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ABSTRACT

The transient simulation program TRNSYS is used to
evaluate the thermal performance of design options for an
industrial process water heating system in an Oscar Mayer
meat packing plant. Two separate sets of evaluations
are included. First of all, the thermal performance of
design options for a system utilizing both an extensive
waste heat recovery system and a large solar energy col-
lection system are evaluated. Secondly, the thermal per-
formance of a modified waste heat recovery system with
no solar system is evaluated.

The system including solar energy collection was
designed as part of the Low Temperature Solar Industrial
Process Heat Demonstration Program funded by the Depart-
ment of Energy and managed by the Solar Energy Research
Institute. The Oscar Mayer plant has an extensive waste
heat recovery system. This is an important factor in
the thermal analysis of the system combining solar col-
lectors and waste heat recovery since the energy outputs
of both of these subsystems are dependent on their oper-
ating temperatures. The effect of the interaction of
these two subsystems on their combined energy contribu-
tion to the process waste heating load is evaluated for
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several system configurations.

The annual process water heating energy requirement
for the meat packing plant is 47.3 TJ (11.9 x 109 BTU) .
The dominant source of energy to meet the load is the
waste heat recovery system. For the four configuratioms,
the fractions of the load met by waste heat recovery
range from a high of 68 percent for the configuration
without solar to a low of 53 percent for the series con-
figuration with solar first. The configuration with
parallel input of solar and waste heat recovery energy to
storage has the smallest auxiliary energy requirement,
even though this system has the smallest solar contribu-
tion of the three configurations with solar collectors.
These results can be attributed to the dependence of the
energy outputs of both the waste heat recovery subsystem
and the solar subsystem on their respective operating
temperatures and the relative magnitude of these energy
outputs.

Once it was decided that the solar energy collection
system would not be funded for construction, Oscar Mayer
continued to investigate improvements for the waste heat
recovery system. The existing waste heat recovery system
is modeled and compared with system performance data.
Then the effect of the proposed addition of two energy
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uses to the waste heat recovery system is evaluated by
simulating the modified system. The modified system was
found to deliver to the load 32 GJ (30 MMBTU) more energy

per production day than the existing system.
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1.0 INTRODUCTION

1.1 The Use of Transient Simulations in the Design of

Thermal Systems for Industrial Plants

The design of cost effective thermal systems requires
the evaluation of the thermal performance of the various
design options being considered. The thermal performance
of systems involving steady state processes can easily be
evaluated since operating conditions do not change over
time. The evaluation of the thermal performance of sys-
tems involving transient processes is more complex since
the conditions under which the system operates change over
time and the thermal performance of the system may depend
on previous as well as present operating conditions.
Transient simulation is a method for evaluating the ther-
mal performance of systems which operate under conditions
which change over time. To carry out the transient simula-
tion of a system, a mathematical model is developed from
algebraic and differential equations which describe each
of the components in the system. A schedule is developed
for the variation over time of the conditions under which the
system operates. Then some suitable techniques for solving
sets of simultaneous equations is used to step the models through
the schedule of operating conditions. In this way the system

thermal performance under transient operating conditions can be



evaluated.

The transient computer simulation program TRNSYS (1)
is a modular program written for the simulation of the
thermal performance of such transient systems. Using
this program, the model of the system is built up by
specifying parameters for components from the TRNSYS com-
ponent library and by specifying how these components
are interconnected. In this thesis, TRNSYS was
used to evaluate the thermal performance of design op-
tions for an industrial process water heating system in
an Oscar Mayer meat packing plant. Two separate sets
of evaluations were carried out. First of all, the ther-
mal performance of design options for a system utilizing
both an extensive waste heat recovery system and a large
solar energy collection system was investigated. Secondly
an investigation of the thermal performance of modi- |
fied waste heat recovery system with no solar system

was performed.

1.2 Thermal Analysis of an Industrial Process Water
Feating System Utilizing Solar Energy and Waste

Heat Recovery

A thermal analysis was carried out for an industrial

process water heating system utilizing an extensive waste
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heat recovery system and a large scale solar energy col-
lection system. This system was designed for an Oscar
Mayer Company meat packing plant in Perry, Iowa as part of
the Low Temperature Solar Industrial Process Heat Demon-
stration Program funded by the Department of Energy and
managed by the Solar Energy Research Institute. This
program funded the design of low temperature solar
industrial process heat systems for several
industrial plants. The plants for which solar systems
were designed included the Oscar Mayer meat packing plant,
a food processing plant, a poultry processing plant, and
a plant which manufactures sodium alginate from kelp.

The solar system for each plant was designed by a separ-
ate design team.

The design team for the Oscar Mayer process water
heating system was made up of the plant owners, the
University of Wisconsin Solar Energy Laboratory, and TEAM
Inc., an engineering design firm whose main office was
located in West Virginia. These three groups had the
following roles: Oscar Mayer provided data on the exist-
ing plant and carried out the economic analysis; the Uni-
versity of Wisconsin Solar Energy Laboratory provided
system thermal analysis for the evaluation of design
options; TEAM Inc. managed the design process and carried

out the design of the mechanical system.
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Progress through the design process was periodically
reviewed by representatives of the Solar Energy Research
Institute. The initial intent of the Department of
Energy was to fund a substantial portion of the con-
struction costs for the solar system designed for each
plant if that design was accepted by the reviewers. By
the end of the design phase, the funding for the demon-
stration program had been substantially reduced and as a
result only one plant received partial funding for con-
struction. The solar process water heating system de-
signed for the Oscar Mayer Company plant was not funded
for construction.

At the beginning of the design process, the Oscar
Mayer plant had an extensive waste heat recovery system.
This was an important factor in the thermal analysis. The
energy output of both the waste heat recovery system and
the solar energy collection system are dependent on their
operating temperatures. The effect of the interaction of
these two subsystems on their combined energy contribu-
tion to the process waste heating load was evaluated for
several system configurations. In order to carry out
these comparisons, several simulation component models
not available in the TRNSYS component library were

developed.
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During the design of the process water heating sys-
tem utilizing both a solar energy collection system and
a waste heat recovery system, Oscar Mayer implemented
or approved plans for energy conservation and waste heat
recovery measures which would reduce process water heat-
ing requirements by thirty-five percent. These cost
effective energy management projects produced an interest
in the detailed simulation of the waste heat recovery

system itself for design purposes.

1.3 Waste Heat Recovery System Design Simulations

Based on the reductions in the process water heating
requirements during the design of the solar energy col-
lection system, Oscar Mayer decided to find additional
uses for the energy collected by the waste heat recovery
system. Simulations were used for the evaluation of de-
sign modifications being considered for the exist-
ing waste heat recovery system. The existing waste heat
recovery system in the plant was modeled using the simu-
lation program TRNSYS, and the simulation results were
compared with system performance data. Then the effect
of proposed modifications to the waste heat recovery sys-

tem was evaluated by simulating the modified system.



1.4 Objectives and Organization

The objective of this research was the evaluation of
the thermal performance of industrial process systems in
order to provide information for design decisions. The
transient simulation program TRNSYS was used for model-
ing the thermal performance of the systems.

This thesis is organized into 2 main chapters.
Chapter 2 describes the thermal analysis done for the
design of the industrial process water heating system
utilizing a waste heat recovery system and a solar energy
collection system. Chapter 3 presents the evaluation of
the effect of the addition of new energy uses to the
waste heat recovery system. Chapter 4 consists of con-

clusions.



2.0 Evaluation of the Thermal Performance of the Oscar

Mayer Solar Industrial Process Water Heating System

2.1 Plant Description

2.1.1 Process Heat Requirements

The Perry plant requires process heat in the form
of steam, hot water, and open flame. The steam is gen-
erated in a boiler fired with natural gas or fuel oil.
The hot water is heated by the waste heat recovery system
and steam heaters. The open flame used for singeing the
hog carcasses is provided by the direct combustion of
natural gas. Figure 2.1 (2) shows the types of thermal
energy inputs required at various stages during the meat
packing process and illustrates the energy intensive na-
ture of the plant operation.

Steam is used in many processes throughout the
plant. Inedible rendering is the largest user of steam.
In this process inedible materials are rendered to re-
cover greases, oils, and solid protein materials. The
process water heating system is the second largest user
of steam, even though the waste heat recovery system has
reduced the steam requirements for this purpose. The

amount and temperature of process water required vary
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over time. During the production day, 82.2 C (180 F)
water is required by USDA regulations for sanitation at
many stages of the meat packing process. To insure that
the water is delivered to the points of use above this
temperature during production, all process water is
heated to 85 C (185 F). During non-production hours

USDA regulations do not apply, but 60.0 C to 71.1 C (140 F
to 160 F) water has been used for cleaning since high
temperatures assist the removal of animal fats and pro-
teins from equipment, floors, and walls. At the be-
ginning of the design study for the solar system, the
temperature of the cleaning water had been reduced to
62.8 C (145 F) as an energy conservation measure. Later
it was determined that a cleaning water temperature of
46.1 C (115 F) was adequate if special cleaning compounds
were used. Characterization of these fluctuating process

water loads is discussed in section 2.3.3.

2.1.2 The Waste Heat Recovery System

At the beginning of the design process, the Perry
plant process water heating system (Figure 2.2), used an
extensive waste heat recovery system and steam heaters.
The waste heat recovery system collected energy from the

hog singer exhaust economizer, the inedible rendering
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condensate heat exchanger, and from the ammonia desuper-
heaters; Early in the design process, a storage tank
was added so that excess preheated water could be stored.
Other waste heat recovery system modifications occurred
later on during the design process and these are dis-

cussed in section 2.3.3.
2.2 The Proposed System
2.2.1 Introduction

Since the system was designed as part of the Solar
Industrial Process Heat Demonstration Program, certain
aspects of the design were specified in the Request for
Proposals. This particular cycle of the program specified
the design of systems which heated low temperature pro-
cess water (62.8 to 85.0 C) (145 F to 185 F) using collec-
tor arrays of approximately 3700 square meters (40,000
square feet). The three different types of solar col-
lectors initially considered for use in the system de-
sign were flat plate collectors, evacuated tubular collec-
tors, and parabolic trough single axis tracking collec-
tors; The parabolic trough collector type was selected
by TEAM Inc. after evaluation of the economic merit for

this project of the three collectors types. This evalua-
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tion of economic merit was based on thermal performance
results for a system with constant volume storage which
was simulated early in the design process. The parabolic
trough collector type was used in all of the simulations
done for the comparison of the thermal performance of the
final system configurations. Before system simulations
began, the 45 cubic meter (98,000 gallon) storage tank
was ordered for the waste heat recovery system and the
solar system.

Given these basic system parameters and the exten-
sive waste heat recovery system already in place, the goal
of the analysis became the comparison of the thermal per-

formance of various system configurations.

2.2.2 System Configurations

Four system configurations were considered: a
system without solar collectors, a system with a separ-
ate parallel delivery of solar and waste heat energy into
the storage tank, and two different systems with the
waste heat recovery and solar subsystems in series supply-
ing energy to the storage tank. One series system had the
waste heat recovery subsystem first in series and the
other had the solar subsystem first in series. The waste

heat recovery loop and its three sources of energy are
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shown in Figure 2.3. The ammonia desuperheater operates
continuously; since it is needed to allow the plant
refrigeration system to function efficiently. The other
two sources in the secondary loop provides energy inter-
mittently and can be bypassed. The proposed solar col-
lector loop is shown in Figure 2.4.

The system without solar collectors, shown in Fig-
ure 2.5, had a constant volume of water for energy stor-
age, (i.e., a constant volume tank). Energy was input
to storage from the waste heater recovery system through
the make-up water for the tank. A tempering valve mixed
cold water with water from the tank when the temperature
in the tank exceeded the load set temperature. An
auxiliary steam heat exchanger boosted the temperature
of the process water as required.

The parallel system configuration, shown in Figure
2.6, was the same as the system without solar collectors
except for the addition of energy input to storage from
the collector array through a recirculation loop. 1In
the parallel system configuration the storage tank holds
a constant volume of water (i.e., a 'constant volume"
tank). The control strategy used for this configuration
operated the collector loop pump whenever the collector
outlet temperature was marginally above the temperature

at the bottom of the storage tank. This control strategy
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allows the addition of energy to the storage tank whenever
there is sufficient energy gain. The control decision at
any point in time is determined by the temperature at the
bottom of the tank and the collector outlet temperature.
This is simpler than the control strategy used for the
system with variable volume storage discussed below

which required prediction of subsequent energy flows

in or out of the tank.

In the series system shown in Figure 2.7, the solar
heat exchanger preceeded the waste heat recovery heat
exchanger in series. In the second variation, shown in
Figure 2.8, the solar heat exchanger followed the waste
heat recovery heat exchanger in series. In both series
systems a tempering valve was used to mix cold water
with water from the tank when the temperature in the tank
exceeded the desired temperature. An auxiliary steam
heat exchanger boosted the water temperature as required.
These two variations of the series system configuration
used a storage tank holding varying amounts of water,
(i.e., a "variable volume'" tank). In this system the
make-up water flowed through the waste heat recovery and
solar heat exchangers in series and then into the stor-
age tank. The use of variable volume storage allows an
additional freedom of choice for control strategies. The

storage inlet temperature depends on the strategy chosen.
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Two system constraints affect the choice of control strat-
egy. First, the total mass of water flowing into the tank
over a day or longer must equal that leaving. Second,

at any given point in time the solar and waste heat re-
covery sub-systems when considered together will deliver
more energy to the potable water flow stream when there

is a higher water flow rate and less energy when there

is a lower water flow rate.

The optimum control strategy for this system is one
which modulates the water flow rate into the tank so
that the maximum amount of energy is delivered to the
load. A predictive control strategy must be used to
obtain optimal system thermal performance, since at any

given point in time the optimal storage tank inlet
temperature depends on subsequent energy flows in and
out of the tank as well as conditions in the tank at that
point in time.

In the control strategy used for the variable volume
system simulations, the flow through the solar and waste
heat recovery heat exchanger was modulated so that water
entered the storage tank at a preselected temperature.
This storage tank inlet temperature was selected so the
flow rates were as high as possible without causing fre-
quent tank overflow. Since the amount of energy col-

lected by the collector array varies over the course of
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a year, the storage inlet set temperature varied over the
year to make efficient use of the storage. The storage
inlet set temperatures were selected by trying various
values in successive simulations until values were found
which provided high energy transfers into the potable
water flow stream but rarely caused the storage tank to

overflow.
2.3 Method of Analysis of System Thermal Performance
2.3.1 Introduction

The Transient Simulation Program TRNSYS was used to
investigate the thermal performance of the various pro-
posed configurations for the solar industrial process
water heating system. To caryy out the system simula-
tions it was necessary to model the various system com-
ponents and to characterize the conditidhgﬁunder which
the system would be operated. A number of new system
component models were developed in the form of TRNSYS
subroutines. These component models include: a variable
volume tank, a variable volume pump, a temperature and
flow rate dependent waste heat recovery system, a load
profile sequencer, and shading for large collector

arrays.



23

2.3.2 Weather Data

The proposed site for the solar industrial process
heat system is in Perry, Iowa. The nearest location for
which hourly SOLMET Typical Meteorological Year (TMY) (3)
data are available is North Omaha, Nebraska, which is
located 130 miles southwest of Perry. The annual global
insolation values and the annual average temperatures
calculated from monthly SOLMET data (4) for several Iowa
sites near Perry and those calculated from hourly SOLMET
data for North Omaha are listed in Table 2.1. The annual
average temperature for North Omaha is 1.6 degrees C
(2.9 degrees F) above the average of the annual average
temperatures for the Iowa sites. The annual global in-
solation is 2.4 percent greater for North Omaha than the
average for the Iowa sites. This similarity between the
meteorological data for North Omaha and the Iowa sites is
reassuring, but not conclusive, since the monthly SOLMET
data were generated using modeling techniques combined
with local meteorological data. The North Omaha TMY
data were used for all of the system simulations.

Two diffuse correlations were considered for separat-
ing the global insolation data into beam and diffuse com-
ponents: the Liu and Jordan correlation (5) and the Aero-

space correlation (6). The Aerospace correlation provides



Table 2.1

Weather Data Comparison

Type of T Av Annual Global

Weather Latitude amb g Insolation

Data City State (ONorth) (°F (MMBTU/ £t2)

Monthly Sioux City IA 42.2 48.6 L479

SOLMET

Data Mason City IA 43.1 45.3 L471
Des Moines IA 41.3 49 .4 479
Burlington IA 40.5 51.3 478

Hourly

oy T North Omaha | NE 41.2 51.5 489

data

%C
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lower estimates of the beam fraction and was used to
generate the direct normal radiation values appearing

in the hourly TMY data. The choice of the diffuse corre-
lation used to separate the radiation data into its beam
and diffuse components is particularly significant when
calculating the performance of concentrating collectors
that only utilize beam radiation. The annual totals of
insolation on a collector array in various orientations
calculated with both diffuse correlations are shown in
Table 2.2. The insolation values calculated from the
hourly data show that for fixed arrays of collectors
which utilize both beam and diffuse radiation, the two

- correlations produce similar estimates of the total in-
cident solar radiation. The two correlations produce
very different estimates of total incident solar radia-
tion on tracking collectors which only utilize beam rad-
iation. In the case of the north to south collector axis
tracking collector, the Liu and Jordan correlation esti-
mates 13 percent greater beam radiation incident on the
collector aperature than the Aerospace correlation. Re-
cent work by Erbs (7) has shown the Aerospace correla-
tion to be relatively satisfactory, so it was used in the

system simulations.



Diffuse Correlation Comparison

Table 2.2

Annual Total Insolation

on 40,320 ft4 Collector Array

Diffuse (Billions of BTU)
Correlation
Used to Slope = 41.3 | Az = 0.0 | Slope = 0.0
Evaluate AZ = 0.0 E-W Axis N-S Axis
Insolation No Tracking Tracking | Tracking
Liu & Jordan 22.6 24.9 28.6
Aero Space

Corp. 22.2 23.6 24.8

26
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2.3.3 Load Profiles

The simulation of the proposed system required the
development of a schedule of the process water heating
load throughout the year. For this purpose performance
data for the existing system were collected by Oscar
Mayer. These data were recorded during a typical week
composed of five production days and a two-day weekend.
During such a weekend some cleaning and routine mainten-
ance occur, primarily on the first day after production
ends. The performance data include values for the hot
water demand temperature, the hot water demand flow rate,
and the temperature of the potable water after it has
passed through the water heat recovery system heat ex-
changer. These data are in the form of average values
over two hour intervals. The existing system had a
constant potable water inlet temperature of 12.8 C (55 F)
to the waste heat recovery heat exchanger at a flow rate
equal to the hot water demand flow rate.

For the purpose of generating an annual load profile
the year was represented by a sequence of three types of
days. These types were a production day, the first day
after a production day, and the second day after a pro-

duction day. The week of performance data was reduced to
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daily load profiles for the three types of days. The
average of the data for the fiwe production days was used
as the production load profile shown in Figure 2.9. The
Saturday data were used as the daily load profile for the
first day after a production day (Figure 2.10). The Sun-
day data were used as the daily load profile for the
second or third day after a production day (Figure 2.11).

Next, the three types of daily load profiles were
combined in several different sequences to produce weekly
load profiles representative of the various weekly pro-
duction schedules which occur during the year. These
production week load profiles were a regular production
week, a long production week, and a short production
week.

The regular production week load profile represented
a week with five working days and a two-day weekend.

This regular production week profile was composed of a
sequence of five production day profiles, one first day
after a production day profile, and one second day after
a production day profile.

The long production week load profile represented a
week when the demand for a high level of production re-
quired six working days and a one day weekend. This long
production week profile was composed of a sequence of

six production day profiles and one first day after a
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production day profile.

The short production week load profile represented a
holiday week with four working days and a three day week
end. This short production week profile was composed of
a sequence of four production day profiles, one first
day after a production day profile and two second or
third day after a production day profiles.

The annual load distribution for a typical year was
represented by a sequence of the three types of produc-
tion week load profiles. A typical year was viewed as
having ten short holiday weeks distributed uniformly
over the year and ten long work weeks also uniformly dis-
tributed over the year. Based on this pattern, Annual
Load Profile 1 consisted of ten long production week
profiles and ten short production week profiles, uniformly
distributed over a year with regular production week pro-
files interspersed among them.

Prior to the completion of the conceptual design of
the solar process water heating system, Oscar Mayer de-
cided to modify the waste heat recovery system at the
Perry plant. These modifications included the replace-
ment of an inedible rendering condensate heat exchanger
with a pressurized condensate return and the installa-
tion of a shell and tube vapor condenser for a new in-

edible cooking operation. The net effect of these
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changes on the energy output of the waste heat recovery
system was calculated by Oscar Mayer to be an increase of
50 MMBTU per production day. This additional energy would
be available during production days only. The resulting
temperatures of the potable water after it had passed
through the heat exchanger of the modified waste heat
recovery system were calculated and used in the modified
production day load profile shown on Figure 2.12. Using
the same annual distribution of days as for Annual Load
Profile 1, this modified production day load profile was
used with the previously described first day after a pro-
duction day profile and the second day after a production
day profile to generate Annual Load Profile 2.

The consideration of various system configurations
for the Perry plant required that the waste heat recovery
system performance model be extended to allow for operat-
ing conditions other than those at which the data were
recorded. These extensions of the model allow for varia-
tion in the temperature and flow rate of potable water
into the waste heat recovery system heat exchanger. Using
performance data for the individual components in the
waste heat recovery system, Oscar Mayer calculated the
effect of these variations in operating conditions on the
energy output of the waste heat recovery system. The

results of these calculations were curve fit with the
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following equations.

QWHR = Fl x F2 x Qbase Equation 2.1
M
where F1 = 0.8 gWhr + 0.2 for B < 1.3
‘base Mbase
M M
F = 0.014 x MWhr +1.2218 for X > 1.3
base base
and
F2 = exp (-0.048x (Tinlet - Tinlet base))

Curves generated using these equations are shown in
Figures 2.13 and 2.14. 1In Figure 2.13 the ratio of the
delivered energy flow to the base value is plotted as a
function of the ratio of the actual flow rate to the base
flow rate for a range of water inlet temperatures. In
Figure 2.14 the ratio of the delivered energy flow to the
base value is plotted as a function of water inlet
temperature for a range of ratios of actual flow rate to
base flow rate. It can be seen from these two figures
that the delivered heat flow is a fairly strong function
of the temperature and flow rate of potable water into
the primary waste heat recovery heat exchanger.

During the course of the development of the final
system design, additional energy conservation measures

were approved for the Perry plant. The measures included
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lowering the hot water set temperature from 62.8 C (145 F)
to 46.1 C (115 F) during non-production hours and the

use of some waste heat recovery energy for purposes other
than heating hot water. These changes were incorporated
into the third production day profile shown in Figure
2.15. Using the same distribution of days as for the
other annual load profiles, Annual Load Profile 3 was
generated using the production day load profile 3 and
modified first and second day after a production day pro-
files. The non-production day profiles were the same as
those used in the first two annual load profiles except
that the hot water set temperature had been reduced from
62.8 C (145 F) to 46.1 C (115 F), (Figure 2.16 and Figure
2.17).

The characterization of the load and the waste heat
recovery system energy output represented a major portion
of the work expended on the simulation of the solar pro-
cess water heating system. This type of detailed invest-
igation of heating loads and waste heat recovery system

performance can be useful for energy management purposes.

2.3.4 Collector Performance

The single axis tracking parabolic trough collectors

considered for this system were modeled using normal inci-
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dence instantaneous efficiency data and an incidence

angle modifier (8). These data were input to the collec-
tor component model (TRNSYS collector model, mode 4) in
tabular form. The equation for the collector efficiency

curve is: B

2
T - T T -T
_ ave amb } _ ave amb
n = 0.66-0.41 <: DR ;) 0.04 ( DN ‘)

(English units, based on aperture area)

The equation for the collector incidence angle modifier

curve 1is:

K = 1+3.81%10"°6%2-1.18x10" %3 _-6.85x10 %%

(6 in degrees)

For a given set of conditions, the model interpo-
lates between the tabulated points representing each
curve to find the values of the normal incidence effic-
iency and incidence angle modifier which are then used

to calculate the instantaneous collector efficiency.

2.3.5 Method of System Simulation

Detailed simulation models of the various systems
were developed using both standard and new TRNSYS com-
ponent models. Appendices A and B contain listings of documen-
tation for all new component models used in the system

simulations. The parameters used in system simulations
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are listed in Table 2.3. The constant volume storage
system was modeled with standard components except for
the temperature and flow rate sensitive waste heat re-
covery component and the shading component. A sample
listing of a TRNSYS deck which models one of the constant
volume systems simulated is included in Appendix C.

The variable volume storage systems required the
use of several new component models. These components
represent a variable volume storage tank, a tempering
valve for a variable volume storage tank, a night time
bypass for a variable volume storage tank, and a variable
volume pump with a controller. A sample simulation deck

for the variable volume system is included in Appendix C.

2.4 Results

2.4.1 Introduction

The simulations of the various system configurations
provided a means of comparing the relative thermal perfor-
mance of these configurations. The results presented here
include the thermal performance of the four system con-
figurations considered. The effects of collector axis
orientation and collector array shading on system thermal

performance are also presented.



Table 2.3

Solar Energy Collection System Parameters

- Collector array

Collector type - single axis tracking
parabolic trough collectors

Collector axis slope - horizontal

Collector area - 3746 square meters

Heat transfer fluid - 55% glycol solution

Heat transfer fluid flow rate: minimum - 0.56 1/s

maximum - 8.90 1/s

Heat exchanger

Type - plate

Effectiveness - 0.8

Location, diameter length insulation
in plant 7.6 cm 170 m 1.19 w/m C
underground 7.6 cm 274 m 1.19 w/m .C

in collector
field 7.6 cm 354 m 1.19 w/m_C

- Storage tank

Volume - 447,000 liters

Insulation - .537 w/m2 C

4t
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2.4.,2 General System Thermal Performance

The annual integrated system performance results for
the configurations evaluated are shown in Figure 2.18.
The results shown are for three systems with solar energy
collection systems and one system with no solar collec-
tors. The systems with solar collectors all used single
axis, tracking parabolic trough collectors with a north
to south axis. The dashed horizontal line at 47.3 TJ
(11.9x109BTU) is the annual process water heating energy
requirement for the meat packing plant. The bars labeled
"WHR'" represent the amount of energy provided by the
waste heat recovery system for process water heating. The
bars labeled ''solar' represent the amount of energy which
the solar system provides for process water heating. The
bars labeled "AUX'" represent the auxiliary energy pro-
vided by the steam process water heaters. The sum of the
energy quantities represented by the bars for each system
equals the annual process water heating requirement. The
dominant source of energy to meet the load is the waste
heat recovery system. For the four systems the fractions
of the load met by waste heat recovery ranges from a high
of 68 percent for the system without solar to a low of 53
percent for the series system with solar first. The

parallel system has the smallest auxiliary energy require-
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ment even though this system has the smallest solar contri-
bution of the three systems with solar collectors. These
results can be attributed to the dependence of the energy
outputs of both the waste heat recovery subsystem and the
solar subsystem on their respective operating temperatures

and the relative magnitude of these energy outputs.

2.4.3 Detailed System Results

A detailed breakdown of the annual energy flows in
the four configurations is presented in Table 2.4. These
results can be best understood by considering the effect
of the temperatures and flowrates of the water entering
the waste heat recovery and solar heat exchangers. For
both the waste heat recovery and solar sub-systems the
heat exchanger inlet conditions effect the subsystem
energy output.

The system without solar collectors had the largest
waste heat recovery output because the inlet flow stream
was at the mains water temperature and the flow rate was
the load flow rate occasionally reduced by flow threugh
the tempering valve. The annual auxiliary energy re-
quired was 15.3 TJ (3.9x109BTU). The parallel system
had slightly reduced waste heat recovery energy output

relative to the system without solar collectors since the



Table 2.4
Annual Process Water Heating System Performance Comparison

(all energy quantities in

TJ)

System [ Parallel Series Serles System
without System System with |with Waste
Solar Solar First |Heat Recovery
Collectors First
Waste Heat Recovery
Q available at load
flowrate 32.9 32.9 32.9 32.9
Q to storage 32.2 30.8 22.7 26.9
Q direct to load -- ] mee=- 2.4 2.4
Solar
Insulation on Array -———- 26.2 26.2 26.2
Q collected -——— 10.6 11.2 10.8
Q loss from pipes
-~-day -——- 0.2 0.2 0.2
--night ---- 0.3 0.1 0.2
Q to storage -———- 10.1 10.9 10.4
Storage
Q input 32.2 40.9 36.6 37.3
Q loss by overflow -—— -—-- 0.1 0.6
Q UA loss 0.2 0.4 0.4 0.4
Q to load 32.0 39.9 33.1 36.3
Q to Load
Q WHR direct to load -——- ---- 2.4 2.4
Q WHR and Q Solar
from Storage 32.0 39.9 33.1 36.3
Q Auxiliary 15.3 7.4 11.8 8.6
TOTAL LOAD 47.3 47.3 47.3 47.3

8%
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addition of energy to storage from the solar collector
recirculation loop resulted in a more frequent need to
temper the water flowing to the load. There was a con-
sequent reduction in the flow rate through the waste
heat recovery heat exchanger. The water flowing into
the primary waste heat recovery heat exchanger was at
mains temperature just as in the system without solar
collectors. The annual auxiliary energy requirement
was 7.4 TJ (1.9x10° BTU).

The series system with the solar heat exchange be-
fore the waste heat recovery heat exchanger had  the
lowest waste heat recovery energy output, since the waste
heat recovery heat exchanger had higher inlet tempera-
tures and the flow rate was frequently reduced from the
load flow rate in order to obtain the preselected inlet
temperature to storage. The annual auxiliary energy re-
quirement was 11.8 TJ (3.0x10°BTU).

The series system with the solar heat exchanger
second had an intermediate waste heat recovery energy
output, since the waste heat recovery heat exchanger had
an inlet temperature equal to mains water temperature
(like the parallel system) and a flow rate reduced to
deliver water to storage at the preselected inlet temp-
erature (like the series system with solar first). The

annual auxiliary energy requirement was 8.6 TJ (2.2x109
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BTU) .

The better performance of the parallel system rela-
tive to the series systems was in part due to the con-
trol strategy. The variable volume tank in the series
system has water pumped into it at a preselected temper-
ature chosen so that the flow rates into the tank were
as high as possible without causing frequent tank over-
flow or bypass to the load at a temperature above the
set temperature, High flow rates were desirable, since
a larger energy output from the solar and waste heat re-
covery heat exchangers was produced, but if the flow
rates were excessively high the tank would overflow and
no further energy could be added to the tank. Since the
quantity of energy available from the solar collector
array varies over the year, the preselected tank inlet
temperature had to be varied over the course of the year
as well., As discussed in section 2.2.2, optimal system
thermal performance for such a system requires some sort
of predictive control strategy. The parallel system with
constant volume storage did not have this control prob-
lem, since the solar heat exchanger was on a recircula-
tion loop and energy could be added to storage whenever
the collector outlet temperature permitted.

One area of concern during the design process was

the significance of losses from the collector loop piping
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both during collector operation and at night. From the
results shown in Table 2.4 it can be seen that the day
and night time energy losses from the piping in the solar
loop are small (5 percent), relative to the amount of
energy collected by the solar loop.

The effect of the collector axis orientation on the
quantity of energy delivered to storage from the collec-
tor array is shown in Figure 2.19. The north to south
axis collectors delivered more energy to storage on an
annual basis, even though the annual distribution of
solar energy collection was strongly skewed toward the
summer months. The east to west axis collectors de-
livered less energy to storage on an annual basis but
the solar energy collection was more evenly distributed
over the year. While this difference in the annual dis-
tribution of solar energy into storage for the two col-
lector orientations was of interest, the more important
result was the annual auxiliary energy requirement for
the two orientations. Since the north to south collec-
tor orientation required less auxiliary energy on an
annual basis, it would be the preferable design choice
for this system and location if there were no significant
shading effects om the collector array.

It is possible for solar collector array shading

effects to have a significant effect on solar collector
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system thermal performance. In order to examine the

" effect of collector array shading, a model of shading for
large collector arrays was developed and included in
annual simulations of the parallel system. This system
was simulated for both east to west collector axes and
north to south collector axes using the proposed separa-
tion of collectors in the field. For the north to south
collector axes case, the shading increased the annual
auxiliary requirement by 5 percent. For the east to west
collector axes case, the shading increased the annual
auxiliary requirement by 1 percent. When shading was
taken into account, the system with east to west collec-
tor axes had an annual auxiliary requirement within 1
percent of that of the system with north to south collec-
tor axes. These results indicate that when the shading
effects for the proposed collector array are taken into
consideration, there is not a significant difference be-
tween the auxiliary energy requirement of the constant
volume tank configuration with north to south collector
axes and the same configuration with east to west col-

lector axes.
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3.0 The Evaluation of Waste Heat Recovery System Design
Modification Options Using System Simulations

3.1 Introduction

After it was announced that the solar system construc-
tion would not be funded for the Perry plant, Oscar Mayer's
continuing interest in energy management led to a consid-
eration of various design options for the waste heat re-
covery system itself. The transient simulation program
TRNSYS was used to model the existing waste heat recovery sys-
tem in detail. The model was validated by comparing simula-
tion results with performance data for the existing system.
The simulation model was then used to evaluate the effect

of adding two new energy uses to the waste heat recovery loop.

3.2 The Present Waste Heat Recovery System

3.2.1 System Description

The present waste heat recovery system is shown in
Figure 2.2. It consists of a primary heat exchanger
which transfers energy to the potable water flow stream
and three secondary heat exchangers which transfer energy
into the waste heat recovery loop. The three secondary
heat exchangers include an ammonia gas desuperheater, an
inedible rendering vapor condenser and a hog singer ex-

haust economizer. The ammonia desuperheater transfers
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energy to the loop continuously, while the inedible rend-
ering vapor condenser and the hog singer economizer only
transfer energy during production hours. 1In order to
reduce pumping power requirements, the latter two heat
exchangers are bypassed when neither is transferring

energy into the waste heat recovery loop.

3.2.2 Model of the present system

System performance data were collected during a pro-
duction day in November. The inlet temperatures, outlet
temperatures and flow rates were recorded for each of the
heat exchanger flow streams in the system. These datawere
used in the calculation of the heat exchanger performance
characteristics.

The system was modeled using components available in
the TRNSYS library. The primary heat exchanger was mod-
eled as a counter-flow heat exchanger with a constant
overall heat transfer coefficient of 976600 W/°C

5

(6x10° BTU/hr °F). The ammonia desuperheater was modeled

as a counter flow heat exchanger with a constant over
all heat transfer coefficient of 6800 W/°C (4-2X104
BTU/hr °F). Since the ammonia pressure and temperature

at the heat exchanger inlet were fairly constant, the

=

specific heat of the ammonia gas was assumed to be con-
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stant at the heat exchanger inlet. The inedible rendering
condenser was modeled as device with a constant effective-
ness of 0.87. The hog singer exhaust economizer is a
cross-flow air to liquid heat exchanger which was

modeled as a device with a constant effectiveness of

0.55. The air temperature and flow rate into the econo-

mizer were assumed to be constant during production hours.

3.2.3 Comparison of Waste Heat Recovery System Thermal
Performance Simulations with System Performance

Data

The system was simulated using the data for the hot
side inlet conditions of the secondary heat exchangers and
the flow rate and inlet temperature of potable water into
the primary heat exchanger. The parameters used in the
heat exchanger models were adjusted so that the heat
transfer rates calculated in the simulations of the
existing system agreed with the data. The total energy
transfer to the potable water flow stream over the day

was 200 GJ (1.9x10° BTU).
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3.3. Modified Waste Heat Recovery System
3.3.1 Proposed Waste Heat Recovery System Modifications
Due to reductions in the process water heating loads

through energy conservation and the increase in the energy
available to the waste heat recovery loop from the in-

edible rendering process, Oscar Mayer feels that it is
desirable to add new energy uses to the waste heat re-
covery loop. The waste heat recovery loop flow stream
will be used to partially heat the hog scald tub and to
concentrate glycol and water solution. This modified
waste heat recovery system is shown in Figure 3.1.

The scald tub is used in the hog carcass dehairing
process. The glycol and water solution is used for
cooling in several plant processes and in these pro-
cesses the solution absorbs water from the materials that
it is in contact with. In the glycol concentrator,
water is evaporated out of the solution until the desired
glycol concentration is obtained. The energy require-
ments of both the scald tub and the glycol solution con-
centrator are presently met entirely with steam. A water
temperature of 60°C (140°F) is maintained in the scald
tub during production hours by circulating the water
through a steam heat exchanger. 1In the proposed waste
heat recovery system modification (Figure 3.1) a new

heat exchanger will be added to this recirculation loop.
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Another recirculation loop will connect this new scald tub
heat exchanger to the waste heat recovery loop. Water
will be pumped out of the waste heat recovery loop after
the inedible rendering condenser at a rate of 7.9 liters
per second (125 gallons/minute). After flowing through
the scald tub heat exchanger the water will be returned to
the waste heat recovery loop before the inedible render-
ing heat exchanger. In this way the flow rate through
the inedible rendering heat exchanger will be increased
without increasing the flow rate through the rest of the
waste heat recovery loop. This is advantageous because
the pipe used for the rest of the loop is smaller so
increasing the flow rate around the whole loop would
require more pumping power.

The glycol concentrating system evaporates water out
of the glycol solution used for cooling in several plant
processes. Part of the waste heat recovery loop flow
stream will be diverted after the hog singer exhaust
economizer to deliver'energy to the glycol concentrator
loop. Flow from the waste heat recovery loop into the
glycol concentrator is modulated so that the temperature
does not exceed 82.2 C (180 F). Above this temperature

too much glycol evaporates along with the water.
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3.3.2 Modeling the New Energy uses in the Waste Heat

Recovery Loop

The water flowing from the scald tub was assumed
to enter the load side of the scald tub heat exchanger
in the waste heat recovery loop at a constant tempera-
ture of 60°C (140°F) and a constant flow rate of 19
liters per second (300 gpm) during production hours.
This heat exchanger was assumed to have a constant
effectiveness of 0.5. The glycol concentrator load was
modeled as a heat exchanger with a constant effective-
ness of 1.0 because in the proposed system water will be
diverted from the loop to maintain the desired inlet
temperature to the glycol concentrator. During pro-
duction hours the load side of the heat exchanger had a
constant inlet temperature of 82°C (180°F) and a constant

flow rate of 15.8 liters per second (250 gpm).
3.3.3 The Modified Waste Heat Recovery Loop Simulations

The modified waste heat recovery loop was simulated
for the production hours of one day. During a 24 hour
period which included 10 production hours the simulation
of the thermal performance of the modified waste heat re-

covery system calculated an increase in the energy de-
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livered to the load 32 GJ (30 MMBTU) over the simulated
energy transfer of the present system. The increase was
primarily due to the increased waste heat recovery loop
flow rate through the inedible rendering heat exchanger
which allows more steam to be condensed. The TRNSYS
decks for the existing system and the modified system

are included in Appendix C.
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4.0 Conclusions

4.1 The Oscar Mayer Process Water Heating System Using

Waste Heat Recovery and Solar Collectors

The waste heat recovery system as planned for the
Perry meat packing plant will provide more than 60 per-
cent of the energy required for process water heating.
For this reason the waste heat recovery system was a
primary consideration in the evaluation of design options
for the addition of solar collectors to the process
water heating system. Simulation results showed that
the thermal performance of the constant volume storage
system provided the most energy for process water heating
on an annual basis. In this configuration the waste
heat recovery system added energy to the make up water
flowing into the tank and the solar collector array added
energy to storage through a recirculation loop. This
configuration provided a means of incorporating solar
collectors into the process water heating system without
causing a large reduction in the energy output of the
waste heat recovery system.

Another system configuration considered had variable
volume storage which allowed the amount of water in

storage to fluctuate. The waste heat recovery heat ex-
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changer and solar loop heat exchanger were in series along
the flow stream into the tank and this flow stream would
be modulated to control the inlet temperature to storage.
Since the criteria used for evaluating system performance
was total energy supplied to process water heating it was
of no benefit to modulate the flow rate into storage to
obtain temperature above the one which allowed the maxi-
mum delivery of energy to the load from the tank. 1In
fact adding water to storage at a higher than necessary
temperature actually reduced the amount of energy deliv-
ered to the load since it caused a reduction in the
energy output of both the waste heat recovery system and
the solar energy collection system.

The solar collectors chosen for the system were
parabolic trough single axis tracking collectors which
can be used to produce steam as well as hot water. Dur-
ing the design process for the solar energy system, projects
were implemented or approved which will reduce the auxil-
iary energy required for process water heating by 35
percent and further reductions will probably occur. For
this reason in a solar system designed for such an in-
dustrial plant it can be advantageous to use collectors
suitable for delivering energy to higher temperature
energy uses if most of the low temperature energy require-

ments may eventually be met by waste heat recovery
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systems.

4.2 The Oscar Mayer Waste Heat Recovery System Modifi-

cation Evaluation

The proposed modifications to the waste heat re-
covery system will allow it to supply energy for scald tub
heating and glycol concentration as well as process water
heating. These changes were found to increase the energy
output of the waste heat recovery system by 32 GJ (30
MMBTU) during a 24 hour period which included 10 pro-

duction hours.

4.3 Thermal' Energy Management in Industry

It is useful to investigate energy use throughout
the plant when evaluating design options for thermal
systems. Each energy use should be examined to deter-
mine if the energy requirement could be reduced or if
it is a potential source or sink for waste heat recovery.
It is in the context of such a broad investigation of
energy options for a plant that the potential for solar
or other renewable energy sources should be evaluated.
Based on the results of thermal performance evaluations

economic comparisons of the design options can be car-
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ried out to determine which ones best fit the economic

requirements of the plant owners

4.4 Transient Simulation as a Design Tool for Industrial

Thermal Processes

Transient simulation can be an effective aid in the
design of industrial thermal systems. This approach
to thermal analysis is particularly useful when system
operating conditions vary over time and there is a
significant thermal interaction between system compon-
ents. For such systems transient simulation can provide
the thermal performance information needed for design

decisions.
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APPENDIX A

VARIABLE VOLUME PUMP

This subroutine models a controlled variable volume
pump which modulates the flow rate through one or more
heat exchangers in order to deliver the specified out-
let temperature.

Inputs 6

1 pump inlet temperature

2 pump mass flow rate in

3 temperature out of heat exchanger

4 mass flow rate out of heat exchanger (tobemodulated)

5 set temperature relative to which the temperature
out of the heat exchanger is being regulated

6 control function (if equal to 0, no flow)

Parameter 6

number of iterations flow is fixed in on-mode

number of interations before outputs of subroutine
are stuck

minimum mass flow rate

maximum mass flow rate

delta mass flow rate [each timestep the initial guess
of mass flow rate equals Par (3) + Par (5)]

delta Temperature [In (3) is controlled to equal
In"(5) + Par (6)]

(o)} (G YOV} N+

Outputs 4

pump outlet temperature

1

2 pump outlet mass flowrate
3 _o__-
4

VARIABLE VOLUME TANK

This subroutine models a vertical cylindrical tank,
which contains a variable quantity of liquid, using analy-



68

tically solved differential equations. The level of the
liquid in the tank is allowed to vary between user speci-
fied high and low level limits. When the high level
limit is exceeded additional flow into the tank is dumped
and the level indicator is set equal to +1. When the
liquid level falls below the low level limit, further
flow out of the tank ceases and the tank level indicator
is set equal to -1.

Since the flow rates into and out of the tank are
not necessarily the same, both flowrates are specified
as tank model inputs.

Inputs 4

1 inlet temperature

2 inlet mass flowrate
3 outlet mass flowrate
4 ambient temperature

Parameters 11

tank volume

tank diameter

wetted tank wall - U value

dry tank wall - U value

minimum liquid volume in tank
maximum liquid volume in tank
specific heat of liquid

density of liquid

reference temperature (usually mains water tempera-
ture)

10 initial temperature of liquid in tank
11 initial mass of liquid in tank

(Nolle L NE RV, IFL JULH O N

Outputs 17

outlet temperature
outlet mass flowrate .
mass flowrate of liquid added to tank (m inlet - m
dump)
Q dumped (tank overflow)
Q loss by conduction
change in internal energy in tank from initial
conditions
tank level: +1 for liquid volume > max volume
0 for min volume < liquid volume < max
vo lume
-1 for liquid volume < min volume

~ o B LN
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8 tank temperature at beginning of timestep
9 mass in tank at beginning of timestep

10 tank temperature at end of timestep

11 mass in tank at end of timestep

13 -----

14 Q in - Energy added to tank by flow in

15 Q out - Energy removed from tank by flow out
16 energy stored in tank

17 change in mass in tank from initial conditions

TEMPERING VALVE FOR FLOW OUT OF VARIABLE VOLUME TANK

This subroutine models equipment which draws liquid
out of the variable volume tank in order to deliver the
specified liquid flowrate to the load. The liquid drawn
out of the tank is tempered to the load set temperature
with liquid from a lower temperature source (usually
mains water) as necessary.

Inputs 7

temperature of hot source (storage tank)

mass flowrate from hot source

temperature of cold source (mains water)

mass flowrate from cold source

load set temperature

load mass flow rate

tank level indicator to indicate when liquid can be
drawn from hot source (-1 dndicates liquid is not
available)

~NounmpbwNRE

" Parameters 2

1 N-stick-after N-stick calls to this subroutine in
a timestep the outputs fixed.
2 Mode - this specifies from which source the load

will be met if both sources are at temperatures above
the load set temperature.

all flow from hot source
all flow from cold source
all flow from lower temperature source
all flow from higher temperature source

Lo
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Outputs 6

1 temperature out of tempering valve

2 mass flow rate out of tempering valve
3 temperature from hot source

4 mass flowrate from hot source

5 temperature from cold source

6 mass flowrate from cold source

LOAD PROFILE SEQUENCER

This subroutine combines a number of daily load
profiles in a user specified sequence to form an annual
load profile. Each daily profile is composed of values
for three variables input either as constants or variable
values from TYPE 15 forcing functions.

To form a standard weekly load profile the user
specifies which load profile is to be used for each day
of the week.

The standard weekly load profile is repeated to
produce a 365 day annual load profile.

To allow variation from the standard weekly profile
throughout the year, one of up to three non-standard
daily load profiles can be specified to replace a day
in the standard weekly profile on any day of the year.
Any of the daily load profiles input by the user can be
specified as one of the non-standard daily load profiles.

Inputs

(for 1 < I < N, where N = total number of daily load
profiles specified)

((I-1)x3)+1 variable #1 of daily load profile #I
((I-1)x3)+2 variable #2 of daily load profile #I
((I-1)x3)+3 variable #3 of daily load profile #I

Parameters

1 #1 of daily load profile to be used for the first
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day of the standard week

#I of daily load profile to be used for the second
day of the standard week

#I of daily load profile to be used for the third
day of the standard week

#I of daily load profile to be used for the fourth
day of the standard week

#I of daily load profile to be used for the fifth
day of the standard week

#I of daily load profile to be used for the sixth
day of the standard week

#1I of daily load profile to be used for the seventh
day of the standard week

Number of days first nonstandard daily profile
occurs during the year

Number of first nonstandard daily load profile

~ O 00 N o U P LN

(+1) to (9+PAR(8)) - days of year when first nonstandard
load profile occurs.

(10+PAR(8)) - number of days second nonstandard daily
profiles occurs during the year

(11+PAR(8)) - number of second nonstandard daily load
profile

(12+PAR(8)) to (PAR (10+PAR(8)) + (11+PAR(8))
- days of year when second nonstandard pro-
file occurs

(PAR(10+PAR(8)) + 12+PAR(8))
- number of days third nonstandard daily
load profile occurs during the year

(PAR(LO+PAR(8)) + 13+PAR(8)
- number of third nonstandard daily load
profile

[PAR(LO+PAR(8)) + 14+PAR(8) to end of parameter list]
- days of year when third nonstandard pro-
file occurs

Qutguts

1 variable 1

2 variable 2

3 variable 3

4 input source of wvariable 1
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input source of variable 2
input source of variable 3
day of week (1-7)

day of year (1-365)

week of year (1-53)

O 00~ OYn

LOW TEMPERATURE NIGHT STORAGE TANK BYPASS VALVE CONTROLLER

This component is used with the variable volume tank
in a system where the load set temperature varies with the
time of day. At night liquid is sent directly to the
load if the set temperature is below a specified value
rather than being raised to the tank inlet temperature by
reducing the flowrate. This can be advantageous when the
energy provided by the heat source increases with in-
creased mass flowrate.

Inputs 6

1 temperature out of the energy source at load mass
flowrate

2 load mass flowrate

3 o=

4 insolation on collector surface

6 tank inlet temperature

Parameters 6

low set temperature of load
high set temperature of load

Nstick (number of iterations per timestep before
outputs are fixed)
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OQutputs 8

temperature desired from energy source
I valve: O - all flow to tank
1 - divert all flow to load

- = -
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OSCAR MAYER PERRY PLANT SYSTEM SPECIFIC TEMPERATURE
AND FLOWRATE DEPENDENT WASTE HEAT RECOVERY SYSTEM

This component models the dependence of the waste
heat recovery system energy output on the temperature
and flowrate of the fluid entering the cold side of the
WHR heat exchanger. Separate functional relationships
between these two variables and the WHR energy output
are used to calculate the combined effect. The func-
tional relationships used in the model are:

Q delivered = FlFZQbaSe

(Fl = flowrate factor)

(F2 = inlet temperature factor

(Qbase = energy transferred at oper-
ating conditions when data
were taken)

(flowrate/data flowrate) and
X 1.3 Fl = AlX + A2
x>1.3 F =BX+3B,

and F, = exp C1 (Tinlet - C2)

where x

I A

These relations may be changed inside the subroutine by
re-programming other relatioms.

Inputs 4

1 inlet temperature

2 inlet mass flowrate

3 energy transferred at operating conditions when data

were taken
mass flowrate at which data were taken

~

Parameters 8

A

A7

B
1

wnNH-
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4 B

;@

6 C

7 mgximum outlet temperature
8 minimum mass flowrate
Outputs 6

1 outlet temperature

2 outlet mass flowrate

3 energy transferred

4L —eeoZ

5  ao-o-

6 energy which would have been transferred at operating

conditions when data were taken

TYPE 41: GENERAL WASTE HEAT RECOVERY SUBSYSTEM

General Description

Cascaded waste heat recovery systems (WHR) in in-

dustrial plants can have the configuration shown in
Figure 1. The waste heat recovery loop is composed of
one primary heat exchanger, several secondary heat
exchangers, a pump and controllers.

The Heat Exchanger Model

The analysis used to moddel each heat exchanger is

identical to that of the Type 5 heat exchanger. The
user is referred to the description of that component
for the mathematical description of the heat exchanger
analysis and the description of the 4 modes.

Control Strategies

Three possible heat exchanger control strategies

for the primary and secondary heat exchangers are:

iy

2)

No control - the rate of energy transfer across the

heat exchanger (either positive or negative is cal-

culated when ever there is flow on both sides of the
heat exchanger.

Energy transfer into the WHR loop only - Energy is
transferred only when the inlet temperature on the
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Figure 1 Cascaded Waste Heat Recovery System
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WHR loop side of the heat exchanger is more than
ATMIN below the inlet temperature on the other side
of the heat exchanger. (ATMIN is the user specified
minimum temperature difference between HX inlet
temperatures) .

3) Energy flow out of the WHR loop only - Energy is
transferred only when the inlet temperature on the
WHR loop side of the heat exchanger is more than
ATMIN above the inlet temperature on the other side
of the heat exchanger.

Specifying the Control Strategy for each Heat Exchanger

For the main heat exchanger only control strategies
1 or 3 can be specified. For the secondary heat ex-
changers control strategies 1, 2 or 3 can be specified.
The control strategy for each heat exchanger is specified
by setting the parameters CONRL and ATMIN as follows:

1) No control - set CONTRL = 1
- ATMIN IS IGNORED

2) Energy transfer into WHR loop only
- set CONTRL = 2
- set ATMIN = the minimum difference
between heat exchanger inlet temperatures for which
heat transfer is permitted.

3) Energy transfer out of WHR loop only
- set CONIRL = 3
- set ATMIN = the minimum difference
between heat exchanger inlet temperatures for which
heat transfer is permitted.

The controlled heat exchangers specified by setting
CONTRL = 2 or CONTRL = 3 can each represent two different
physical configurations:

1) One heat exchanger with a bypass valve operated by a
differential controller (see Figure 2). 1In this
case the heat exchanger performance parameters speci-
fied should be for the individual heat exchanger.

2) Two heat exchangers connected by a flow loop with
a pump regulated by a differential controller (see
Figure 3).

In this case the heat exchanger parameters specified
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should represent the combined performance of the two
heat exchangers. The combined performance parameters
can be determined either analytically using the equa-
tions given for the appropriate mode of the TYPE 5 heat
exchanger component or experimentally.

" Calculation Procedure

The WHR loop model iteratively solves the system
of algebraic equations representing the heat exchangers.
Iteration continues until the hot side outlet tempera-
ture of the main heat exchanger changes less than the
specified error tolerance between successive iterations.
If this degree of convergence has not occurred after the
specified N-stick iterations, convergence is promoted by
turning off pumps which oscillate on and off.

During the last timestep of the simulation, a sum-
mary of WHR subroutine errors is printed out if errors
occurred in more than 5 percent of the timesteps. The
summary includes the percentage of simulation timesteps
during which N-stick was exceeded and the percentage of
simulation timesteps during which the temperatures in
the primary loop failed to converge after N-stick + 5
iterations.

Output

Either brief or detailed output modes can be spec-
ified. Both modes output complete performance informa-
tion for the main heat exchanger, the lack of closure
in the WHR loop energy balance, and the number of in-
ternal iterations during the last call of the timestep.

After these first 8 outputs the brief mode outputs
only the total energy transfer rate across each primary
loop heat exchanger from HX#2 through HX #NHX.

The detailed mode, on the other hand, outputs com-
plete performance information for each heat exchanger
in the primary loop from HX#2 through HX 4NHX.

Since the standard version of TRNSYS limits the
number of outputs per component to 20, the brief output
allows up to 12 heat exchangers in the primary loop and
the detailed output allows up to 3. If a greater number
of heat exchangers is required, the standard version of
TRNSYS must be modified to allow more parameters. The
number of parameters required is:



79

for brief output, N outputs = 8 + NHX
for detailed output, N outputs = 2 + (6 x NHX).

TRNSYS Component Configuration

Parameter Number Description

1 NHX - number of heat exchangers in
primary WHR loop

2 Moyr - mass flow rate in primary
WHR loop when pump is on

CPWHR - specific heat of fluid in
primary WHR loop

4 Nstick - number of iterations allowed
for convergence of WHR loop
before convergence is pro-

moted

5 TOL - error tolerance for con-
vergence of WHR loop
temperatures

6 OUTPUT if > 0 brief output
if < 0 detailed output

(parameters for HX #1 - the main heat exchanger in the
primary loop)

7 Mode

1 for parallel flow

- 2 for counter flow

3 for cross flow

4 for constant effective-
ness

UA overall heat transfer co-
efficient of HX (modes 1,

2, and 3)

E - HX effectiveness (mode 4)



Parameter Number

9 Cpc
10 CONTRL
11 ATmin

(parameters for HX #IHX from

80

Description

- specific heat of cold side
fluid

1 for no control

- 3 for heat transfer out of
WHR loop only

if < 0 HX is not controlled

- if > 0 HX energy transfer
rate set to zero if AT
between hot and cold inlet
temperatures is less than
ATmin

HX #2 through HX #NHX)

Parameter Number Description
((IHX)x5) + 2 MOde(IHX) - as above
((IHX)x5) + 3 UA(IHX) or E(IHX) - as above
((IHX)x5) + 4 C - specific heat of hot
PH(IHX) — Cide fluid
((IHX)x5) + 5
CONTRL - 1 for no control
- 2 for heat transfer in
to WHR loop only
- 3 for heat transfer out
of WHR loop only
((IHX)x5) + 6 ATmin(IHX) - as above
Inputs
Input Number Description
1 TCi - main HX cold side inlet
temperature
2 ﬁc - main HX cold side mass

(for HX #IHX

flow rate

from HX #2 through HX #NHX)
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Output Number Description
((IHX-1)x2) + 1 Thi(IHX) - hot side inlet
temperature to HX #IHX
((IHX-1)x2) + 2 ﬁn - hot side mass flow
rate through HX #IHX
OQutputs

Output Number

(for HX #1)

1 Tho (1)
2 ﬁn(l)
3 Teo(1)
4 rhc<l)
> Qr(1)
6 Eq,
7 EBERR
8 ITER

Description

main HX hot side outlet
temperature

main HX hot side mass
flow rate

main HX cold side out-
let temperature

main HX cold side mass
flow rate

total energy transfer
rate across main HX

effectiveness of main
HX

lack of closure in WHR
loop energy balance

number of iterations
during last call of the
timestep

After output number 8 the brief and detailed modes

have different outputs.

Brief Output Mode

(for HX #IHX from HX #2 through HX #NHX)

IHX + 8 QT(IHX)

- total energy transfer

rate across HX #IHX
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(for HX #IHX from HX #2 through HX #NHX)

Output Number

[ (IHX-1)x6] +

[(IHX-1)x6] +

[ (IHX-1)x6] +

[ (IHX01)x6] +

[ (IHX-1)x6] +

[ (IHX-1)x6] +

10

11

12

13

14

Tho (THX)

éh(IHX)

Tco(IHX)

Mo (THX)

QT (11x)

E (IHX)

Description

- hot side outlet

temperature for HX
#IHX

hot side mass flow
rate for HX {#IHX

- cold side outlet

temperature for HX
#IHX

- cold side mass flow

rate for HX #IHX

- total energy transfer

rate across HX #IHX

- effectiveness of

HX {IHX
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COLLECTOR ARRAY SHADING DOCUMENTATION

The collector shading subroutine has several modes
which calculate the reduction in insolation incident on
the collector surfaces due to shading by other collectors

in the array. Two types of arrays are considered.
SAW TOOTH FLAT PLATE COLLECTOR ARRAYS (MODE 1)

The reduction in insolation incident on the array
surface due to shading of one row of collectors by
another is calculated. It is assumed that the collector
rows are all of equal length and situated to form a
rectangular collector field. The reduction in beam
radiation on the array surface is calculated two ways and
both values are output, one assumes infinite collector row
length and the other takes into account the length of
the collector rows. For the calculation of the reduc-
tion in the incident diffuse radiation however, it is
assumed that the collector rows are infinitely long. The
dimensions and angles required in the parameter list are

illustrated in Figure 1.
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PARABOLIC TROUGH ARRAY SHADING (MODE 2)

The reduction in insolation incident on the array
surface due to shading of one parabolic trough by another
is calculated. It is assumed that the parabolic troughs
are all of equal length, have parallel axis of rotation
and are situated to form a rectangular field. It is
also assumed that the collector axes are parallel to one
of the two axis of a rectangular collector field.

When the projections of the collector axes into the
horizontal are parallel to the collector field azimuth
set parameter ARMODE = 1. When the projections of the
collector axes into the horizontal are normal to the
collector field azimuth set parameter ARMODE = 2.

For the calculation of the reduction in the incident
beam radiation the troughs are assumed to be infinitely
long. The reduction of incident diffuse radiation is
not calculated. The dimensions and angles required for

the parameter list are illustrated in Figure 2.

Parameters

1 - MODE
- 1 - saw tooth flat plate array
- 2 - parabolic trough array

for mode =1
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Parameters

2 - collector height

3 - collector row length

4 - collector slope (relative to horizontal)

5 - collector row separation (projection into
horizontal plane)

6 - number of collector rows

7 - azimuth of collector field

8 - slope of collector field

for Mode = 2

Inputs

for

slope of collector field
azimuth of collector field
collector axis orientation mode
1 - projection of collector axis into horizontal
plane is parallel to collector field azimuth
2 - projection of collector axis into hori-
zontal plane is normal to collector field
azimuth.
separation of collector axes:
width of collector aperture

number of rows of collectors.

Mode =1

Total solar flux on unshaded collector surface
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11 -

12 -
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beam solar flux on unshaded collector surface

diffuse solar flux on unshaded collector surface

solar zenith angle

solar azimuth angle

total solar flux on horizontal surface
diffuse solar flux on horizontal surface
beam solar flux on unshaded ground between
collectors

albido of ground

from Mode = 2

1 - beam solar flux on collector aperture

2 - slope of aperture surface
3 - solar azimuth angle
Qutputs

Mode 1

1 - total radiation beam calculation
based on

2 - beam radiation specified
collector

3 - diffuse radiation length



Outputs

4 - total radiation
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beam calculations

5 - beam radiation based

on infinite

collector length

6 - diffuse radiation

Mode 2

1 - beam radiation incident of collector aperture

2 - fraction unshaded collector area.

MATHEMATICAL DESCRIPTION OF
PARABOLIC TROUGH SHADING MODEL

It is assumed that the collectors are
long. The important collector dimensions

shown in Figure 3.

XNSEP = cos(ETA) x SEPAX

cos (THETAL)

where cos(ETA) = cos (SLAX)

THETAL = slope of collector

SLAX = slope of collector

_ WIDCL - XNSEP
SFRAC = XNSEP

where WIDCL = collector aperture

If SFRAC > 1.0, SFRAC is set to 1.0.
If SFRAC < 0.0, SFRAC is set to 0.0.

infinitely

and angles are

surface

axis of rotation

width.



Figure 3
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Fraction of array aperture that is unshaded

_ (1.0 + ((XNROW - 1.0) X (1.0 - SFRAC)))
FUSARR s

Average beam solar flux on collector array aperture area
after shading is taken into account is calculated by
multiplying the solar radiation incident on the collec-

tor aperture without shading by FUSARR.
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MATHEMATICAL DESCRIPTION OF

SAW TOOTH COLLECTOR ARRAY SHADING MODEL

General definitions

BB
SEP

THETA6

ALF
ALB

HTHOR
HDHOR

il

]

(SEPCL X tan (SLFLD)) - (HLL X sin(SLCL))
SEPCL * cos (SLFLD)
(sEP? + HCL? - (2 X (SEP) X (HCL)
X cos (SLCL - SLFLD))?
(THETAL - SLFLD)
where,
THETAl = ARCOS ((SEPZ + D% - HCL?) : (2 X SEP XD))
IF SEP < 0, THETAL = 7 - SLCL
SLCL - SLFLD
albido of the ground
1 - ZENAZ

where ZENAZ

(sinl/cosl)

cosl = cos(ZEN)

ZEN = Solar zenith angle

sinl = (cos(DELLAZ)) X (sin(ZEN)
DELAZ = absolute value (AZSOL - AZCL)
AZSOL = Solar azimuth angle

AZCL = Collector azimuth angle

Total radiation flux on horizontal

Diffuse component of radiation flux on horizontal
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= Beam component of radiation flux on horizontal

HBSLFL = Beam component of radiation flux on surface

with a slope equal to that of the collector
field.

1. The calculation of average diffuse radiation flux.

Using the cross-uncrossed string method the following

equations were obtained:

A.

B.

Shaded collector view factor of ground in front

of array

L5 = CLSEP
L7 = CLSEP * cos(SLFLD)

L6 CLSEP - (HCL X cos(SLCL))

L8 = (BBZ + L6%)%

If BB < 0 then L6 = L8

USUFGR = (1 - cos(SLCL)) : 2

SVFGR = ((L6 - L5) + (L7 - L8)) : (2 X HCL)
ARUFGR = (SVFGR X (XNROW - 1)) + USVFGR) : XNROW

Shaded collector view factor of sky

USVFSK = (1 + cos(SLCL)) =+ 2
SVDSK = FAB - SVFGR
ARVFSK = ((SUFSK X XNROW - 1) + USVFSK) =+ XNROW
where
FAB = ((HCL + SEP) - D) + (2 X HCL)

SVFGR as defined in section A.
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Beam radiation incident on ground between collec-
tor rows which reaches collector aperture as
diffuse (DFBBC)
DFBBC = VFB1l X HBSLFL X ALB X ((XNROW - 1) + XNROW)
1. If ground between collector rows shaded by row
in front.
If (ALT) < THETA6, GRUS = 0.
If (v - SLCL) > ALT > THETA®6
ANGLE2

ZENAZ + % - SLCL

ANGLE3 m™ - ANGLE2 - ALF

GRUS = SEP - HCL X (Sin(ANGLE2))

+ (sin(ANGLE3))
If ALT = - SLCL
GRUS = SEP
VFBl = (HCL + GRUS - CC) + (2 X HCL)
where

cc = (acL? + GRUSZ - (2 X (HCL)
X (GRUS) X cos(r - ALF)))*
2. 1If ground between rows shaded by row behind
If ANGLE15 > ALT > (m - SLCL)

where: ANGLE1lS5 = 7 - ARCTAN (NAl5 : DAlS)
NAL1S

1l

sin(SLCL) X HCL
+ (TAN(SLFLD) X SEPCL)
DA15

(cos(SLCL) X HCL + SEPCL
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VFBl = ((SEP + EE) - (BB + S)) *+ (2 X HCL)
If ALT > ANGLELS

VFB1 = 0.0

where,

™

ANGL11 ABS (ZENAZ) - 7 - SLCL

ANGL12 m - SLCL - SLFLD

ANGL13 = SLFLD + (2 X SLCL) + % - ABS (ZENAZ)
EE = HCL X sin(ANGL12) + sin(ANGL13)
S = HCL X sin(ANGL1l) : sin(ANGL13)

D. Diffuse radiation incident on the ground between
collector rows which reaches the collector as
diffuse (DFDBC).

DFDBC = ((VFDl) X (VFD2) X (HDHOR) X (ALB)
X (XNROW - 1) + XNROW
1. View factor from ground between collector
rows to sky.
VFDL = (BB + D + (2 X HCL)) * (2 X SEP)
2. View factor from collector aperture to ground
between collector rows.
VFD2 = (HCL + SEP - BB) : (2 X HCL)

Beam shading of collector array.

If ALT > (v - SLCL) FCLBIN = 0.0

If (r - SLCL) > ALT > THETA6, FCLBIN = 1.0

If ALT < THETAG
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HB = SEP X ((SIN(ALT + SLFLD)) + SIN(THETA2)
and THETA2 = ¢ - ALF - (SLFLD + ALT)
If (HB > HCL), FCLBIN = 1.0

If (HB < HCL), FCLBIN 1 - (WIDCL X XL1) = A

where
A = HH X WIDCL
HH = HCL X cos(SLCL)
XLl = HS x cos(SLCL)

HS = HCL - HB
FHBIN = (1 + (FCLBIN X (XNROW - 1)) XNROW
Combined beam and diffuse radiation flux on collector
array
In HT1S = HD1S + INHBIS
where,
HD1S = HDHOR X ARVFSK + HTHOR X ARVFG X ALB
+ DFBBC + DFDBC
INHB1S = HB1 X FHBIN



APPENDIX B

TRNSYS Subroutine Listings

- Variable Volume Pump

- Variable Volume Tank

- Tempering Valve for Flow Out of Variable Volume Tank

- Load Profile Sequencer

- Low Temperature Night Storage Bypass Valve Controller

- Oscar Mayer Perry Plant System Specific Temperature
and Flow Rate Dependent Waste Heat Recovery System

- General Cascaded Waste Heat Recovery Loop

- Collector Array Shading
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SURRODUTINE TYPE29(TIMEsXIN»OUTsTsDTRTsFARsINFO)
C THIS SUBROUTINE MODELS A VARIABLE VOLUME PUMP WHICH
C MODULATES A FLOW STREAM THROUGH ONE OR MORE HEAT
C EXCHANGERS T0 PRODUCE THE QESTRED UDUTLET TEMPERATURE

DIKENSION FARC(A) s XIN(E)sOUT(4)INFO(10)

REAL MINsNOUTsMUMIN, NDMAX

IFCINFO(7) .B6T. ~1) GO TO 5

ouUT(1) = 95.0

OUT(2) = MDNIN + RELHM

auT(3) 1.0

ouT(4) 1.0

S CONTINUE

NI = &

NP = 6

ND = 0

INFO(6) = 4

INFO(9) 1

CALL TYPECK(1sINFOsNIsNPsND)
C SET PARANEIERS

N ou

H n

it

"

NSTK1 = INT(PAR(1) + 0.1)
NSTK2 = INT(PAR(2) + 0.1)
MDMIN = PAR(3)

MDMAX = PAR(4)

DELM = PAR(D)

DTHP = PAR(S)

C READ INPUTS
TIN = XIN(1)
MIN = XIN(2)

TOUT =XIN(3)
MOUT = XIN(4)
TSET = XIN(5) + DTMP
XI = XIN(&)
TINLST = OUT(1)
FOR ITERATION -1 GO TO S0 WITH INNITAIL VALUES FOR OUTFUTS
IFCINFO(7) JEQ. -1) GO TO 50
CHECK FOR ON CONTROL FUNCTION
IF (XI .LT. 0.,001) GO TO 10
C CHECK FOR TO MANY ITERATIONS
IF (INFOC7) .BT. NSTK1) GO TO 40
C FOR FIRST NST1K 2 ITERATIONS SET MROT .GT. MDMIN
C EITHER EQUAL TO MDMINDELM OR MDOT FROM PREVIOUS
C TIME STEP
IF (INFO(?7) .GT. NSTK2) GO 7O 7
MOUT = HDMIN + DELM
BETA = (MOUT)/MDMAX
GAMMA = BETA
GO TO 50
7 CONTINUE
IF(TOUT .LT. TINLST) GO 70 10

a3 O



GO 10 20
C NO FLOW (MDOT .LT. MDMIN)
10 CONTINUE
MOUT = 0.0
BETA = 0.0
GAMMA = 0.0
GO TO S0
C MAXIMUM FLOW (MDOT .GE. MRMAX)
15 CONTINUE
GAMMA = 1.0
MOUT = NOMAX
BETA = 1.0
GO 70 50
20 CONTINUE
C USE COLLECTOR T-IN AND T-OUT FROK FREVIOUS ITERATION
TEST = TSET - 0.1
IF(TINLST .GE. TEST) GO TO 15
GAMMA = (TOUT - TINLST) / (TSET - TINLST)
MOUT = MOUT x GAMNMA
IF(NOUT BT, HOMAX) HOUT
IF(MOUT .LT. MDMIN) HOUT
BETA = NOUT/MDNAX
G0 10 S50
C FIX OUTPUTS AFTER ISTIK ITERATIONS
40 CONTINUE

HE ]

KDHAX
0.0

TIN = OUT(1)
MOUT = 0UT(2)
RETA = OUT(3)

GAlNA = OUT(4)
50 CONTINUE

ouT(1) = TIN
ouT(2)= NOUT
OuUT(3) = BETA
ouUT(4) = GANMA
RETURN

END

e
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SUBROUTINE TYPE32(TIMEsXIN;OUTsTsDTDT:PAR INFO)

C THIS SUBROUTINE MODELS A VARIABLE VOLUNE TANK WHICH

C HAS

C SET

UPPER AND LOWER VOLUME LIMITS
DIMENSION PAR(11),XIN(A)»0QUT(17)sINFO(10)
REAL MINsMOUTsLHTAV,MFINsHAVsMFSTyHZERO
COMMON/SIN/TIMEOs TFINALSDELT
DRELTA = DELT

DATA TUNE/10000.0/
IF(INFO(7),6T7.-1) GO T0 10

NI = 4

NP = 11

ND = 0

CALL TYPECK(1,INFOsRIsNFsND)
PARAMETERS

VoL = PAR(1)

DIA = PAR(2)

UW = PAR(3)

ulr = PAR(4)

VMIN = PAR(3)

UNAX = PAR(S)

CP = PAR(7)

DEN = PAR(8)

THMAINS = PAR(Y)

TFST = PAR(10)

MFST = PAR(11)

nn

C PRELIMINARY TANK L0OSS CALCULATIONS

C SET

10

C SETV

13

AEND = (3.1416¥(RIAXX2,0))/4.0

HEIGHT = YOL/AEND

CIRC = 3.1416 ¥ DIA

T-ZERD AND M-ZERO FOR DELTA-E CALCULATION
TZERG = TFST

MZERO = WFST

CONTINUE

IFCINFO(7) JNE. 0 ) GO TOD 15

T INITIAL AND M INTTIAL
TFST = OUT(10)

C READ INPUTS

LEVEL = 0
MFST = OUT(11)
CONTINUE

TIN = XIN(1)
MIN = XIN(2)
MOUT = XIN(3)
TAMR = XIN(4)
QRUNP = 0.0

C CHECK FOR MAXIMUM OR MINIMUW LIQUID VOLUNE

VFTEST = (MFSTH(DELTAX(MIN-HOUT)))/REN
IF(VFTEST .LT. VMAX) GO TO 17
QDUNP = MIN * CP ¥ (TIN - THAINS)

100
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MIN = 0.0
LEVEL = 1
60 TQ 20
17 IF(VFTEST .67, VMIN) GO TO 20
MOUT = 0.0
LEVEL = -1
20 CONTINUE
C CALCULATE FINAL AND AVERAGE FOR TANK FLUIDN MASS AND VOLUKE
MFIN = NFST +RELTAXK(MIN-MOUT)
MAV = (MFSTHMFIN)/2.0
VOLFIN = MFIN/DEN
VOLAV = MAVU/DEN
LHTAV = VOLAV/AEND
C CALCULATE AVERAGE TANK UA RASED ON DRY AREA AND WETTED AREA
UAW = UKW ¥ (AEND4CIRC ¥ LHTAV)
UAD = UD x (AEND + CIRC ¥ (HEIGHT - LHTAV))
UA = UAW + UAD
C CHECK FOR MIN = MOUT
CHECK = ARS(MIN-NOUT)
XXTEST = (MIN t+ UA/CP)/TUNE
IF(CHECK LT, XXTEST) GO 7O 75
C CHECK FOR NO FLOW
IF(MIN LT, 0.001 ,AND, MOUT ,LT. 0.001) GO TO 75
C EQUATIUONS FOR FLOW CONDITION
S50 CONTINUE

B = HIN + UA/CP
C = MIN - MOUT
D = MIN ¥ TIN + (UA/CP) X% TAHER

CC = VFST-D/R
DB = (1+(CEDELTA)/MFST)XX(-R/C)
TFIN = CC¥RDIR/R
AA = (TFST-D/R)/(C-R)
RR = (1+(CRXDELTA)/NFSTI*¥(1-B/C)
TAV = AAX(MFST/DELTA)X(BR-1.0) + I/E
60 TO 150
75 CONTINUE
C EQUATIONS FOR MIN = MOUT CONDRITION

B = MIN + UA/CP

D = MIN XTIN + (UA/CP) ¥ TAME
6 = -B/NFST

H = 1.0/(RELTAX(-R))

Al = 0 - BETFST
E = Al % EXP(DELTAYG)
TFIN = (E-D)/(-R)
TAV =Hk((E-A1)/G)+D/ER
60 7O 150
150 CONTINUE
DE = CPX((TFIN-THAINS)XMFIN - (VTZERO-THMAINS)%MZERO)
DM = MFIN - MZERO
QTKIN = CPEXMINE(TIN-TMAINS)



C SET

ve

QTKOUT = CPXMOUTX(TAV-THAINS)

ETKAV = CPXMAVE(TAV-THAINS)
QLOSS = UAX(TAY - TAMR)
MFIN = MFIN
OuUTRPUTS

ouT(1) = TAV
ouT(2) = MOUT
QUT(3) = MIN
oUT(4) = QDUNMP
ouT(5) = QLOSS
ouT(8) = RE
0uUT(7) = LEVEL
ouT(8) = IFST
ouUT(9) = MFST
ouUT(10) = TFIN
oUT(11) = HFIN
ouT(12) = DELTA
OUT(13) = VUFTEST
ouUT(14) = QTKIN
ouT(15) = QTKOUT
ouUT(16) = ETKAV
OUT(17) = DM
RETURN

END

i,
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SURROUTINE TYPE34(TIMEsXINsOUTsToRTRTsFARYINFO)
THIS SUBROUTINE MODELS A TEMPERING VALYE WHICH
MODULATES HOT AND COLD FLOW STREAMS S0 THAY
TSET IS NOT EXCEEDED AND THE QENAND FLOW RATE IS DRELIVERED
DIKENSION PAR(2)sX1INC(7)s0DUT(7) s INFO(10)
REAL MHsMC,MLD:NOUT
IFCINFO(7) .GY. -1) GO TO 10

NI = 7
NP = 2
ND = 0

CALL TYPECK(1sINFOsNIsNFsNIN)
10 CONTINUE
SET PARAMETERS
NSTIK = INT(PAR(1) + 0.1)
MMM = INT(PAR(2) + 0.1)
READ INPUTS

TH = XIN(1)
MH = XIN(2)
TC = XIN(3)
MC = XIN(4)
TSET = XIN(3)
MLO = XIN(&)
XL = XIN(Z)

IF N STICK EXCEEDED FIX MH AND MC
IFCINFO(7) LY., NSTIK) GO TO 15

TH = TH
MH = MH
TC = TC
MC = MC
MOUT = NH + MC

TOUT = (THXHH +TCXMC)/MOUT

GANMA = MH/HKLD

GO 70 50
15 CONTINUE
I8 HOT SOURCE AVAILARLE 7

IF(XL LT. -0.3) GO TO 33

IF (MLD .B6T., 1.0) GO TO 25

TOUT = TH

MOUT = MLD

MH = MLD

MC = 0.0

GO TO S0
25 CONTINUE
ARE ROTH SOURCES ABOVE TSET 7

IF(TH .GE, TSET .AND. TC .GE, TSET) GO TO 45
IS ONE SOURCE AROVE TSET 7

IF(TH +GT. TSET .OR., ¥C .GT. FSET) GO TO 40
IS COLD SOURCE ARDVE TSET 7

IF(TC .GE, TH) GO TO 35



FLOW OUT ALL FROM HOT SOURCE

30 CONTINUE
TOUT = TH
MOUT = HLD
TH = TH
MH = MLD
7€ = TC
MC = 0.0
GAMMA = 1.0
GO T0 50

FLOW OUT ALL FROM COLD SOURCE

35 CONTINUE
MH = 0.0
MC = NLD
MOUT = MC
TOUT = TC
GAMNA = 0.0
G0 TO 350

FLOW OUT MIXED FROM HOT AND COLD SOURCES

40 CONTINUE
TEST = ABS(TH-TC)
IF(TEST .LT. 1.0)

GO T0 45

GANMA = (TSET-TC)/(TH-TD)

MH = GAMMA ¥ HLD
MC = MLD - MH
MOUT = HH + MC

TOUT = (THXMH + TC¥MC)/(MOUT)

60 10 50

BOTH SOURCES AROVE TSET

45 CONTINUE
MODE 1y ALL FLOW FROM
IF(MMN .EQ. 1) GO
MODE 2s ALL FLOW FROM
IF(NNN .EQ, 2) GO
IF (MMM .EQ, 4) GO
NODE X, ALL FLOYW FROM
IF(TH .LE. TC) GO

GO 10 35
MODE 4s ALL FLOW FROM

47 CONTINUE

IF(TH .GE. TC) GO
60 10 35

50 CONTINUE
ouT(1) = TOUT
ouUT(2) = MOUT
ouT(3) = TH
DUT(4) = MH
ouT(5) = TC
OUT(6) = MC
QUT(7) = GANMA

HOT SOURCE

TO 30

CoLn SOURCE

T0 35

TO 47

LOWER TEMPERATURE SOURCE
10 30

HIGHER TEMPERATURE SOURCE

10 30
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RETURN
END
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SUBRROUTINE TYPE3O(STIMEsXINsOUY»TsDTRT:PARsINFO)

THIS SUBROUTINE SELECTS SPECIFIER DAILY LOAR FROFILES

FOR EACH DAY OF THE MEEK PROFILES ARE SPECIFIED FOR

FLOW RATEs INLET TEMPERATUREs AND SET TEMPERATURE

IF S0 DESIRED EACH DAY OF THE WEEK CAN HAYE DRIFFERENT LOAR PROFILES
ANY ONE OF THREE SETS OF LOAD PROFILES CAN ALSO ERE

FOR ANY DAY OF THE YEAR

DIMENSION XIN(30)s0UT(9)sFAR(S0)»INFO(10)
IFCINFOC?7) LB6T. ~1) GO TQ S
NI = INFO(3)
N = 9
NP = INFO(4)
CALL TYPECK(1,INFOsNIsNFPs0)
5 CONTINUE
IF(XIN(1) .GE. 0.0) GO 70 7
TIME = STINME
G0 T0 9
7 CONTINUE
TIKE = XIN(1)
? CONTINUE

CALCULATE: DAY OF THE YEARs WEEK OF THE YEAR» DAY OF NEEK

BTIKE = TIME + 0.01
NDAYYR = (BTIME / 24.0) + 1.0
NWKYR = RTIME / 148.0

NDAYWK = NDAYYR - (NWKYR % 7)
IF(NP .LT. 8) GO TO 40

I§ IT A NON STANDARD DAY 1

NR1 = INT(PAR(B) + 0.1)

NPROF = INT(PAR(9) + 0.1)

NFARAM = 9

DO 20 J=1,ND1

NPARAM = NPARAM + 1

LD1 = INT(PAR(NPARAN) + 0,1)

IF (LD1 .EQ@. NDAYYR) GO TO 90
20 CONTINUE

NTESTZ = 8 + 2 + NII

IF(NP LT. NYEST2) GO TO 90

IS IT A NON STANDARD DAY 2
ND2 = INT(PAR(NTEST2) + 0.1)

NPARAM = NTEST2 + 1
NPROF = INT(PAR(HPARAM) + 0.1)
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DO 30 J=1,ND2
NPARAM = NPARAN + 1
LD2 = INT(PAR(NPARAN) + 0.1)
IF (LD2 .EQ. NDAYYR) GO TO 90
30 CONTINUE
NTEST3 = NTEST2 + 2 + ND2
IF(NP .LT. NIEST3) GO TO 90
c
C I8 IT A NON STANDARR DAY 3
c
ND3 = INT(PAR(NTEST3) + 0.1}
NPARAK = NTEST3 + 1
NPROF = INT(PAR(NFARAM) + 0.1)
DO 40 J=1,NM03
NPARAM = NPARAM + 1
LD3 = INT(PAR(NPARAN) + 0.1)
IF (LD3 .EQ. NDIAYYR) 60 TO %0
40 CONTIMUE
NPROF = INT(PAR(NDAYNK) + 0.1)
90 CONTINUE

c
C SET ODUTPUTS TO APPROPRIATE DAY OF WEEK PROFILES
c
NTS = (NFROF % 3) + 1
NMD = NTS + 1
NTD = NTS + 2
100 CONTINMUE
c
C SET OUTPUTS
c
QuUT(1) = XIR(NIS)
ouUT(2) = XINCNKD)
BUT(3) = XIN(NTID
ouT(4) = NTS
oUT(3) = NMD
ouT(8) = NTD
oUT(7) = NDAYWK
QUT(8) = NDAYYR
OUT(9) = NWKYR
RETURN

END

ve



SURROUTINE TYPE23(TIHEsXINsOUVsT»DRTRTsPARsINFO)

C THIS SUBROUTIME MODELS A LOW TENPERATURE BYPASS AROUND

C THE

C SET

S

STORAGE TANK

DIMENSION PAR(S)sXIN(S) 0UT(B)sINFO(10)
REAL MOUTIRASMDPOTHLISET
IFCINFO(7) BT, 0.0) GO TO 40
IFCINFOC?7) 53T, -1) GO 70 5
NI = &

NP = 6

ND =0

INFO(S) = 8

CALL TYPECK(1sINFOsNIsNFPsHIN)
PARAME TERS

PARAMETERS 1:25355 ARE NOT REING USED

LTSET = PAR(1)
HHTSET = PAR(2)
TTEST = PAR(3)

RTEST = PAR(4)

FLTEST = PAR(S)
ITERAT = PAR(6)
CONTINUE

C READ INPUTS
C INPUT 4 IS NOT BEING USED

TOUTDA
MOUTOA = XIN(2)
TSETDA = XIN(3)
MDPOT = XIN(4)
RAD = XIN(S)

TNKTHP = XIN(S)

XINCL)

C INITIALIZE TEST VALUES TO O

cC 10

IFCINFO(7) .GT. 0.0) GO TO 10
ITOUT = 0

ITSET = 0

IRAR = 0

IFLOW = 0

I1=0

IRF = 0

CONTINUE

C TEST VALUES OF VARIARLES

C LOuW

30

IF(TOUTDA .LE. TSETDA) ITOUT = 1
IF(RAD .LT. RTEST) IRAD = 1

I = ITOUT®IRAD

SET TEMPERATURE

IF(I .EQ. 0) GO TO 30

TSET = TSEVDA

IVALVE = 1

GO TO 40

CONTINUE

TSET = TNKTHP
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C SETY

e

40

IVALVE =
QUTPUTS
CONTINUE
ouT (1) =
ouT¢(2)
ouT(3)
ouT(4)
our(s)
ouT (&)
ouT(?)
ouT(s)
RETURN
END

H o0 ooonouw on o

0

TSET
IVALVE
ITOUT
ITSET
IRAD
IFLOW
IRF

I
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SURROUTINE TYPE3B(TIMEsXIN>OUT:TsDTDYVsPARs INFO)
C THIS SURDUTINE MODELS A TEMPERATURE SENSITIVE SOQURCE
C SUPPLYING ENERGY 70 A HEAT EXCHANGER

DIMENSION PAR(8),XIN(4)s0UT(4)sINFO(10)

REAL HCIN»MDATAsMDMIN

IFCINFO(7) .67, -1) 6O TO S

NI = 4
NP = 8
ND = 0
INFO(8) = 6

CALL TYPECK(1»INFOsNIsNPsNI)
C SET PARAMETERS

Al = PAR(1)
A2 = PAR(2)
Bl = PAR(3)
B2 = PAR(4)
Ci = PAR(S)
€2 = PAR(S)

THAX = PAR(7)
MDMIN = PAR(8)
S CONTINUE
C READ INPUTS
TCIN = XIN(1)
MCIN = XIN(2)
QDATA = XIN(3)
KDATA = XIN(4)
C CHECK FOR NO FLOW
IF(MCIN .LT. 0.001) GO TO 20
IF (KDATA .LT. 0.001) GO TO 20
C CALCULATE G-WHR
IF(MCIN .GT. MDMIN) GO TO 7
IF(HDATA BT, MDHIN) GO TO 7
FEF = 1.0
GO 10 15
7 CONTINUE
C CALCULATE F-EFFECTIVENESS
X = MCIN/MDATA
IF(X +GT. 1.%) G0 7O 10
FEF = A1 ¥ X + A2
GO TO 15
10 CONTINUE
FEF = Bl % X + R2
15 CONTINUE
C CALCULATE F-DELTA T
IF(TCIN .GT. 55.0) GO TO 17
FOT = 1.0
GO 70 18
17 CONTINUE
FDT = EXP(CIX(TCIN-C2))
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18 CONVINUE
C CALCULATE @
@ = ODATARXFEFXFRT
TCOUT = TCIN + @ / MCIN
IF(TCOUT .GT. THAX) TCOUT = THAX
GO 10 30
C NO FLOW CONDITION
20 CONTINUE
TCOUT = TCIN
MCIN = NCIN
Q= 0.0
FEF = 0.0
FDT = 0.0
C SET OQUTPUTS
30 CONTINUE

ouT(1) = TCOUT
ouUT(2) = MCIN
ouT(3) = @
ouT(4) = FEF
ouT(S) = FIT
oUT(6) = ADATA
RETURN

ENIt

ve
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SURRDUTINE TYPEJO(TIMEsXIMsOUTsTsNTNTsFARsINF()

THIS SURROUTIME SIMULATES A WASTE HEAY RECOVERY SYSTEM HADE UF OF
N SENSTBLE HEAT EXCHANGERS CONNECTED EN A SERIES LOOF WHICH
INCLUDES A COMSTANT VOLUME PUMF WITH AN ON-OFF PUNF CONTROLLER,

THE FIRST HEAT EXCHANGER DESCRIRED IS THE *"MAIN® HEAYV EXCHANGER
WHICH TRANSFERS VHE ENERGY COLLECTED RY THE WHR LOOFP 70 ANOTHER
FLOW STREAM.

EACH HEAT EXCHANGER IN THE LOOF IS SIMULATER IN THE ORDER SPECIFIED
USING VHE HEAT EXCHANGER MODEL SPECIFIEDR RY THE HONE FARANETER,
HODES 1s253: AND 4 SIGNIFY PARALLEL, COUNTERFLOWs CROSE FLOWs AHD
COMSTANT EFFECTIVENESS HOBELS RESPECTIVELY. FOR MOQOE 4, THE HEAT
EXCHAMGER EFFECTIVENESS MUST RE SUPFLIER AS A PARAMETER.

VARIAERLE MNAMES

UA - OVERALL TRANSFER COEFF PER UNMIT TEMF DIFFERENCE
CFH - SPECIFIC HEAT OF HOT SIDE FLUID

CFrC - SPECIFIC HFAT OF COLD' SIDE FLUXD

THI = HOT SINE [NLET TEMP

FLWH - HOT SIDE FLOW RATE

TCI - COLD SINE INLET TENF

FLWC - COLD SIDE FLOW RATE

IF GREATER THAN 0.,0» THIS IS THE MINJHUM DELTA-T EBETWEEMN

FHI ANQ TCT FOR HX OPERATIGN. GFELOW THIS VALUE THE HX IS
EYPASSED OR THE FUMP IN THE SECONDARY LOCF IS TURMED OFF.

- IF LESS THAN 0,05 HX IS ALWAYS IN OFERATIUN,

DTHIN

LOOF PARAMETER NAMES -
NHX - NUMRER OF HX IN LOOFP

WHEFLW - ON MASS FLOW RATE IN WHR LOOF
CPUHR - SPECTFIC HEAT OF FLUID IN WHR LOOP
HSTIK - HMAXIMUM MUMEER OF ITERATIONS TO CALCULATE T-WHR IHTO
HATN HX MIVHIN THE ERRIOL, REFORE THIS TEKFERATURE IT STUCK
ERRTOL - ACCEFTARLE DIFFERENCE BRETWEEM VALUES OF T-KHR IHTO
PRIMARY HX CALCILATEDR FOR SUCCESSIVE ITERATIONS
‘ {( THE USE OF 0,01 IS THE KECOMMEMDIEDR )
OUTPUT - BRIEF OUTFUT IF GREATER THAN 9.0 '

- DETAILED OUYPUT IF LESS THAN 0.0

1.OOF CONTROL VARIARLE MAMES : .

STUCK1 - INDICATES THAT NSTICK IVERATIONS HAS REEN EXCEEDED AMD FOR
5 AURITIONAL TTERATIONS THE CONVROLLED SECOUNDARY HX'S

. ARE ALLOWED TO TURN OFF QOMLY

STUCK?2 - INQICATES THAT VYHE S ADDITIONAL ITERATIONS AFTER STUCK1
FAILED TC PRODUCE COHVERGENCE AND FOR 2 ANDYITICHAL

ITERATIONS THE MAIN HX'S CHECKED TO SEE IF [T SHOULD BE

. TURNED QFF
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% 1
DIXFNSION XIM(24),FAR(S4),0UT(20)»INFO(10) 3

DINEMSTON XVHOO12) s XFLUH(12 s XTCOI2) » XFLUWCCLI2) s XAT(12)
SXEFF(12) s XFUMF(12)

INTEGER CONIRL

COMMON /STORE/ MSTORE»IAV»S(200)

COMNON /SIK/ TINMSO,TIMEFsGELT g 4

IF (INFO(7).CE.G) GO TO 1

KERKRRRRR KRR R KKK KRR KKKk kkkk START ¥ FIRST CALL INYTIALYZAYION

FIRST CALL OF SINULATION
INFD(6)=20
INFO(5)=0
INFO(10) = 4
NHX = IFIX(FAR(1) + .1)
NI = MHX % 2
NF = NHX % 5 + & e
CALL TYPECK(1sINFOsMIsNFs0) g
DO 300 INX=1;NHX *
NNFAR = 7 + (IHX - 1) % 4
MOUE=IFIX(PAR(NNFAR)$.1)
IF (HODE.GE.1,AND,HODE,LE.4) GO Y0 300
CALL TYPECK(4;INFDs0s050)
RETURN ;
300 CONTINUE
INITIALIZE XTHO(1)
OUT(1) = XIN(1)
INITIALIZE ERROR COUNTERS
ISTURE = INFO(10) -1

S(1STORE+L) = 0.0
SCISTORE+2) = 0.0
S(ISTORE+3) = 0.0
S(ISTORE+4) = 0.0

¥Rk ook ook ooRnokk k- END X FIRST CALL INITIALYZATYON

1 CONTINUE

oo oo ok ook ek kR START % SYMULAYION ERROR COUNTERS

ISTORE = INFO(10) -1
COUNT NUNEER OF TINES NSTIK WAS EXCFFREDR AMIU NUKKER
OF TINES THE CONVERGENCE DRITERIA UAS NOT NET
IF(INFO(7)  EQ.0,AND, SCLISTORE+1) ,GT,0,5)S(ISTORE+S) =8 (ISTOREFE)+1,
IFCINFICZ) ,ED, 0 ANDLSCTSTORES2) \6T.0,5)S(TSTORE+4) =S (ISTOREHA) #1.
INITIALIZE ERROR CONES ON EACH CALL
SCISTORE+L) = 0.0
SCISTORE+2) = 0.0 _
WRITE NUMRER OF TIMES NSTIK WAS EXCEENED AND MUMEER
OF TIMES THE CONVERGENCE CRITERIA 4AS NOT NET
TLTEST=VINEF-(DELT/2,0) "
IF(TIHE LT, TLTEST) GO 70 590
IFCINFO(?) JNE, 0) GO TO 590
IF(XITFRE LT, 0,05 AND, ERFRAC ,LT. 0.05) 60 TO 590
YNSTEF = (TIMEF - TINEO)/RELT
XITFRC = (SCISTORE+3)/XNSTEP)¥100,0

non
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ERFRAC = (S(ISTORE+4)/XNSTEF)%100.0 e 114

URITE(%,520)
WRITF{%,330)
WRITE(X%,540)S(ISTORE43) s XITFRC
HRIVE (3350} .
WRITE(X»S60)S(ISTORE+4)ERFRAC - A
520 FORMAT(/0’s ‘WASTE HEAT RECOVERY SUEBROUTINE ERROR SUHHARY')
530 FORMAT(’0’, NUMRER OF TIHES NSTICK WAS EXCEELNED DN’
57 FINAL CALL OF TINE STEP’)
S40 FORMAT(/0’s'N = 7»1FE11.35’ FERCENT OF TIHME STEFS = 7,F&6.3)
S50 FORMAT(Y ‘» NUMRER OF TIHES CONVERGENCE CRITERIA WAS NOT HET ',
57 OH FIMAL CALL OF TIME &TEF’)
560 FORMAT(Y “»'N = ‘31FE1L1. 3.7 PERCENT OF TIME STEFS = ‘3F4.3)
FEERRRRRROREOOO0DDOOCOOORORR KRRk END % SIMULATION ERROR COUNT
390 CONTINUE
Y****#******#***X****X******#***t#*###* START % UHR LODF kv iikiy
SET WHR LOOF PARAMEIERS
NHX = IFIX(FAR(1)4.1)
WHRFLKR = PAR(D)
CPWHR = FAR{(3)
NSTIK = IFIX(FAR(4)+.1)
ERRTOL PAR(S)
QUTFUT FARLS) 4 Ll
IMITIALIZE HOT SIDE OUTLET CONDITIONS OF HX(1)
ON EACH CALL OF SURROUTINE
XTHDC(1) = QUT(1)
XFLYMH(1) = WHRFLY
YPUHP(1) = 1,0
CHECK FOR XFLUWC(1) = 0.0
YFLUC (L)Y = XIN(2)
IF(XFLWC(1)Y .LE. 0.0) XFLWH(1) = 0.0
INITIALIZE CONTRULS AS NOT sSTUCK
STUCKY = 0.0
STUCK2 = 0.0
INITIALIZE ITERATION COUNTER AND COMVERGENCE 1EST TEWF.
2 CONTINUE
TILAST = XTHO(1)
ITER = 0
REGIMN EACH ITERATION THROQUGH WHR LOOP WYXTH HX2
3 CONVINUE
IHX = 1
LEER = ' LTER '3
SET INFUTS AND FARAMETERS FOR HX(2) THROUGH HX(N)
4 CONTINUE
IHYX = IHX + 1 g
IF(STUCKI JLT. 0.5) XFUMF(IHX) = 1.0
SET HX PARAMETERS FOR HX(N)
NHFAR = & + (IHX-1) % 5
HOUE=IFIX(FAR(NNFAR + 1)+.:1)
UA=FAR(NNFAR + 2)

I
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CPH=FAR(NNFAR + 3) al 115
CFC=CRUHR
CONTRL = IFIX((FAR(NNFAR + 4)) + 0.1)
DTHIN=FAR(NNEAR + 5)
SET HX INFUTS .
NNXIN = (IHX - 1) % 2 5
SET HOT SINE INLET CONOITIONS FOR HX(2) THRU HX(N)
THI = XIN(NNXIN + 1)
FLUH = XIN(NNXIN + 2)
SET COLL SIDE INLET CONDITIONS FOR HX(2)
IFCIHX .6T, 2) 60 10 S
TCI = XTHO(1)
FLUC = XFLWH(1)
GO 10 &
SET COLD SIDE INLET CONNITIONS FOR HX(3) THROUGH HX(M)
S CONTINUE
. TEY = XECOCIHX-1)
FLWE = YFLWC(IHX-1)
6 CONTINUE
TEST FUR HX BYPASS
IF(CONTRL .EQ@. 1) GO TO 8
AFTER NSTICK ITERATIONS CONTROLLER HX’S ONLY ALLOWED TO
TURN OFF
TF(YFUMP(IHX) LT, 0.5 .AND. STUCKI .6T. 0.5) G T8 o8
IF(CONTRL LE@, 2) DELTAT = (IHI - FCI)
IF(CONTRL .EQ@. 3) DELYAT = (ICI - THI)
IF(DFLTAT .8, DTHIN) GO 10 8 -
XFUNF(IHX) = 0,0
80 TO 98
T
REGINING OF HX HONEL
KEREE R KRR R KRR KRR KRR kR R Kk Ok kKRR LK L 0 KRk
8 CONTINUE
SET FARAMETERS ANM INPUTS FRIOR 10 EMTERING HX NODEL
PARAHETER ANG INPUT VAR(ARLE LIST
IF (HODE.EQ.4) EFF=UA
CALCULATE MININUK AND MAXINUKM CAFACITY RATES
CH=CFHEFLHH
CC=CRCEFLUC
CMAX = AMAX1(CCsCH)
CHIN = AMINL(CCsCH)
IF (CMIN ,LE. 0.,) GO 7O 98
IF (NOOE.EQ.4) BO TO 40
MODES 1-3
RAT-CHIN/CHAX L
UC=UAZCHIN
EFF=1,0-EXF (-UC)
IF ((CHIN/CMAX) .LE. 0,01) GO TO 38
GO TH (10520530)s NOOE
FARALLEL FLOW



10 EFF=(1,0-EXF(-UCX(1,04RAT)))/(1,04RAT) W 116
60 TO 38
C  COUNTER FLOW
20 CHECK=AES(1,0-RAT)
IF(CHECK .LT. .01) GD TO 25
EFF=(1,0-EXF({-UC¥(1,0-RAT)))/(1,0-RATLEXF(-UCK(1,0-RAT)))
GO T 38 g '
25  EFF=UC/(UC+1.0) '
GO TN 38
C  CROSSFLOWs HOT SIDE UNMIXED
30 GANe1,0-EXF(-UCKRAT)
EFF=1,0-EXF(-CGAM/RAT)
IF(CHAX E@, CH) G0 TO 38
GAN=1.0-EXF (-UC)
EFF =(1,0-EXF (~GAHKRAT) ) /RAT y
38 THO=THI-EFFX(CMIN/CH)X(THI-TCI) :
TCO=EFFX(CHIN/CE) % (THI-TCT) +TCI A
OT=EFFXCMIN&(THI-TCI)
. GO In 88 ‘
C  NODE 4
40  QHAX=CHINX(THI-TCI)
QT=EFF¥GMAYX

THO=THI-QT/CH
TCO=TCI4AT/CC

C " SET DUTPUTS -~

t THO-OUTLET TEMP OM HOT SIDEs, TCO-QUTLET TEHF OW COLD SINE, QT-TOTAL
C INSTANTANEQUS ENERGY TRANSFER ACROSS EXCHANGERs EFF-EFFECTIVENESSE
88 XTHROIHX)=THO

XFLWH(IHX)=FLUWH
XTCO(IHX)=TCO
XFLUC(THX)=FLUC
XAT(IHX) =0T
XEFF(IHX)=EFF
GO TO 400
MINIMUM CAFACITY RATE 18 .LE. 0.
XTHOCIHX )= THI
XFLWHC(IHX) =FLUWH
XTCOCIHX) =T0]
XFLWC(IHX)=FLUWC
XQT(IHX)=0.0
XEFF(IHX)=0.0 ;
(HIR $2 2222232232222 4002 2328200002208 0000 330400003220 00 e E4e
C ENO OF HX MOUEL :
(HIR SR 0222222232322 0¢0 3082220000 bR R 00333320800 ¢80
400 CONTINUE . il
IF(IHX +EQ. 1) GD TOQ 105
IFCIHX LT, NHX) GO TO 4
C SET UF IMFUTS AND FARAMETERS FOR HX(1)
IHX = 1
HONE = IFIX(FAR(&+1)+.1)

O
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UA = PAR(6+2) 117

CFH = CFWHR
CPC = PAR(&43)
CONTRL = IFIX({(FAR(NNPAR + 4)) + 0.1)
DTHIN = PAR(SES) :
INFUTS A
THI=XTCO(MHY) ol
FLUH=XFLWC (NHX)
TC1=XIN(1)
FLUC=XIN(2)
G0 TO 8
105 CONTINUE
TEST FOR CONVERGENCE OF LOOF AND MAXIUMUN NUKEER OF ITERATIONS
TEST = ABSC T1LAST - XTHO(1) )
TILAST = XTHO(1) .
IFCITER 6T, NSTIK) GO TO 99
IF(TEST .CT. ERRTOL) 60O TO 3
SHOULD WHR LOOF FUNP BE ON?
100 CONTINUE :
IF(XPUMF(1) LT, 0.5) GO TO 110
IF(CONTRL .£Q, 1) GO TO 110
IF(CONTRL .EQ. 2) DELTAT = XIN(1) - XTCO(MHX)
IFCCONTRL. LEQ, 3) DELTAT = XTCOCNHX) - XIN(1)
IF(DELTAT .GE., DTHIN) GO TO 110
XFLUH(1) = 0,0
XFUKF(1) = 1.0
60 TO 3
99 COMTIMUE
IF(STUCKL .BT, 0.5) GO TO 700
STUCKL = 1,0
NSTICK = NSTICK 4 S
SCISTORE41) = 1,0 d
GO 70 3
700 CONTINUE
IF(STUCK2 .GT. 0.5) GO TO 110
STULKZ = 1,0
NSTIK = NSTIK +
S(ISTORE42) = 1
G0 TO 100
PR RO ROk END & WHR LOOF *EXasnbrisiy
110 CONTINUE
ENERGY RALANCE FOR WHR LOOF
GIN = 0.0
IO 115 IERHX = 2yMHX
QIN = UIN + XOT(IERHX)
115 CONTINUE
ERERR = QIN - XOT(1)
KRRKKE KOO RO KRR KE START & SET OUTFUTS X ¥kfibkkk
SET QUTPUTS
SET OUTFUT FOR PRIMARY HX

#
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C SET
150

160
170

(HIR 222220228232 33 22000222332 ¢00022 820 ¢ 001

*s

QUT(1)=XTHD(1)}

QUT(2)=XFLWH(1)

QUT{3)=XTCNR(1)

OUT(4)=XFLUWC(1)

QUT(S)Y=XAT(L)

QUT(&)=XEFF (1) -
QuUT(?) = ERERR y
ouUT(8) = ITER ’
IF(QUTFUT JLE. 0.0) GO TO 150

IQ 1350 I[0HX=2,NHX

I0 = 7 4+ T0HX

QUTCIO) = XAT(IOHX)

CONTINUE

GO 10 170

DETAILED QUTPUT

CONTINUE

00 140 I0OHX := 2,NHX

NN = (IOHX-2) % 4 + 8
OUT(NN+1)=XTHO(IOHX)
OUT(NN+2)=XFLUH(IOHX)
OUT(NN+3)=XTCO{IOHX)
QUT(NN+A4)=XFLWC(IOHX)
QUT(NN+S)Y=XQT{I0QHX)

QUT(NN+&Y=XEFF (IQHX)

CONTINUE

CONTINUE

FHND
RETURN -

ENDI

118
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SUERQUTINE TYFEZ4(TIME,»XIN»OUT»T»RTITsFARSINFO)
DIMEMSION XINC24)2PAR(S54)s3UT (2002 INFOCLO)

REAL INHE1SsINHT1S
RAD = (2.0 % 3,1414) / 360.0

CHECK MODE

MONE = FAR(1)
IF(HR0E JEQ. 1) GO 1O { ’
IF (MORE .EQ. 2) GO TOQ 500 ’

MODE 1 - FLAT FLATE COLLECTOR ARRAY

1

CONTINUE
IF (INFO(7) .GE., 0) GD TD 5

FIRST CALL OF SIMULATYON

INFR(&)=20

INFO(9)=0

NF = B

NI = 12

CaLlL TYFECK(1,INFOsNIsNFs0)
CONTINUE

FARAMETERS

HCL = PAR(2)

WIRCL = FAR(3)

SLCL = PAR(4)%RAD
SEFCL = FPAR(D)

XNREOW = ABS(FAR(S))
ARZCL = FAR(7) % RAD
SLFLD = PAR(B) % RAD
FCHECK = PAR(S)

- INFUTS

HT1 = XIN(1)
HEL = XIN(2)

HIM = XIN(3)

THETAL = XIN(4) ¥ RAD

BETA1 = XIN(S) % RAD

W o= XIN(&) % RAD

ZEN = XIN(7) % RAD

AZSOL = XIN(3) % RAD

HTHOR = XIN(9)

HOHOR = XIN(10)

HESLFL = XIN(11)

ALE = XIN(12)

IFCINFO(7) JBE, 0,0) GO TO 30

C CHECK FOR QuUI OF RANGE PARAMETERS

6 FORMAT('0" s

7

IF(SLFLIN.GE.0.0 ,AND. SLFLILLE.SLCL ,AND,

SSLFLDLLT.1,530) GO TO 7
WRITE(%s&)

CALL TYPECK(4,INF3sNIs»NFP:0)
CONTINUE

IF(SLCL .GE., 0.0 +AND, SLCL LT, 1.58) GO 10 9

FIELDI SLOFE IS QUT OF KANGE’)
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WRITE(%,8)

8 FORMAT(’0’s’ COLLECTOR SLOFE IS QUT OF RANGE’). 120

CALL TYFPECK(A4:INFO,NIsNF;0)

9 CONTINUE
C CALCULATE COLLECTER VIEW FACTORS OF SKY AN GROUKDR
C UNSHAREDR COLLECTERS

C SHADED COLLECTERS

USUFGR=(1,-COS(SLCL))/2.0 {
USUFSK=(1.4+C0S(SLCL)) /2.0 £

SEF=SEFCL/COS(SLFLD)
N=(SEP¥X2,+HCL*%2, -2 . ¥SEFXHCLXCOS(SLCL-SLFLIN ) %%0.5
THETA1=ACOS{ (SEF¥¥2,+0k%2. -HCLXX2,)/(2,X8EP%N))
IF(SEF LT, 0.001) THETAL = 1B0.0%RAD-SLCL

THETAS = THETAL - SLFLD

#LF = SLCL-SLFLD

XL3 = SEPCL
XL? = EEF ool
XLé = SEFCL - (HCL % COS(SLCL))

Rk = SEPFCL % TAM(SLFLOD) - HCL % SIN(SLCL)

AL = (BEX¥2, + XL&¥¥2.)%%0.5

IF(RR .LE. 0.0) XL& = XL8

SVFGR1 = ((XL&-XLS) + (XL7-XLB)) / (2.%HCL)

BR = (HCLZ¥2.48EP¥X2, - (2, XHCLASEPXCOS (130, XRAN-ALF))) X%, 5
SUFGR2 = (HCL+SEF-RE)/(2,%HCL)

SVGR12 = SVUFGR1 + SVFGR2 '

SVFSK = (((HCL + SEPF) - I') / (2,%HCL)) - SVFGR1

SUFGR = SVUFGRIL

C AVERACE FOR ARRAY

ARVFSK=(SVFSK¥ (XNROW-1.0)+USVFEEK) /XNROUW
ARVFGR=(SVFGRY(CXNREOM-1,0) +USVFGR) /XNROUW

C CALCULATE COLLECTOR AKRAY ANGLES

HH=HCLACOS (SLCL)

88=SEFCL-HH

TSL=ARS(SLFLD-SLCL) i
IF(88 .GE. 0,0 ) GO TO 25

CALL TYPECK(A:THNFOsNIsNFs0)

C ERROR INSUFFICIENT COLLECTOR SEFARATION

rS RO

-
4

g

WRITE(Ks 22
FORMAT(0 7y "ERRORY INSUFICIENT COLLECYOR ROK SEFARATION)

CONTINUE

oute?) = I
QUT(R) = THETAIL
QUT(?) = SVFGR
QUT(10) = SVFSK
QUT(11) = USVFCR

auT(12) = RER
QUT(13)=ALF
OUT(14)=ARVFGR
QUT(IS)=ARVFSK
QUT(14) =HH



QuUT(17)=88

ouUT(19) = SEF 5

QUT(20) = THETAS i
30 CONTINUE

= 0UT(?7)

THETAL = 0UT(8)
RE = DUT(12)

ALF = 0UT(13) L
ARVFCR = 0UT(14) oy
ARVFSK = 0UT(1%)

= QUT(14)
88 = OUT(17)

SEF = 0UT(19)
THETAS = QUT(20)
C CALCULATE YNCIDENT ANGLE IN FLANE OF COLLECTOR AZ2IMUTH
IF (HT1 JLE. 0.0) GO TO 390
IF(ZEN .GE. 1.570) ZEN = 1.370 -
DELAZ = ARS(AZSOL - AZCL) A
SIN1 = COS(DELAZ) % SIN(ZEN) B
CO81 = COB(ZEN) .
IF(COS1 .LT. 0.01 .AND, -SIN1 ,GE. 0.0) GO TOD 40
IFCCOS1 LT, ©.01 ANR, SINU LT, 0.0) 50 TO 41
ZENAZ = ATAN(SIN1/CO0S1)
60 10 50
40 ZENAZ = 90.0%RAD
GO 10 G50
41 CONTINUE
ZENAZ = -90.0%RAD
50 CONTINUE
ALT = P0,0%RAD - ZENAZ
THETAS6 = THETA1 - SLFLD
IF(ALT .6T. 180.,0%RAD-SLCL) GO TO 230
IFC(ALT JGE. THETAS) GO 10 210
C CALCULATE ARRAY REAM IRRADRIATED FRACTION
IF(SLFLDFALT JLE, 0.0) 60 10 55
THETA2 = RADKIBO.0 - ALF - (SLFLI' + ALT)
HE = SEP ¥ ((SIN(ALTHSLFLO))Y / £€IN(THFTA°)))
IF(HR 6T, HCL) GO TO 210
Ga 7O G7
28 CONTINUE
HE=0,0
57 CONTINUE
H8 = HCL - HER
XL2 = ARS(SSKTAN(DIELAZ))
IF(XL2 .GE, WIDCL) GO TO 210
C CHECK FOR SLCL = 90.0 DIEGREES
IF(SLCL JGE, 89.99%RAD) GO TO 200
XL1 = HS % COS(SLCL)
X3 = ARS((SS+XL1)XTAN(RELAZ))
C CALCULATE SHADED COLLECTER FRACTION

121
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A = HH¥WIDCL
IF(XL3 .GE, WIDCL) GO TO 195
AS=(WIDCL=-( (XL34X1.2)/2,0) ) ¥XL1
60 TD 197
195 CONTINUE
ST1 = WINCL-XL2
8§72 = ARS( ST1XTAN(90.,0%RAD-DELAZ)) .
AS = (ST1¥ST2)/2,0 ol
197 CONTINUE '
FCLB=1,0-AS/A
FCLRIN = 1.0 -(WIDCL¥XL1)/A
GO TO 220
200 CONTINUE
A = HH¥UWIOCL
AS = (WIDCL-XLZ)¥XL1
FCLE=1,0-A%/A
FCLEIN = 1,0 - (WIDCL¥XL1)/A
GO TO 220 a7
NO REAM SHADING
210 CONTINUE
" FCLR = 1.0
FCLRIN = 1,0
220 CONTINUE
FHE = (1,0 +FCLE % (XNROW - 1.0)) / XMROW
FHEIN = (1,0 #FCLRIN % (XNROW - 1.0)) / XNKOW
GO TD 240
230 CONTINUE
FHE = 0.0-
FHEIN = 0.0
240 CONTINUE
HE1S :HE1¥FHE
INHE1S=HE1XFHEIN
GO TO 240
240 CONTIMUE
HE1S = HR1
240 CONTINUE
CALCULATE REAM RADIATION REFIECTER TO COLLECTORS FROM GROUND
RETHEEN COLLECTDR ROWS
IF(ALT LT, THETA&) GO TO 270
NA1S = (SIN(SLCL))YRHCL + (TAN(SLFLID)XSEFCL
ALS =(COS(3LCL))IXHCL + SEFCL
ANGL1S = 180.XRAD-ATAN(NA1S/DAL1S)
IF(ALT .GT., ANGL1S) GO TO 274
ANGL14 = 180,0%RAD - SLOL
IF(ALT .GT. ANGL14) GO TO 273
SHADING OF GROUND GETWEEN COLLECTOER RUMS FROM BEAN
RARIATION WHEN ALT .LT. 180 - SLCL
ANGL1 = 180.0%RAQ - 90,0%RAD - SLCL
IF(ALT .GT. 90,0%RAD! 4 AHGLY) GO T 249
ANGL2 = ANGL1 4 ZENAZ
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ANGL3 = 180,0%RAR - ANGL2 - ALF
GRS = HCLE(SINCANGL2))/(SIN(ANGLI)) , by 123
GRUS = SEF - GRS "
60 70 271

269 CONTINUE
GRUS = SEP
60 T0 271 g

270 CONTINUE P
GRS = 0,0 g

271 CONTINUE

CALCULATE VIEW FACTOR HCL TO CGRUS
CC = (HCL¥%2,0+GRUS¥%2,0-2,0XHCL.XGRUSKCOS(180,XRAD-ALF))I%%X.5
UFEL = (HCL+GRUS-CC)/(2.0%HCL)
80 10 275

273 CONTINUE : <

SHAREING OF GROUMD RETWEEN COLECTOR ROWS FROM REAN
RADIATION WHEN ALT .67, 180 - SLCL -

ANGL10 = 1RO XRAD-90,.¥XRAD-SLCL -
ANGL1t = ABS(ZENAZ)-ANGL1O '
ANGLI2 = 180 ¥RAD-SLCL+SLFLD

ANGL13 = 180.%RAR-ANGLIT-ANGL12

EE=HCLYXSIN(ANGLIZ2)/EIN(ANGL13)
8 = HCL¥SINCANGL11)/5INCANGLL3)
UFR1 = {(SEF+EE)-(RR48))/(2,0%HCL)
IF(S WGT. SEP) VUFR1=0,0 '
IF(UFRL .LT. 0.0) VFR1=0.0
Go 10 278
274 CONTINUE
VFRLl = 0.0
275 CONTINUE
DFREC = (VFERI¥HBRSLFLYALRY (XHROW-1.0))/XNROW
CALCULATE DRIFFUSE RADIAVION REFLECTER TQ COLLECTOR SURFACE
FROM CROUND BETWEEM COLLECTORS
CALCULATE VIEW FACTOR SEF TO SKY
VFDl = (REB4D-(2.0%HCL)) /(2. 0%SEF)
. CALCULATE VIEM FACTOR HCL VO 3EF
VFN2 = (HCL+SEF-RR)/(2.0%HCL)
DFOBRC = (VFDIRYFD2FHDHORYAL BX(XNRON-1.0))/XNROU
HGREBCL = DFBRC 4+ DFDERC
QUT(18) = HGRRCL
CALCULATE ARRAY DRIFFUSE IRRARIATEDL FRACTION
HI'1s = HOHORXARVFSK + HTHORYARVFGR¥ALE + HGRECL
CALCULATE HT ON SHARED ARRAY
HT1S=HN18+HR1S
INHT15=HI1 S+ INHR1S
GO TQ 400
300 CONTINUE
QuT (1)
puT(2)
QUT (R}

XINCL)
XINC2)
XINCZ)

W n
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QUT(4) = XIN(1)
OUT(S) = XIN(2) 4
QUT(6) = XIN(3) -
RETURN

400 CONTINUE
QUT(1) = HI18
QUT(2) = HR1S Whar
OUT(3) = HDLS P
OUT(4) = INHT1S i
OUT(S) = INHE1S

QuT(é) = HIS
IF(PCHECK .LT. 0.0) GO TO B804
WRITE(%:800) _
80O FORMAT('0/s’- HH o+ 88 » DELAZ » COS1 » SIN1 s ZENAZ
WRITE(Xs¥)HHSS» DELAZSC0ST,3INT» ZENAZ

WRITE(Xs801)

801 FORMAT(’0’»’ ALT »THETA2 s HE s HS s XL27)
WRITE (ks X)ALT»THETARsHRIHS XL 2 L
WRITE(%,802) il

BOZ FORMAT( Oy’ XL1 » XL o+ A » A8 » 8117}
WRYTVE(Xs¥)XL1s XL 35A1AS,8T1
WRITE(%»803)

803 FORMAT(’0"s’ ST2 FCLR s FCLEIN » FHR s FHRIN %)
WRITE (ks ¥)IST25FCLBFCLRINSFHRSFHRIN
WRITE(%,804) '

B804 FORMAT(’0’»’ CC VFR1 DFRRC VFDIi VFR2 DFRRC HGRECL’)
WRITELYTICCsUFRL s DFREBCYF UL UFD2, DFDRC S HGRRCL
WRITE(XsB8035)

805 FORMAT(’0’s’ ANGL10 AMGL11 ANGL12 ANGL13 ANGL14 EE S %)
WRITE(RsX)ANGLAC» ANGLI1sANGL12s ANGL13ANGLT1ASEESS

806 CONMTINUE
RETURN

500 CONTINUE

MODE 2 - LINEAR CONCEMTRATING COLLECTOR ARRAY
IF (INFOC(ZY .GE, 0) GO TO 510

FARAMETER DEFINITIONS

ASFLI! = SLOFE OF CONCENTRATOR AXIS OF ROTATION
AZFLD = AZINUTH OF CONCENTRATOR AXIS

WIDCL = WITH OF CONCENTRATGR AFPERTURE

XNROW = NUMBER OF ROWS OF CONCENTRATOKS IN ARRAYU

IMPUT DEFINITIONS

HR1 = UNSHADED REAM RADIATIOMN FALLING OMN AFPERTURE
THETAL1 = SLOPE OF AFPERTURE SURFACE

AZSOL = SOLAR AZIMUTH

DUTFUT DEFIMITIONS

HE18= SHADED REAM RADIATION FALLIMNG ON ARRAY AFFERTURE
FUSARR = FRACTIGM OF UNSHAQELD ARRAY APFERTURE AREA
COSETA = COSINF OF PSEUDC INCIDENCE ANGLE

124
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XNSEF = SEFARATION OF AXIES PROJECTER [NTO PLANE OF APPERTURE
FIRST CALL OF SIHULATION /)
INFO(4)=5 -
INFO(9)=0
NP = 7
NI = 3
CALL TYPECK(1sINFOsNIsNF0) ;
RAD = (2,0 % 3.1414) / 3560.0 i
510 CONTIMUE :
SET PARAMETERS
SLFLI = PAR(2) % RAD
AZFLD = FAR(3) ¥ RAD
MODEAX = INT(FAR(4) + 0.1)
SEPAYX = FAR(S)
WIDCL = PAR(4)

XNROW = PAR(7) ¢
SET INFUTS i
HE1 = XIN(1)

THETAL = XIN(2) ¥ RAD
AZSOL = XIMN(3)

CHECK FOR NO RADIATION .
IF(HR1 .GT. 0.00001) GO TO 520
HE1S = HR1
FUSARR = 1,0
XIHR1S = HEl
YIFUSs = 1,0
COSETA = 1.0
XNGEF = SEFAX
GO T 530

520 CONTINUE
CHECK FOR AXIS NODE
IF(HODEAX JNE, 1) GO T0O 524
SLAX = SLFLD
AZAX = AZFLD
GG TO 528
524 CONTIMUE
IF (HOREAX JME. 2) GO 70 526

SLAX = 0.0 _
AZAYX = AZFLD - 0.7854
GO T 528

226 CONTINUE
CALL TYFPECK(AsINFOsNIsNFs0)
WRITE(y527)

527 FORMAT(/0‘s/ERROR?! NONEXISTANT MOIE SFECIFIED’)
GO 10 550

928 CONTINUE

CALCULATE SHARING it
IF(8LAX .GT. 1,56 .AND, SLAX ,LT, 1,5R) GO T0 S30
COSETA = COS(THETAL1) / COS(SLAX)
GO TO 54¢
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540

COSETA = (OS(AZSOL-AZAX)
CONT INUE

C CHECK FOR AXIS MODE

C FOR

re

IF (MOREAX JEQ. 2) COSETA = COSETA - COS(SLFLID
ETA GREATER THAM 90 DEGREES SET ETA = Y0 UOEGREES
IF(COSETA L7+ 0.,0) CDSETA = 0.0

XNSEP = COSEVA % SEPAX i

A = WIDCL - XNSEF p
SFRAC = A / WIOCL ’

IF(SFRAC .LE. 0.0) SFRAC = 0.0

IF(SFRAC .GE. 1.0) SFRAC = 1.0

FUSARR = (1,0+(XNROW-1.0)%(1,0-5FRAC))/XNROUW
HR1S = HRIYFUSARR

XIFUSAa = 1,0 - SFRAC

XIHR1S = XIFUEA % HE1

CONTINUE

QUTFUTS .

QUT(1) = HRIS A
ouT(2) = FUSARR '
QUT(3) = COSETA

QUT(4) = XNSEF

uT(a) = 4

QuUT(s8) = SFRAC

QUT(7) = 8BLAX

ouT(8) = AZAX

ouUT(9) =HER1

QUT(10) = THETAL

QUT(11) = AZSOL

QuUT(12) = NHOOE

QUTC13) = BLFLD

QUT(14) = AZFLD

0uT(15) = MORIEAX

OUT(16) = SEFAX

QUT(17) = WIRCL T

QUT(18) = XNROUW

pUT(19) = XIHRIS

QuT(20) = XIFUSA

RETURN ‘

END
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APPENDIX C
TRNSYS DECKS

I. Solar System Evaluation

- Variable volume tank system with the solar heat
exchanger after the waste heat recovery heat
exchanger in series

- Constant volume tank system with collector array
shading

II. Waste Heat Recovery Only System Evaluation
- Existing system

- Modified system 1



1233382338333 322 23333833 ¢882224
X

X OSCAR MAYER SIMULATION STUDY
3

% LINEAR CONCENYRATING COLLECTO
¥ SERIES SYSTEM,SOLAR HX BEFORE

KREXXEXRKEXRRREREKK

WHR HX [N SERIES

¥ COMBINED STORAGE FOR SOLAR SYSTEM ANI' WHRS

b E3 322233233223 32233333 333333233
SIMULATION 1.0 8760.0 0.25

TOL -1 -1

LIN 25 40 23

CONSTANTS 48

X COLLECTOR

b
¥
¥
RS ¥
4
4
¥

FEEXXXRERKZRRKRAKK

LAT = 41,3 SHF = -5.9 SER = 24.0

BCL = 41.56 LCL = 0.90 CAZ = -1000.0 SLOPE = 0.0
ACL = 40320.0 / SER MCL = 1131.0 ¥ DCL

HCL = DCL % 1131.0 / 14,0 DOR = HCL RNIC = 20.0 SET = 1853.0
x PIPING

% --8 = SUPPLYy --R = RETURM

¥ LA~ = OUISIDE

¥ LB = BURRIED

¥ LR = INSIDE

LAS = 940.0 LAR = 220.0 LR = 280.0

LBR = 430.0

UAS = LAS X 0.21 UAR = LAR % 0,21 URM = LRK % 0.21
UBR = LBR % 0,21

CAP = CCL % DCL ¥ 0.0513 + 0.83

XCAP = 0.0

CAS = LAS %X CAP CAR = LAR % CAP CRH = LRHK X CAF

CBR = LBR % CAP

¥KPUNF TO TANK

MTP = 200000.0 TTF = 0.0 DMP = 80000.0 LTF = 5.0

X TANK

SVL. = 15775.0 DTK = 62.4 CTK = 1.0

DA = 21,0 VZIF = 137.0

¥ HEAT EXCHANGER

MHX = 2.0 ¥ MCL

X GENERAL

TRM = 60,0 TZA = 32,0 S8STK =5 8KC = 1 TII = 0,0 ITF = 0,
DPT = 0,5 SIP = 0.0 FTP = 24,0 S8P = -1 PIF = 24,0 THS = O
UNIT 1 TYPE 9 LOAD DATA REALER

PARAMETER 4

1019 4

(F10,4,6(1PE11,3)/3(1PE11,3))

UNIT 2 TYPE ? DATA READER

PAR 13

311 0.08811 0.0 2 0.08811 0.0 3 0.18 32.0 -3 5

(T205F4.,05125:F4,05730:F4,0)
¥(T175F2,05T20:F4.0,T31sF5.1)

3
9.0
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UNIT 3 TYPE 16 RADIATION PROCESSOR
PARAMETERS 6

5 1 LAT 428, SHF -1

INPUTS 7

292 251 2519 2520 050 050 050

0.0 0.0 1.0 2.0 .2 SLOPE CAZ

UNIT 36 TYPE 15 RUMMY LOAD SELFCTOR
PAR 18

0 -40-40-40-40-490-40-40-40-4
INPUTS 9

192 153 154 155 196 157 158 159 1:10
0.0 0.0 0,0 0,0 0.0 0.0 0.0 0.0 0.0
UNIT 37 TYPE 15 CHANGE L.OAR GFM TO LRM. PER HR
PAR 8

000 '1 8»34 1 ‘1 6000 1 -4

INPUIS 1 '

3692

0,0

UNIT 39 TYPE 15 @ WASTE HEAT RECOVERY
PAR 13

0048 -131 -4 -14 -12 4 -13 1 -4
INPUTS 4

3651 090 3751 3653

160,0 TMS 0,0 145.0

UNIT 16 TYPE 14 ANNUAL VARIATION IN T T0 TANK
PAR 40

0,0 150,0 744,00 150.0

744,0 153.0 14146.0 155.0

1416.,0 177,0 2140.,0 177.0

2160,0 184.0 2880.0 184.0

2880,0 192,0 5088.,0 192.0

5088.0 188.0 5832.0 188.0

5832.0 188.,0 6552,0 188.0

6552.,0 177.0 7296.0 177.0

7296,0 165.0 8016.,0 165.0

8016.,0 140.0 8761.0 160.0

¥3624,0 189.0 4344,0 189.0

%4344,0 190.0 5088.0 190.0

UNIT 18 TYPE 23 LOW TEMPERATURE RY PASS
PAR &

115,0 185,0 115,5 0,001 100.0 30
INPUTS &

3698 3791 3653 592 Is7 1691

185,0 1000.0 135.0 1000.0 0,0 145.,0
¥TRACE 2.052,5

UNIT S5 TYPE 29 VVPUNF TO TANK

PAR &

18 O LTP MTP DNFP TTP

INPUTS &

0s0 0,0 751 792 1851 050
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THS 500,00 TRH 500.0 SET 1.0

¥TRACE 135,138

¥x COLLECTOR LDOP PUNP

UNIT 14 TYPE 33 COLLECTOR LOOF PUMP - VARIARLE VOLUME
PAR &

18 ¢ HCL MCL DD DTC

INPUTS 6

22y1 2252 691 692 1851 050

TRM 0.0 TRM 0.0 SET 1,0

XTRACE 135,138

UNIT é TYPE 1 LINEAR CONCENTRATING COLLECTORS
PARANMETERS @

S ACL CCL -10 18 SER 11 19 60.0

INPUTS &

1451 1422 253 397 397 359

TZA 0.0 0.0 0.0 0,0 0.0

UNIT 8 TYPE 12 PRESSURE RELIEF VALVE
PARAMETERS 2

500.,0 CCL

INPUTS 3

691 692 641

TZA 0.0 TZA

UNIT 10 TYPE 31 RETURN PIFE OUTSIDE
PARAMETERS 4

UAR CAR CCL TZA

INPUTS 3

8s1 8+2 2,3

TZA 0.0 VZA

UNIT 24 TYPE 31 RETURN PIFE RURKIED
PARANETERS 4

UBB CRR CCL TZA

INPUTS 3

10s1 1052 050

TZH 0.0 50.0

UNIT 11 TYPE 31 RETURN PIPE INSIIE
PARAMETERS 4

URM CRM CCL TRM

INPUTS 3

2451 2452 040

TRM 0.0 TRM

UNIT 12 TYPE S COLLECTOR HEAT EXCHANGER
PAR 4

4 0,8 CCL CTK

INPUTS 4

1151 1152 S91 552

TRH 0.0 TZT 0.0

*¥TRACE 135,138

UNIT 7 TYFE 38 WHR HX -- TEPERATURE SENSITIVE
PAR 8

0.8 0.2 0,014 1,2218 -0,0048 35,0 2000.0 0.0



INPUTS 4

1243 1254 3951 3
THS 100.0 1000.0
KTRACE 135,138
UNIT 4 TYPE 11 F
PAR 1

2

INFUTS 3

711 752 18,2
185.0 1000.0 0.0
¥TRACE 2.052.5
UN1T 20 TYPE 15
PAR 17

~13 -4 -14 =12 4 8 -4 -12 -12 -14 4 8 -3 -11 -4 4 -4

INPUTS 4
433 444 3453 37
0.0 0.0 143.0 10

UNIT 13 TYPE 2 COLLECTOR LOOP CONTROLLER

PAR 3

SKC 6 3

INPUTS 3

631 050 13,1
TZA SET 0.0
UNIT 21 TYPE 31
PAR 4

URHM CRM CCL TRM
INPUTS 3

1251 1252 050
TRM 0.0 TRM
UNIT 25 TYPE 31
PARAMETERS 4
URR CEB CCL TZA
INPUTS 3

2151 2152 0+0
TiA 0.0 50,0
UNIY 22 TYPE 31
PAR 4

UAS CAS CCL TZA
INPUTS 3

2551 2592 23
TZA 0.0 1ZA
UNIT 26 TYPE 15
PAR 12
00033 -4
00033 -4
INFUTS &

1054 2444 2554 1
0,0 0.0 0,0 0,0

UNIT 23 TYPE 15 ADD PIPE DELTA E AND' L.OSSES

PAR 29

751
100.0

L.UW RIVERTER

1
00.0

SUPPLY FPIPE INSIDE

RETURN PIPE BURRIED

SUPPLY PIFE OUTSIDE

ADD PIFE LOSSES

0s3 2453 25,3
0.0 0.0
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333 -4
333 -4
68 -17

LR =]
MO O
WO O
U= ]

1 b 8 -18 3 33 ~-19 1 -4
INPUTS ¢

2631 1154 2154 2254 2692 1153 2153 2253 1351
0,0 0.0 0.0 0.0 0.0 0,0 0,0 0.0 0.0
UNIT 17 TYPE 32 VV TANK

PAR 12 ’

SVUL DIA 0.0945 00,0945 668.0

15099.0 CTK DYK THS SET 434800.,0 10000.0
INFPUTS 4

451 42 1954 243

TMS 100.0 100.0 TZA

XTRACE 135,138

UNIT 19 TYFE 34 TEMPERING VALVE

PAR 2

ig 1

INPUTS 7

1751 1792 050 1996 3693 2092 1757
TZT 1.0 THS 1.0 1.0 1,0 1.0

*TRACE 135,138

UNIT 34 TYPE 11 MIXING T-PIECE

PAR 1

i

INPUTS 4

2034 2055 1951 1992

145.0 1000.0 100.0 100.0

¥TRACE 2.052.,5

UNIT 46 TYPE 13 AUXILIARY STEAM HEAT + AV TEMFS + QU S

PAR 39
0048-131 -4

-14 -1 0,001 9 -15 1 -4 -16 -14 -1 0,001 9 i -4 -17
-18 3 -19 3 -4 -14 -1 0.001 9 -20 1 -4 -14 -1 0,001 % -4

INPUTS 10

3633 3451 3452 1453 2251 Bs1 050 050 0+0 791
0,0 0,0 0.0 0,0 0,0 0,0 0,0 0.0 0.0 0.0
UNIT 1S TYPE 15 PUMF ON TIME 4+ TOUT WHK
PAR 22

-12 -1 0,001 ¢ -3

-13 -1 0,001 9 -3 { -21

-11 -31 1 -4 -14 -31 1 -4 -31 -4

INPUTS 4

7+1 14,3 5,3 12,3

1.0 1,0 1,0 1.0

1333332323233 32332332033333333223323333833334233339

X
¥ RESULTS
X

1339330323833 4 33338333383 332 33330338233 332388%433%

X
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¥ COLLECTOR RESULTS

X

UNIT 47 TYPE 28 COLLECTOR RESULTS

PAR 35

SSP TII 8740.,0 -1

0 -1t ACL -1 SER 1 1 -3

0.0 -3 -7 2 -4

-13 -4 -14 -4 -135 -4

-16 ~14 2 -4 ~-17 -14 2 -4 -18 -4 -19 -4

INPUTS ¢

336 693 B33 4656 1215 4692 4653 2393 15,2
LABELS 10

HTAC QU COLEFF QROIL CLPUMP QHX TAVCLI TAVCLO
OFFLOS HRFLOW

UNIT 9 TYPE 27 COLLECTOR TEMPERATURE HISTOCRAMS
PAR 36

1 -1 -10.,0 8760.,0

50.0 250.0 20 50,0 510.0 23 50.0 250,0 20 0.0 1.0 20
0.0 1,0 20 50,0 250,0 20 0.0 900000.0 24

50,0 250.0 20 0,0 1,0 20 50,0 250.0 20 -5
INPUTS 10

4692 4693 1751 1453 593 451 17511 1553 553 453
TINCL TCLOUT TTANK HMDCLX CHMOCLX TINTNK MASINK
CTICLX MDWHR TRIVER

UNIT 35 TYPE 27 COLLECTOR TEMPERATURE HISTOGRAMS
FAR 34

1 8760.0 8760,0 0.0 8740.0

50,0 250.,0 20 S50.0 $10.0 23 50.0 250.0 20 0.0 1.0 20
0.0 1.0 20 50.0 250,00 20 0.0 200000,0 24

50.0 250.0 20 0.0 1.0 20 50.0 250.0 20 -5
INPUTS 10

4632 4633 1751 1493 593 451 17911 1553 553 453
TINCL TCLUOUT TTANK HMDCLX CMRCLX TINTNK MASINK
CTICLX MDWHR TRIVER

b 3

¥ PIPING LOSSES

X

UNIT 48 TYFE 28 FIPING LOSSES

PAR 28

SSF TII B87460.0 -1
0-30-30-30-30-30-3333%373 -4

0 -40-40 -4

INPUTS ¢

1053 2453 1153 2143 25+3 22,3 3791 3951 392
LABELS 10

RFPOLOS RPRLOS RPILOS SFILOS SFELOS SFOLOS TOTLOS
MLD QUHNTS aLD

3

¥ TANK RESULTS

3
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UNIT 49 TYPE 28 TANK RESULTS
PAR 27

§SP TII 8760 -1 3
0-40-40-4 0-40-40-4
-17 -4 -18 -2 2 -4

-19 -4 -20 -4

INPUTS 10

2392 17+6 17517 17515 1755 17514 1754 1751 17+3 1742
LABELS 10

DEF DETK DMTNK QOUT QLOSS QIN QDUMF TAVIKH MASSIN MASSOUT
CHECK 0,10 6 -2 -4 -5

CHECK 0.10 ¢ -10 -3

¥XXXX TYPE 25 PRINTER

¥PAR 4

¥0.,25 134,0 140.0 -5

¥INPUTS 10

kS»1 592 553 554 751 792 1251 1252 1293 1244
XTEMPP MASSP

XRETA GAMMA TXWHR MXWHR CLXTH CLYXMH CLX7C CLXMC
XXXXX TYPE 25 PRIMIER

¥PAR 4

%1 0.0 1468,0 -5

¥INPUTS 10

¥i8s1 18,2 18,3 1854 18,5 18s6 18,7 188

%1751 17,2

XTSET IVALVE ITOUT ITSET IRAD 1FLOW IRF I

XTOUTIK MOUITK

*KINPUTS 10

¥1791 1752 1793 1734 1795 1796 1797 1798 1759 17510
¥TAY MOUT NIN ODUMNP QLOSS DE LEVEL TFST MFST IFIN
KUNIT 38 TYPE 25 PRINTER

¥PAR 4
%1 0.0 168.0 -5
¥INPUTS 10

¥1253 1254 451 492 453 454 36538 371 2051 20,2
XTOUTHX MOUVHX TTOTK MTOTK TRYF MBYP TLO NLD
XTLDEFF MLDEFF

XUNIT 48 TYPE 23 PRINTER

¥PAR 4
¥1 0.0 168.0 -5
XINPUTS 10

36353 3751 453 454 1995 1956 1953 1954 3451 34,2
¥TLD NLD TRY MBY TCLQ MCLD THOT MHOT TTOLD MTOLD
KINPUTS &

17511 17512 1713 17514 17515 17516

¥MFIN DELTA YFTEST QTKIN QTKOUT ETKAV

XUNIT 17TYPE 25 PRINTER

¥PAR 4

1 0.0 168,0 -5

¥INPUTS 9



1921 19592 193 1954 1945 19:6 1957 X623 3751
XTOUT MOUT TH MH TC MC GaAMMS TSET MLD
KUNIT 17X TYPE 25 FRINTER

*PAR 4

¥1 $040.0 5712,0 -5

LINPUTS 7

k1593 1245 3951 753 4651 336 693

XTTANK OHX GWHR QROTLT QAUX HTAC QU
KUNIT 32 TYPE 26 PLOTTER

¥PAR 4

¥1 5040.0 5374.0 -5

XINPUTS S

¥1553 12,5 39:1 753 4651

¥TTANK GHX QWHR QROILT QAUX

X

¥ LOAR RESULTS

3

UNIT 50 TYPE 28 LOAD RESULTS

PAR 36

SSF TII 8760 -1

0-30-330-33 -3 ~-22-11-322 -4 -12 -32 2 -4
-13 -32 2 -4

-14 -16 2 -4 -15 ~-16 2 -4 -17 -4

INPUYS 7

4651 1295 793 1593 1554 15535 397

LABELS 10

QAUX QSOL QWHR QLOADR AUXFRC SOLFRC WHRFRC ZTCXIN
ZTXCOT HTREAM

XUNIT 45 TYPE 28 RESULTS

¥PAR 24

XSSP TII 8760 -1

X0 -4 0 -4 0 -40-40-40-22 -4

¥0 -4 0 -4 0 -4 ) -4

¥INPUTS 10

3751 1954 1996 2095 1792 252 1294 202 3452 20,3
¥LARELS 10

¥MLD HOTMLD CLDMLD WRMMLR TKHOTH HGLORE
¥NWHRCL MLDEFF MTOLD MEXCES

¥CHECK 0,10 1 -5 -3 -4

¥CHECK 0,02 2 -5

END

1
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433833833 330333 3338330334383 232332332033383833 8334

OSCAR MAYER SIMULATION STURY

SYSTEM CUTANK E-W AXIS

LINEAR CONCENTRATING COLLECTORS

COMBRINER STORAGE FOR SOLAR SYSTEN AND WHRS
TEMPERATURE SENSITIVE WHR + RYPASS

PLUS COLLECTOR ARRAY SHADING

1323330373033 3 8333033333033 84202322 8230222423334
STNULATIOM 1,0 8760.0 0,125

TOL -1 -.1
LI 40 50 39
CONSTANTS 44

% COLLECTOR
LAT = 41,3 SHF = 0,0 SER =

DCL = 61.56 CCL = 0.90 CAZ = 90.0 SLOFE = 0.0
ACL = 40320,0 / SER MCL = 1131.,0 % DCL

MODEAX = 1.0 SEPAX = 20,0 WIDCL = 7.4 XNROW = 16
¥ FIPING

X --5 = SUPFLYs --R = RETURM

¥ LA- = QUISIRE

I I I I I I 6
W I W I W I I %

+0 SE 24

¥ Lk = BURRIED

¥ LR = INSIDE

LAS = 940.0 LAR = 220.0 LRN = 280.0

LBRR = 430,0

UAS = LAS % 0.21 UAR = LAR % 0,21 URM = LRH % 0.21
UBR = LBR % 0,21

CAP = CCL % DCL % 0,0513 + 0.83

KCAP = 0.0

CAS = LAS x CAP CAR = LAK % CAF CRM = LRM % CAF
CBR = LBR X CAF

X TANK

SVL = 15775.0 DTK = 62.4 CTK = 1.0

SHT = 45,53 1IT = 137.0

¥ HEAT EXCHANGER

HHX = 2,0 x NCL

¥ GENERAL

TRM = 60,0 71ZA = 32,0 STK = 5 SKC = 1 TII
DPT = 0,5 SIF = 0.0 FITP = 24,0 SSP = -1 PTF
UNIT 1 TYPE 9 LOAD DATA REARER

PARANETER 4

10194

(F10.4;6(1PE11.3)/3(1PE11.3))

UNIT 2 TYPE ? RDATA REALER

PAR 13

311 0,.,08811 0,0 2 0,08811 0,0 3 0.18 32.0
(T20,F4,0:T255F4,0,130,F4,0)
¥(T17:F2.,0:T205F4.05T315F5.1)

UNIT 3 TYPE 16 RADIATION PRUCESSOR

0.0 TP = 0.5
24,0 THS = 55.0

55
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PARAMETERS 7

S 3 1 LAT 428. SHF -1

INPUTS 7

232 251 2519 2520 050 0:0 050
0.0 0.0 1.0 2,0 .2 SLOPE CAZ
UNIT 30 TYPE 34 SHADE

PAR 7

2 SLOPE CAZ MOREAY SEPAX WIRCL XNROW

INPUTS 3

337 3510 3,3

0.0 0.0 0.0

UNIT 36 TYPE 15 DIUMMY LOAR SELECTOR

PAR 18

0 ~40-40-40-40-40-40-40-40-4
INPUYS 9

192 153 154 195 1+6 157 158 159 1510

0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0

UNIT 37 TYPE 15 CHANGE LOADR GFM TO LEM., FER HR
PAR 8

0.0 -1 8,34 1 -1 60,0 1 -4

INPUTS 1

3622

0.0

UNIT 39 TYPE 15 @ WASTE HEAT RECOVERY

FAR 13

00 48-131-4-14 -12 4 -13 1 -4

INPUTS 4

3651 050 3721 3653

160,00 THS 0.0 145.0

UNIT 5 TYPE 11 MIXING VALVE

PAR 2

S48

INPUTS 4

050 3751 15,3 34,3

THS 0.0 TZT 145.0

UNIT 4 TYPE 33 WHR HX -- TEPERATURE SENS1TIVE
PAR 8

0.8 0.2 0,014 1.2218 -0,0048 55.0 2000.0 0.0
INPUTS 4

Syl 592 3921 3751

THS 100.0 1000,0 100.0

UNXT 6 TYPE 1 LINEAR CONCENTRATING COLLECTORS
PARAMETERS 9

S ACL CCL -10 18 SER 11 19 40

INPUTS 6

2251 2292 293 3051 30921 3,59

TZA 0,0 0.0 0.0 0.0 0.0

UNIT 8 TYPE 13 PRESSURE RELIEF VALVE
PARAMETERS 2

500.0 CCL
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INPUTS 3

631 692 691

TZ4 0.0 TZA

UNIT 10 TYPE 31 RETURN PIFE OQUTSIDE
PARAMETERS 4

UAR CAR CCL TZA

INPUTS 3

8s1 852 2,3

TZ8 0.0 TZA

UNIT 24 TYPE 31 RETURN FIPE RURRIED
PARAMETERS 4

UEBB CRR CCL TZA

INPUTS 3

1051 1042 050

TZA 0.0 50,0

UNIT 11 TYPE 31 RETURN PIPE INSIDE
PARAMETERS 4

URM CRM CCL TRM

INPUTS 3

2451 24,2 0590

TRM 0,0 TRHM

UNIT 12 TYPE 5 COLLECTOR HEAT EXCHANGER
FAR 4

4 0,8 CCL CTK

INPUTS 4

1151 1152 1951 192

TRH 0.0 TZT 0.0

UNIT 13 TYPE 2 COLLECTOR LOOP CONTROLLER

PAR 3

SKC 15 5

INPUTS 3

651 1591 1351

TZA TZT 0.0

UNIT 14 TYPE 3 COLLECTOR LOOP PUMF
PAR 1

MCL

INPUTS 3

12:1 1252 13,1

TRH 0.0 0.0

UNIT 21 TYPE 31 SUPPLY FPIPE INSIDE
PAR 4

URHK CRKM CCL TRM

INPUTS 3

1451 1452 050

TRN 0.0 TRM

UNIT 25 TYPE 31 RETURN FIPE RURRIEDR
PARAMETERS 4

URR CBR CCL TZA

INPUTS 3

2151 2152 050



TZA 0.0 50.0

UNIT 22 TYPE 31 SUPPLY PIFE OUISIDE
PAR 4

UAaS CAS CCL TZA

INPUTS 3

2351 25,2 2,3

TZA 0.0 TZA

UNIT 26 TYPE 15 ADRD PIPE LOSKSES
PAR 12

00033 -4

000331 -4

INPUTS 6

1054 2494 2594 10,3 2453 25,3
0.0 0.0 0.0 0,0 0.0 0,0

UNXT 23 TYPE 15 ADD PIPE DELTA E ANI! LOSSES

PAR 29
000 3 -4

3 -4

-17 8 -18 333 -19 1 -4
INPUTS 9

2651 1194 2154 2254 2652 1153 2153 2253 1351

0.0 0.0 0,0 0,0 0.0 0.0 0.0 0.0 0.0
UNIT 17 TYPE 2 YANK LOOP CONYROLLER
PAR 3

STK 3.0 1,0

INPUTS 3

1151 151 1751

TZA TZT 0.0

UNIT 19 TYFE 3 TANK LOOP FUHMF

PAR 1

MHX

INPUTS 3

1941 15,2 1751

TZT 0.0 0.0

UN1T 7 TYPE 13 PRESSURE RELIEF VALVE
PARAMETERS 2

212.0 CYK

INPUTS 3

1253 1254 15+3

TZT 0.0 127

UNIT 15 TYPE 37 STORAGE TANK
PARANMEVERS 7

SUL SHT CTK DTK 0.0945 1 T2T

INPUTS S

751 742 4351 452 253

TRM 0.0 THS 0.0 TZA

UNTT 40 TYPE 11 TEMPERING FLOW MIYER
PAR 1

1

INPUTS 4

139
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1553 15954 553 G54

0.0 0,0 0,0 0.0

YUNIT 40 TYPE 25 PRINTER

¥FPAR 4

¥NTP STP FTP -5

XINPUTS 9

¥2451 25,1 26351 2851 2951 3051 3251 I%si 3051
RUKTIN WKNDOT WKTSET STNTIN STMUOT SITSET SNTIN SNMDOT SNTSET
¥UN1T 41 TYPE 25 PRINTER

¥PAR 4

¥NTF STP FTP -5

XINPUTS ¢

¥3hs1 3632 3633 3634 3695 3696 3657 3698 2659
XTIN MOOT TSET NTS NMO NTD NOAYWK NDAYYR NUKYR
kXXXX  TYPE 27 HISTOGRAM FLOTTER

¥PARAMETERS 8

X2 24 24 STP FTH 0 24 24

RINPUTS 3

%3611 3692 3623

¥TIN NDOT TSET

EXXYXX TYFE 27 H1STOGRAM FLOTTER

¥PARANETERS 8

%2 24 24 STP FTH 0 24 24

XINPUIS 9

%2451 2551 2651 2851 2951 3051 3251 3351 30s1
TUKTIN WKNDOT WKTSET SINTIN STMOOT SITSET SNTIN SNMROT SNTYSET
¥TYPE 2 TYPFE 2 HEAT EXCHANGER CONTROLLER
YPARAMETER 3

¥8TK 5 10

¥INPUTS 3

¥1%5,3 36,1 3851

¥0.0 TZT 0,0

UNIT 46 TYPE 15 AUXILIARY STEAM HEAT + AV TEMFS + QUS
PAR 15

00 48-131 -4

-14 =15 1 -4 ~-14 -14 1 -4

INPUTS &

3633 4051 4052 1351 2251 891

0.0 0,0 0,0 0,0 0.0 0.0

UNIT 33 TYPE 15 ADD QU S

PAR 2

0 -4

INPUTS 1

623

0,0

b33t 3 3383333333333 3338080823403 3380033303 8¢3¢%
 d ¥
¥ RESULTS ¥
X %
1333333333383 33333383302 33¢ 332823322248 03 3200833031
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X

¥ COLLECTOR RESULTS

¥

UNXT 47 TYPE 28 COLLECTOR RESULTS

PAR 35

SSP TII 8760.0 -1

0 -1 ACL -1 SER 1 1 -3

0.0 -3 -7 2 -4

-13 -4 -14 -4 -15 -4 -16 -4

-17 -14 2 -4 ~18 -14 2 -4 -19 -4

INPUTS 9

396 3351 853 1351 1295 1791 44652 4653 2353
LABELS 10

HTAC QU COLEFF QROIL CLFUMP QHX TKPUMF TAVCLI TAVCLO
OFFLAS

UNIT 9 TYPE 27 COLLECTOR TEMPERATURE HISTOGRAMS
PAR 15

1 -1 -10.0 8760.,0

50,0 250.0 20 50.0 510.0 23 50,0 250.0 20 -5
INPUTS 3

4692 4653 1553

TINCL TCLOUT TTANK

UNIT 35 TYPE 27 COLLECTOR TEMPERATURE HISTOGRAMS
PAR 15

1 8760.,0 8760.0 0.0 87460,0

50,0 250.0 20 50,0 10,0 23 50.0 250.0 20 -5
INPUTS 3

4652 A6s3 153

TINCL TCLOUT TTANK

3

¥ PIPING LOSSES

X

UNIT 48 TYPE 28 PIPING LOSSES

PAR 28

8SF TI1 87460.0 -1

0 -30-30-50-30-30-333333%-4

0 -4 0 -40 -4

INPUTS 9

10,3 2453 11,3 21,3 2553 2253 37:1 3951 3952
LABELS 10

RPOLOS RPRLOS RPILOS SPILOS SPRL.OS SFOLOS TOTLOS
MLD QWHNTS QLD

b 4

¥ TANK RESULTS

b 3

UNIT 49 TYPE 28 TANK RESULTS

PAR 33

SSP TII 8760 -1 1

0 -4 0-40-40 -4

~-15 -4 -16 -2 2 -4
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-17 -4 -18 -4 -1% -4

-20 -1 ACL 1 -1 SER 1 -4

INPUTS 10

1597 1556 1595 1295 793 1553 552 1054 3751 30,1
LABELS 10

DETK QOUT QLOSS GHX OBOILT TAVIKH HMASSIN MASSOUT MLD SREAM
CHECK 0,10 4 -1 -2 -% -5

¥UNRIT 34 TYPE 25 PRINTER

*PAR 4

x1 5040,0 5712.0 -5

TINPUTS 7

1593 1295 453 793 4691 356 653

¥TTANK QHX QWHR Q80OILT QAUX HTAC Qu

¥UNIT 33 TYPE 26 PLOTTER

*PAR 4

k1 %040.,0 5376.0 -5

XINPUIS §

¥159s3 1295 39+1 753 4691

XTTANK QHX QWHR QRJILT QAUX

3

¥ LOAD RESULTS

X

UNIT S0 TYPE 28 LOAR RESULTS

PAR 34

sSSP TII 8760 -1

0-30-330-33 -3 -22-11-322 -4 -12 -32 2 -4
-13 -32 2 -4

~-14 -2 2 -4 -15 -2 2 -4 -16 -4

INPUTS &

46351 1596 453 451 751 594

LABELS 10

QALY QTNK QWHR QLOAD AUXFRC THKFRC WHRFRC TAVIN TAVOUT
MDTENP

XUNIT 45 TYPE 28 SYSTEM ENERGY BRALANCE

*¥PAR 21

XSSP TII 8760.0 -1 2

X0 03 -4 0 -40023-40-183 -4 0 -4 0 -4
¥INPUTS 9

%2351 1557 653 8+3 2352 1555 15:6 753
¥LABELS &

¥DETOT QUCL TOTPLS QLOSST QTANK QTRANS
¥CHECK .10 2 -1 -3 -4 -5 -9

ENR

*



SIN 0.0 24.0 1
ToL -.001 -0.001
LIXN 30 10 29
COMSTANTS 10

TIF = 80.0 TON = 0.0 TOF = 24,0 MR = 123513 DT = 1

HFG = 970.3 CPMN = 0.43 15 = 212.0

¥ CONSTANTS FOR RENDERING VAFOR CONDENSER
DY = 91.0 TCA = 117.0

UNIT 5 TYPE 9 CARD READER 1

PAR 19
71-3.,50-410-510-610-712011-1
X

XINPUTS?! 1-DAY»2-HOUR»

¥

¥NH3 DESUPERHEATER

3

XIRPUTS! 3-MDOT NH3»4-TIN NH3s5-TOUT NH3,
KINPUTSE &-TIN H20:7-TOUT H20

X

UNIT 6 TYPE 9 CARD READER 2

PAR 16

6 1.0 ~-3,00,41650-410-3510-612012 -1
X

KINPUTS! 1-DAYs2~HOUR»

X

¥ INEDIBLE RENDERING VAFPOR CONDRENSER

X

XINPUTS: 3-MDOT STEAM TOTALs 4-7T0UT STEAMs» S-TIN H20s &-TOUT H20

X
UNIT 7 TYPE 9 CARD READRER 3
PAR 22

81-32,0460-410-510-610-710-84,10013 -1

:INPUTS 1-DAYs 2- HOUR»

: SINGER EXHAUST ECONOMISER

:INPUTS% 3-MDOT AIRs 4-TIN H20»5-TOUY H20
: SCALDR TUR

:INPUTS! 6-HOURS OF OPERATION

: GLYCOL CONCENTRATOR

:INPUTS: 7-HOURS OF USE

S FRIMARY HEAT EXCHANGER
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kINPUTS: 8-MDOT PROCESS WATER

X

UNIT 8 TYPE 15 CONDENSER MIDTS

PAR 7

0 ~304 -4 -12 -4

INPUTS 2

63 050

0.0 0.0

4

¥ QUTPUTS: 1- MDOY STEAM TOTAL», 2- MDOY STEAM WHR CONDENSER
¥ 3 - NDOT STEAM JET CONDENSER

X

UNJY 12 TYFE 5 HX-1 PRIMARY HX

PAR 4

2 600000,0 1 1

INPUTS 4

2653 2614 050 748

206.0 123513.0 35,0 14085.,0

TRACE 8, %,

UNIT 15 TYPE S HX-2 AMMONIA DESUPERHEATER HX

PAR 4

2 42000.0 CPN 1

INPUTS 4 '

050 553 1251 12,2

220,0 0,0 200.0 MR

UNIT 17 TYPE 3 LOOP PUMP

PAR 1

MI

INPUTS 3

15,3 15,4 0s0

TIF MR 1.0

UNIT 20 TYPE 15 HX3 INENIRLE REDRERING STEAM CONDENSER

PAR 62

-1 0.0 -4
-1 T8 -13
-1 104%5.3
-1 78 -13
~-14 2 -13
-1 18 -13
-4

-15 -31 4
INPUTS S

050 050 1553 1752 653

TS TIF 0.0 0.0 MD

KURIT 23 TYPE S HX-3 INEDIBLE RENDERING CONDRENSATE SURCOOLING
¥PAR 4

¥4 0,81 1

XINPUIS 4

%2051 2052 2053 2054

¥TIF 0.0 TIF MD

-1 .,87 1 -14 -15 -1 1.0 9 1 1
-5 =21

+87 1 -14 -15 -1 1,0 9 1 1
-4 -14 -4

-1 .87 1 -14 -15 -1 1.0 9 1 1

R TOEN
!
[

4
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UNIT 26 TYPE 5 HX~4 HOG SINGER ECONOMIZER
PAR 4
4 .55 0.253 1.0
INPUTS 4
030 793 20+3 2054
700.0 0,0 TIF 0.0
TRACE 8. 9.
UNIT A5 TYPE 28 SIM SUM
PAR 12
BT TUN TOF -1

0 -40-40-40-4
INPUTS 4
1255 1555 205 2655
LABELS 4
Q1 62 Q3 Q4
¥CHECK 0,101 - 2 - 3 - 4
UNIT 44 TYPE 28
PAR 12
DT TON TOFF -1
0 -40 -40-40 -4
INFUTS 4
4935 4953 4957 49,1
LARELS 4
@10 Q2D Q3D @4D
TUNIT 46 VYPE 28 SIM SUM
*FAR 21
DT TON TOF -1 8
¥0 -4 0 -4 0 -4 0 -40 -4
¥0 -4 0 -4 0 -4
XINPUTS 8
%2633 795 1251 556 1593 6355 2053 794
¥LARELS 8

¥TH11 THI1R TCI2 TCI2D TCI3 TCI3D TCI4 TCIAD

FUNIT 47 TYPE 28 SIM SUM
¥PAR 21

XDT TON TOF -1 8
%0 -4 0 -4 0 -4
X0 -4 0 -4 0 -4
RINPUTS 8

¥1251 1223 151 1593 20»1 2053 2651 2653
FLABELS 8

XTHO1 TCO1 THO2 TCO2 THO3 TCO3 THO4 TCO4
UNIT 48 TYPE 28 SIN SUN

PAR 20

DT TON TOF -1
0-40-40-40-40-40-40-40-4
INPUTS 8

1252 1254 1552 15:4 2092 2054 2652 2644
LABELS 8

MH1 MC1 MH2 MC2 MH3 MC3 MH4 MC4

0 -4
0 -4
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UNIT 49 TYPE 15 HX- EFFECTIVENESS CALCULATION

PAR 73

004 -1 M1 -3 -1 64720 -1 700 -12 4 -1 0.0001 3
004 -1 ¥D1 ~-30-1CPNO-144-120,0001311
-11 04 -1 MDD 3 -3 0 -11 -1 55 4 -1 0.,0001 3 1 2

004 -14801-3~1HMD -1 212 -20412 -4

INPUTS 10

735 794 597 Ssb6 593 594 596 748
0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0
UNIT 39 TYPE 25 PRINTER

PAR 4

T JON TOF -1

INPUTS 8

4951 4992 4953 4954 4955 49+6 4957 A9s8

@40 E4D @20 E20 Q10 E10 Q30 E3D

UNIT 43 TYPE 25 DATA READER 1

PAR 4

DT TON TOF -1

INPUTS 10

Ss1 552 553 594 595 Se6 597 1251 1253 1553

DAY HR MNH3I TINH3I TONH3 TIH20 TOH20 SHX1CO0 SHX1HO SHX2CO
UNIT 42 TYPE 25 DATAREANER 2

PAR 4

IT TON TOF -1

INPUTS 10

631 692 613 694 655 656 1521 2053 2653 2651

DAY HR MSIMH TOSTM TIH20 TOH20

SHX2HO SHX3CO SHXACO SHX4HO

UNIT 41 TYPE 25 DATA READER 3

PAR 4

DT TON TOF -1i

INPUTS 8

731 792 733 7354 735 736 737 758

DAY HR MAIR TIH20 TOH20 STYHRS GCHRS MPROC

END

4+

2 -4

1
2 -4
-4



SIM 0.0 24.0 1
TOL -.001 -0.001
LIK 30 10 29

CONSTANTS 10

TIF = 80,0 TON = 0.0 TOF = 24,0 MI = 123513 DT = 1

HFG = 970.3 CPN = 0.63 18 = 212.0

% CONSTANTS FOR RENDERING VAPOR CONDENSER
DTW = 91.0 TCA = 117.0

UNIT 5 TYPE 9 CARD REAIER 1

PAR 19
71-3.50-410-510-610-71011-1
X

XINPUTS? 1-DAYs2~HOUR»

¥

XNH3 DESUPERHEATER

X

XINPUTS?: 3-HDOT NH3s4-TIN NH3,5-TOUT NH3»
XINPUTS? 6-TIN H20,7-TOUT H20

X

UNIT & TYPE 9 CARD READER 2

PAR 16

6 1,0 -3,0 0.,4165 0 -4 10 -510-610 12 -1
X

¥INPUTS?! 1-DAYs2-HOUR»

¥ INEDIBLE RENDERING VAPOR CONRENSER

*

RINPUTS? 3-MDOT STEAM TOTALs 4-TOUT STEAMs» S5-TIN H20»

¥
UNIT 7 TYPE 9 CARD READER 3
PAR 22

81-32,0460-410-510-610-710-84,100 13 -1

:INPUTS 1-DAYs 2~ HOUR»

: SINGER EXHAUST ECONOMISER

:INPUTSS 3-MDOT AIR» 4-T1N H20,5-TOUT H20,
: SCALR TUR

:INPUTS% 6-HOURS OF OPERATION

: GLYCOL CONCENTRATOR

:IHPUTS% 7~-HOURS OF USE

: FRIMARY HEAT EXCHANGER

¥

6=TOUT H20
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¥IKPUTS! 8-MROT FROCESS WATER

X

UNIT 8 TYPE 15 CONDENSER MDOTS
PAR 12

0 -304 -4 -12 -4 -1 MD -13 1 -4
INPUTS 3

63 050 797

0.0 0,0 0.0

3

¥ QUTPUTS! 1- MDOT STEAM TOYALs 2- MDNOY STEAM WHR CONRENSER
X 3 - MDOT STEAM JET CONUBENSER

X

UNIT 12 TYPE 5 HX-1 PRIMARY HX

PAR 4

2 600000,0 1 1

INFUTS 4

2731 2742 050 7.8

206,00 123513.0 55.0 14085.0

TRACE 8, 9.

UNIT 15 TYPE 5 HX-2 AMMOWIA DESUFERHEATER HX
PAR 4

2 42000,0 CPN 1

INPUTS 4

0:0 553 1291 12,2

220,00 0,0 200.0 MR

UNIT 17 TYPE 3 LOOF PUNP

PAR 1

MD

INPUTS 3

15,3 1554 010

TIF 0,0 1.0

UNIT 18 TYPE 11 T-PIECE

PAR 1

1

INPUTS 4

15+3 172 2251 22,2

0.0 0.0 0.0 0,0

UNIT 20 TYPE 15 HX3 INFDRIBLE REDERING STEAM CONDRENSER
PAR 62

-1 0.0 -4

-1 78 -13 4 -1 ,871 -14 -15 -1 1,09 11
-1 10485,3 2 -3 -21

-1 75 -13 4 -1 ,87 1 -14 -15 -1 1,0 9 1 1
-14 2 -13 3 -4 -14 -4

-1 75 -13 4 -1 ,87 1 -14 -15 -1 1.0 ¥ 1 1
-4

-15 -31 4 -4

INPUTS 5

00 050 1851 18,2 653
TS 0,0 TIF 0.0 0.0



149

UNIT 21 TYPE 15 SCALD TUB LOOF PUMP AND DIVERTER
PAR 11

0,0 -4 0,0 -4 -11 -4 0,0 -1 61760 1.0 -4
INPUTS 3

2093 1742 756

0.0 0.0 0,0

UNIT 22 TYPE 5 SCALD TUR HX

PAR 4

4 ,511

INPUTS 4

2153 2154 050 050

0.0 0.0 140,0 150000.,0

UNIT 26 TYPE S HX-4 HOG SINGER ECONOM1ZER
PAR 4

4 (55 0,253 1.0

INPUTS 4

0,0 793 2151 21,2

700.0 0.0 TIF 0.0

UNIT 27 TYPE 5 GLYCOL CONCENTRATOR
PAR 4

4111

INPUTS 4

2653 2654 050 8+4

0.0 0.0 180.,0 MD

UNIT 45 TYPE 28 SIM SUM

PAR 18

RT TON TOF -1

0 -40-40-40-40-30-33 -4
INPUTS 6

1253 1595 2055 2635 2295 2793

LABELS 7

@1 42 @3 Q4 QSCALD QRGLYCL Qs5+a6
CHECK 0,101 - 2 - 3 - 4 + 7

UNIT 44 TYPE 28

PAR 12

DT TON TOFF -1

0 -40-40-490-4

INPUTS 4

4925 4953 497 4951

LABELS 4

Q1D @20 Q3R Q4n

RUNIT 46 TYPE 28 SIN SUM

¥FAR 21

%[0T TON TOF -1 B

¥0 -4 0 -4 0 -4 0 -4 0 -4

X0 -4 0 -4 0 -4

XINPUTS 8

K2693 795 1251 S36 1553 695 2013 754
¥LARELS 8

¥THI1 TH11D TCI2 TCI2D TCI3 TCI3R 1C14 TCIAL



XUNIT 47 TYPE 28 SIM SUM

¥PAR 21

DT TON TOF -1 8

¥0 -4 0 -4 0 -4 0 -4

¥0 -4 0 -4 0 -4 0 -4

$INPUIS 8

%1251 123 1551 1553 20:1 2053 24651 26,3
XLABRELS 8

¥THO1 TCO1 THO2 TCO2 THO3 TCO3 THO4 TCO4
UNIT 48 TYPE 28 SIM SUM

PAR 20

DT TON TOF -1

0 -40-40-40-40-40-40-40-4
INPUTS 8

1292 1294 1552 1594 2052 20+4 2452 24654
LARELS 8

MH1 MC1 MH2 MC2 MH3 MC3 MH4 MC4

UNIT 49 TYPE 15 HX- EFFECTIVENESS CALCULATION
PAR 73

004 -1 MR 1 -3 -1 6470 -1 700 -12 4 -1 0.0001 3 1 2 -4
004 -1M021 -30-1CFNO-1414-120,00013112-4
-11 04 -1 ¥R 1 -30-11-12554-10.,0001312-4

004 -1 MO 1 -3 -1 MDD -1 212 =20 4 1 2 -4
INFUTS 10

795 734 397 596 593 594 596 798 6106 6

0,0 0.0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0

UNIT 39 TYPE 25 PRINTER

PAR 4

DT TON TOF -1

INFUTS 8

4951 4952 4953 4934 4995 4956 4927 4998
Q4D E40 G920 E20 @11 £1D @30 E3D

¥UNIT 43 TYPE 25 DATA REARER 1

*PAR 4

XIOT TON TOF -1

FINPUTS 10

591 592 523 594 595 596 Ss7 1291 1253 15.3

XDAY HR MNH3 TINH3I TONH3 TIH20 TOH20 SHX1HO SHX1CU SHX2CO0

XUHIT 42 TYPE 25 DATAREADER 2

¥PAR 4

DT TON TOF -1

XINPUTS 10

651 692 693 634 635 656 1551 2053 2653 2651
¥DAY HR MSTM TOSTM TIH20 TOH20

¥SHY2HO SHX3CO SHXACO SHX4HO

UNIT 43 TYPE 25

FAR 4

BT TON TOF -1

INPUTS 10

153 1594 1751 1752 18s1 1852 2053 204 21,1 21,2
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T MHX2 T HPUﬁP T MTOUT T NHX3CO T MYLOOF
UNIT 42 TYPE 25

PAR 4
DT TON TOF -21

INPUTS 10 ,

2153 2194 2291 2242 2693 2694 2791 2792 2793 2754

T MYSCLD T MSCLD T MSING TH MHCONC TC MCCONC

UNIT 41 TYPE 25 DATA READER 3

PAR 4

DT TON TOF -1

INPUTS 10

731 792 793 794 795 736 757 738 2253 2751

DAY HR MAXR TIH20 TOH20 STHRS GCHRS MPROC TOSCLD TOGLYC
END

»
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