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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. TFirst 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 caryy 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. Incthis 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 Eransient systems. Using
this program, the model of the system is built up by
spedifying parameters for components from the TRNSYS com-
ponent library and by specifying how these components
are interconnected:. In Fhié 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: protess: 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 librayy were

developed.



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
feduced 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 Sectionw2;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 Waéer (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. aftér 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 systém;

Given these basic system parameters and the exten-
sive waste heat recovery system already in place, the goal
of the amalysis 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 systemswwith 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 subsystém 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 arréy 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 pimpler 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. 1In the second variation, shown in
Figure 2.8, the solar heat exchanger followed the waste
heat recovery heat exchanger in series. 1In 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). 1In 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 ot 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



22

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 conditidhs under 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.
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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 1is
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
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lower estimates of the beam fraction and was used to
“generate the direct mormal 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 pwoduce
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-
eent 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 ft2

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 fypes 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 fior 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.

Uypr = FL x F2 x Q... | Equation 2.1
M
where F1 = 0.8 ﬁ?hr + 0.2 for B < 1.3
base Mfase

M M
H o= 0.014 x 0T 41,2218 for ™ > 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. 1In
Figure 2.14 the ratio of the delivered energy flow to the
base value is plotted as a function of Watér 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; Aﬁnual 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 modifie# (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:

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

(English units, based on aperture area)

The equation for the collector incidence angle modifier

curve 1is:

K = 1+3.81x10 %6%-1.18x107 %3 - 6.85x 107 %"

(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 compohent 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 configutrations
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 type - single axis tracking
parabolic trough collectors

Collector axis slope - horizontal

Collector area - 3746 squamne 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

" Piping
Location, diameter length insulation
in plant 7.6 cm 170 m 1.19 w/m:zC
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
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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
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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 eﬁchanger. 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



50

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 thiére were.no significant

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. TFor 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 resultswith performance data for the existing system.
The simulation model was then used to evaluate the effect

of adding two new energy uses to thewaste heat recovery loop.

3.2 The Present Waste Heat Recovery System

3.2.1 System Description

The present waste heat recovery system 1s 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. In 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 owver
all heat transfer coefficient of 68001W/QC (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

8

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. 1In 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 (laOOF) 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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Waste Heat Recovery Loop with Two New
Energy uses
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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. 1In 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 delivervenergy 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 (14OOF) 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 (ISOOF) 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 considetredhad 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 suﬁply 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. FEach 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 appréach
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) B W N =

Outputs 4

pump outlet temperature

1

2 pump outlet mass flowrate
3 -
4

VARIABLE VOLUME TANK

This subroutine models a vertical cylindrical tank,
which contains a variable quantity of liquid, using analy-
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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 +l1. 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)

initial temperature of liquid in tank
initial mass of liquid in tank

oo NRa RO, I JELE L o)

=
o

Qutputs 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
thange in internal energy in tank from initial
conditions '
tank level: +1 for liquid volume > max volume

0 for min volume < liquid volume < max

volume
-1 for liquid volume < min volume

~ o U B W N
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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

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)

~Novun bW

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

EnSULH )
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OQutputs 6

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

mass flowrate from hot source
temperature from cold source

mass flowrate from cold source

[ )RS RS JULE SR

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

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

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

4 #I of daily load profile to be wsed foir the fourth
day of the standard week

5 #I of daily load profile to be used for the fifth

" -iday of the standard week

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

7 #1 of daily load profile to be used for the seventh
day of the standard week

8 Number of days first nonstandard daily profile

occurs during the - year
9 Number of first nonstandard daily load profile
(

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

(L0+PAR(8)) - number of days second nonstandard daily
profiles occurs during the year

(L1+PAR(8)) - number of second nonstandard daily load
profile

(12+PAR(8)) to (PAR (10+4+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

Qutputs

1 variable 1

2 variable 2

3 variable 3

4 input source of variable 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)

OWoo~Iovn

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

T

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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Outputs 8

temperature desired from energy source
I valve: 0 - all flow to tank
1 - divert all flow to load

oUW N -
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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

(F1 flowrate factor)

(Fz, inlet temperature factor

(Qbase = engrgy‘tragsferred at oper-
ating conditions when data
were taken)

o

where x = (flowrate/data flowrate) and
x < 1.3 Fp = AX+ 4
x>1.3 F =3B;X+B,

and F, = exp C; (Tinlet - C,)

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

o

Parameters 8

A

A

B
1

W
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4 B

5 @

6 Cy

7 mdximum outlet temperature
8 minimum mass flowrate
Qutputs 6

1 outlet temperature

2 outlet mass flowrate

3 energy transferred

L = el

5  eeoeo

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 mddel 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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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 - séet CONTRL = 1
- ATMIN IS IGNORED

2) Energy transfer into WHR loop only
- set CONTIRL = 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 CONTRL = 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 NHstick + 5
iterations.

Qutput

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 #NHX.

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:
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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 Mg ~ Dass flow rate in primary
WHR loop when pump is on

3 CPWHR - specific heat of fluid in
primary WHR loop

4 Nstick - number of iterations allowed
: for convergence of WHR lopp

before convergence is pro-
moted

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

6 OUTPUT - if > O 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)
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Parameter Number Description
9 Cpc - specific heat of cold side
fluid
10 CONTRL - 1 for no contwrel

- 3 for heat transfer out of
WHR loop only

11 ATmin - 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

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

Parameter Number Description

((ITHX)x5) + 2 Mbde(IHX) - as above

((IHX)x5) + 3 UA(IHX) or E(IHX) - as above

((IEX)x5) + 4 C - specific heat of hot
PH(IHX) — Jfde 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 TC' - main HX cold side inlet
i
temperature
2 ﬁc - main HX cold side mass

flow rate
(for HX #IHX from HX #2 through HX {#NHX)
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Output Number Description
((IEX-D)x2) + 1 Th.(IHX) - hot side inlet
t temperature to HX #IHX
((IHX-1)x2) + 2 m, - hot side mass_flow
rate through HX #TIHX
Outputs
Qutput Number Description

(for HX #1)

1 Th (1) - main HX hot side outlet
© temperature
2 m (1) - main EX hot side mass
n flow rate
3 T 1y - main HX cold side out-
co let temperature
4 ﬁ'(l) - main HX cold side mass
¢ flow rate
5 QT(l) - total energy transfer
rate across main HX
6 E(l) -~ effectiveness of main
HX
7 EBERR - lack of closure in WHR

loop energy balance

8 ITER 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 4NHX)

Qutput Number

[ (IHX-1)x6] +

[(IHX-1)x6] +

[ (IHX-1)x6] +

[ (IHX01)x6] +

[ (IHX-1)x6] +

[(IHX-1)x6]1 +

10

11

12

13

14

Tho (THX)

4, (IHX)

Teo(1HX)

Do (IHX)

QT (1ax)

E(THX)

Description

- hot side outlet

temperature for HX
#IHX

- hot side mass flow

rate for HX {#IHX

- cold side outlet

temperature for HX
FIHX

- 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 wvalues 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
2 - slope of collector field
3 - azimuth of collector field
4 - 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.
5 - separation of collector axes:
6 - width of collector aperture

7 - number of rows of collectors.

Inputs
for Mode = 1

1 - Total solar flux on unshaded collector surface
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Bbeam 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
Outputs
Mode 1
1 - total radiation beam calculation
based on
2 - beam radiation specified
A 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

where cos(ETA) ='§g:§§§§§§1)
THETAL = slope of collector
SLAX = glope of collector

_ WIDCL - 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 XNROW

Average beam solar flux on collector array aperture area
dfter 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 — (SEPCL X tan (SLFLD)) - (HLL X sin(SLCL))
SEP = SEPCL + cos (SLFLD)
D - (SEP® + HCL® - (2 X (SEP) X (HCL)

i
X cos (SLCL - SLFLD))™

THETA6 = (THETAl - SLFLD)
where,
THETAL1 = ARCOS ((SEP2 + D% - HCLZ) + (2 X SEP XD))
IF SEP < 0, THETAlL = ¢ - SLCL
ALF = SLCL - SLFLD
ALB = albido of the ground
ALT = q - 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
HTHOR = Total radiation flux on horizontal
HDHOR = Diffuse component of radiation flux on horizontal
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Beam component of radiation flux on horizontal

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)

]

16 = CLSEP - (HCL X cos(SLCL))

L8 = (BBZ + L6%)%

If BB < O 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 = VFBL 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 > THETAG
ANGLE2

ZENAZ + % - SLCL

ANGLE3 T - ANGLE2 - ALF

GRUS = SEP - HCL X (Sin(ANGLEZ2))

+ (sin(ANGLE3))
If ALT = - SLCL
GRUS = SEP
VFB1 = (HCL + GRUS - CC) + (2 X HCL)
where

CC = (HCL? + GRUS? - (2 X (HCL)
X (GRUS) X cos(mw - ALF)))%
2. 1If ground between rows shaded by row behind
If ANGLELl5 > ALT > (m - SLCL)

where: ANGLE1l5 = 7 - ARCTAN (NAl5> : DALS5)

NA15 = sin(SLCL) X HCL
+ (TAN(SLFLD) X SEPCL)
DAl5 = (cos(SLCL) X HCL + SEPCL
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VFBl = ((SEP + EE) - (BB + S)) + (2 X HCL)
If ALT > ANGLE1S

VFBL = 0.0
where,
ANGL1l = ABS (ZENAZ) - % - SLCL
ANGL12 = m - SLCL - SLFLD
ANGL13 = SLFLD + (2 X SLCL) + » - ABS (ZENAZ)

EE = HCL X sin(ANGL12) * sin(ANGL13)
S = HCL X sin(ANGL1ll) = 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. 'Vie& factor from ground between collector
rows to sky.
VFD1 = (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 > (r - SLCL) FCLBIN = 0.0

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

If ALT < THETAG
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HB = SEP X ((SIN(ALT + SLFLD)) + SIN(THETAZ)
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)

X.1 = HS x cos(SLCL)

HS HCL - HB

FHBIN = (1 + (FCLBIN X (XNROW - 1)) XNROW
Combined beam and diffuse radiation flux on collector
array
In HTLS = HD1S + INHBIS
where,
HD1S = HDHOR X ARVFSK + HTHOR X ARVFG X ALB
+ DFBBC + DFDBC
INHBL1S = HB1l X FHBIN
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APPENDIX B

TRNSYS Subroutine Listings

- Variable Volﬁme 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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SURROUTINE TYPE29(TIHE,XINHsOUTsT,RTRTFARsINFD)
THIS SURROUTINE MODELS A VARIABLE VOLUME PUNP WHICH
MODULATES A FLOW STREAM THROUGH OME OR MORE HEAT
EXCHANGERS TO PRODNCE THE DESIREDR DUTLET TEMPERATURE

DIKENSION FARCAYsXINCAYOUT(4)» INFOC10)

REAL WINgMOUT s MUNIN MRMAX

IFCINFO(7) +GT. -1) GO TO 5

QUT(1) = 93.0
DUT(2) = MDNIN 4+ NELK
auT(3) = 1.0
auT(4) = 1.9
S5 CONTINUE
NI = &
NP = &
NR = O
INFO(4) = 4
INFO(%) = 1

CALL TYPECK(1sINFOsNIyNFsNI)
SET PARAMEVERS

NSTKI = INT(PAR(1) 4 0.1)
NSTKZ = INT(FAR(Z) + 0.1}
MIMIN = FAR(D)
MDMAX = PAR(4)

DELK = FAR(D)
DTHP = PAR(S)
READ INPUTS
TIN = XIN(1)
MIN = XINC2)
TOUY =XIN{(3)
MOUT = XIN(4)
TSET = XIN(5) + LRTHP
XI = XINCA)
TIMLST = DUT(1)

FOR ITERATION -1 GO TO 50 WITH INNITAIL VALUES FOR DUTFUTS
IFCINFOC7)Y LEQ. -1) GO TO 30
CHECK FOR ON CONTROL FUNCYION
IF (XI .LT. 0.001) GO TO 10
CHECK FOR TO MANY ITERATIONS
IF (INFD(7) 8T, NSTK1) 60 TO 40
FOR FIRST NSTIK 2 ITERATIONS SET MWIOT .GT. MDHIN
EITHER EQUAL TO MMMIN4DELM OR MOOT FROM PREVIDUS
TIHE STEFP
IF (INFO(7) .GT. NSTKZ) GO TO 7
MOUT = HOMIN 4+ DELM
BETA = (MOUT)/HINMAX
GANNA = RETA
60 TO 50
7 CONTINUE
IF(TOUT LT. TINLST) GO 70 10

it

Hi



GO 10 20

C N0 FLOW (HROT .LT. MIMIN)

10

COMTINUE
Houy = 0.0
BETA = 0.0
GAMMA = 0.0
GO TR B0

C MAXIMUMN FLOW (MDOT .GE. MDIMAX)

13

20

L USE

CONTINUE
GANNMA = 1.0
HOUT = HOKAX

BETA = 1.0

GO TO 50

CONTINUE

COLLECTOR T-IMN AND T-DUT FROK FREVIOUS ITERATION
TEST = TSET - 0.1

IF(TINLST .BE. TEST) GO TO 135

GANNA = (TOUT - TINLST) / (TSET - TIMLST)

HOUT = MOUT % GAMNNA
IF(HOUT BT, MOMAX)Y HOUT
IF(MOUT LT, MDMIN) MOUT
RETA = NOUT/MRMAX

Ggd 10 50

HBDMAX
0.0

HoH

C FIX ODUTPUTS AFTER ISTIK ITERATIONS

-

40

50

CONTINUE

TIN = DUT(L)
HOUT = BUT(2)
RETA = OUT(3)
GANNA = OUT(4)
COMTINUE
ouT(1) = TIN
guT(2)= HOUT
guT(3) = BETA
auT(4) BANHA
RETURN

ENI

i
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SURROUTINE TYPE32(TIME:XINsDUTsT»DTLT FAR: INFD)
C THIS SURROUTINE MODRELS A VARIARLE YOLUHME TANK WHICH
£ HAS UFPER ANDI LOWER VOLUME LIHITS

DIMEMSION PARCI1)sXINCA)>DUTC17) s INFOC10)

REAL MIN:HOUTsLHTAV:NFINsHAVsNFRT:MZERD

COMMON/SIN/TIHEQ TFINAL DELT

DELTA = DELT

BATA TUNE/10000.0/

IFCINFO(7).GT.-1) GO 70 10

NI = 4
NF = 11
NIt = @

CALL TYPECK(1sINFOsNIsNFsNID
C SET PARAMETERS

YoL = PAR(L)
DIA = PAR(2)
Ul = PAR(3)
Un = PAR(A)D
UHIN = PAR(S)
UHAY = FAR(S)
CF = PAR(7)

DEN = PAR(®)
THAING = PAR(?)
TFST = PAR(1D)
HFST = PAR(11)
£ PRELIKIMNARY TANK L0SS CALCULATIONS
AEND = (Z,1414%(DIA%%2,0))/4.0
HEIGHT = YOL/AEZND
CIRC = 3.1416 % DIA
C SET T-ZERD AMQ M-ZERO FOR DELTA-E CALCULATION
TZERD = TFST
MZERD = WF8T
10 CONTINUE
IFCINFO(7) +NE. O ) GO TO 15
C SET T INITIAL ANDL M INITYAL
TFET = OUT(10)
LEVEL = 0O
HFST = OUT(11)
15 CONTINUE
£ READ INPUTS
TIN = XIN(1L)
MIN = XINC2)
HOUT = XIN(3)
TAKR = XIN(4)
QIUKP = .0
C CHECK FOR MAXIMUM OR MININUK LIGUID VOLUME
UFTEST = (MFSTH(RELTAR(HIMN-MOUT) ) )/REN
IF(UFTEST LT. VHAX) GO TO 17
QIUNP = NIN % CF % (TIN -~ THAINS)

v



HIN = 0.0
LEVEL = 1
Go TO 20
17 IF(UFTEST .GT. VHIN) 60 TO 20
HOUT = 0.0
LEMEL = -1
20 CONTINUE
C CALCULATE FINAL AND AVERAGE FOR VANK FLUIR MASS AND VOLUKE
MFIN = MFST +DRELTAR(MIN-NOUT)
MAY = (MFSTHMFIN)/2.0
YOLFIN = MFIN/REN
VOLAV = MAV/IEN
LHTAV = VOLAUV/AEND
C CALCULATE AVERAGE TANK UA EASEL' ON NRY AREA AND WETTEDR AREA
ual = UW % (AENDHCIRC % LHTAV)
UAD = UDl % (AENIU + CIRC % (HEIGHT - LHTAV))
Ua = UAW + UAR
£ CHECK FOR MIN = MOUT
CHECK = ARS(MIM-NOUT)
XXTEST = (MIN + UA/CP)/TUNE
IF(CHECK +LT. XXTEST) G0 TO 75
C CHECK FOR NO FLOW
IF(HIN JLT. 0.001 ,ANI, HMOUT LT, 0.001) GO TO 75
€ EQUATIONS FOR FLOW CONDITION
30 CONTINUE
B = KWIN + UA/CP
= WIN - MOUT
= HIN % TIN 4+ (UA/CP) % TAHKE
YFET-N/R
(EH{CERELTA) /HFST IS (-R/C)
= GOERnEn/R
(TFST-I/RI/(C-R)
RR (1H{CROELTAY/HFETIER(1-R/D)
TAV = AAR(MFSY/DELTAIR(BR-1.0) + I/E
GQ TO 150
73 CONTINUE
C EQUATIONS FOR MIN = MOUT COMDITION

C
n
ct
IR
TFE
A

{1 I -~ | B H

R = MIN 4+ UA/CP
0= HIN ¥TIN + (UA/CP) % TANE
G = -R/NFST

H = 1,0/(RELTAR(-E))
Al = 0 - BRTFST
E = Al % EXF(DELTAXB)
TFIN = (E-M)/(-8)
TAV =HX((E-A1)/G)+I/ER
G0 10 150
150 CONTINUE
DE = CPE((TFIN-THAINS)RMFIN - (YZEROD-THMAING)RMZERD)
DM = MFIN - NZERO ’
ATKIN = CPEMINE(TIN-THAINS)

1
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-

ATKOUT = CPEHOUTX(TAV-THAINS)
ETRAV = CPENAVE(TAV-THAINS)

aLOss = UAR(TAY - TAMR)
MFIN = WFIN
QUTRUTS

auT(1) = TAV
ouT(2) = MOUT
QuUT (%) = MIN
puUT(4) = QDUMP
guT(3) = RLOES
aur(s) = RE
QuUT(7) = LEVEL
ouT(8) = VF8T
ouT(®) = MFBT
ouT(10) = TFIN
puUT(11) = WFIN
oUT(12) = DELTA
ouT(13) = VFTEST
ouT(14) = ATKIN
ouT(15) = ATKOUT
QUT(14) = ETKAY
QuUT{17) = I
RETURN

END

a4
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SURRDUTINE TYPE34(TIME»XINsOUTsToRTRTsFARs INFO)
THIS SURROUTINE KDRELS & TEMPERING VALVE WHICH
HORULATES HOT AND' COLD FLOW STREAMS S0 THAY
TSET IS NOT EXCEEDED AND THE REMANR FLOW RATE TS BELIVERED
DIMENSION PAR(2)sXIN(Z)sOUT(7) s INFOC10)
REAL MHMC MLD,NOUT
IF(INFO(7) BT, -1) GO TO 10

NI = 7
NP o= 2
NI = 0

CALL TYPECK(1sINFDsNIsNFsNID
10 COMTIHUE
SET FARAMETERS ,
NSTIK = IKRT(FAR(1) + 0.1}
MMM = INT(PAR(2) + 0.1)
READ INFUTS

TH = XIN(1)
MH = XIN(2)
TE = XIN(3)
HC = XIN(4)

TSET = XIN(H)
HLD = XIN(&)
XL = XIN(7)
IF N STICK EXCEEDREQ FIX MH AND MC
IFCINFO(Z) LY. NSTIK) GO TQ 13

TH = TH

WH = HH

TC = TC

HC = HC

HOUT = iH + HC

TOUT = (THXHH +TCKHC)/ZHOUT

GANMA = NH/NLD

GD TO B0
15 CONTINUE
I8 HOT SOURCE AVAILARLE 7

IF(XL LT, -0.5) 50 TO 33

IF (MLR GT¢ 1.0) GO TO 23

TOUT = TH

MOUT = MLD

MH = MLD

MC = 0.0

GO TO 30
25 CONTINUE
ARE ROTH SOURCES ABOVE TSET 7

IF(TH .GE. TSET AN TC .BE. TSET) GO TO 45
15 ONE SOURCE AROVE 71SET 7

IFCTH 6T, TSET JOR. TC BT, TSET) GO TO 40
I8 COLD SOURCE ARDVE TBET 7

IF(TC GE, TH) GO TO 35
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C FLOW OUT ALL FRON HOT SOURCE

30 CONTINUE
TOUT = TH
MOUT = HLD
TH = TH
MH = HLR
TC = TC
MC = 0.0
GAMNA = 1.0
GO 1o 30

1

C FLOW OUT ALL FROM COLD SOURCE

35 CONTINUE
HH = 0.0
MC = HLD
MouT = MC
TOUT = TC
GAMHA = 0.0
G0 TO 30

it

C FLOW OUT WIXED FROM HOT AMD COLD SOURCES

40 CONTYNUE
TEST = ARS(TH-TC)
IF(TEST
GANNA =
MH = GAMNIA % HLD
HC = HLI - MH

MOUT = NH + NC
TOUT =
60 10 30

LT 1:0) GO T0 43
(TSET-TC)/{(TH~TC)

(THEMH + TCHMC)/(HOUT)

¢ ROTH SOURCES AROVE TSET

43 CONTYMUE
C MORE 1s ALL FLOW FROM
IF (MMM +EQ. 1) GO
C MODE 2, ALL FLOW FROM
IF (KN ED. 2) GO
IF (MMM JEG. 4) GO
C MODE 3. ALL FLOW FROH
IF{(TH .LE. TC) GO
GO TQ 35
C MODE 4s ALL FLOW FROM
47 CONTINUE

IF(TH ,BE. TC) GO
GO TO 35

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

HOT BOURCE

0 30

COLY SOURCE

0 35

D 47

LOWER TEMPERATURE SOURCE
10 30

HIGHER TEMPERATURE SOURCE

T0 30



e

RETURN
END

105



[ iee o}

Lo JE o B0 o B o I o

[ B I

Lo B o B o |

¥

106

SURROUTINE TYPEZ0(STINEsXINsOUTs TsRTIT:FARs INFD)

THIS SUBROUTINE SELECTS SPECIFIER DAILY LOAR FROFILES
CFOR EACH DAY OF THE UEEK PROFILES ARE SPECIFIER FOR
FLOW RATEs INLET TEMPERATURE» ANDN SET TEMNFERATURE
IF S0 DESIRER EACH DAY OF THE WEEK CAN HAYE DIFFERENT LOAR PROFILES
ANY ONE OF THREE SETS OF LOAD FROFILES CAN ALSO RE
FOR ANY DAY OF THE YEAR

7

?

RIKERSION XIN(Z0)s0UT(9) s FAR(S0) s INFO(10D
IFCINFO(7) 8T <1) B0 TQ 3
MI = INFO(3)

NO = 9

NP = INFO(4)

CALL TYPECK(1sINFOsNIsNF:0)
CONTINUE

IF{XINCL)Y BE. 0.,0) GO YD 7
TINE = STIME

60 10 9

CONTINUE

TIHE = XINCL)

CONTINUE

CALCULATE: DAY OF THE YEARs WEEK OF THE YEAR DAY OF WEEKR

BTIHE = TIME + 0.01
NDAYYR = (BTINE / 24.0) + 1.0
NBWKYR = RTIME / 148.0

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

16 IT A NON STANDARD DAY i

20

NRL = INT(FAR(B) + 0.1)

NPROF = INT(PAR(?) + 0.1
NFARAN = @

o 20 J=1,ND1

NPARAM = NFARAN + 1

LIi = INT(PAR(NFARAK) + 0.1)
IF (LDl EQ. NDAYYR) GO TD 90
CONTINUE

NTESTZ = 8 + 2 + NIM

IF(NP LT, NTEST2) GO TO %0

C I8 IT A NON STANDARD DAY 2

c

NR2 = INT(FAR(NTESTZ2) + 0.1)
NFARANM = NTEST2 + 1
NPROF = INT(PAR(HPARAM) + 0.1)
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po 30 J=1ND2
NPARAN = NPARAM + 1
LD2 = INT(PAR(NPARAK) + 0.1)
IF (LB2 .EQ. NDAYYR) G0 TO %0
30 COMTINUE
NTEST3 = NTEST2 + 2 + NI2
IF(NP LLT. NYEST3) GO TO 90
c
C I8 IT A NON STANDARR DAY 3
C
NDZ = INT(PAR(NTEST3) + 0.1)
NFARAN = NTESTZ + 1
NFROF = INT(PAR(NFARAM) + 0.1)
Dg 40 J=1.M03
NPARAN = NPARAM + 1
LO3 = INT(PAR(NPARAN) + 0.1)
IF (LD3 .EG. NRAYYR) 60O TO %0
40 COMTIMUE
NPROF = INT(PAR(NDAYHK) + 0.1)
20 CONTINUE

£ SET ODUTFUTS TO APPROFRIATE DAY OF WEEK FROFILES
NTS = (NFROF % 3) + 1
NWD = NTS + 1
NTD = NTS + 2
100 CONTINUE

SET DUTFUTS

Lo B o B e

ouTL)
QuT(2)
ouT(3)
QuT(4)
ouT(S)
QuT (s
auT(?>
QuT(8)
puT(?)
RETURN
ENR

XIN(HTS)
XINCNBHDD
XINCNTIO
NTS8

NHD

NTR
NRAYUK
HRAYYR
NUKYR

[ I I |

L1 B TR O 1
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SURROUTINE TYPE23(TIME»XINsDUYsTsDTRTsPARs INF)

C THIS SURROUTIME MODELS A LOW TEWPERATURE &YPASS ARODUND
C THE STORAGE TANK

L o}

Ly ]

GET

DIMENSION PAR(A) s XIN(S)0UT(B)Y s INFO(10)
REAL MOUTRAMDRPOT,LYSET

IFCINFO(7) GT., 0.0) GO TO 40
IFCINFO(7) BT, -1) GO TO S

NI = 6
NP = 6
NI = 0
INFO() = B

CALL TYPECK(1,INFOsNIsNFPsHID
PARANETERS

PARAMETERS 1:25353 ARE MOT EREING USED

3

LTSET = PAR(1)
HHTSET = PAR(2)
TTEST = PAR(3)
RTEST = FAR(4)
FLTEST = PAR(3)
ITERAT = FAR(S)
CONTINUE

H o

READL INFUTS
INPUT 4 I8 MOT BEING USED

TOUTRA = XIN(1)
MOUTDA = XINLZ)
TSETRA = XIN(3)
HOFOT = XIN(4)
RAD = XIN(S)

TNKTHP = XIN(&2

INITIALIZE TEST VALUES TQ O

10

IFCINFO(7Y 6T, 0.0) GO TO 10
ITouYT = 0

ITSEYT = @

IRAN = 0

IFLOW = 0

I =20

IRF = ¢

CONTINUE

TEST VALUES OF VARIARLES

Lou

30

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

I = ITOUTHIRAR

SET TEMPERATURE

IF(I LEQ. 0) BO TO 30

TSEV = TSETDA

IVALVE = 1

BO TO 40

CONTINUE

TSET = TNKTHP

108



€ 8SET

o

40

IVALVE =
QUTPUTS
CONTINUE
ouT(1)
QuUT(2)
QuT(L)
ouT(4)
Qurs)
QuT(6)
QuT(7)
ouT(d)
RETURN
ENDX

FIE T S { B I | B

0

TSET
IVALVE
ITOUT
ITSET
TRAD
IFLOUW
IRF

I
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SURROUTINE TYPEZB(TIMEsXINsOUT:ToRTIVsFAR INFO)
£ THIS SURDUTINE HORELS A TEMPERATURE SENSITIVE SOURCE
€ SUPPLYING ENERGY 7D A HEAT EXCHANGER

DIMENSION PAR(S)sXIN(A):0UT(A) s INFO(10)

REAL HCINsMIATAsNMDMIN

IF(INFOL7) BT, -1) GO TO 5

NI = 4
NP = 8
NO = 0
INFO(8) = 6

' CALL TYPECK(1sINFOsNIsNFsNID
C SET PARAMETERS

Al = PAR(L)
A2 = PAR{2)
Rl = PAR(Z)
R2 = PAR(4)
€1 = PAR(D)
G2 = PAR(S)

THAX = FAR(7)
HOMIN = FAR(E)
5 CONTINUE
C READ INPUTS
TCIN = XIN(1)
HCIN = XIN(2)
QnATA = XIN(3)
HDATA = XIN(4)
C CHECK FOR NO FLOW
IF(CIN LLT, 0.001) GO TO 20
IF(HRATA LT, 0.001) GO TO 20
C CALCULATE G-WHR
IF(HCIN BT, HOMIN) 60 TO 7
IFCHDATA BT, HIHIN) GO TO 7
FEF = 1.0
B0 YO 15
7 CONTINUE
C CALCULATE F-EFFECTIVENESS
X = HCIN/MDATA
IF(X +BT. 1.%) 50 TO 10
FEF = A1 % X + A2
‘ GO TO 15
| | 10 CONTINUE
FEF = Rl X X + B2
| 15 CONTINUE
| C CALCULATE F-DELTA T
| IFCTCIN 6T, 55.0) 60 TO 17
| FOT = 1.0 -
G0 TO 18
17 CONTINUE
FOT = EXF(CIR(TCIN-02))



ig

CONTINUE

C CALCULATE @

@i = ODATARFEFRFIT
TCOUT = TCIN 4+ @ / WCIN

IF(TCOUT .GT. THAX) TCOUT = THAX

G0 1O 30
C N0 FLOW CONDITIONM
20 CONTINUE
TCOUT = TCIN
MCIN = NUCIN
Q@ = 0.0
FEF = 0.0
FOT = 0.0
€ SET QUTPUTS
30 CONTIRUE
QUT(1) = TCOUTY
QuT(2) = HCINW
ouT(3) = @
ouT(4) = FEF
QuUT (S = FIT
oUT(a) = RDATA
RETURN

.o

ENIt
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SURRDUTINE TYPEZO(TIMEsXINsOUTsTsRTITFARy INFD

THIS SURROUTINE SIMULATES A WASVE HEAY RECOVERY SYSTEM HaDE UF OF
N SENSBTBLE HEAT EXCHANGERS CDNNEEI%D EN A SERIES LOOP WHICH
INCLUDES A COMSTANT VOLUME FUNF WITH AN ON-DFF PUNF CONTROLLER.

HEAT EXCHANGER IESCRIRED I8 THE °MAIN® HEAV EXCHANGER

WHICH TRANSFERS VHE ENERSY COLLECTER BRY THE WHR LOOP 70 ANOTHER -
FLOW STREAM.

EXCHANGER IN THE LOOF IS SIMULATEN (M THE ORDER SPECIFED
HEAT EXCHANGER MOOEL SFECIFIEDR BY THE MODUIE FARAMNETER.

KODES 1:2:3: AND 4 SIGNIFY FARALLELs COUNTERFLOWs CRUGS FLOWs AHD
COMSTANT EFFECTIVENESS MODELS RESPECTIVELY. FOR MOOE 43 THE REAT

EFFECTIVENESS MUST EE SUFFLIEN 6% A FARAMETER.

VARIAELE MAMES

GUERALL TRAMSFER COEFF FER UNIT TEMF DIFFERENCE
BPECIFIC HEAT OF HOT SIDE FLUID
SFECIFIC HEAT OF COLD SIDE FLULD

THOT SINE [NLET TEMP

HOT SIRE FLOW RATE
COLD SINE INLET TEHF

~ COLDD SIDE FLOW RATE

IF GREATER THAN 0,0» THIS IS THE HINTHUM LELTA-T BETWEEM
\HI aNO TCT FOR MY OPERATICON. GELUW THIS VALUE THE HX IS
EYFASSEDI OR THE FUMF IN THE SECONDARY LOOF IS TURMED OFF.

TF LESS THAH 0,05 HX T35 ALWAYS TN OFERATIUN.

LOOF PARAMETER MAHES -

NUMBER OF HX IN LOOF
DN MASS FLOW RATE INM WHR LOOF

- SPECTFIC HEAT OF FLUID IN WHR LOOQP

MAXIHUK MUKEER OF ITERATIONS TO CALCULATE T-WHR IKHTO .

HAIN HX MIVHIN THE ERRIOL, EREFORE THIS TEMPERATURE IS STUCK
ACCEFTAELE DIFFERENCE RETWEEM VALUES OF 7-WHR INTO

PRIMARY HY CALCULATED FOR SUCCESSIVE ITERATIONS

{ THE UBE OF 0.01 IS THE RECOMHEMDIER )

RRTIEF OUTFUT IF GREATER THAN 0,0

DETAILEDR BUYFUT IF LESE THAN G.0

IDDF CONTROL VARIARLE NﬁHFS

INDICATES THAT NSTICR ]1ERQTIDNS HAS EEEN EXCEEDRER AMI FOR
5 ADDITIONAL TTERATIONS THE CONVROLLED SECONDARY HX'S

ARE ALLOWED TO TURM OFF OMLY

INUGICATES THAT VYHE S5 ALDITIONAL ITERATIONS AFTER STUCK1

FAILED 70 PRODUCE COMVERGENCE AND FOR 2 ANRITIOHAL

ITERATIONS THE MAIN HX'8$ CHECKED TO SEE [F [T SHOULD BE

. TURNEDY OFF

T
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DIMENSION XIM(24),FAR(S4),0UT(20)sINFD(10) 113 )

DINEMSTON XTHOOL2) aXFLUHC12) s XTOOCI2) y XFLWC (129 XAT(12)
SXEFF(12)sXFUMF(12) : ’
"INTEGER CONVAL

COMMON /STORE/ NSTOREsIAVsS(200) -

COMNOM /SIN/ TIMEO,TIMEFsBELT A

IF (INFO(7).BE.0) GO TO 1 d

D RRRERRRE KRR R ERK KRR KRR KRRk kkkk. START % FIRST CALL INITIALYZATION

FIRST CALL OF SIMULATION

INFOC6Y=20

INFO(9) =0

INFO(10) = 4 .

NHX = IFIX(PAR(LY + .12

NI = HHX %« 2 ' 5

NF = NHX % 5 + & ‘ e ,

CALL TYPECK(1sINFOsNIsNFs0) PP

DO 300 INX=1sMHX , s

CNNFAR = 7 + (IHX - 1) % 4

MORE:=IFIX(PAR(NNFAKY$. 1)

IF (MODE.GE,1,ANI,MOIE.LE.4) GO T0 200

CALL TYPECK(45INFOs050320)

RETURN N .
300 CONTINUE - ~ -
IHITIALIZE XTHO(L) o

ouT(1) = XIN(1)
IHITIALIZE ERROR COUNTERS

ISTORE = INFD(10) -1

S{1STORE+L) = 0.0
SCISTORE+Y2) = 0.0
SCISTORE+3) = 0.0
S(ISTORE+4)Y = 0.0

ERRRELEEEERE L RKE AL KRR RORRREL Rk k- END % FIRST CALL INITIALYZATION
1 CONTINUE :
FEREREERL LKA E bR Rk E Rk ek® START % SYMULATION ERROK COUMTERS
ISTORE = INFO(10) -1
COUNT NUMRER OF- TIMES NSTIK WAS EXCFEDED AMI NUKRER
OF TIMES THE CONVERBENCE DRITERIA WAS NDT MET ,
IF(INFOC7) EQ.0. AND, SCISTOREH1) WGT.0,5)5(ISTORE+S)=S(ISTORE+Z)+1.
TFCINFOC7) B0 ANULS{TSTAREFD) WGT.0.5)S(ISTORE+A) =S (ISTORE+4) +1,
IMITIALIZE ERROR CORES ON EACH CALL N
"S(ISTORE+L)Y = 0,0 - T
SCISTORE+Z) = 0,0 - ‘
WRITE MUMRER DF TIMES NSTIK WAS EXCEEREDI AMD MUMEER S
OF TIMES THE CONVERBENGE CRITERTA MAS NOT MET
‘ TLTEST=YTIMEF-(RELT/2.0) e
IF(TIHE JLT. TLTEST) GO 70 $90
IF(INFD(7) HE. 0) GO TO 59 _ -
IF(XITFREC LT. 0;05 ,AMD, ERFRAC (LT. 0.0%) 530 TQ 590
XNSTEF = (TIMEF - TIMEO)/RELT
XITFRC = (S(ISTORE+3)/XNSTEP)I¥100.0
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ERFRAC = (SCISTORE+4)/XNSTEF)%100.0 e 114
WRYTE (%5520)
WRITF (%,530)
WRITE (%,540)5(ISTORE+3) s XITFRC
BRVE (e 550) ' oo
WRITE(%»560)8(ISTORE44) sERFRAC 4 ,
520 FORMAT(/0¢ s UASTE HEAT RECOVERY SUERDUTINE ERROR SUMMARY)
530 FORMAT (0’ NUMEER OF TIMES NSTICK WAS EXCEELEDR ON',
5/ FINAL CALL OF TINE STEF)
540 FORMAT(/0’s'N = /21FE11.35" FERCENT OF TIME STEFS = /3F6,3)
S50 FORNAT(/ /s NUMBER OF TIMES CONVERGENCE CRITERIA WAS NOT MET',
5/ O FINAL CALL OF TIHE &TEF) '
540 FORMAT(’ ‘2'N = /3 1FEL1.3s" FERCENT OF TINE STEPS = ‘sF4.3)
*R%k#k%*###*###*#*w***$**#$#**i*#x#*#ﬂ# ENI % SIMULATION ERROR CRUKT
50 CONTINUE
*&?##***X***###*##*#*##**#*###k&#**#*** START X UHE. LDOF HEEREREREEREY
SET WHR LOOF FARAKEVERS
NHX = IFIXCFAR(1)+.1)
WHRFLE = PAR(2) ‘
CPUHR = FAR(3)
NSTIK = IFIX(FAR(4)+,1)
ERRTOL = PAR(S)
QUTFUT = FARLA) S
INITIALIZE HOT SINE DUTLET CONDITIONS OF HX(1)
ON EACH CALL OF SUBEDUTINE
YTHOC1) = QUT(1)
YFLUH(1) = WHRFLY
YEURF (1) = 1.0
CHECK FOR ¥FLWC(1) = 0.0
YFLHC(1) = XIM(2)
IF(XFLKC(1) JLE. 0.0) XFLWH(1) = 0.0
INITIALLZE CONTRULS AS NOT STUCK -
STUCKL = 0.0
STUCK2 = 0.0 ‘
INITIALIZE ITERATION COUMTER AND COMVERGENCE TEST TEMF.
-2 CONTINUE -
TILAST = XTHD{1)
ITER = 0
REGIN EACH ITERATION THRQUGH WHR LOOP WITH HX2
3 CONTINUE |
IHY = 1 | : ' -
ITER = ITER + 1
SET INFUTS ANR PARAMETERS FOR HX(2) THROUGH HX(MN) o
4 CONTINUE . |
IHY = IHX + 1 -
IF(STUCKT LT, 0,5) XPUMFCIHX) = 1,0
SET HX PARAHETERS FOR HX{N)
NNFAR = 6 + (IHX-1) % 5 ,
HOUE=IFIX(FARCNNFAR + 1)4.1)
UA=FAR(NNFAR + 2)
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CFH=FAR (NNFAR + 3) : L
CRC=CRUHR
CONTRL = IFIX((FAR(NNFAR + 4)) + 0.1)
ITHIN=PAR(NNFAR + 5)
SET HX INFUTS .
NNXIN = (IHX - 1) % 2 s
SET HOT STUE INLET CONOITIONS FUR HX(2) THRU HX(N)
THI = XINCMNXIN + 1)
FLUH = XINCNNXIN + 2)
SET COLL SIDE INLET CONRITIONS FOR HX(2)
IF(IHX 6T, 2) B0 10 5
TCI = XTHO(1)
FLUC = XFLWH(1)
GO TD 6
SET COLD SIDE INLET CONMITIDNS FOR HX(3) THROUGH HX(N)
5 CONTINUE |
. TCY = XTCO(IHX-1)
FLMG = XFLWCC(THX-1)
6 CONTINUE '

. /‘:..,"‘_ .

‘TEbf FOR HX BYPASS

IF(CONTRL .ER. 1) €GO TD 8
AFTER NSTICK ITERATIONS CONTROLLEQ HX’S8 ONLY ALLOWER TO
TURN OFF - :
IF(YPUMPLIHYY ,LT. 0.5 .AND. ETUCK1 BT, 0.5} G 7O 9B
IF(CONTRL LER. 23 DELTAT = (THI - TCI)
IF(CONTRL ,EQ. 3) DELVYAT = (I€CI - THD)
IF(RDELTAT .B8E. DTHIN) GO TO 8 -
XPUMF(IHX) = 0.0 -
G TO 78

115

##**X*#**##**W##***!****#****##*kax**$****#*¥“**$$&#***#***#7*YVX$*

REGINING OF HX #olEL

FREEF R RO R RO OO R OO R R RO RRORKOOKCR OO Rk

8 CONTINUE
SET FARAMETERS ANR IMPUTS FRIDR T0 ENTERING HX MODEL
FARAMETER ANQ INPUT UARUABLE LIST
IF (MODE.EQ.4) EFF=UA
CALCULATE HININUM ANIl HAXIHUK CAFACITY RATES
CH=CFHEFLIH
CC=CRCRFLUC
CHAX = ANAYL(CTsCH)
CHIN = AKINL(CCsCH)
IF (CMIN .LE, 0.,) GO TO 9@
IF (MODE.EQ.4) 8O0 TO 40
HODES 1-32 _ :
RAT=CHIN/CNAX R
_UC=UA/CHIN
EFF=1,0~EXF (-UC)
IF ((CHIN/CHAX) LLE. 0,01) GO TO 38
6O T4 (105205305 MOQE
FARALLEL FLOW



10 EFF=(1,0-EXF(-UCX(1,04RAT)))/(1,04RAT) e 116
60 TO 38

€ COUNTER FLOW

20 CHECK=ARS(1.0-RAT}

IF(CHECK .LT. .01) GD TO 2
EFF=(1,0-EXF(-UC¥(1,0- RAT)))/(I 0- BAT?EYP( UCK(1,0-RAT))).
GO T %8 i

25  EFF=UC/(UC+1.0) ’

_ GO TD 38

C  CROSSFLOWs HOT SIDE UNMIXED

20 BANa1, 0-EXP (-UCKRAT)

EFF=1,0-EXF(-CAM/RAT)

IF(CHAX LEQ, CH) GO TO 38
GAN=1.0-EXF(-UC)

EFF=(1,0-EXF (~BAHYRAT) }/RAT .

1! THO=THI-EFFX(CHIN/CHYX(THI-TGI) o
TCO=EFFX(CHIN/CLYX(THI-TCT)+TCI e
OT=EFFXCHIN(THI-TCI)

.. G0 TD 88

C  MODE 4

40 RHAX=CHINK (VHI-TCI)
QT=EFF£OMAY
THO=THI-QT/CH
TEO=TCI4+QT/CC

C SET DUTFUTS -- .

£ THO-OUTLET TEMF ON Hl SIDEs TCO-OUTLET TEHF ON COLL SINEs GT-TOTAL

C  INSTANTANEOUS ENERGY TRANSFER ACRUSS EXCHANGERs EFF-EFFECTIVENESS

88  XTHO(IHX)=THOD

XFLUH (THX) =FLWH
XTCOCIHX)=TCO
XFLYC ¢ THX) =FLUC
XAT (IHY) =0T
XEFF (IHX)=EFF
60 TO 400

MINIMUM CAFACITY RATE 18 .LE. 0,

XTHOCIHY ) =THI
XFLWH ¢ ITHX) =FLWH
XTEO(IHX) =10 T
XFLWC(THX) =FLUC
XQTCIHX)=0,0
XEFF(IHX)=0,0

C *aw*x***x*mxw*w*#wx*#xwxxx**xxw#x**s**v*xfxwﬁxk**x*x*x***##*xmsw*wxm

C END OF HY MOUEL

C RERRRRRORERE OO B OO R KRR BRSO R DR KRR KR KSR

400 CONTINUE —
IF(IHX .EQ. 1) GO TR 105
IF(IHX LT, NHX) GO T0 4

C SET UF INFUTS AND FARAWETERS FORK HX(1)
IHX = 1
MONE = IFIX(FAR(441)+.1)

N
foa)
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UA = FAR(6+2) L
CFH = CFUHR :
CFC = PAR(6+3)
CONTRL = IFIXC(FAR(NNFAR + 4)) + 0, 1)
DTHIN = PARC&ES) L
INFUTS . A
THI=XTCOONHY) ,
FLUH=XFLUC (NHX) :
TCL=XIN(1)
FLUC=XIN(2)
GO TD 8
10% CONTINUE.
TEST FOR CONVERGENCE OF LOOF AND MAXTUNMUN MUKRER OF ITERATIONS
TEST = ABS( TLLAST - XTHO(L) ) ‘
TILAST = XTHO(1) -
IFCITER 6T, NSTIK)Y 6O TO 99
IF(TEST 6T, ERRTOL) GO TO 3
SHOULT WHE LOOF FUNF BE ONT

©oAS

(100 CONTINUE

IF (XFUMF(1) LT, 0,5) GD TO 110
IF(CONTRL €0, 1) 63 TO 110
IF(CONTRL .E@. 2) DELTAT = XIN(1) - XTCO(MHX)
IF(CONTRL JEQ., 3) NELTAT = XTCRCNHX) - XIN(1)
IF(DELTAT .GE., DTHIN) GO T ii0
XELMH(1Y = 0,0
XFUKF (1) = 1.0
GO TD 2
99 CONTINUE ,
IF(STUCK1 .GBT. 0,5) GO TO 700
STUCKL = 1.0
NETICK = NSTICK + S
S(ISTOREHL) = 1.0 -
60 70 3
700 CONTINUE
IF(STUCK2 .GT. 0.5) GO TO 110
STULK? = 1.0
NETIK = NSTI
S(ISTORE+H2)
G0 TO 100

1n >

¥ 2
1.0

FRRERERE R R R R R kR R Rk RkE END % HHR LOOF Rkmirsnirkidy

110 CONTINUE
EMERGY EALANCE FOR WHR LODOF

QIN = 0.0 .

np llu IERHX = Z2sHHX :

QIN = QIN + XQT(IERHX)D aad
115 CQNTINUE

ERERR = QIN - XQT(1}

KRR RREROpokRR R ook Rk RDRoE START % 8ET QUTFUTS $EESRELEERK

SET QUTRUTS :
SET DUTFUT FOR FRIMARY HX

117



QUTC1)=XTHO(L) LT 118
DUTL2)=XFLUH(1)

QUT{Z)=XTCR(1)

DUT(4)=XFLWT (1)

OuT(S)Y=XaT(1)

QUT(8)=XEFF (1) g
OUT(7) = EBERR - P
0UT(8) = ITER .

IF(OUTFUT JLE. 0.0) GO TO 150
DG 1350 I0HX=25NHX
I0 = 7 4+ I0OHX
QuUTCIOY = XAT(IOHX)

130 CONTINUE ’
GO TO 170

C SET DETAILED QUTFUT

150 CONTINUE o
0 1460 I0HX = 25NHX B
NN = (I0OHX-2) % & + 8

- OUT(NN+1)=XTHOC(IOHX) -

OUT(NN+2)=XFLYH(IOHX)Y -
OUTINNE3) =XTCO(I0HX)
OUT (NN+4) =XFLWC(IOHX)
QUT(NMAE)=XQAT(IQHX)
QUT(NN+6Y=XEFF (I10HX)

160 CONTINUE

170 CONTINUE .

O ok ooioiokiopiobkkk FND % SEY DUTRUTS fkkkkkkusoks

RETURN - -
END :

>.



SURROUTINE TYFE34(TIMEsXINsOUT»T»RTRTsFARSINFO)Y

DIMENSION NIN(24)sPAR(SA)sQUT (207 s INFOCLO)
REAL INHR1S,IMHT1S
RAD = (2,0 % 3,1414) / 360.0
C CHECK MODRE ’ o
HONE = FAR(1) ' A
IF(UNQE LEQ. 1) GO 10 1 . "
IF (MDRE .EQ. 2) GO TO 500 v
C WODE 1 - FLAT FLATE COLLECTOR ARRAY
1 CONTINUE
IF (INFO(7) .GE. 0) GO TO 5
C FIRST CALL OF SIHULATION
INFO()=20
INFO(9)=0
NF =8
NI = 12

CALL TYPECK(1sINFOsNIsHNF20) CARL

CONTINUE
FARANETERS
HCL = PAR(2)
WIDCL = FAR(3)
SLCL = PAR(4)¥RAD
SEFCL = FAR(S)
XNROW = ARS(FAR(S))
AZCL = FAR(7) % RAD
SLFLD = PAR(E) % RAL
FCHECK = FAR(S)
C SET INPUTS ]
' HT1 = XIN(1)

HE1 = XIN(2)

KM = XIN(3)

THETAL = XIN(4) ¥ RAD

BETAL = XIK(S) % RAD

W = XIN(S) % Ral

ZEN = XIM(7) % RAD

AZSOL = XIN(3) % RAD

HTHOR = XIN(®)

HOHOR = XIN{10)

HESLFL = XIN(ii)

ALE = XIN(12)

IFCINFO(7) ,BE, 0.0) GO TO 30
C CHECK FOR OUT OF RANGE FARAMETERS

IF(SLFLLL,GE,0.0 +ANI, SLFLIL.LE.SLCL AN

SSLFLD.LT,1,50) GO T0 7

WRITE (%5 6) T

6 FORMAT(’0’s’ FIELI SLOFE IS OUT OF RANGE")
CALL TYFECK(4; INFOsNTsNP20) .
7 COMTINUE

IF(SLCL .BE, 0.0 .AND. SLCL ,LT. 1.58) GO Y0 9

fop]
T
~ LA

nou

o
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HRITE(¥58)
8 FORMAT(’0’,’ COLLECTOR SLOFE IS OUT OF EAHGF )
CALL TYFECK(4;INFO;NIsNF;0)
2 CONTINUE
€ CALCULATE CODLLECTER VIEW FACTORS OF SKY ANII GROUKDR
C UNSHABED COLLECTERS
USVYFGR=(1,-COS(SLCL))/2.0 o
USUFSK=(1.+C0S(SLCLY /2.0 #
C SHADED COLLECTERS
SEF=SEPCL/COS(SLFLI)
N=(SEP¥X2, +HCLEK2 . ~2  KSEFKHCLXCOS(SLCL-SLFLIN Y %%0,5
THETA1=ACOS{ (SEF¥Y2, +0¥%2, ~HCL¥X2, )/ (2, X8EPENY)
IF{SEF .LT. 0.001) THETAL = 180,0%RAD-SLCL
THETAS = THEIAL - SLFLD

ALF = SLCL-SLFLD
XLS = SEFCL

XL? = SEF ' S o
XLé = SEFCL - (HCL % £OS(SLELY Y A

BE = SEPCL % TAM(SLFLD) - HCL % SIN(SLCL)
XL8 = (EBEX%2, + XL&6¥¥2.)%%0.5
IF(RR LE. 0.0) ¥XL& = Xt8 _
SYFGRI = ((XL&-XLS) 4 (XL7*XLB)) / (2,%HCL)
RR = (HCLEE2 4SEPEED, - (2, KHCLKSEPYCOS (130, ¥RAN-ALF ) ) ) %%, 5
SUFGR2 = (HCL+SEP- BP)/( .¥HCL)
SUBR12 = SUFGRL + SVUFGR2
SUFSK = (((HCL + SEF) - 1D / (2,%HCL)) - SUFGR1
SUFBR = SUFBRI
C AVERAGE FOR ARRAY
ARVFEK=(BVFSKEX (XNROW-1,0)+UBVFSK )Y /XNROUY
ARVFGR=(SUFGR¥(XNKOM-1.0) FUBVFGR)Y /XNROW
C CALCULATE CDLLECTOR AKKAY ANGLES
HH=HCLACOS (BLCL)Y
88=SEFCL-HH _
TSL=ARS(SLFLO-SLCLY -
CIF(88 GE. 0,0 ) GO TO 25
CALL TYPECK(A4:THFOsNIsNFP:0)
C ERROR INSBUFFICIENT COLLECTOR SEFARATION
WRITE(Xs272)
7 FORMAT(’0/» ERROR: INSUFIGIENT COLLECTOR ROK SEFARATION'S
5 CONTINUE
ouie?)
QUT(8) = THETAL
QUT(%) = SVFGR
QUT(10) = SVFSK
QUT(11) = USYFGR
QUT(12) = KR -
DUT(13)=ALF -
QUT(14)=ARYFBR
“QUT(15)=ARVFSK
OUT(16) =HH

HI. ]

rJy PJ

It

#oaou
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DUT(17)=88

OUT(19) = SEF

QUT(20) = THETAL
30 CONTINUE

I o= BUT(7)

THETAL = OUT(8)

EE = DUT(12)

ALF = OUT(13)

ARVFER = DUT(14)

ARVFSK = OUT(15)

HH = DUT(16)

§§ = OUT(17)

SEF = 0UT(19)

THETAS =. OUT(20)

C CALTULATE INCIDENT ANGLE IN FLANE OF COLLECTOR AZIHUTH

IF (HT1 JLE. 0.0) GO TO 390
IF(ZEN .BE., 1.570) ZEN = 1.570
RELAZ = ARS(AZSOL - AZLL)

SIN1 = COS(RELAZ) % SIN(ZEN)
CNO81 = COS(ZEN)

IF(COS1 JLT, 0,01 +ANI, -SIN1 BE. 0.0) GO TO 40
IF(COST LT, 0.01 JANR, STN1 LT,

ZENAZ = ATAN(SIN1/CDE1)
GO 1o 30

40 ZENAZ = 90.0%RAD
GO 10 90

41 CONTINUE
ZENAZ = -90.0%RAD

G0 CONTIWUE )
ALT = 20,0%RAD - ZENAZ
THETA4 = THETAl - SLFLD

IF(ALT 6T, 180,0%RAD-SLCL) GO TO 230

IF(ALT GE, THETA&) 00 1O 210

C CALCULATE ARRAY EEAM IRRARIATEDR FRACTION
IF(SLFLU4ALT LE. 0.0) 60 T8 33
THETA2? = RALKISO.0 - ALF — (SLFLR 4+ ALT)
HE = SEF % ((SIMN(ALTHSLFLO))Y / (°IN(THFTA°)))

IF(HR ,G6T, HCL) GO TO 210
Ga 1O 57 '
55 CONTINUE
HE=0,0
57 CONTINUE
HS = HCL - HE
XL2 = ARS(SSKTAN(DELAZ))
IF(¥L2 WGE. WIDCL) B0.TO 210
C CHECK FOR SLCL = 90.0 DEGREES

IF(SLCL +BE, 89.99%KAD) GO TO 200

XL1 = HE8 % COS(SLCL)
X3 = ARS((SSH+XL1IRTAN(DELAZY)
C CALCULATE SHADED COLLECTER FRACTION

~
Pt

L

e

0.0) 50 T0 41
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193

197

A = HH¥WIDCL
IF{XL3 .GE. WIDCL) GD TO 195 L
AS=(WIDCL-((XL3+X1.2)/2.0) ) ¥XL1
60 TO 197 :
CONTINUE
ST1 = WIDCL-XL2
572 = ARS( STI#TAN(?O O¥RAD- DELAZ))
AS = (ST1%ST2)/2 o
CONTINUE v
FCLEB=1,0-A5/A '
FCLRIN = 1.0 -(WIRCL%¥XL1)/A
GO TO 220
CONTINUE .

= HH¥WIOCL
AS = (WIDCL-XLZ)%¥XL1
FCLE=1.0-A%/A _
FCLRIN = 1.0 - (WIDCL¥XL1)/A »
60 TO 220 AT

NO EEAM SHADING

’10

220

260

CONTINUE

FCLR = 1.0

FCLERIN = 1.0

COMTINUE

FHE = (1,0 +FLCLE * (XNROW - 1.0)) / XHROW
FHEIN = (1,0 +FCLERIN % (XNROW - 1.0)) / XNKOU
GO TO 240

CONTINUE

FHE = 0.0~

FHRIN = 0.0 -
COMTINUE

HE18:HE1¥FHE -
INHR1E=HRI¥FHRIN

GO 70 240

CONTINUE

HB18 = HR1

CONTINUE

CALCULATE REAM RARIATION REFLECTED TO COLLECTORS FROH GROUND
RETHEEN COLLECTOR RUYS

IF(ALT LT. THETAS) GO TO 270

NA13 = (SIN(SLCL)Y)Y¥HCL + (TﬁN(Q!rLB))TbEFCL
Ia1S =(COS(SLCL)¥HCL + SEPCL

ANGL15 = 180.%RAD-ATANMINAIS/DALG)

IF(ALT BT, ANGL1Z) GO TO 274

ANGL14 = 180,0%RAD - SLCL

IF(ALT .GT., ANGL14) GD TO 273

SHARNING OF GROUNT RETWEEN COLLECTOER ROYS FROM BEAM
RADIATION WHEN ALT .LT. 180 - SLCL

ANGL1 = 180,0%RAQ - 90,0%RAD - SLCL
IF(ALT «GT. 90.0%RALI 4 AHGLL) GO TO 249
ANGLZ = ANGL1 + ZENAZ
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ANGLZ = 1B0,0%RADIl - ANGL2 - ALF
GRS = HCLECSIN(ANGL2) )/ (SIN(ANGLI)) e
BRUS = BEF -~ GRS o
GO 70 271 ' :

269 CONTINUE
GRUS = 8EP
Go TD 271 , R

270 CONTINUE : A
GRUS = 0.0 v

71 CONTINUE '

CALCULATE VIEW FACTOR HCL TD GRUS '
CC = (HCL¥%2,0+GRUS¥%2,0-2, 0%HCL¥GRUSXCOS(180,XRADR-ALF))I¥X, 5
UFgl = (HCL+GRUS-CC)/(2.0#HCL)
6O 10 275

273 CONTINUE : ‘ ,

SHAREING OF GROUMD RETWEEN COLECTOR ROWS FROM REAM
RANIATION UHEM ALT 6T, 180 - SLCL -~

R

ANGL10 = 1R0.XRALI-20.XRAD-SLCL e
ANGL11 = ABS(ZENAZ)-ANBL1O }
ANGL12 = 180.¥RAD-SLCL+GLFLI

ANGL13 = 180.¥RAR-ANGLIT-ANGL1Z

EE=HCLEBIN(ANGLIZY/SINCANGLIZ)
& = HCL¥SINCANGLI1)Y/SINCARNGBLLIZ)
UFRY = {(SEF+EE)~-(BEB+8))/(2,0%HCL)
IF(S .GT. 8EP) VFB1=0.,0 )
G0 TO 278

274 CONTINUE
UFg1 = 0,0

C 275 CONTIMUE

L B B

DFEEC = (VFRISHESLFLYALRY (XHROW-1.0))/XNROW
CALCULATE DRIFFUSE RARIAVION REFLECTED TO COLLECTOR SURFACE
FROM GROUNDIN EETWEEM COLLECTORS '

CALCULATE VIEW FACTOR SEF TO SKY -
VFIl = (RE4D-(2,0%HCLY)/ (2, 0%SEF)
CALCULATE VIEW FACTUR HCL TO REF
UFD2 = (HCL+SEF-ER)/(2,0%HCL)
DEOEE = (UFDIXYFI2$HIHORYAL B (XNEON-1,0)) /XNROW
HGRECL = DFRRC 4 DFDRC
QUT{18) = HBRRCL
CALCULATE ARRAY DIFFUSE IRRADRIATEDR FRACTION
HII1S = HOHODRYXARVFSK + HTHOR¥ARVFGRYALE + HGRECL
CALCULATE HT OM SHADED ARRAY
HT18=HD18+HR1S '
INHT18=HIIS+INHRIS
GO TO 400 o
300 CDNTINUE e
QUT(1) = XIN(D)
pUT(2) = XIN(2)
QUTIREY = XIN(D

nownnu
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QUT(4) = XIN(1) : : .
BUT(S) = XIN(2) . 124
QUT(4Y = XIN(Z) -
RETURN »
400 CONTINUE
QUT(1) = HT1S
DUT(2) = HE1S ] 0
oUT(3) = HIS , A
DUT(4) = INHT1S o,
QUT(S) = INHE1S :

QUT(4) = HIOIS

IF(PCHECK .LT. 0,0) GO TO B80S

WRITE(%+800) o ,
800 FORMAT(’07s‘- HH s &S » NELAZ » CO81 s BINL » ZENAZ )

WRITEC(X»¥IHHs S8y DELAZSCO81 s SINT s ZXNAZ

WRITE(%s801) ’ ‘

801 FORMAT(/0’s’ ALT THETA2 s HE » HS 5 XL27)
WRITE (%2 %)ALT, THETAZs HEs HS 2 XL2 e
WRITE(#%,802) T

802 FORMAT(’0’s* XL1 . XL3 » A s AS s S8T1")
©OURYTE(s¥IXLIsXL3sAsAS, ST
WRTTE (X 803) . -
803 FORMAT(70‘s’ ST2° SsFCLE + FCLEIN » FHR s FHRIN %)
WRITE (s ¥)ST25FCLBSFCLEINSFHRSFHRIN
, WRITE(%s804) o '
 B04 FORMAT(‘0‘s’ CC VFE1 DFEBC VFNG VFD2? DFUEC HGRECL)
MRITE(%s3)C0s UFRL s DFBEC YE T s YFI2, 0F DEC s HERRECL
WRITE(%,805) s ‘
805 FORMAT(’0’s’ ANGL10 ANGL11 ANGL12 ANGL13 ANGL14 EE § )
: MR VE (X %) ANGL10 ANGL11 s ANGL12 s ANGL13,ANGLIASEES
BO& CONTINUE
RETUKN
S00 CONTINUE
MODE 2 - LINEAR CONCEMTRATING COLLECTOR-AKRAY
IF (INFRCZY WGE. 0) GO TO 510

PARAHETER DEFINITIONS

ASFLI' = SLOFE OF CONCENTRATOR AXIS OF ROTATION

AZFLU = AZIHUTH OF CONCENTRATOR AXIS

WIDCL = WITH OF CONCENTRATGR APFERTURE

YXNROY = NUMBER OF ROUS OF CONCENTRATORS IN ARRAYU
INFUT DEFIMITIDNS ,
HX1 = UNSHADED BEAM RADIATION FALLING OM AFPERTURE
THETAL = SLOFE OF AFFERTURE SURFACE

AZSOL = SOLAR AZIMUTH : ' -
QUTFUT DEFIMITIONS "

HE1S= SHADED REAM RADIATION FALLING ON ARRAY AFPERTURE
FUSARR = FRACTIGN OF UNSHAQEL ARRAY AFFERTURE AREA
COSETA = COSINF OF FSEUDQ INCIDEMCE ANGLE



XNGEF = SEFARATION OF AXIES PROJECTER INTD PLANE OF APPERTURE
FIRST CALL OF SIMULATION o
INFR(4)Y=5 -
INFO(9)=0
NP = 7
NI = 2
CALL TYPECK(1sINFOsNIsNF0) .
RAL = (2,0 % 3,1414) / 360.0 4
510 CONTIMUE pe o
C SET PARAMETERS
SLFLIt = PAR(2) ¥ RAD
AZFLD = FAR(Z) % RAD
MOREAX = INT(FAR(4) + 0.1)

Lo N o]

SEPAN = FAR(S)
WIDCL = PAR(A)
- XNROW = PAR(7) (
C SET INFUTS , .
HELl = XIN(1)

THETAL = XIN(2) % RAD
AZBOL = XIN(D)

C CHECK FOR NO RARIATION - . 4
IF(HR1 .GT. 0.00001) GO TC 520

HE1S = HR1

“FUBARR = 1.0
XIHR1S = HE1
YIFUgs = 1,9
COSETA = 1.0

YNSEF = SEFAX
GO TO 530
520 CONTINUE i
C CHECK FOR AXIS MODE
IF(HODEAX JNE, 1) GO TD 524

SLAX = SLFLD ‘
AZAX = AZFLD _ -
GO TO 3528

524 CONTIMUE
IF(HOIEAX JNE. 2) GO TO 524

BlaX = 0.0 _
AZAX = AZFLI - 0.,7854
6o T0 s28

526 CONTIMUE
CALL TYFECK(AsINFOSNIsNF30) .
WRITE(R»527) ~

527 FORMAT(’0’, 'ERROR? NONEXISTANT MOLE SFECIFIEDR’)
GO 0 550 '

528 CONTINUE .

C CALCULATE SHADING ~~

IF(SLAX .GT. 1,56 .AND, SLAX LT, 1.58) GO TO 530
COSETA = COS(THETAL) / COS(SLAX)
GO TO 5S40

125



330 CDBETA = [OS(AZSOL-AZAX)
540 CONTINUE
£ CHECK FOR AXIS MORE
IF(MODEAX JER. 2) COSETA = COSBE

-~
L

TA - COSCSLFLID

C FOR ETA GREATER THAN 90 DEGREES SET ETA = 90 UOEGREES

IF(COSETA L7+ 0.0) COSETA = 0,
XNSEF = CDSEVA % SEPAX
A = WIDCL - XNSEF
SFRAC = A / WIOCL
IF(SFRAC .LE. 0,0) SFRAC =
IF(SFRAC .BE. 1,0) SFRAC =
FUSARR = (1.,0+(XNROW-1.0)%(
HE1S = HR1¥FUSAKRR
XIFUSA = 1,0 - SFRAC
XIHELS = XIFUSA % HE1
550. CONTINUE

€ SET OUTPUTS

QUT(1) = HRIS

0.0
1.0
1!0"‘

H

ouT(2) = FUSARR
CUT(3) = COSETA
QUT(4) = XNSEF
nUT(S) = 4
pUT(8) = SFRAC
QUT(7) = SLAX
ouT(8) = AZAX
DUT(%) =HR1
DUT(10) = THETAL
QUT(11) = AZSOL
DUT(12) = HOOE i
QUT(13) = SLFLD
guT(14) = AZFLD
OUT(1S) = MODEAX
- QUT(t4) = BEFAX
QuUT(17) = WINCL
DUT(18) = XNROY
DUT(19) = XIHERiS
QuT(20) = XIFUSA
RETURN -

END

e

0

N

SFRAC)) /XHROW

A

126



127
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
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PR S e3 a2 s PEEA TS TLESTETARRLT LTSRS S 234

O0SCAR HMAYER SIMULATION STULRY

SERYES SYSTEM,SOLAR HX BEFORE WHR HX IN SERIES
COMBINEDR STORAGE FOR SOLAR SYSTEMN AND WHRS
EEPTF TSI TS TILEIT TR 2T SEELPOEER LIRS L 2182
SIKULATION 1.0 8760.0 0.23

TOL -e1 =1

LIN 25 40 22

CONSTANTS 48

% COLLECTOR

E - S

kS
4
%
¥
LINEAR CORCENTRATING COLLECTORS ¥
*
X
®

LAT = 41.3 8HF = -53.9 SER = 24,0

DEL = 41,356 CCL = 0.90 CAZ = ~1000.0 SLOFE = 0.0

ACL = 40320.0 / SER MCL = 1131.0 % DCL

HCL = DOL % 1131.0 7 1&.0 10D = HCL N7C = 20,0 BET = 183.0
% FIFING

¥ -~8 = SUPPLYs --R = RETURM
¥ LA- = QUISIDE
% LB = BURRIED

¥ LR = INSXQE

LAS = 940.0 LAR = 220.0 LRW = 280.0

LBR = 430.0

UAS = LAS % 0.21 UAR = LAR % 0.21 URM = LRK % 0.21
URR = LBR % 9.21

CAP = CCL % DCL ¥ 0.0513 + 0.83

RCAP = 0.0

CAS = LAS % CAP CAR = LAR ¥ CAF CRM = LRK % CaAP
CBR = LRR % CAP

*PUMF TO TANK

MTF = 200000.0 TTF = 0.0 DNF
% TANK

SV = 15775.0 DTK = 62.4 CTK
nEpy = 21,0 VLF = 137.0

¥ HEAT EXCHANGER

MHX = 2.0 % MCL

% GENERAL

TRM = 60.0 TZA = 32,0 8TK = T SKC = 1 TII
DPT = 0,5 8IF = 0,0 FTF = 24,0 38P = -1 PIF
UNIY 1 TYPE 9 LOAD DATA REAIER

PARAMETER 4

1019 4

(F10.4:6(1PE11.3)/3(1FPEL11.,3))

URTT 2 TYPE 2 DRATA READER

PAR 13

3211 0,08811 0.0 2 0.08811 0.0 3 0.1B 32.0 -3 5
(TR02F4.05126:,F4.0:7302F4.0)
¥(T175F2.05T205F4,05T319FG. 1)

i

jH

80000.0 LTF = 5.0

it

1:0

0,0 DTP = 0,5
24,0 TH8 = 535.0

[
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UNIT % TYPE 14 RADIATION PROCESSOR
PARAMETERS 6

5 1 LAT 428, 8HF -1

INFUTS 7

292 251 201% 2:20 050 00 030

0.0 0.0 1.0 2.0 .2 SLOPE CAZ

UNIT 36 TYFE 15 DUMMY LOAR SELECTOR
PAR 18

0 ~40-40-40-406-40-40-40-420 -4
INFUTS 9

152 193 154 155 146 197 158 1:%9 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 LBM. PER HR
PAR B

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

INPUTS L '

3652

0.0

UNIT 39 TYPE 1% 0@ WASTE HEAT RECOVERY
FAR 13

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

361 090 3751 3623

160:0 THS 0.0 145.0 ,

UNIT 16 TYPE 14 ANNUAL VARIATION IN T 70 TAHK
FAR 40

0.0 150,00 744,00 150.0

744.0 15%3.0 1416.0 183.0

148160 177.0 2160.0 177.0

2160.0 1846.0 2880.0 1846.0

2880.0 192.0 S50BB.0 192.0

S088.0 188.0 5832.0 188.0

5832.0 188.0 A552.0 188.0

6552.0 177.0 72940 177.0

72296.,0 165.0 80146.0 165.0

8016.0 1460.0 8761.0 140.0

$£3624.0 189.0 4344.0 1892.0

%¥A4344,.0 190.0 3088.0 190.0

UNIT 18 TYPE 23 LOW TEMPERATURE RY FABS
FAR &

115%.0 18%.0 115.5 0,001 100.0 30
INPUTS 6

I6s1 3751 3693 522 Is7 1651

18,0 1000.0 185,00 1000.0 0.0 145.0
ATRACE 2.052,5

UMIT § TYPE 29 VVPUNF TO TANK

PAR &

18 ¢ LTP MTP DHP TTF

INPUTS &

0s0 050 751 792 1851 050
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THS 500.0 TRM H$00.0 8ET 1.0

¥TRACE 135.,138

¥% COLLECTOR LOaP FPUNF

UNIT 14 TYPE 3% COLLECTOR LOOF PUNF - UARIARLE VOLUNE
FAR &

18 ¢ HCL MCL nohih nic

INPUTS &

2291 2252 621 692 1871 040

TRM 0.0 TRM 0.0 SET 1.0

¥TRACE 135,138

UNIT 6 TYPE 1 LINEAR CONCENTRATIMG COLLECTORS
PARAKMETERS @

5 ACL CCL -10 18 SER 11 19 60.0

INPUTS &

1451 1452 293 357 327 359

TZH 0.0 0.0 0.0 0.0 0.0

UNIT 8 TYPE 1% FRESSURE RELIEF VALVE
PARANETERS 2

500.0 CCL

INFPUTS 3

631 652 611

TZA 0.0 TZA

UNIT 10 TYPE 31 RETURN PIFE QUTSIDE
PARAMETERS 4

UAR CAR CCL TZA

INPUTS 3

8s:1 Bs2 253

TZH 0.0 TIA

UNIT 24 TYPE 31 RETURM PIFE BURRIED
FARANETERS 4

UBE CRR CCL TZA

INPUTE 3

1051 1052 050

TZH 0.0 50.0

UNIT 11 TYPE 31 RETURN PIPE INBIDE
FARAMETERS 4

URKM CRH CCL TRHM

INPUTS 3

24:1 2432 040

TRNM 0.0 YRH

UMIT 12 TYFE 5 COLLECTOR HEAT EXCHANGER
FAR 4

4 0.8 CCL CTK

INFUTS 4

111 112 591 552

TRH 0.0 TZT 0,0

¥TRACE 135:138

UNIT 7 TYFE 38 WHMR HX -~ TEPERATURE SENSITIVE
FAR 8 -

0.8 0,2 0,014 1.2218 -0.0048 25,0 2000.0 0.0



INPUTE 4

1253 1254 3951 3751

THS 100.0 1000.0 100.0
XTRACE 1355138

UNIT 4 TYPE 11 FLOW RIVERTER
PAR 1

2

INPUTS 3

7s1 732 1842
18%.0 1000.0 0.0
¥TRACE 2.0:2,5
UNIY 20 TYPE 15
PAR 17

~1% -4 ~-14 -12 4 8 -4 -12 -12 -14 4 8 -4 -11 -4 4 -4

INPUTS 4
453 454 3653 3701
0.0 0,0 143.0 1000.0

UNIT 13 TYFE 2 COLLECTOR 1.ODF CONTROLLER

PAR 3

8K 6 3
INFUTS 3

b3l 050 1351
TZf BET 0.0

UNIT 21 TYPE 31 SUFPLY FIFE INSIDE

FOR 4

URH CRM CCL TRHM
INPUTS 3

12:1 1252 050
TRM 0.0 IRM

UNIT 25 TYFE 21 RETURMN PIPE BURRIER

FARAMETERS 4
URk CEE CCL TZA
INPUTS 3

2151 2192 0:0
TZA 0.0 G0.0

UNIY 22 TYPE 31 SUPPLY PIFE OQUTSIRE

FAR 4

UasS CAS CCL TZA
INPUTS 3

2551 2892 253
TZA 0.0 VZA

UNIT 26 TYPE 15 ADID PIFE LOSSBES

PAR 12
00033 -4
00033 -4
INFUTS &

1054 2494 2554 1053 2453 2553

0,0 0.0 0.0 0.0 0.0 0.0

UNIT 23 TYPE 15 ADD PIFE DELTA E AND' LOSSES

PAR 29
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00
000

b«N

00 -4
00 -4
-15 8 -1
INPUTS 9
2451 1194 21+4 2254 2692 1193 21,3 2253 13:1
0,0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 00

UNIT 17 TYPE 32 UV TANK

FAR 12

SUL RIA 0.0945 0.0945 668.0

15099.0 CTK DK THS SET 434800.0 10000.0
INFUTE 4

431 432 1954 293

™S 100.0 100.0 TZA

YVRACE 1355138

UMIT 19 TYPE 34 TEMPERING VALVE

PAR 2

ig 1

INPUTS 7

1751 1752 0:0 1956 3453 2022 1757

TZT 1.0 THS 1.0 1.0 1.0 1.0

*TRACE 135:138

UNIY 34 TYPE 131 HMIXING T-FIECE

FAR 1

1

INPUTS 4

2054 20:5 1951 1952

145.0 1000.0 100.0 100.0

Y¥TRACE 2.022.5

3 3
033 :
48-178-183 3 3 ~-19 1 -4

UNIT 46 TYFE 15 AUXILIARY STEAN HEAT + AV TENFS + QU 8

PFAR 39
0048-131-4

-14 -1 0,001 9 -15 1 -4 ~14 -14 -1 0,001 9 1 -4 -17
-18 3 -19 3 -4 -14 -1 0,001 9 =20 1 -4 -14 -1 0,001 % -4

INPUTS 10

493 3421 3492 1453 2251 851 030 050 050 75
0,0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0

UNIT 15 TYPE 15 PUMF ON TIHE + TOUT WHR
PFAR 22

-12 -1 0,001 % -3
-13 -1 0.001 9 -3 1 -21

-11 ~31 1 ~4 ~-14 -31 1 -4 -31 -4
INPUTS 4

731 1453 G553 1253

1.0 1.0 1.0 1:0

PR ETITTAIITLIEEEELELEESTATTILATALETI LIS S22 L2821

%
¥ RESULTS ’
%

KERRLRRRRER KRR R R R ROk R R R R R

%
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¥ COLLECTOR RESULTS

L

UNIT 47 TYPE 28 COLLECTOR RESULTS

PAR 33

88F 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 -14 2 -4 -17 -14 2 -4 -18 -4 -1% -4

INPUTS 9

336 693 Bs3 4656 1255 4652 4693 2353 102
LABELS 10

HTAC QU COLEFF QROIL CLFUMF QHX TAVCLI TAVCLD
OFFLOS HRFLUOW

UNIT 9 TYPE 27 COLLECTOR TEMPERATURE HISTOGRAMS
PAR 34

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 200000.9 24

50.0 250,0 20 0.0 1.0 20 50,0 250.0 20 -0
INPUTS 10

4692 4653 1751 1453 593 451 17511 1553 553 453
TINCL TCLOUT TTANK HMDCLX CHMOCLY TINTNK MASTNK
CTICLY MDWHR TRIVER

UNIT 35 TYFE 27 COLLECTOR TEMPERATURE HISTOGRANS

FAR 36

1 8760.0 8760.0 0.0 8760.0

50,0 250.0 20 50.0 $10.0 23 50.0 2350.0 20 0.0 1.0 20
0.0 1.0 20 50,0 250.0 20 0.0 200000.0 24

50,0 250.0 20 0.0 1.0 20 50.0 250.0 20 -5

INPUTS 10

46352 4633 1751 1493 593 451 17511 1053 G593 453
TINCL TCLOUT TVANK HHDCLX CMDCLX TINTNK MASTNK
CTICLY MIWHR TRIVER

i 3

% FIPING LOSSES

%

UNIT 48 TYFE 28 FIPING LOSSES

FAR 28

g8k TII B8760.0 -1
0-30-30-320-30-30-333333~-4

0 -4 0 -40 -4

INPUTS 9

1053 2453 11+3 2153 2553 2253 3751 3951 392
LABELS 10

RFOLOS RPRLOS RPILOS SFILDS SFRLOS SFOLOS TOTLOS
HLDL QUHNTS OLD

%

% TANK RESULTS

%
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UNXT 49 TYPE 28 TANK RESULTS
PAR 27

85F TII 8760 -1 3

0 -40-40-4 0-40-420-4
-17 -4 -18 -2 2 -4

~-1% -4 =20 -4

INFUTS 10

D352 1756 17217 17515 1755 17514 1754 1751 1793 1752
LABELS 10

DEF DETK DMTNK QOUT QLOSS Q1IN QDUNF TaVIKH HASSIM MASSOUT
CHECK 0.10 6 -2 -4 -5

CHECK 0,10 9 ~10 -3

RXXXX TYPE 25 PRIMITER

%FAR 4

%0.25 134.0 140.0 -5

RINFUTS 10

¥501 592 553 G904 731 752 1201 1292 1253 1244
YTENFPP HABSP

KEETA GAMHA TXWHR MXWHR CLXTH CLYXKH CLXTC CLXHC
XXXX TYPE 2% PRIMJER

*FAR 4

%1 0.0 168.0 -3

RINPUTS 10 ,

%¥18s1 1852 18:3 18:4 18,5 1Bsé 18Bs7 18y

%1721 1752

*TSET IVALVE ITOUT ITSET IKAR IFLOW IRF I

XTOUTIK MOUTTH

RKEIMPUTS 10

%1791 1732 173 1794 1755 1726 1727 1758 17:%9 17:10
LTAY HOUT MIN ODUNFP QLSS DE LEVEL TFST MFST ITFIN
SUNXT 38 TYPE 25 PRINTER

¥PAR 4
%1 0.0 168.0 -5
SINPUTS 10

%1253 1294 451 492 423 454 3653 3751 2051 2092
LTOUTHY HOUTHX TTOTK #TOTK TRYP MBYP TLO MLD
YTLIREFF MLIEFF

XUNIT 48 TYPE 23 PRINTER

¥FAR 4
%1 0.0 1468.,0 -5
XINPUTS 10

%3623 3751 453 454 1955 19356 1953 1954 3451 3452
¥TLR MLO TRY MRY TCLOD MOLDI THOT MHOT TTOLD MTOLR
RINPUTS &

%17s11 17512 17213 17514 17515 17516

¥MFIN DELTA YFTEST QTKIN QTKOQUT EVTRAV

FUNIT 17TYPE 25 FRINTER

¥PAR 4

*1 000 16800 -8

$INPUTS 9



%19r1 1952 1953 1924 1935 1996 1957 J653 3751
LTOUT MOUT TH HH TC HC GAMNA TSET HLD
¥UNIT 17X TYPE 25 FRINTER

*PAR 4

%1 5040.0 5712.0 -5

*INPUTS 7

¥15:3 125 3951 753 4651 356 653

¥TTANK QHYX QUHR QROTLT QAUX HTAL Qu
SUNIT 32 TYPE 26 PLOTTER

*¥PAR 4

%1 5040.0 S374.0 -5

H#INPUTS ©

%1553 1255 3951 7:3 4651

$TTANK QHY QHHR QROILT 0AUX

%

% LOAR RESULTS

%

UNIT 50 TYPE 28 LOAD RESULTS

FAR 34

85k TII 8760 -1

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

~14 -186 2 -4 -15 -16 2 -4 -17 -4

INPUYS 7

46:1 1255 793 1593 15:4 1555 327

LARELS 10 .
RAUX GS0L GUHR RLOAR AUXFRC SOLFRC WHRFRC ZVCYINM
ZTXCOT HTREAN

YUNIT 45 TYPE 28 RESULTS

¥PAR 24

¥S8F TII 8740 -1

%0 -4 0 -3 0 -4 0 -40-40-22 -4

0 -4 0 -4 4 -4 ) -4

XINPUTS 10

%3751 1934 19546 2055 1732 252 1294 2092 34352 20.3
¥LARELS 10

ML HOTHLLD CLDMLD WRMMLD TKHOTHM HGLORE
H¥MUHRCL MLDEFF MTOLD MEXCES

¥CHECK 0.10 1 -5 -3 -4

%¥CHECK 0,02 2 -5

ENR

*
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grgpkkkpok kR ok ook kR R R

k4

%

% OSCAR MAYER SIMULATION STURY

¥ SYSTEM CUTANK E-UW AXIS

% LIMEAR CONCENTRATING COLLECTORSE

% COMBIMER STORAGE FOR SOLAR SYSTEN AMD WHRS
% TEMPERATURE SENSITIVE WHR + RBYPARS

¥ PLUS COLLECTOR ARRAY SHADRING

PR T ETIFITI TS SIS TEIT IS LSO E LIS IS SRS 22
SIMULATION 1.0 B760.0 0,125

TOL -1 -.1

LIN 40 50 39

CONSTANTS 44

% COLLECTOR

LAT = 41,3 SHF = 0,0 BER = 24

REL = 61,356 COL = Q.90 CAZ = 90.0 8SLUPE = 0.0
ACL = 40320,0 / SER MCL = 1131.0 % DCL

MODEAX = 1.0 SEPAX = 20,0 WIDCL = 7.4 XNROW = 1é
¥ FIFING

% -~8 = BUPFLYs --R = RETURM

% LA- = QUFSIRE

¢ 96 36 € 3¢ ¢ 9

% Lk = BURRIED

% LR = INBIRE

LAS = 940,0 LAR = 220.,0 LRN = 280.0

LRR = 450.0

UAS = LAS % 0.21 UAR = LAR % 0.21 URM = LRM % 0.21
URR = LBRR % 0.21

CAP = CCL % DOL % 0.0513 + 0,83

RCAP = 0.0

CAS = LAS % LAF CAR = LAR % CAFP CRM = LRK % CAF
CBR = LRR % CAF

¥ TANK

SVL = 15775.0 DTK = 62.4 CTK = 1.0

SHT = 45,33 TIT = 137,90

% HEAT EXCHANGER

WHX = 2.0 % HCL

% GEMERAL

TRM = 40,0 7ZA = 32.0 STK = § 8KC = 1 TII
DFT = 0,5 8IF = 0.0 FIP = 24.0 88F = -1 FIF
UNIT & TYFE % LOAD DATA READRER

PARAKETER 4

101 9 4

(F10.456(1FPE11,3)/3C1FELL 30D

UNIT 2 TYPE 7 RATA REANER

PAR 13

311 0,08811 0.0 2 0.08811 0.0 3 0,18 32.0
(T207F4,0:T255F4,0,1305F4,0)
$(TA75F2,02T204F4,05T3L15FG.1)

UNIT 3 TYPE 14 RADIATION PROCESHOR

0.0 TP = 0.3
24,0 THS = 355.0

noH

i
LA
£
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FARBMETERS 7

5 3 1 LAT 428, SHF -1

INFUTS 7

252 251 2519 2520 050 0:0 050

0.0 0.0 1.0 2.0 .2 SLOPE CAZ

UNIT 30 TYPE 34 SHADRE

FAR 7

2 SLOPE CAZ MONEAY SEPAX WINCL XNROUW

INPUTS

3e7 3510 353

0.0 0.0 0.0

UNIT 34 TYPE 15 DUMMY LOAR SELECTOR

FAR 18

0 ~40-40-40-40-40-40-40-40-4
INPUTS ¢

192 153 154 155 156 197 158 159 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 LEBN. FER HR
PAR 8

0.0 -1 8.34 1 -1 60,0 1 -4

INFUTG 1

3bs2

0.0

UNIT 39 TYPE 15 0 WASTE HEAT RECOVERY

FAR 13

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

INFUTS 4

3631 030 3751 3653

160.0 THS 0.0 145.0

UNIT S5 TYPE 11 MIXING VALVE

PAR 2

58

INFUTS 4

0:0 3791 15:3 3653

THE 0.0 TZT 145.0

UNIT 4 TYFE 33 WHR HX -- TEFERATURE SENSITIVE
FAR 8

0.8 0.2 0,014 1.2218 -0,0048 S5.0 2000.0 0.0
INPUTS 4

Se1 S92 3951 3751

THS 100.0 1000.0 100.0

UNIT & TYFE 1 LINEAR CONCENTRATING COLLECTORS
FARAMETERS 9

% AGCL CCL ~10 18 SER 11 19 60

INFUTS &

2291 2252 253 2051 3021 359

TZH 0.0 0.0 0.0 0.0 0.0

UNIT 8 TYFE 13 FRESSURE RELIEF VALVE
PARAHETERS 2

500.0 CCL
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INFUTS 3

631 652 491

T4 0.0 TIA

UNIT 10 TYFE 31 RETURN FIFE OUTSIDE
PARAMETERS 4

uak CAR CCL TZA

INPUTS 3

Bel 852 253

TZA 0.0 TZA

UNIT 24 TYPE 31 RETURN FIPE RURRIED
FARAKETERS 4

UElR CER CCL TZA

INFUTS 3

1051 1022 050

TZa 0.0 50,0

UNIT 11 TYFE 31 RETURN FIFE INSIRE
PARAMETERS 4

URW CRH CCL TRM

INPUTE 3

2491 2422 050

TRH 0.0 TRH

UNIT 12 TYPE 5 COLLECTOR HEAT EXCHANGER
PAR 4

4 0.8 CCL CTR

INFUTS 4

i1s1 1122 1951 1952

TRH 0.0 TZT 0.0

UNIT 13 TYFE 2 COLLECTOR LOOF COMTROLLER
FAR 3

SKRE 15 5

INFUTS 3

431 1551 131

TZA TZT 4.0

UNIT 14 TYFE 3 COLLECTOR LOOF FPUNF
FAR 1

MCL

INFUTE 3

1221 1252 1351

TRH 0.0 0.0

UNIT 21 TYPE 31 SUPFLY PIPE INSIDE
PAR 4

URKH CEM CCL TRH

INPUTS 3

1451 1452 0350

TRM 0.0 TRH

UNIT 25 TYPE 31 RETURN FIPE RURRIER
PARAMETERS 4

URR CRBE CCL TZIA

INPUTS 3

21c1 2152 050



TZh 0.0 50.0

UNIT 22 TYFE 31 SUFFLY PIFE OUTSIDE
FAR 4

UaS CaAS CCL TZA

INFUTS 3

2591 2592 223

TZ6 0.0 TZA

UNIT 26 TYPE 15 ALl FIPE LOGSES

PAR 12
00033 -4
00033 -4

INFUTS &

1054 2454 2554 1053 2453 23553

0.0 0.0 0.0 0,0 0,0 0.0

UNXT 23 TYPE 15 ADD' PIFE DELTA E ANIY LOKSES
PAR 29
000

3 -
0090 3

4

-4

-17 8 -18 33 3 -19 1 -4
INPUTS @

24:1 1154 2154 22354 2452 1153 2153 2253 1391
0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0
UNXT 17 TYFE 2 VANK LDOF COWYROLLER
PAR 3

8TK 3.0 1.0

INPUTSE 3

1is1 1591 1751

TZa VIT 0.0

UMIT 19 TYFE 3 TANK LOOF PUNF

PAR 1

MHX

INPUTE 3

1551 1522 1751

TZT 0.0 0.0

UNIT 7 TYFE 13 PRESSURE RELIEF VALVE
PARBHMETVERS 2

212.0 CTK

INFUTS 3

1253 1254 1543

TZT 0.0 VLT

UNIT 15 TYFE 37 STORAGE TAMK
PARAMETERS 7

SYL SHT CTK DTK 0.0945% 1 TZIT

INPUTS S

751 732 451 452 253

TR 0.0 THS 0.0 TZA

UNTT 40 TYPE 11 TEMFERING FLOW HIXER
PAR 1

1

INPUTS 4
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1853 1594 523 Hs4

0.0 0,0 0.0 0.0

BUMIT 40 TYPE 25 PRINTER

%FAR 4

TP STF FTF -5

AINPUTS 9

%2451 2551 2&s1 2851 2921 30s1 32:1 3Us1 3051
SUKTIN WENDOT WKTSET STNTIN STMUOT SITSET SNTIN SNHNOT SNTSET
RUNIT 41 TYPE 25 PRINTER

*PAR 4

¥UTF STF FTP -5

SINPUTS ¢

¥X&s1 3652 3423 Bbod 3655 3b0b 3bs7 3628 Fbs9
YTIN MOOT TSET NTS NMO NTD NOAYWEK NRAYYR NUKYR
EXNXX  TYPE 27 HISTOGRAW FLOTTER

¥PARAMETERS 8

%2 24 24 BTF FTH 0 24 24

RINFUTS 3

%3621 3632 3653

ATIN MDOT TSET

EAXEXX TYPE 27 HISTOGRAM FLOTTER

YPARAMETERS 8

%2 24 24 STF FTH © 24 24

FINPUIS 9

22451 2551 2651 2851 2921 2051 3251 3391 3051
FUKTIN WRMDOT WKTSET STHNTIN STHROT SITSET SNTIN SMMAOT SHTYSET
¥TYFE 2 TYPE 2 HMEAT EXCHANGER CONTROLLER
YPARAMETER X

¥8TK 5 10

LINPUTS 3

¥1%s3 36:1 38s1

%0.0 TZT 0.0

UNIT 46 TYPE 15 AUXILIARY STEAKM HEAT + AV TEMFS + QUS
FAR 15

0048 ~-131 -4

-14 -15 1 -4 ~-146 -14 1 -4

INPUTE &

3623 4051 4052 1391 2251 851

0,0 0,0 0.0 0.0 0.0 0.0

UNIT 33 TYPE 15 ADD @U 8

PAR 2

0 -4

INPUTS 1

633

0.0

PE Rt I TIIE LS E LTI ELELILR T4 ELEIEILELE LS 2S
% ¥
% RESULTS _ ¥
3 %
23 tetetseetesesssessresestasdassstisteis s
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%

% COLLECTOR RESULTS

%

UNYT 47 TYPE 28 COLLECTOR RESULYS
FAR 35

86F TII B760.0 -1 .

0 -1 ACL -1 SER 1 1 -3

0,0 -3 -7 2 -4

-3 -4 ~14 -4 -15 -4 -16 -4

-17 -14 2 -4 -1i8 -14 2 -4 -19 -4
INPUTS 9

Tsp 3351 893 1351 1255 1791 4652 4653 2353

LARELS 10

HTAC QU COLEFF QROIL CLPUMF GHX TKPUMF TAVCLI TAVUCLOD
OFFLOS

UNIT 9 TYPE 27 COLLECTOR TEMFERATURE HISTDGBRANMS

PAR 15

1 -1 -10.0 8760.0

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

4652 4653 15,3

TINCL TCLOUT TTANK

UNTY 35 TYPE 27 COLLECTOR TENFERATURE HISTOGRAMS
FAR 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 -9
INFUTS 3

4452 4653 1553

TIKCL TCLOUT TTAMK

E

% PIPING LOSSES

LS

UNIT 48 TYFE 28 PIPING LOSSES

PAR 28

88F TII 8760.0 -1
0-20-30-30-30-30-333333-4

0 -4 0 -40 -4

INPUTE ©

1053 2493 1153 21:3 253 2253 3751 3%9:1 3952
LABELS 10

RPOLOS RPRLOS RPILOS SFILOS SFRLOS SPOLOS TOTLOS
MLD QWHNTS QLR

%

% TANK RESULTS

%

UNIT 49 TYPE 28 TANK RESULTS

PAR 33

85F TII 8740 ~1 1

0 -4 0-40-4140 -4

-15 -4 -16 -2 2 -4



-17 -4 ~18 ~4 -1% -4

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

INPUTS 10

1557 15s6 15¢5 12:5 753 15:3 Ss2 1554 3751 3001
LABELS 10

DETK QOUT GLOSS OHX ORDILT TAVIKH MASSIN MASSOUT MLDN SREAM
CHECK 0,10 4 -1 -2 -3 -9

SUNIT 34 TYPE 25 FRINTER

SPAR 4

%1 %040.0 57212.0 -5

LINPUTS 7

%1593 1255 493 793 4421 35 6:3

YYTAMK QHX GUHR G8OILT QAUX HTAC QU

SUNIT 33 TYFE 26 PLOTTER

%PAR 4

%1 %5040.0 5376.0 -5

$INPUIS S

%1953 1295 39:1 753 4611

ATTANK QHY QUHR 4ROILT QAUX

¥

% LOAD RESULTS

¥

UMIT 50 TYFE 28 LOAR RESULTS

FAR 36

88k TII 8740 ~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 &

4631 1556 493 451 751 594

LABELS 10

AAlY, OTHK QWHR QLOAD AUXFRE THKFRC WHRFRC TAVIN TAVDUT
MDTENP

KUNIT 45 TYFE 28 SYSTEM EMERGY RALANCE

*PAR 21

%¥58F TIXI 8760.0 -1 2

X0 03 -4 0 -4003F-40-183-40-410 -4
YINFUTS 9

¥2%p1 1527 633 853 2322 1555 1556 753
RLARELS &

¥DETOT QUCL TOTFLS DLOSST QTAMK QTRANS
LOHECK 10 2 -1 ~% -4 -G -9

ENR

¢
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8IN 0.0 24.0 1

TQL '6001 "0;001

LI¥ 30 10 29

CONSTANTS 10

TIF = 80.0 TON = 0.0 TOF = 24,0 MD = 123513 DT = 1
HFB = 970.3 CPN = 0.63 TS = 212.0

% CONSTANTS FOR RENDERING VARDR CONDENSER

PTY = 91.0 TCA = 117.0

UNIT S5 TYPE 9 CARR REARER 1

PAR 19
71-3,50-410-510-46410-71011-~-1
b

RINPUTSE 1-DAY»2-HOUR

%

¥NH3 DESUPERHEATER

b

KIHPUTSS 3~-MIOT NH3:4-TIN NHZsS5-TOUT NH3s
KINPUTS? &-TIN H20,7-TOUT H20

X

UNIT & TYFE 9 CARR READER 2

FAR 16

6 1.0 -2,0 0,4165 0 -4 1 0 -5 1 0 -610 12 -1

*

RINFUTS? 1-DAYs2~-HOURs

®

% INEDIBLE RENDERING VAFOR CONDENSER

b4

XINFUTS? 3-MROT STEAM TOTALs 4-70UT STEAMss 5-TIN H20s 6-TOUT H20
% :
UNIT 7 TYPE 9 CARDIN READRER 3

PAR 22

81 -32,0060-410-510-610-710-84.10013 -1
:INPUTS 1-0AYy 2~ HOURs

: S1NGER EXHAUST ECONOMISER

iINPUTS% 3-HDOT AIRs 4-TIN H20,5-TOUT H205

: SCALR TUR

:INFUTS: 4-HOURS OF OFERATION

: GLYCOL CONCENTRAYOR

:INPUTS: 7-HOURS OF USE

g FRINMARY HEAT EXCHANGER



LINPUTS! 8-MIOT FROCESS WATER

¥

UNIT 8 TYPE 15 CONDEMNSER HHPTS

PAR 7

0 ~3 04 -4 -12 -4

INPUTS 2

633 050

0.0 0.0

X

£ OUTFUTS: 1- MDOT STEAM TOTALs 2- MDROYT STEANW WHR CONDENSER
¥ 3 - HOOT STEAM JJET CONDEMNSER

*

UNJIY 12 TYFE 5 HX-1 PRIMARY HX

FAR 4

2 600000,0 1 1

INPUTS 4

2653 26124 050 758

204,0 123513.0 95.0 14085.0

TRACE 8, 2.

CUNIT 15 TYPE S HX-2 AMKOMIA DESUPERHEATER HX

PAR 4 '

2 42000,0 CPM 1

INFUTS 4 '

De) 553 1251 122

220,90 0,0 200.0 MR

UMIT 17 TYPE X LOOF PUNFP

FAR 1

MI

INPUTS 3

193 15:4 050

TIF MI 1.0

UNIT 20 TYPE 15 HX3 INENIRLE REDERING STEAM CONDENSER

PAR 62

-1 0:0 -4
-1 T8 -13
-1 106%5.3
-1 78 ~13
-14 2 -13
-1 78 -13
-4

-1% -31 4 -4

INPUTS 5

050 050 15:3 1722 603

T8 TIF 0.0 0.0 D

RURIT 23 TYPE 5 HX-3 INEDIRLE RENDERIKG CONDENSATE SURCOOLING
¥PAR 4

¥4 0.8 1 1

YINFUTS 4

K201 2052 2053 2054

¥TIF 0.0 TIF HD

-1 .87 1 ~-14 -15 -1 1.0 9 1 1
-4 ~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

I s B PSS
!
-
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UNIT 246 TYPE 5 HX~4 HOG SINGER ECOROMIZER
PAR 4
4 55 0,253 1.0
INFUTS 4
Qe 723 2093 2054
700.,0 0,0 TIF 0.0
TRACE 8. 9.
UNIT 45 TYPE 28 SIN SUM
FAR 12
DT TaN TOF -1
O -4 0 -4 0 -4 0 -4
INPUTS 4
1255 15s5 2055 2655
LABELS 4
Ai 62 03 04
YCHECK 0,10 1 - 2 - 3 - 4
UNIT 44 TYPE 28
Fak 12
T 70N TOFF -1
O -40-40-410 -4
INPUTS 4
4935 4933 4957 4951
LARELS 4
Qin Q2D @30 G4n
SUNMIT 46 TYPE 22 SIM SUH
*FAR 21
DT TON TOF -1 8
¥ -4 0 -4 0 -4 0 -4 0 -4
¥0 -4 0 -4 0 -4
FINPUTE 8
%2633 795 1251 S6 1553 655 2053 754
¥LARELS 8 :
LTHI1 THILD TCI2 TCI2D TCIZ TCI3R TCI4 TCI4D
YUMIT 47 TYPE 28 8IM SUN
¥PAR 21
*IT TOMN TOF -1 8
0 -4 0 -4 0 -4 0 -4
%0 -4 0 -4 0 -4 0 -4
IMNPUTS 8
$12:1 1293 1521 1593 2091 2023 2651 2643
HFLARELS 8
¥THO1 TCO1 THO2 TCO2 THO3 TCO3 THO4 TCO4
UNIT 48 TYPE 28 SIN SUM
PaR 20
BT TON TOF -1
0 -4 0 ~40-40-40-40-40-410-4
INPUTS 8
1252 1294 1592 1594 2052 2054 24652 2494
LABELS 8
MH1 HC1 MH2 HC2 HH3 MC3 MH4 MC4



UNIT 49 TYPE 15 HX~ EFFECTIVENESS CaALCULATION

FAR 73

004 -1 M1 -3 -1 64720 -1 700 ~12 4 -1 0.0001 3 1 2 -4
004 -1 MO L ~30 -1 CPNO-144-10,00013112-4
~-11 04 -1 #HD 3 -3 0 ~11 -1 55 4 -1 0.0001 31 2 -4
004 -1 MDY -3 ~1 MO -1 2122041232 ~4

INPUTS 10

795 754 537 S96 593 S94 S9b 758 b5b 655

0:0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

UNIT 39 TYPE 25 PRINTER

FAR 4

0T YON TOF -1

INPUTS 8

4931 4952 4953 4954 49:5 4%:6 4%9:7 4958

Q4D E4D Q20 E20 810 E10 @30 E3D

UNIT 43 TYFE 25 DATA READNER 1

FAR 4

DT TOM TOF -1

INFUTSE 10

Se1 S92 593 594 555 Seb 597 1251 123 15:3

DAY HR MNHZ TINHZ TONHZ TIH20 TOH20 SHX1CO SHX1HOD SHX2CO0
UNIT 42 TYFE 25 DATAREANER 2

PAR 4

nT TON TOF -1

INPUTS 10

G351 692 613 694 H35 636 15p1 2053 263 2651

DAY HR MSTH TOSTH TIH20 TOHZ0

SHX2HD SHYX3COD SHX4CD SHX4HO

UNIT 41 TYPE 25 DATA READER 3

PAR 4

DT TON TOF -1

INFUTS 8

7sl 732 733 P54 735 726 727 78

DAY HR HAIR TIH20 TOH20 STHRS GCHRS WMPROC

END

¢

® .
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81N 0.0 24.0 1
TOL -.001 -0.001
LIK 30 10 29
CONSTANTS 10

TIF = 80.0 TON = 0,0 TOF = 24,0 M = 123513 DT = 1

HFG = 970.3 CFN = 0,63 T8 = 212.0

% CONSTANTS FOR RENDERING VAPOR CONRENSER
DTW = 1.0 TCA = 1170 ‘
UMIT 5 TYFE 9 CARD REARER 1

FAR 1%
71-3.,50-410-510-610-71011-1
L4

XINPUTS? 1-DAY,2~HOURs

¥

¥NH3 DESUPERHEATER

% :

¥INPUTSE 3-MDOT NH3s4-TIN NH3:H5-TOUT NH3»
SINPUTSE 6=TIN H20,7-TOUT H20

*

UNIT & TYPE 2 CARDI READER 2

PAR 14

6 1,0 -3,0 0.,4165 0 -4 1 0 -510 -61 012 -1
k3

FINFUTS! 1-DAYs2-HOUR

%

% INEDIBLE RENDERING VAPOR CONRENSER

%

RINPUTS? 3-MIDOT STEAM TOTAL: 4-TOUT STEANss S-TIN H20s &-TOUT H20

X
UNIT 7 TYFE 9 CARD REARER 3
PAR 22

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

:INPUTS 1-0AYs 2~ HOURs

: SINGER EXHAUST ECONOMISER

:IHPUTS: 3-MD0T AIRy 4-TIN H20s5-TOUT H20»
: SCALD TUR

iINPUTﬁi 6-HOURS OF OFERATION

z GLYCOL CONCENTRATOR

ZINPUTS! 7-HOURS OF USE

: PRIMARY HEAT EXCHANBGER

%
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XKIHPUTS: 8-HINOT FROCESS WATER

*

UNIT 8 TYPE 15 CONDENSER MDOTS
FAR 12

0 -304 -4 ~12 -4 -1 Hh ~-13 1 -4
INPUTS 3

633 050 757

0.0 0.0 0.0

¥

¥ QUTPUTS: 1- MIOT STEAM TOVAL», 2- MIOOT STEAM WHR CONDRENSER
% X - MNDOT STEAM JET CONRENSER

¥

UNIT 12 TYPE & HX~-1 PRIMARY HX

FAR 4

2 400000,0 1 1

INFUTS 4

27¢1 2732 050 7:8

206.0 123513.0 55.0 14085.0

TRACE 8. 9,

UNIT 15 TYPE 5 HX-2 AMHONIA RESUPERHEATER HX
PAR 4

2 42000.0 CPN 1

INPUTS 4

050 533 121 1252

220.0 0.0 200.0 MR

UMXT 17 TYPE 3 LOOF PUNF

PAR 1

I

INFUTS 3

15+3 15954 050

TIF 0,0 1.0

UNIT 18 TYPE 11 T-PIECE

FAR 1

i

INFUTS 4

1558 1722 2291 2252

0.0 0:0 0.0 0.0

UNIT 20 TYPE 15 HX3 INEDIRLE RENERING STEAN CONNENSER

PAR 62

~1 000 '4

-1 T8 -13 4 -1 .87 1 -14 -15 -1 1.0 % 1 1
-1 104653.3 2 ~-% 21

-1 78 -13 4 -1 .87 1 -14 -15 -1 1.0 2 1 1
-14 2 -13 4 -4 -14 -4

-1 78 -13 4 -1 .87 1 -14 -15 -1 1.0 % 1 1
-4

~-15 -31 4 -4

INPUTS S

050 050 1851 1852 643
T8 0.0 TIF 0.0 0.0
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UNIT 21 TYPE 15 SCALR TUB LOOF FPUMP AND RIVERTER
PAR 11

B0 -4 0.0 -4 -11 -4 0.0 -1 61760 1,0 -4
INPUTS 3

2053 1752 796

0.0 0,0 0.0

UMIT 22 TYPE 5 SCALD TUR HX

FAR 4

4 811

INPUTS 4

2153 2124 090 050

0.0 0,0 140.0 150000.0

UMIT 26 TYFE 5 HX-4 HOE SINGER ECONOMIZER
FAR 4 '

4 5% 0,253 1.0

INFUTS 4

0:0 793 2151 2102

700.,0 0.0 TIF 6.0

UNXT 27 TYPE 5 GLYCOL CONCENTRATOR
PAR 4 :

4111

INPUTS 4

2653 2694 0:0 854

G.0 0.0 180.0 KD

UNIT 45 TYFE 28 SIM SUNM

FAR 18

T TOM TOF -1

0 ~-40-40-40-40-30-323 -4
INPUTS &

1295 15,5 2055 265 2255 2795

LABELS 7

11 A2 G3 04 GSCALD Q@BLYCL fk4nc
CHECK 0,10 1 - 2 - 3 - 4 + 7

UNIT 44 TYPE 28

PAR 12

0T TON TOFF -1

0 -4 0 -40-410-4

INPUTE 4

4993 4933 4957 491

LABELS 4

Q10 Q2D 43Ih f4n

¥UNIT 46 TYPE 28 SIN SUHM

*FAR 21

®UT TON TOF -1 B

%0 -4 0 -4 0 -4 0 -4 0 -4

%0 -4 0 -4 0 -4

XINPUTS 8

¥2653 755 1251 53é 153 695 2023 754
*LARELS 8

¥THI1 THLIR TCI2 TCI20 TCIZ TCIZD TC14 TCIAN
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XUNIT 47 TYPE 28 SIM SUM

¥PAR 21

%07 TON TOF -1 B

%0 -4 0 -4 0 -4 0 -4

¥ -4 0 -4 0 -4 0 -4

XINPUTS 8

%1251 1253 15:1 1553 2051 2053 2651 2653
FLABELS 8

¥THO1 TCO1 THO2 TCO2 THO3 TCO3 THOU4 TCO4
UNIT 48 TYPE 28 3I¥ QUK

PAR 20

oT TON TOF -1

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

1252 1254 1552 1554 2052 2094 2652 2654
LARELS 8

MHI MC1 MH2 MC2 MH3 MC3 HH4 HC4

UNIT 49 TYPE 135 HX- EFFECTIVENESS CALCULATION
PAR 73

004 -1 81 -3 -1 6470 ~1 700 ~12 4 -1 0.,0001 3 1 2 -4
004 -1 MDL-30-1CPNO-144-10,00013112~-4
-11 04 -1 ¥D 1 -3 0 -11 -1 55 4 -1 0.0001 312 -4

004 -1 ¥4 ~-% -1 HD -1 212 =20 412 -4
INPUTS 10

755 734 597 5946 G533 G944 D9 798 b6 455

0.0 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 4992 4953 49354 4955 49:4 4997 4958

QAN £40 G20 E20 910 E1D @30 E3D

FUNIT 43 TYFE 2% DATA REANER 1

*PAR 4

(0T TON TOF -1

FINFUTS 10

¥%el 502 553 594 595 558 S97 1291 1253 1593
YDAY HR MNHZ TINMZ TONHZ TIH20 TOH20 SHX1HO SHX1CO SHX2C0
RUKIT 42 TYPE 25 DATAREADER 2

*PAR 4

*0°7 TON TOF -1

»INPUTS 10

%631 692 693 634 635 b9 1591 2053 2653 2651
DAY HR NMSTWH TOSTN TIH20 TOHZO0

$8HY 2HO SHX3CO SHX4CD SHX4HO

UNIT 43 TYPE 25

FAR 4

DT TON TOF -1

INPUTS 10

153 1554 1751 1752 1851 18:2 203 204 2151 2102



T HHXZ2 T MPUMP T MTOUT T MHX3CO T MYLOOP

UNIT 42 TYPE 25

PAR 4

T TON TOF -21

INFUTS 10 _

3 2154 2251 22:2 2653 2854 2751 27902 2793 27454
T MYSCLD T MSCLDL T MBING TH MHCONC TC HCCONC

UNIT 41 TYFE 25 TATA REARER 3

FAR 4 :

07 TON TOF ~1

INPUTS 10

73l 732 793 794 795 796 797 758 22:3 2741

RAY HR MAIR TIH20 TOH20 STHRS GCHRS MRPROC TOSCLD TOGLYC
END

»

151



152

REFERENCES

S.A. Klein et al., "TRNSYS - A Transient Simulation
Program," University of Wisconsin-Madison, Engineer-

ing Experiment Station Report 38-10, Version 10.1
(1979).

Low Temperature Industrial Process Heat Demonstration
Proposal, Response to Solar Energy Research Institute
Proposal No. RJ-9-8259, TEAM Inc., Virginia (1979).

J.R. Owenby and R.G. Baldwin, "Input Data for Solar
Systems,'" National Oceanic and Atmospheric Admin-
istration, Environmental Data Service, National
Climatic Center, Asheville, North Carolina (1978).

SOLMET Typical Meteorological Year, Tape Deck 9734,
National Oceanic and Atmospheric Administration,
Environmental Data Service, National Climatic
Center, Asheville, North Carolina (1978).

B.Y.H. Liu and R.C. Jordan, '"The Interrelationship
and Characteristic Distribution of Direct, Diffuse,
and Total Solar Radiation," Solar Energy, 4 (1960).

C.M. Randall and M.E. Whitson, "Final Report - Hourly
Insolation and Meteorological Data Based Including
Improved Direct Insolation Estimates,' Aerospace
Report #ATR-78 (7592)-1 (1979).

D.G. Erbs, "Methods for Estimating the Diffuse
Fraction of Hourly, Daily and Monthly - Average
Global Solar Radiation,'" Masters Thesis in

Mechanical Engineering, University of Wisconsin-
Madison: (1980).

H. Gaul and A. Rabl, "Incidence-Angle Modifier and
Average Optical Efficiency of Parabolic Trough
Collectors,' ASME Journal of Solar Energy Engineer-
ing, 102 (1980).




