lbs

X : Coefficient defined by equation(9)

a : Coefficient defined by equation(14)

8 : Coefficient defined by equation(14)

7 : Coefficient defined by equation(14)

Subscripts and Superscripts
1 : Refers to first effect
2 : Refers to second effect
C, : Refers to first effect steam condensed
C; : Refers to second effect steam condensed
f : Refers to feed
S, : Refers to first effect steam side
’ : Deviation variable
— : Steady state value
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