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A UTILITY BUILDING is located on most campuses. 
It may provide steam, chilled water, compressed 

air, emergency power, or waste water treatment 
facilities. Indeed, right close by could be superb work­
ing examples of boilers, turbines, pumps, heat exchan­
gers, Ljungstrom heaters, ion exchangers, compres­
sors, cooling towers, and process control loops. That's 
what we found when we "discovered" our campus 
utilities plant. 

McMASTER'S UTILITY PLANT 

This facility has six refrigeration units for the Uni­
versity-Hospital chilled water system, five steam boil­
ers, eight cell cooling towers and three air compres­
sors. The refrigeration units are 

• two 500 ton units handling about 45 L/s each (700 US 
gpm) using refrigerant R-11 

• two 2000 ton units handling about 160 L/s each (2500 US 
gpm) using R-114 

• two 5000 ton units handling about 450 L/s each (7000 US 
gpm) using R-22 

The chilled water enters the freon chiller at 11°C 
(52°F) and leaves at 4.5°C (40°F). The refrigerant is 
condensed with cooling tower water. 

Steam is produced at 1480 kPa (200 psig) with 
about 55°C (100°F) superheat at the drum. About 70% 
of the condensate returns so there is 30% to be 
supplied as fresh boiler feed . The city water is ion 
exchanged for both anion and cation, and deaerated. 
The furnaces are now gas fired, although some 
facilities for handling Bunker C fuel remain. The 
capacities are 

• one at 25 kg water evap/s (200,000 lb/h) 
• one at 19 kg water evap/s (150,000 lb/h) 
• two at 6 kg water evap/s (50,000 lb/h) 
• one at 3 kg water evap/s (25,000 lb/h) 

*Paper 60a presented at the AIChE Annual Meeting, 
Nov. 28, 1984, San Francisco. 
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The main components of the course 
are to learn how simulators work and to 
learn how to write computer programs to describe 
the operation of heat exchangers, fluid handling 
equipment, reactors, and separators. 

TABLE 1 
Things To Look for On a Boiler House Visit 

FREON CIRCUIT 
• Variation in size of drives of centrifugal compressors. 

5000 HP largest. 
• Notice insulation, size of it, type 
• Lubrication systems 
• Piping layout 
• Trace lines 

why horizontal? 
why lines? 
study - startup - shutdown 
considerations (pump out of HIE) 

• Maintenance 

COOLING TOWER AND COOLING WATER CIRCUIT 
• Why is cooling water green? 

• biocide added slugwise/week. dilute acid (to prevent 
biological growth). 

• Sulfuric Acid storage room 
• how does acid come in? 
• Why raised floor? 
• Why safety shower? 
• How to maintain pump 
• Notice schedule 80 piping. 
• Pulsation dampener on exit of diaphragm pump. 

• Explain how cooling towers work 
• Induced draft, forced draft, natural convection. 
• This is induced. 
• Problems: liquid distribution, no recycle of exhaust 

gases. 

A thermal wheel or Ljungstrom heater is used for 
heat recovery. The air compressors are two atage re­
ciprocating compressors. 

USING IT TO INTRODUCE PRACTICAL KNOWHOW 

Sophomores are introduced to individual items of 
hardware through our "travelling circus" program. 
Here they handle and study, on their own, about fif-
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teen hardware items every two weeks until they are 
familiar with about seventy-five items such as fittings, 
meters, instruments, valves, and small processing 
equipment. Details are given elsewhere [2,3]. 

However, the program does not give them an ap­
preciation of how a system works. How does it all fit 
together? Sophomores are given a two-hour tour of 
the boiler house in which particular attention is paid to 

• showing them ideas introduced in the mass and energy 
balance course: heat of compression, cooling towers, 
need for blowdown and purge from the cooling tower 
circuit 

• posing other interesting ideas that they should think 
about 

Table 1 lists some of the things they should look for. 
To help them keep track of the things seen we provide 
example questions and places to record information. 
This activity is one tutorial in the sophomore Mass 
and Energy Balance course or as part of a problem 
solving course. 

USING IT FOR COMPUTER SIMULATIONS/MATHEMATI~ 
CAL MODELING 

As a result of a recent reorganization of our under­
graduate curriculum we have introduced a course in 
computer simulation into the second semester of the 
junior year. The main motivation for this course is to 
take the teaching of simulation (and the accompanying 
instructions on the use of .computer executives) out of 
the senior year design project and to deal with it sepa­
rately. This allows the students more time to under­
stand how a simulator works and to gain experience 
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on small problems. Then, in the senior design course 
they can concentrate on the design and optimization 
of a much larger chemical process. 

The executive program used to do detailed steady­
state simulations is GEMCS, a program developed at 
McMaster University in the 1960's. Although many 
newer, more complete executive programs have ap­
peared on the market (such as ASPEN, FLOW­
TRAN, PROCESS), GEMCS remains a good choice 
for the classroom because it is very simple to use. 
GEMCS is a sequential modular simulator. This sim­
ply means that a computer program (module) which 
mathematically describes the operation of a piece of 
equipment must be available to the executive program 
for each process unit of the plant being simulated. 

The main components of the course are to learn 
how simulators work and to learn how to write com­
puter programs to describe the operation of heat ex­
changers, fluid handling equipment, reactors, and 
separators. Such programs take in temperatures, 
pressures, and flow rates of the incoming streams and 
compute the output values in a form compatible with 
the executive program. The degree of sophistication 
of these modules can be large. For example, an overall 
heat transfer coefficient can simply be inputted into a 
module as a parameter or in a detailed module it can 
be computed from fundamentals and the flow rates, 
correlations and physical property data. Deciding on 
the level of complexity appropriate for a particular 

· unit is an important decision to make in a simulation 
exercise. 

As a large project in the simulation course we de­
cided to simulate the behaviour of each of the refriger-
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ation units in the boiler house. Figure 1 shows the 
layout and a unit, and the details of the assignment 
are given in Table 2. A schematic diagram of the freon 
circuit simulated is shown in Figure 2. For this oper­
ation, the load the university puts on the circuit was 
provided as input, as was the chilled water tempera­
ture supplied (40°F). The cooling tower was not mod­
elled although this could be attempted in future years. 

The choice of the refrigeration plant as the process 
to be simulated proved to be a particularly good one 
for the following reasons. 

• It only involved the principles of heat-transfer, fluid 
flow and thermodynamics, all of which had been previ­
ously studied. At this point the students were taking 
mass transfer and reaction engineering simultaneously 
with this course. Hence, simulating a typical chemical 
plant would have been too difficult. 

• The real pieces of equipment could be visited, touched, 
and seen easily and frequently throughout the term. 

• The operating engineers at the boiler house kept de­
tailed log sheets of temperature and pressure for all of 
the streams on both the freon and cooling water cir­
cuits, and they were available to answer questions. 

• Much information about each piece of equipment was 
available from the manufacturer, along with the origi-

FIGURE 1. Layout of the 5000 ton refrigeration unit. The 
condenser is the white heat exchanger on top and the 
chiller is the black insulated heat exchanger on the bot­

tom. 
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nal design specifications which included such things as 
the number of tubes, their diameter and length, and the 
compressor motor horsepower. 

• Good thermodynamic data were available for R-11, R-22 
and R-114, which were the refrigerants used in the vari­
ous units. Furthermore, correlations had been fitted to 
these data so that a thermodynamics package could be 
developed. (It should be noted that obtaining accurate 
physical property data is often the major limitation to 
good simulations.) 

The students were divided into teams of seven for 
the project and worked on it for about five weeks. 
Initially they made a visit to the boiler house to see 

TABLE 2 
Computer Simulation of a Refrigeration Plant 

Call the university water, chilled water = CW and its temper­
ature Tew so that we have a Tew and Tew. Call the cooling 
tower water CT so we have T CT and T CT • 

0 

Assume that Tew = 40"F. To deterrr:ine the load, you need 
the flowrate and Tc;:; assume these are given. Also assume that 
the cooling tower water supply rate and temperature are given. 
Then 
(a) Simulate the refrigeration process for the design load (5000 

tons, or 2000 tons) and the designed cooling tower water 
flow rate and temperature. Use the actual heat transfer 
coefficients calculated from the log sheet, not the designed 
values. The output should be: (i) the coefficient of perfor­
mance (COP), (ii) motor horsepower = > amps drawn, (iii) 
the CT water outlet temperature. 

(b) Simulate the process for 75% load and 85°F CT water inlet 
temperature (effect of load changes). . 

(c) Simulate the process for 100% load and 75°F CT water inlet 
temperature (effect of cooling tower water availability). 

(d) Simulate the process conditions corresponding to one hour 
on your log sheet, say 2:00 p.m. 
Food for thought - the extra mile: Repeat part (a) but use 
R-12 to see if this would improve the COP or horsepower 
requirement. 

DESIGN CONDITIONS FOR 2000 TON CHILLERS 
Condenser 

Condensing temperature = 104. 7°F 
Condenser water in = 86°F 
Condenser water out = 95.4°F 
Condenser water flow rate = 6000 U.S. gal per min. 
Condenser has 1839 tubes in 2 passes 
Tubes are 3/4 inch 0.D. copper with low fins 
12' 8" long 
Surface ratio = 3.41 
Inside diameter = 0.554 in. 
Outside area = 11,200 ft ' 

Chiller 
Evaporating temperature = 32.8°F 
Chilled water in = 59°F 
Chilled water out = 39°F 
Flow rate = 2340 US gal/min. 
Chiller has 1485 tubes in 3 passes 
Tubes are same as condenser but A., = 10,880 ft' 
Designed fouling factor = 0.0005 
Motor horsepower = 1980 BHP 
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On the last day of the term groups 
gave an oral presentation of their results .... 

The results varied from a simulation which would not 
converge to an excellent report which 

considered eight additional cases. 

COMPRESSOR 

CONDENSER 

EVAPORATOR 

FIGURE 2. Process flowsheet for the refrigeration plant 
showing units which require modelling. 

the equipment and to obtain as much information as 
possible about each piece. This included such things 
as matching the temperatures and pressures reported 
on the log sheet to the physical location of where the 
measurement was taken, the type of instrument, etc. 
The large groups were broken into smaller ones (1-2 
people) for the modeling of each unit in the plant (com­
pressor, condenser, etc.). Their first model was to be 
simple so that the entire simulation could begin as 
soon as possible. Typically, one person was in charge 
of this job. Then as more detailed models became 
available they were substituted for the early versions. 
It is noteworthy that a time management program 
(Critical Path Method) was discussed during the tuto­
rials for this course. Groups were advised to deter-

TABLE 3 
Results of Simulation of 2000 Ton Refrigeration Unit · 

Input from Log Sheets . 

Load = 1350 Tons, TcT,;" = 78°F, Tew,.",= 40°F 

Predictions 
Pressure in condenser, psi a 37. 7 
Condensing temperature, °F 88.2 
Condenser water outlet temp., 
~ MA 

Amps drawn by compressor 
motor 127 

COP 4.6 
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Data (from Log) 
38.7 
89. 

86. 

125 

(Carnot COP = 9.5) 

TABLE 4 
The Boiler House Project for Seniors 

As part of your training program, today you will be visiting 
our boiler house. During the next 3 tutorials you will have sev­
eral tasks to do: 

1. See piping layout and equipment placement in practice. 
Take one small section of the plant; draw a sketch of the 
section and show the placement of the equipment and the 
layout of the piping, valves, etc. Comment specifically on 
the good and bad features of the part you looked at. 

2. Calculate/estimate one of the following: 

a. the boiler efficiency 
b. the C.O.P . of the refrigeration unit. 
c. the efficiency of a steam driven pump system. 
d. the overall heat transfer coefficient in a shell and 

tube exchanger. 

For this activity, the following procedure should be followed: 

(i) set up an algorithm of how you are going to do the 
calculations. 

(ii) state how you will go about collecting the data you 
need to do the calculations: 

• data from records? 
• data from instruments in the control room? 
• estimates? 
• calculations? 

3. Identify a control loop on the system. 

• what type of control is used? 
open loop, closed loop, feed forward, cascade? 

• what type of controller is used? 
P Pl PID? 

• locate the controller, the measurement element 
and the control elements. 

• what settings are used on the controller? 

mine the critical path for a successful completion of 
their project. Group skills and other problem solving 
attributes were also introduced as part of this course. 

On the last day of the term groups gave an oral 
presentation of their results. A single report was also 
required from each group. The results varied from a 
simulation which would not converge to an excellent 
report which considered eight additional cases. The 
operation of a refrigeration plant could be very accu­
rately simulated as shown in Table 3. 

USING IT FOR PROCESS PROBLEMS 

The boiler house provides a unique opportunity for 
sorting out process lines, considering plant layout, cal­
culating performance, and interacting with operators. 
To exploit this opportunity, we have a 6 to 8 h boiler 
house project. The project, given in Table 4, has three 
components: equipment layout, calculation of perfor­
Continued on page 56. 
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mance, and a critique of a process control system. This 
activity is part of a second-semester senior course. 
Previously, the students have taken the unit opera­
tions courses, the process control course, and most 
have had a laboratory in piping layout. Details of the 
latter are given elsewhere [ 4]. Blueprints and operat­
ing data for the plant are both needed and available. 

EVALUATION 

We have been using the boiler house since 1970, 
although in the early days we used it_ primarily as a 
tour so that students could get used to what processes 
looked like. Being on campus, we did not encounter 
the usual worries associated with plant tours, such as 
arranging for transportation, not getting the type of 
tour our students needed at that time in their develop­
ment, or causing embarrassment because the students 
did not really know what was going on. The early 
positive response of the students, coupled with the 
generous cooperation by the boiler house personnel, 
led us to integrate boiler house activities more and 
more into our program. We have approached our use 
of the boiler house as though it were an on-site, large 
scale laboratory facility that could be used to develop 
students practical knowhow and confidence in tackling 
real, professiona,l problems. 

The boiler house project for seniors has been part 
of our program since about 1974 and has been rated 
very highly by the students. The computer simulation 
activity started in 1984 and, although it's too early to 
see the full impact, we have noticed already that they 
are working on the senior design project and are 
showing a maturity, a professionalism, and an intui­
tion about processes that is rewarding. 
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