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The sketch shows two air heaters. Air enters the first at temperature v then passes through
oth at a constant mass flow rate w. The air is well mixed in each heater, and its exit
temperature from each can be taken as equal fo the temperature of the heater walls,
assumed uniform (but generally changing with time). Heat loss from cach heaters walls
and from the pipework between them is negligible. The heaters have thermal capacities
(stored heat energy per unit temperature) C1 and Ca, each much larger than the heat
capacity of the air in the heater, and the specific heat of the air is  per unit mass.

(i) Using the result from QU write differential equations describing the relation befween
the air exit temperatures y1 and y) from the two heaters, the heater powers pi and p) and
the entry temperature v. (1 mark)
(if) Arrange them as a vector state equation. (1 mark)

(i) From the state equation, find the Laplace transfer function matrix from the transforms
of p1and p: to those of y1 and y2. Explain briefly how the transfer functions from v fo 31
and 1 relate to that transfer function matrix. (2 marks)

(iv) It is proposed to control the heaters through a precompensator with transfer function
‘matrix G(s) between the control inputs 1 and 1) and the powers p and py. The
‘precompensator, which is fo be as simple as possible. is required to make 1 respond fo u1
alone and ; fo u alone (i.e. decouple the system), with each response transfer function
first-order. With rw=1,C;=1and C;=035,

Pass level:
(a) find what restrictions on the elements £4;(5), £12(5), £21(), £2:(5) achieve the
decoupling 3 marks)
(b) find the gains of g7 and g2 to make the final steady-state responses to unit
steps in 1, and u; unity (3 marks)
() with these gains in place, find and sketch the unit-step responses of y and y; to
w1 and w7 in the decoupled system. (1 marks)

HPO/Honours/ MATH6103 students:

do the same as the non-Honours students. but allowing for the fact that the
precompensator is likely to have small errors in implementing each coefficient.
Explain concisely the effects of such errors on the unit-step responses, and say
whether each error could cause the system to be unstable. (7 marks)
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Note:
1. Heat energy H = mcT where m is the mass, ¢ the heat capacity and T the
temperature.
2. The thermal capacity of the heater is the product of ifs mass and heat capacity.
3. Energy is power multiplied by time




