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5.4 Example 6: Heat exchanger example  
(17 nov- 2023 based on discussion with Krister Forsman)
The transformed input v_0w based om measuring w=T2 is 
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The same idea is found in Fig. 8-50 in Perry (1999). Note here that 2 is the upper stream and 1 the lower stream, so Q=F2(T20-T2).
Her is from Perry:
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[image: A text on a white background

Description automatically generated]
[image: A diagram of a heat exchanger

Description automatically generated]
I think Perry also includes the feedforward action from F1, because they write:
[image: ]
F1 = “flow measurement of the other fluid”
Let Qs be the output from the temperature controller Then, because of the feedback, multiplying Qs by F1 has the same effect as dividing Q by F1. The only part Perry is then missing is the feedforward from the inlet temperature T10.



Blending example and comments by Seborg et al.
[image: A diagram of a line
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Consider a blending system where we mix component (A) and water (B) and we want to control total flow w and mass fraction of the product x. 
So y = [w,x] and u=[wA, wB].
The steady-state model y = f0(u) is 
Total mass: 		w = wA + wB
 Component A: 		x = wA/w
Introduce transformed inputs 
(1a) 	v01 = wA+wB 
(1b)	v02=wA/(wA+wB). 
The transformed system becomes 
(2) 	y=I v0 , 
so it is as expected decoupled. This is a general result!!
Based on (2), Seborg et al. (2016, page 343; 2012, page page 502) write about the choice of transformed manipulated variables in (1): ‘‘This means that the controlled variables are identical to the manipulated variables! Thus, the gain matrix is the identity matrix, and the two control loops do not interact at all. This situation is fortuitous, and also unusual, because it is seldom possible to choose manipulated variables that are, in fact, the controlled variables’’.
Nooo… , in this paper we  have shown that  the statement that this is ‘‘fortuitous, and also un-usual’’ is not correct. If we assume that the disturbances are measured (for this particular example there were none), then it is always possible to derive ideal transformed manipulated variables (inputs) 𝑣0 which are equal to the controlled variables 𝑦, simply by choosing 𝑣0 as the right-hand side of the steady-state model equations.
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18.6.1 Selection of Different Manipulated or Controlled Variables

For some control problems, loop interactions can be significantly reduced by choosing alternafiy,

trolled and manipulated variables. For example, the new controlled or manipulated varighje coulq
simple function of the original variables such as a sum, or difference, or ratio (Weber and Gy,
1982; McAvoy, 1983; Waller and Finnerman, 1987). Industrial distillation columns have bee,,
trolled using simple, nonlinear functions of xp and xp as the controlled variables Tather than y,, ,
(e.g, Weber and Gaitonde, 1982). The selection of appropriate manipulated and controlled vag;,
that reduce control loop interactions tends to be an art rather than a science.
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For the blending system of Example 183, choose a new set of manipulated variables that i
Teduce control loop interactions by making A = 1.

suggests that suitable choices for the manipulated variables are u; = w4 + wa and uy = wy, Sub.
stitution into the process model gives an equivalent model in terms of the new variables;

w=u (1849
S (1890

Linearizing (18-90) gives the gain matrix K in Eq. (18-28) where

[0
K=I w 1 (1891
ui w

vectors y and u are defined as y = [, x]"and u = [u1, u5]". Because depends on ; but not uy,
the only feasible controller pairing is w-u; and x-us. From Eqs. 18-91 and 18-34 it follows that
K12 = 0and A = 1. Because Koy # 0, there will be a one-way interaction, with the w-u; control
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Q=WH=FC/(T,-T) (8-74)
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Figure 8-5@ shows a tempeﬁlture controller (TC) setting a heat-

flow controller (QC) in cascade. A measurement of the manipulated
flow is multiplied by its temperature difference across the heat
exchanger to calculate the current heat-transfer rate, using the right

side of [Eq. (8-74),

variations in calcul

Variations in supply temperature, then, appear as
ated heat transfer, which the QC can quickly cor-

rect by adjusting the manipulated flow. An equal-percentage valve is
still required to linearize the secondary loop, but the primary loop of
temperature-setting heat flow is linear. Feedforward can be added by
multiplying the dynamically compensated flow measurement of the
other fluid by the output of the temperature controller.
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FIG. 8-50 Manipulating heat flow linearizes the loop and protects against vari-
ations in supply temperature.
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temperature-setting heat flow is linear. Feedforward can be added by
multiplying the dynamica]:y compensated flow measurement of the
other fluid by the output of the temperature controller.
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(a) In-line blending system




