Fourth Class Process Control

Heating tank
C. B, =f(m(s)):m is chanced while , 8; and g are remained constant at their initial

steady-state values
0, =f(m(s))
0, (s)
G =
3(s) m(s)
1. Steady state head balance :

Heat in by flow + heat out by heat transfer - heat out by flow+ = Heat accumulation

deg_o 1

m°C,0; +q° —m°C,0] = MC,

2. Transient state:

de?(t)
dt

mft)C,67 + q° —mPt)C,02(t) = MC, (2)

Linearization :

Eqg. (2) is a nonlinear D.E. due to the nonlinear form term m@‘p 1 this form should

be linear zed a roundm®and Q.

f(n26) = f(m°,09) + |

] oy )+ [

_ Qo
aQ](mO,eg) (05— 65)
f(m?e,) = m{t)C,0,(t)

o M

= (,0°

_ 0 af
= (, 0, and [ae](mf’,eg) =

f(mie), 8,(t)) = m°C,07 + C,05(mft) —m?) + C, 67 (6,(t) — 07)

After linearization, Eq.2 becomes:

ael(t
m{t)C,6¢ + q° — (m°C,6¢ + C,65(mfr) — m®) + C, 67 (83(t) — 63)) = MC, ;f)(m

Eqg.4 is linear, first order differential equation and zero initial condition

Subtracting Eq.1 from Eq. 3 :

de, (t)
7 @

m(t)C,0; —m°C,6, (t) —05C,m(t) = MC,
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Fourth Class Process Control

Eq.4 is linear, first order differential equation and zero initial condition

doe, (t) . . .
MC, —2=+m?C,0,(8) = G, (87 — 63)m(0)
M\ d6,(t) (65 — 67)
()~ + 000 =~ m®
e84 9, (1) = —Kpm(t)

_ eo(s) _ KP

Gls) = 0;(s) s+ 1

8,(t) = —Kp (1 - e_t/f)
0; and q are changed while m remained constant at their initial steady state

Steady state heat balance:

o

d
m°C,0? + q° —m°C,09 =Mcpd—£’=0 (1)

Unsteady state heat balance:

r

0 ’ ’ ) Y deO (t)
m°C,0;(t) +q (t) —m°C,0,() = MC, 7t (2)

Subtracting Eq.1 from Eq.2:

, , , d(0;(t)—6?
me G, (0,(6) — 07) + q° — ¢ (¢) —m°C, (6,(t) — 69) = MC, 2 (;3 !
do, (t)
m°C,0;(t) + q(t) —m°C,0,(t) = MC, It
ae, 1
e84 9, (1) = 8,(t) + el (OBE)

Taking Laplace transform of Eq.3:
(ts+1) 6, (s) = K10,(s) + K2q(s)

K;
s+ 1

6,(5) + —2—q(s)
i\S Ts+1qS

0, (s) =
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Fourth Class

Step change in 0;(t) of 6; and q(t)of q

Kl 91' KZ q
— 4+ a
1s+1s 7ts+1s

6, (S) =

0,(t) = (K,6; + K1q) (1 —e~/7)
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