PSET 7 – Due at the start of class 10.16.2018
[NOTE: Chp 9. Covered on Tuesday lecture, Chp. 11 we will cover (or at least start) on Thursday.
Individual Problems:
Problem 1
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[image: ]
[image: ]
[image: ]
GROUP Problem
Help the class learn about sensors!  Your group has been assigned a few sensors to describe at the following link:
https://docs.google.com/presentation/d/1mc2byFLaMfH3ZYMFrfWHCOmLsCjTx4jK2mSmrFUKDic/edit?usp=sharing 
Provide a few slides in the deck that describe your sensors and how they work.  Find pictures, animations, and videos to support your text.  The intended audience is your class.
[bookmark: _GoBack]The TA will access this slide deck to assign grades.
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Figure E11.8
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11.10 A block diagram of a closed-loop system is shown in
Fig. E11.10.

(a) Derive a closed-loop transfer function for disturbance
changes, Y(s)/D(s).
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(b) For the following transfer functions, what values of K, will
result in a stable closed-loop system?
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Figure E11.10
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9.2 A process instrumentation diagram for a flash drum is
shown in Fig. E9.2. Steam is condensed in a steam coil to
vaporize a portion of the liquid feed, and the liquid product
is removed by a pump. There are five control valves for the
steam flow, vapor product, liquid product, feed flow, and steam
chest (which allows the steam chest to be rapidly evacuated
in emergency situations). Determine whether the five valves
should be air-to-open (AO) or air-to-close (AC) for safe
operation, for each of three cases:

(a) The safest conditions are achieved by the lowest tempera-
ture and pressure in the flash vessel.

(b) Vapor flow to downstream equipment can cause a
hazardous situation,

(¢) Liquid flow to downstream equipment can cause a
hazardous situation.

Discuss various scenarios of air failure (or power failure).

CondensatJ

Figure E9.2
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9.4 A coolant (specific gravity = 1.2) is pumped through a
heat exchanger and control valve at a nominal (desired) flow
rate of ¢, = 0.6 m*/min. The total pressure drop over this heat
exchanger system (including piping and fittings) is constant
at 450 kPa. The pressure drop over the system without the
control valve, AP,, is proportional to the flow rate squared. Its
nominal value at the desired flow rate is AP, =200 kPa. The
control valve is to be designed so that the nominal flow rate
is 2/3 of the maximum flow rate when the valve is completely
open. Based on this information, what value of the valve
coefficient C, should be specified?
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9.8 The dynamic behavior of a temperature sensor/
transmitter can be modeled as a first-order transfer function
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(in deviation variables) that relates the measured value 7, to
the actual temperature, 7
e 1

m

T's)  10s+1
Both T,, and 7" have units of °Cand the time constant has units
of seconds. An alarm will sound when 7, exceeds 30 °C. If the

process is initially at steady state, and then 7'suddenly changes
from 25 to 35 °C at 1:10 PM, at what time will the alarm sound?
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11.21 A process control system contains the following transfer

functions:
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(a) Show how G, (s) can be approximated by a FOPTD

model;

Kes

T+ 1

Find K, <, and 8 for the open-loop process transfer function.
(b) Use direct substitution and your FOPTD model to find
the range of K, values that will yield a stable closed-loop sys-
tem. Check your value of K, for the full-order model using
simulation.

G,G,G,G, =Gy (5)
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11.8 An electrically heated, stirred-tank system is shown in
Fig. E11.8. Using the given information, do the following:

(a) Draw a block diagram for the case where T; is the con-
trolled variable and voltage signal V, is the manipulated
variable. Derive an expression for each transfer function.

(b) Repeat part (a) using V, as the manipulated variable.

(¢) Which of these two control configurations would provide
better control? Justify your answer.

Auvailable Information

1. The volume of liquid in each tank is kept constant using an
overflow line.

2. Temperature T, is constant.

3. A 0.75-gal/min decrease in g, ultimately makes T, increase
by 3 °F. Two-thirds of this total temperature change occurs in
12 min. This change in g, ultimately results in a 5 °F increase
in Ty

4. A change in V, from 10 to 12 volts ultimately causes T,
to change from 70 to 78 °F. A similar test for V, causes T} to
change from 85 to 90 °F. The apparent time constant for these
tests is 10 min.

5. Astep change in T, produces a transient response in T} that
is essentially complete in 50 (=5 ) min.

6. The thermocouple output is amplified to give V, = 0.15T; +
5, where V,[=] volts and T3{=] °F.

7. The pipe connecting the two tanks has a mean residence
time of 30's.




