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NOMENCLATURE

Cj Concentration of absorbate at state point j (%)
C<, Cm Concentration, calculated and measured values
hj Enthalpy at state point j (Btu lb1')

/nj Total mass flow rate at state point j (lb min' 1)

Pj Pressure at state point j (psi)
Tj Temperature at state point j (°F)
T Temperature (°F)
6T Relative error in a measured temperature
Tc, Tm Temperature, calculated and measured values (°F)
UA Heat transfer coefficient, surface area product; a constant

required as data input (Btu -min-' F-1)
6(UA) Relative error on calculated UA

Qi Heat transferred through unit i (Btu-min' 1)
*Q Relative error in a measured value of Q
6i RHS of an equation, which should tend to zero near the solution
n Total number of variables
xi Variable i (i = 1,n)
xiK Value of xi at iteration number K
6x Relative error on any parameter x
Ax Absolute error on any parameter x
maxi IxiK+1 -xiK Convergence is said to occur when

V/2_5 VE/7 < E or
maxi IxiK+l-xiKI < E2

E1 , e2 Specified convergence criteria

Strong solution Solution with strong absorption capability, i.e., low in absorbate
Weak solution Solution with weak absorption capability, i.e., high concentration

of absorbate

Subscripts

A Absorber M Mixer
C Condenser R Recuperator
D Desorber S Splitter
E Evaporator - Q Direction of heat flow
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ABSTRACT

A computer simulation program for absorption systems has been developed in a flexible
and modular form, which makes it possible to simulate various cycle configurations with
different working fluids. The user must supply input containing information about given
flow rates and temperatures, as well as characteristics of the various subunits of the system.
In addition, the user must convey to the computer an image of the cycle in question. Based
on this information, the program calculates the temperature, composition, flow rate, and
pressure at each state point of the system and the heat quantities at each unit, from which
the coefficient of performance may be determined.

The program has been tested on single- and double-stage absorption heat pumps and
heat transformers, with lithium bromide-water and water-ammonia as the working fluids.
The results have been compared with experimental data from tests of a lithium
bromide-water heat transformer, giving good agreement.
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SUMMARY

A computer simulation code for absorption systems has been written in a flexible and
modular form which makes it possible to model various system configurations and working
fluids with a minimum contribution from the user. The code is based on unit subroutines
modeling each of the absorption system's components and a main program that calls them
and links up the units according to the user's specification.

The code has been tested on single- and double-stage heat transformers and a single-
stage chiller, operated with two working fluids, lithium bromide-water (a nonvolatile
absorbent) and water-ammonia (a volatile absorbent). The units included at present are an
absorber, an evaporator, a desorber, a condenser, a recuperator, a mixer, a rectifier, and a
splitter.

The program has been written in a user-oriented form. The user has only to specify the
following: the state points defining each unit; indices specifying whether its parameters
(temperature, pressure, concentration, and flow rate) are fixed or variable and which type of
working fluid corresponds to the state point; the UA value of each unit; and the values of
the fixed temperatures and flows in the system.

The physics yields a system of nonlinear simultaneous equations that are solved by the
routine HYBRD1. The program was specially designed to converge to the physical solution
from any initial values of the variable parameters. This was done by applying constraints to
the temperatures and pressures. Both HYBRD1 and the constraint method proved to be
sturdy and reliable.

The output of the program consists of information on the convergence; the temperature,
pressure, concentration, and flow rate at each state point; the heat transfer through each
unit; and the overall coefficient of performance (COP). Detailed validation was carried out
with experimental runs of a single-stage Li Br-H 20 heat transformer at Oak Ridge National
Laboratory. The agreement between simulation and experiment was very satisfactory.
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1. INTRODUCTION

Absorption heat pumps, first developed in the 19th century, have received growing
attention in the past two decades. With the increasing cost of electricity, the particular
features of this heat-powered cycle have made it attractive for both residential and
industrial applications. Solar-powered absorption chillers, gas-fired residential and
commercial-sized heat pumps and waste heat-powered industrial temperature boosters are a
few of the applications in which intensive research and development have been conducted.

With the development of working absorption systems, there has been a growing need for
reliable and effective system simulations. Several computer models have been described in
the literature, dealing with a variety of applications, cycles, and working substances.' 4 The
results of some of these models have been compared with experimental data and found to be
in good agreement. The simulation codes have proved to be a very valuable tool for research
and development and for improvements in design to be implemented during manufacturing.

The above simulation models have a common feature in that they are system specific,
that is, they simulate one particular system with a particular design, flow arrangement, and
working material. The objective of the present project has been to develop a modular
computer simulation code capable of simulating absorption heat pumps in different cycle
configurations and with different working fluids. The usefulness of such a code has become
apparent in repeated attempts under absorption research programs to evaluate new ideas
for absorption cycles and working substances and to compare them with existing ones. It
was soon recognized that the writing of a new program for each new system is not the right
approach. In fact, a general, user-oriented program with built-in flexibility could save a
great deal of time and effort.

This report describes the development of the modular simulation code, which has now
been tried with three different cycle configurations and two working fluids. It is believed
that the usefulness of the code goes beyond the evaluation of new ideas for advanced cycles
and/or new working fluids. The code can be used effectively for predicting the performance
of a given system under varying operating conditions as well as for preliminary design
studies.



2. DESCRIPTION OF THE PROGRAM

2.1 PROGRAM STRUCTURE

The main objective of the program has been to make the simulation flexible and user
oriented. This leads to two requirements. First, the program must be modular so that
different components and units can be connected to each other to make various
configurations of the working system. Second, the user must be required to supply a limited
amount of input data, which are to be in a straightforward form.

Recognizing that each absorption system consists of a number of standard components
(e.g., evaporator, rectifier, absorber, desorber, condenser), the following logic has been
created for the program. Each basic component is simulated by a unit subroutine that
provides a mathematical expression of the physics of that component. Each unit subroutine
contains all the fundamental equations applicable to the unit, such as energy balance, mass
balance, heat transfer, etc. The unit subroutines call on property data subroutines for the
thermodynamic properties of the working fluids. This separation between the unit
subroutines and property data subroutines provides the flexibility for each unit to operate
with different working fluids.

The main program calls the individual unit subroutines that have been specified by the
user, thus composing the complete system. The units can be called upon in any order. The
connection between different units is made automatically by the program, which specifies
the output of one to be the input of the other.

In its present form, the program contains unit subroutines for the following components:
an absorber, a desorber, a recuperator (liquid-to-liquid heat exchanger), a condenser, an
evaporator, a mixer, and a splitter. Various systems can be created; those for which
numerical results will be presented are shown in Figs. 2.1 through 2.3. These include a
single-stage heat transformer, a double-stage heat transformer, and a single-stage chiller.
The overall structure of the program is illustrated in Fig. 2.4. An elaboration of the
procedures in Fig. 2.4 can be found in the sections indicated on the flow chart.

2.2 INPUT DATA

The user is first required to draw a symbolic sketch (block diagram) of the system to be
simulated, showing a complete breakdown into all the basic components and their
interconnections (examples are given in Figs. 2.1-2.3). In the schematic diagram, the user is
required to label each state point and each unit. Next, the user prepares the input, which
consists of a list of units and a list of state points.

3
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Fig. 2.1 Schematic representation of the simulated single-stage heat transformer with
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Fig. 2.2 Schematic representation of the simulated double-stage heat transformer with
numbered state points and units.

A state point is defined as a condition of the working fluid characterized by and
distinguished from another state point by its temperature, flow rate, concentration, or
pressure. Generally each input and output point of a unit and possibly one or two internal
points where necessary are allocated state points.

The input data for each state point consist of first an integer, which indicates whether
the working material at this point is a solution, a vapor, or pure water (liquid), and second
four pairs of numbers, which represent the temperature, flow rate, concentration, and
pressure at the point. In each pair the first number is an identifying integer, which
describes whether the parameter (temperature, etc.) is a given constant or a variable to
solve for, and in the latter case, whether it is equal to the same variable at another state
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Fig. 2.4 Flow chart showing overall structure of the simulation program.

point. The second number is the initial value for the parameter. If the parameter is a given
constant, its value is obviously fixed. Note that the constants should represent a realistic set
of operating conditions; otherwise a solution cannot exist.

If the parameter is variable, its initial value may be arbitrarily selected. Since the user
cannot be expected to know anything about the solution a priori, and thus to estimate a
reasonable initial guess, the solution method has been specially adapted (Sect. 2.5) by the
authors to accept any initial values for the variables.



Preceding the list of state points and their parameters is a specification of each unit or
component in the system. A unit specification consists of a unit number, an identification
number, the unit type (i.e., absorber, desorber, etc.), the given UA value (which is a
constant), and state points belonging to the unit in an order corresponding to that of the
unit subroutine. From the sketch of the whole system (Figs. 2.1-2.3), the state points
corresponding to each unit can be selected. For example, points 1, 2, 3, 4, 5, and 6 in the
absorber subroutine (Fig. 2.5) correspond to points 7, 8, 3, 9, 4, and 16 in the single-stage
heat transformer (Fig. 2.1) and to points 7, 8, 30, 9, 4, and 12 and 17, 18, 13, 19, 14, and 22 for
the two absorbers in the double-stage heat transformer (Fig. 2.2). The order in which the
units are called (represented by the unit numbers in Figs. 2.1-2.3 and Appendix Tables
A.1-A.4) is unimportant. The unit numbers are simply for reference to the figures.

ORNL-DWG 85-8263

ABSORBER |Strong Solution

xxxX
4 6 2

.~ ~ ~Absorbate

3 < Q Vapor

Coolant

a5

Weak Solution
Fig. 2.5 Symbolic sketch of absorber; state points are numbered as inside the corresponding

unit subroutine.

The working pair is represented by an index, e.g., 1 for lithium bromide-water and 2 for
water-ammonia. The user also has to specify the total number of units, the total number of
state points, the upper limit on the number of iterations and the required convergence
criterion for the solution (Sect. 2.4). Sample inputs are given in the Appendix.

2.3 UNIT SUBROUTINES

Each of the system's standard units (Figs. 2.5-2.11) is modeled in a subroutine. The unit
is treated as a black box with its own inputs and outputs which can be connected to other
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Fig. 2.6 Symbolic sketch of desorber; state points are numbered as inside the corresponding
unit subroutine.
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Fig. 2.7 Symbolic sketch of recuperator; state points are numbered as inside the
corresponding unit subroutine.
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unit subroutine.
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Fig. 2.9 Symbolic sketch of evaporator, state points are numbered as inside the corresponding

unit subroutine.
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unit subroutine.
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Fig. 2.11 Symbolic sketch of splitter; state points are numbered as inside the corresponding
unit subroutine.

components. The governing equations take the unit as a whole and are formed from some or
all of the following:

* energy balance
* conservation of total mass
* conservation of absorbent/absorbate
* heat transfer
0 thermodynamic equilibrium between liquid and vapor
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These equations, which form the set (Eqs. 2.1-2.28), are as follows (symbols are explained
in the nomenclature list).

Absorber (Fig. 2.5)

Energy balance

Qa = ilhl + m2 h2 - mh5h5 = m3 (h4 - h3) . (2.1)

Note that m4 = m 3.

Conservation of total mass

?hi + m2 = m . (2.2)

Conservation of absorbate mass

iclC1 + r 2C2 = im5Cs. (2.3)

Heat transfer

QA = (UA)A T-T)-(T-T)(2.4)
A = (UA)A n[(T6 - T4)/(T5 - T3)]

Equilibrium equations

The liquid at state point 5 is in equilibrium at the pressure of the vapor at state point 2:

f(P2,C5,T5 ) - 0 . (2.5)

Adiabatic absorption of the vapor at 2 by the liquid at 1 leads to equilibrium at 6:

f(T,P 2,C 1,Cs,T 6) = 0 . (2.6)
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Desorber (Fig. 2.6)

Energy balance

QD = ri 2h2 + im5h5 - tlhlh = mh3(h3 - h4) . (2.7)

Conservation of total mass

rm2 + i 5 = tl . (2.8)

Conservation of absorbate mass

m 2C2 + W5C5 = ?hlC1 (2.9)

Heat transfer

D = (UA) ( T4 - T 6) - (T 3 - T5) (2.10)
ln[(T4 - T6 )/(T 3 - T5)

Equilibrium equations

The vapor at state point 2 is in equilibrium with the liquid at state point 5.

f(P 2,C5,T) = 0 . (2.11)

Adiabatic desorption of vapor at 2 by the liquid at 1 leads to equilibrium at 6:

f(T,.P2,C!,C5 ,T 6) = 0 (2.12)
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Recuperator (Fig. 2.7)

Energy balance

QR = m2(h2 - ha) = rm3(h3 - h4 ) . (2.13)

Note that ihl = rm2 and m 3 = mh4.

Heat transfer

(T3 - T2 ) - (T 4 -T 1 ) (2.14)
lQR = ( n[(T - T2 )/(T 4 - T1 )]

Condenser (Fig. 2.8)

Energy balance

Qc = ihl(hl - h2 ) = m 3(h 4 - h) . (2.15)

Heat transfer

(T2 - T3) - (T 5 - T74)
Qc (UA)c (T-T 3 )/(T -T)] (2.16)

Equilibrium equations

For the vapor at 5, which is in an equilibrium state,

f(P 5,C5,T 5 = 0 . (2.17)

If the vapor at 1 is ready to condense without further cooling (i.e., ii it is not
superheated), T1 = Ts. This is the case for the volatile absorbent. If it is superheated, as
for the nonvolatile absorbent, T1 # T5. For the nonvolatile absorbent, which condenses at
a constant temperature, T5 = T2. In this case, Eqs. 2.17 and 2.18 are identical.

For the liquid at 2 in an equilibrium state with vapor at the same temperature and
pressure,
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f(P2,C2,T2 ) = 0. (2.18)

The two pressures P 2 and P 5 are of course equal, as are the two concentrations, there being

no other route for the material. When the absorbent is nonvolatile (e.g.. Li Br solution as
the absorbent with water as the absorbate), the concentration is always 100%, and the
relationships of Eqs. 2.17 and 2.18 reduce to

f(P,T) = 0 . (2.19)

Evaporator (Fig. 2.9)

Energy balance

QE = zml(h2 - hi) = 7m3(h3 - h4) . (2.20)

Heat transfer

QE = (UA (T - T2) - (T4 - T5 ) (2.21)
ln[(T3 - T 2)/(T 4 - T)]

Equilibrium equations

For the vapor at 2, which is in an equilibrium state,

f(P2,C2,T2) = 0 . (2.22)

If the liquid at 1 is subcooled (i.e., it requires further heating before it can evaporate),
T1 # T5. For a pure absorbate that evaporates at a constant temperature, T5 = T2.
For the liquid at 5, in equilibrium at the same pressure,

f(P5 ,C5 ,T5 ) = 0. (2.23)
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Note that P5 = P2 , but T1 - T2. Also C1 = C2, as there is no other route for the
material. For a nonvolatile absorbent (see "Condenser" above), the relationships reduce to:

f(P,T) = 0 . (2.19)

Mixer (Fig. 2.10)

Energy balance

mhll + h2h 2 = i3hh 3 . (2.24)

Conservation of total mass

ml + r2 = M3 . (2.25)

This equation is obviously not used if the three flow rates are fixed (i.e., given).

Conservation of absorbate mass

imC1 + rh2C2 = ih3C3 . (2.26)

This equation is not used if the concentrations are all fixed and equal (as they are for the
water at state points 3, 30, and 31 in Fig. 2.2).

Splitter (Fig. 2.11)

For the case of the splitter, it is obvious that the concentrations and the temperatures at
all three points are equal. Thus the only significant equation remaining is that for the
conservation of total mass.

3m = mh + n 2 . (2.27)

If these flow rates are constant, then this relation is trivial and the splitter can be omitted
(e.g., junction of points 6, 16, and 26 for the double-stage heat transformer, Fig. 2.2 and
Table A.3).
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2.4 SOLUTION METHOD

Before starting the solution, the program uses the input to create a set of variables xi.
Given the state points and their parameters (Sect. 2.2), the program selects from the input
those parameters that are variable. If the temperatures, for example, of two or more state
points are equal and variable, only one of these is represented in the variable list xi. The
state points whose temperatures are equal to a particular xi are recorded so that all the
temperatures in the system can be recreated from the variable set xi. The same applies to
variable flow rates, concentrations, and pressures.

The system equations (Eqs. 2.1-2.27) are nonlinear in the variables, except those of
conservation of total mass. Those yielded by the energy balance and liquid-vapor
equilibrium depend on the material properties, and their degree of nonlinearity is
unpredictable. Thus, the system of equations will have several, and possibly many, solutions.
Of these, generally only one will be a physical solution; the method for identifying this one
is described in Sect. 2.5.

From Eqs. 2.1 through 2.27, a set of nonlinear equations is formed, which must be solved
simultaneously.

Fl(Xl,X2,...,Xn) = 61

F2 (xl,X2,.,Xn) =62 i -- 0 at the solution (2.28)

Fn(xlx2,...,Xn) = ,n

Generally, any one Fi involves only a few of the xi. The solution routine aims to reduce
bi toward zero and is said to converge when either

/7, < e1

or

maxi IZiK+l - XiKI < (2

The convergence criteria ql, E2 are of the order of 10-6. The routine performs iterations to
converge to a solution, and K is the iteration number.
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The values bi (i = 1,n) and the variables xi (i = 1,n) are fed to the solution
routine. The program we have written converts the xl, on exiting from an iteration, to the
values of system temperatures, etc., so that the 5i can be calculated for the next iteration.

The solution routine selected is called HYBRD1, a program specifically written for the
simultaneous solution of a system of nonlinear algebraic equations. The method is a
modification of M. Powell's hybrid procedures, 5 which are based on the classical Newton-
Raphson technique. It has been found to be extremely robust.

2.5 CONSTRAINTS

By its nature, a system of simultaneous nonlinear equations has many solutions. A
required solution can be obtained from an initial point which is close to it. However, a
prerequisite for such an initial point is an estimate of the solution. In this application, the
user is not expected to know anything in advance about the solution. Thus one of the main
problems in developing the code was how to ensure the physical solution, regardless of the
starting point. To do this, constraints were introduced into the program.

The equations governing the components are given in Sect. 2.3. The direction of heat
transfer in each component is shown in Figs. 2.5-2.11. The heat must be transferred in the
directions shown for the component to operate as intended. The physical solution requires
that the temperatures permit this heat transfer. Thus, constraints on the temperatures are
as follows:

Absorber

T6 > T4

Ts > T3

T4 > T3

(T6 > Ts)

Desorber

T4 > T6

T8 > T7 (2.29)

Ts > T4

(T5 > T6)

Recuperator

T3 > T2

T4 > Tf
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Condenser

T5 > T4

T2 > T3

T4 > T3

Evaporator

T4 > T5

T3 > T2

T3 > T4

Referring to the recuperator, the heat flow is sometimes from the strong to the weak
stream (e.g., chiller, Fig. 2.3) and sometimes from the weak to the strong stream (e.g., heat
transformer, Fig. 2.1). Obviously, the formulation of the constraints must reflect this.

The satisfaction of these constraints ensures that the argument of the logarithm term in
Eqs. 2.4, 2.10, 2.14, 2.16, and 2.21 is not negative. There are also problems when this
argument is close to 1. For this case, the series approximation for the logarithm of a
number is used to give

lni m= T-n
n m +

or

m - n m + n (2.30)
ln(m/n) 2

A set of starting temperatures that satisfies the constraints (Eq. 2.29) is formed from
the arbitrary (and all equal) initial values for the variable temperatures (see the Appendix).
In addition, when at each iteration a new vector xi, i=l,n is selected by HYBRD1, the
corresponding temperatures must also be checked to see if they satisfy the constraints.

The method that was used to enforce the constraints, referred to here as the "shift
method," is very straightforward. Given the requirement that, for example,
T, > T4 > T, and T5 > T, in a particular unit, then the temperature values,
providing they are not fixed, are simply shifted by the program a small amount at a time
until the constraints are satisfied. In the above case, T6 and T5 would be shifted upward, T3

downward, and T4 placed midway between T6 and T3. This shift is equivalent to obtaining a
new starting point that is in the permissible, that is, physical, region. Since an iterative
method of solution is used, the point at every iteration can be a starting point. Therefore,
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this method is acceptable, and it has been found to be so. The amount, or step length, by
which each shifting occurs is arbitrarily chosen: 4°F for the initial point and 0.1 or 0.01°F
during the solution procedure were found to be suitable.

It may happen that the satisfaction of constraints from one component may oppose the
constraints of another, if the shifting is done too crudely (i.e., if the step length is too large).
Note, however, that if there exists a physical solution for the system as it is specified, all
the constraints can be satisfied simultaneously. If this problem is encountered at the
starting point, the step length may be reduced or different (also arbitrary) initial
temperatures may be chosen.

If the variable temperatures were altered in enforcing the constraints during a HYBRD1
iteration, the vector xi will be altered within the iteration. There is a theoretical possibility
that the constraint enforcement may return the x-vector to exactly the same point chosen
by HYBRD1 in a previous iteration, thus entering a loop of nonconvergence. However, the
probability of this happening is small, and in the cases tried (see Sect. 3) there was no
problem with convergence. In fact, considering its simplicity, this method of enforcing the
constraints works remarkably well and allows convergence to the physical solution from
completely arbitrary initial values. It was found necessary to impose the additional
constraint that the pressures must be positive.

There is an alternative, more sophisticated, yet more complex way of expressing the
constraints. Considering, for example, the two constraints, T2 > T1 and T3 > T2, where
T 1 is a fixed temperature and T2 and T3 are variables. One can then write:

T2 = T1 + a22

T3 = T2 + a3
2

where a 2 and as are new variables. Thus the variables T2 and Ts have been replaced by a2

and as. The main problem is to reduce the number of constraints to ensure that the new
variables are no more numerous than the old ones. This method was found to work as it was
tested on the single-stage NH3/H 2O heat transformer, and it gave the same solution as did
the shift method for enforcing the constraints. The initial point was made to satisfy the full
(i.e., not reduced) set of constraints, and this was done by the shift method.

The main limitation, though, as it stands at present, is the need to reduce the number of
constraints. It may be that on eliminating a constraint, the argument of a logarithm term is
allowed to become negative. If the logarithm evaluation is bypassed, the calculations can
proceed, and the correct solution can be reached providing the remaining constraints are
sufficient to define the physical solution.



3. RESULTS

The simulation code was tested on three systems: a single-stage heat transformer, a
double-stage heat transformer, and a single-stage chiller. The working fluid pair was
lithium bromide-water, a nonvolatile absorbent. The system's capability was extended to
working pairs with a volatile absorbent, and a single-stage heat pump with water/ammonia
was simulated. The coolant and heating fluid were taken to be pure water in all cases.

3.1 NONVOLATILE ABSORBENT

The thermodynamic properties of the lithium bromide-water solution 6 are available in
mathematical formulas, allowing for fast evaluation. The absorbate is pure water, the
saturated vapor of which has a unique relationship between pressure and temperature.
Examples of solutions for the three systems are shown in Figs. 3.1 through 3.3, where the
steady state temperatures have been indicated (in parentheses) for each state point (see
Figs. 2.1-2.3). The corresponding flow rates, concentrations, and pressures can be found in
the Appendix. The solution for the single-stage heat transformer (Fig. 3.1, Table A.1) is very
close to a measured case (Table A.9). Note that although the solution depends on the fixed
parameters (temperatures, fTow rates, etc.) it does not depend at all on the initial values of
the variable parameters (Sect. 2.5). All the initial variable temperatures were taken to be
equal, at some arbitrary value. The initial variable flows, concentrations, etc., were likewise
taken to be equal and arbitrary. Table 3.1 shows the initial values of temperature used in
various cases, all of which led to the same solution. This shows the success of the method of
applying the constraints (Sect. 2.5).

In the validation (see Table 3.3 in Sect. 3.3), the single-stage system converged for
various heat source temperatures (T1 = T3 = Tlo, in Fig. 2.1) from 140 to 184°F. The
sensitivity of the double-stage system was tested by varying the heat source temperatures

(T1 = T2o = T31, in Fig. 2.2) from 100 to 250°F, in steps of 10°F, and convergence was
reached, to different solutions of course, in every case.

3.2 VOLATILE ABSORBENT

The properties of a water-ammonia mixture as given in ref. 7 consist of the
temperatures and enthalpies of liquid and vapor in mutual equilibrium for different
pressures and compositions. These data come in tabular form, requiring interpolation and
more computer time than for the case of the Li Br-water mixture. Linear interpolation was
considered to be satisfactory. The tables are used as follows: For a liquid, any two of the
three parameters, fluid composition (concentration), temperature, and pressure, can be input
to obtain the third, plus the enthalpy of the fluid. For a vapor, only vapor temperature and

21
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Fig. 3.1 Results for the single-stage heat transformer, Li Br-water.
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Fig. 3.2 Results for the double-stage heat transformer, Li Br-water.

pressure can be input, yielding concentration and enthalpy. This is because the
concentration of the vapor varies extremely little for very wide ranges of pressure and
temperature. In fact, the vapor concentration saturates at over 98% of ammonia for more
than half the pressures and temperatures in the table. Hence, vapor concentration as an
input would give extremely inaccurate results.

An example solution of the water-ammonia system is shown in Fig. 3.4. Note that the
fixed temperatures T1 and T 10 are 160°F, whereas for the Li Br-water system, these were
140°F. When T 1 and Tlo were at first set to 140°F for the volatile absorbent, no solution
could be found. This is because the desorber cannot desorb out sufficient ammonia at the
lower temperatures.
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Table 3.1. Different sets of initial temperatures tested
for the various systems

Initial values of
System variable temperatures Solution

(°F)

Single-stage heat All 120 Fig. 3.1
transformer,
Li Br-H20

Single-stage heat All 120 Fig. 3.4
transformer,
H20-NHs

Double-stage heat All 80 Fig. 3.2
transformer, All 90 Fig. 3.2
Li Br-H 20 All 100 Fig. 3.2

All 120 Fig. 3.2
Single-stage chiller, All 60 Fig. 3.3

Li Br-H 20

3.3 VALIDATION

Experimental data for validation of the program were selected from measurements on a
lithium bromide-water absortion heat pump for upgrading waste heat, developed and tested
at the Oak Ridge National Laboratory. 8 9 Seventy-three experimental runs were documented 9

where the machine had operated under steady state, stable conditions for between 1 and 8 h.

3.3.1 Selection of Experimental Runs for the Validation

Out of the 73 runs documented, it was necessary to select those that were most suitable
for detailed comparison with the simulation. Nineteen runs were identified in which the
evaporator tubes were not properly wetted due to an insufficient amount of absorbate liquid.
In another eight cases, UA values could not be reliably determined for the evaporator,
absorber, desorber, or condenser. The recuperator had presented some difficulties with low
solution flowrates. There were 14 additional cases where the recuperator UA value was
either unreliable or very small or where the heat transfer as measured on either side of the
recuperator differed by between 50 and 400% instead of being equal. These considerations
eliminated 41 of the 73 runs.

Next it was noticed that the measured UA value for a single component, which should be
a constant, varied by up to 300% from one run to the other. The UA value is a calculated
parameter, based on heat flows and temperature differences in the component. By its form
(e.g., Eqs. 2.4 and 2.10) the UA value is very sensitive to errors in temperature measurement
if the temperature differences are small. On inverting the heat transfer equation (e.g.,
Eq. 2.14 for the recuperator), we obtain the formula for UA:
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ln[(T3 - T 2)/(T4 - T1)] (3.1)
(T3 - T2) - (T4 - T1)

The error in Q itself, judging by measurements in reliable experimental runs of Q on both
sides of the absorber, can be considerable. Every temperature T was measured to an
accuracy of 0.1°F. This means that the relative error (OQ) on Q was 0.2 and the absolute
error (TOT) on T was 0.1°F.

An error analysis can now be performed on Eq. 3.1 to obtain the upper limit on the error
in UA. Both (T3 - T2) and (T4 - T1) are taken as positive, and the computer round-
off error is neglected.

If we denote an absolute error on x by Ax and its relative error by Ox so that
Ax/x = 6x, then

A(ln x) = - x .

Thus, the absolute error in the logarithm is the relative error in the argument.

A(ln x) = (3.2)
In x In x

Maximum relative error on (T3 - T2) equals

6T(T 2 + T3)

(T3 - T2)

Maximum relative error on (T4 - T1) equals

OT(T, + T4)
(T 4 - T1)

Maximum relative error on (T3 - T2)/(T 4 - T1) equals

, T2 + T3 + IT (3.5)+6T I -T 2J + ~- (3.5)
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Placing x = (T3 - T2)/(T4 - T1) into Eq. 3.2 and using Eq. 3.5, we find that the
maximum relative error on ln[(T3 - T2)/(T4 - T1)] equals

sT T2 + T3 T, + T4 (3.6)
Jln(T 3 - T2)/(T4 - T)\ T3 - T2 T4 - Ti .

The maximum relative error on [(Ts - T2) - (T4 - T1)] equals

8T(Ti + T2 + T3 + T4) (3.7)

I(T3 - T2) - (T4 - T1)l

Combining Eqs. 3.6 and 3.7 into Eq. 3.1, we obtain the maximum relative error on UA:

6(UA) Q+ aT T2 + T, T + T4
Iln(Ts - T2)/(T4 - T)l[ T3 - T2 T4-T

(3.8)
ST(T1 + T2 + Ts + T4)

+
I(T3 - T2) - (T4 - TO) ·

This error obviously increases rapidly with decreasing temperature differences. Equation 3.8
is symmetrical in (T3 - T2) and (T4 - T1).

To compose a numerical value for S(UA), let us take for example (T4 - T1) = 10°F

and(T 3 - T2) = 1°F, with T = T2 = T3 = T4 = T:

6(UA) = Q+ T [2 + 2T + 6TI4T

= sQ + T6T [-2 + 0.44

= SQ + T6T 1.4.

If 6Q = 0.2 and T6T = 0.1, then 6(UA) = 0.34 or 34%.
Thus, the error in UA is dominated by the error in Q but is noticeably increased by the

errors in T, which are responsible for 14% of the error. If (T4 - T1) remains at 10°F and
(T3 - T2) decreases to 0.5°F, then the contribution to 6(UA) from the errors in the
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temperatures is now 18%. For the case when T4 - T1 is close to T3 - T2, the
logarithm formulation must be replaced by the approximation in Eq. 2.30 to avoid
unnecessary errors. We can conclude that any differences in the UA values obtained for a
component during different experimental runs that cannot be attributed, as above, to the
error in measurement of Q or T must be due to changing operating conditions.

As a result of the fact that the error in the calculated UA value increases as the smaller
of the two temperature differences involved decreases, those experimental runs that had
larger temperature differences were selected for validation. However, to accumulate at least
ten example runs, we lowered the minimum allowable temperature difference to 1.1°F. All
temperature differences in the desorber were high, that is, over 10°F. The measured heat
transfer, QA, QR, QD, should be the same on either side of the absorber, recuperator, or

desorber. That is, QAI/QA, QRI/QR2, and QDI/QD2, should be equal to one. These ratios and

the smaller of the temperature differences for the selected runs are shown in Table 3.2,
giving some idea of the quality of the respective UA values. The ratios QD1/QD2, referring to
the desorber, are within 4% of 1.0.

3.3.2 Comparison of Experimental and Computed Results

The comparison of the selected experimental runs (numbers shown in Table 3.2) with the
simulation is shown in detail in Tables A.5-A.14. Input data for the simulation are on the
first page of each table and are explained in the Appendix. Data that vary from one run to
the next constitute the UA value for each component and the fixed temperatures and flow
rates in the system. The computed and measured variable temperatures, flow rates,
concentrations, and pressures are compared on the second page of each table. The
comparison is summarized in Tables 3.3 and 3.4. Table 3.3 shows the maximum and root

Table 3.2. Values of selection criteria for the
experimental runs used in validationa

AbsorberRun Evaporator Absorber Condenser Recuperator
number b T2 - T Tg - T14 Qx/QX

T16- T9 QAI/QA2

114 2.0 1.7 1.1 3.2 1.0
137 1.9 5.0 1.1 1.7 1.2
145 1.1 4.0 1.1 3.3 1.1
149 2.7 5.9 1.2 4.4 1.3
153 1.7 2.8 1.1 3.4 1.1
156 2.1 6.6 1.2 4.9 1.3
158 2.4 5.6 1.2 4.2 1.3
161 2.5 2.3 1.1 3.0 1.1
162 3.6 2.6 1.1 3.2 1.1
167 4.8 2.0 1.1 2.4 1.2

aAll temperature differences in the desorber were over 10°F.
bRun numbers refer to the documentation (ref. 9).
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Table 3.3. Summary of differences between calculated
and measured values of concentration (Ce, C)

and temperature (Te, T,) and COP

Input COP Max. RMS a

Run water Max. ICC- C- ITr- T (T- T )
number temp. Calculated Measured (% of Li Br) (OF) (OF)

(oF)

114 140 0.49 0.44 1.0 6 3.2
137 150 0.48 0.43 1.4 5 2.9
145 140 0.49 0.45 1.6 5 2.8
149 184 0.49 0.42 1.5 10 5.6
153 141 0.49 0.44 1.7 5 2.8
156 180 0.48 0.41 2.2 13 6.6
158 181 0.49 0.42 1.8 13 6.0
161 144 0.49 0.44 1.5 5 2.9
162 142 0.49 0.46 1.3 6 2.6
167 144 0.48 0.44 2.0 8 3.8

"RMS (root mean square) = [Z (Tc - T,)Z/N].

Table 3.4. Differences between computed (Te)
and measured (T,) temperatures (°F)

State Experimental run number
point

number 114 137 145 149 153 156 158 161 162 167

2 0.3 0 0.1 1.6 0 0.6 0.7 0.2 0 0.9
4 3.6 2.8 0.3 7.4 2.3 10.3 0.5 1.9 1.5 -0.6
5 -4.3 -2.8 -4.0 -5.0 -3.7 -3.4 -5.0 -4.0 -3.1 -8.4
6 -0.8 3.3 1.1 3.1 0.7 2.7 2.5 -0.1 -0.1 -4.7
7 6.4 4.7 4.0 10.5 4.7 12.9 12.8 4.6 3.6 1.0
8 0.4 0.1 0.2 2.2 0 0.8 0.8 0.2 0 1.4
9 4.0 4.3 4.1 7.5 5.1 10.4 10.5 5.1 4.2 1.0

11 -0.4 -0.5 -0.5 -0.8 -0.4 -0.9 -1.0 -0.5 -0.6 0.3
12 -2.5 -1.2 -1.6 -1.6 -2.0 -2.3 -3.5 -2.0 -2.3 -1.3
14 -0.4 -0.6 -0.3 -1.1 -0.4 -1.6 -1.5 -0.4 -0.1 -1.2
15 -0.8 2.7 1.2 3.1 0.7 2.7 2.5 -0.1 -0.1 -4.7
16 6.2 4.9 5.3 9.5 4.9 11.5 10.7 5.5 5.7 0.3
17 -1.0 -3.4 -4.1 -6.6 -2.1 -4.8 -4.8 -2.2 -2.4 8.3

Root mean 3.2 2.9 2.8 5.6 2.8 6.6 6.0 2.9 2.6 3.8
square
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mean square of differences in temperatures, the maximum difference between calculated
and measured concentrations, and the difference between calculated and measured
coefficients of performance (COPs). The COP is defined as follows (see Fig. 2.1).

-COP heat output from absorber
heat input to evaporator and desorber

m T3 (T9 - T3) (39)

i(l(T1 - T) + nmo(To - T 11)

= QA/(QE + QD) ·

The discrepancies in temperature and COP are highest in the high-temperature runs
(runs 149, 156, and 158). The calculated COPs are greater than the measured ones by 16%
for these high-temperature runs and 7 to 12% for the rest.

The discrepancies in temperature between the simulation and the experiment, for the
individual state points, are summarized in Table 3.4. State points 18 and 19 have been
omitted because their temperatures are equal to those of points 8 and 12, respectively. Run
167 could be excluded from a generalization because the UA value for the condenser had to
be reconstructed as the result of one temperature measurement being unreliable. The large
temperature differences of around 10°F occur only in the high-temperature runs 149, 156,
and 158, and for the state points 7, 9, and 16, whose temperatures are well over 200°F
(Tables A.5-A.14). The calculated temperatures are consistently higher than the measured
ones for state points 4, 7, 9, and 16 (in the absorber) and consistently lower for state points
5, 11, 12, and 17 (in the desorber) and 14 (in the condenser). These differences are
summarized by the COPs. The theoretical system is obviously more efficient than the real
one. Some of the discrepancy in COPs could be attributed to errors in flow and temperature
measurement if these errors occur in one direction, that is, if they are not random. To
calculate the relative error on the COP, we can proceed as follows, given that the accuracy
in flow rate measurement is ±1% of the reading [i.e., relative error b6(h) = 0.01] and
accuracy in temperature measurement is 0.1°F (i.e., absolute error TbT = 0.1). From
Eq. 3.9, maximum relative error on (T1 - T2) equals

(T 1 + T2)

(T 1 -- T2 )

Maximum relative error on QE = mil(T 1 - T2) equals

(T 1 + T2)
6(m) + 6T - (3.10)

(T, - T2 )



Maximum absolute error on QE equals -

QE [(7,) + AT (TI + TO)

Maximum absolute error on Qo = mhlo(To1 - T1n) equals

Qo W(7) + AT (T _ - T) '

Now temperatures T1 = Tlo are fixed and because T1 - T2 < Tlo - T1, we can
make an upper estimate for the absolute error on QE + QD equal to

(QE + QD) 6(m) + ST (T- + T2)(Ti + T2)

and for the maximum relative error on QE + QD equal to

( + (T1 + T) (3.11)
(T1 - T2)

In the form of Eq. 3.10, we can write the maximum relative error on QA as

6(m) + ST (TS + T) (3.12)
(T9 - T) '

Adding Eqs. 3.11 and 3.12, since the COP = QA/(QE + QD), the maximum relative error
on the COP is

(T3 + T2) (Ti + T2)
6(COP) = 25(mn) + ST + (T + T

(T9 - T3) (T I - T2) '
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Typical values are T9 - T3 = 50°F and T1 - T2 = 100F. Because T6T = 0.1 for

any temperature T and (mi) = 0.01, we can write

b(COP) = 0.02 + 02 + 0.2
50 10

= 0.044 or 4.4% .

If the discrepancies between calculated and measured COPs were of a random nature,
one might well attribute some 4% of these to errors in measurement of temperature and
flow rate. The fact that the calculated COPs were always higher point to the possibility that
heat losses are occurring in the experiment that have not been accounted for in the
simulation. These heat losses account for some 7 to 12% of the heat input for heat source
temperatures of 140 to 150°F, rising to 16% where the source temperature is 180 to 185°F.





4. CONCLUSION

A computer program for simulating absorption systems has been written in a flexible
and modular form, with a capability of modeling various systems and working fluids. The
mathematical task involves solving a large set of simultaneous nonlinear equations
generated by the heat and mass balance and transfer equations and by the material
properties. A major problem was to reach the physical solution, one of the multitude of
solutions, from any starting point.

This problem has been overcome by specifying the requirements for the physical solution
as a set of constraints on the temperatures. The constraints were enforced by applying a
method that essentially shifts the variable vector back into the physical region if it is found
outside. This constraint technique as well as the equation-solving procedure HYBRD1, was
found to be very robust.

The program has also been validated against experimental data. Allowing for the fact
that heat losses of around 10% have not been accounted for in the simulation, there is close
agreement between the theoretical predictions and the measurements.
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Appendix

RESULTS OF CALCULATIONS

A.1 RESULTS FOR SIMULATED SYSTEMS

Tables A.1 through A.4 give the detailed results for the systems simulated. The units of
the parameters follow:

Temperature °F
Enthalpy Btu .lb'
Flow rate Ib min' 1

Concentration % of Li Br or % of NH 3
Pressure psi
Heat transfer Btu. min'-

The first page of each table is a printout of the input data. The working pair, which is
represented by an index (1 for Li Br-water and 2 for water-ammonia) in the input data, is
printed out in words in the tables (row 1). The tolerances on F and x are the convergence
criteria q, E2, respectively (row 2) (see Sect. 2.4 and Nomenclature). After the number of
units (row 3) and number of state points (row 4) are the specifications for each unit. There
are two rows for each unit: the first has the unit number, the unit identification number
and the UA value; the second has the state points corresponding to the unit. The unit
identification numbers are defined as follows:

1 Absorber
2 Desorber
3 Recuperator
4 Condenser
5 Evaporator
7 Mixer
8 Splitter

The unit numbers are simply sequential, i.e., they refer to the order in which the units are
called (see Sect. 2.2).
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The next block of data, labeled "STARTING POINTS," is the specification for each state
point (Sect. 2.2). The columns provide the following information:

Column Explanation

1 State point number

2 Integer to indicate material type
1 = solution
2 = vapor
3 = pure water (liquid)

3 Integer
0 = fixed temperature
1 = variable temperature, not equal to the

temperature at any other state point
>2 = variable temperature; state points for which

this integer is the same have equal temperatures

4 Initial value of temperature

5 Integer
0 = fixed flow rate
>1 = a variable flow rate; state points for which

this integer is the same have equal flow rates

6 Initial value of flow rate

7 Integer
0 = fixed concentration
>1 = a variable concentration; state points for which

this integer is the same have equal concentrations

8 Initial value of concentration

9 Integer
0 = fixed pressure
>1 = a variable pressure; state points for which

this integer is the same have equal pressures

10 Initial value of pressure

Note that in accordance with the constraint method developed (Sect. 2.5), the initial
values of the variable temperatures are all equal and arbitrary. The initial values of the
other variables are also arbitrary, although of the correct order of magnitude. The next
block of data consists of the new set of starting temperatures after the constraints
(Sect. 2.5) have been applied. Then comes a summary of the total number of variables and of
these, how many are variable temperatures, concentrations, flow rates, and pressures. The
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rest of the output is after HYBRD1 has converged on a solution (Sect. 2.4). The last
iteration number is printed, as is the flag "IER" representing the type of convergence:

IER Explanation

1 V/ < el

2 max, IxiK+1 - xiKI < (2
3 Conditions for IER = 1 and IER = 2 hold

Next is printed a block containing the variables xi and the functions 5i at the last
iteration. The next block of data contains in column format the temperatures, enthalpies,
flow rates, concentrations, and pressures for each state point at the solution. Finally, the
heat transfer for each unit is listed.
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Table A.1. Single-stage heat transformer, Li Br-water

SIYGL3 STAGE HEAT T3ANSFOR.ER - LI BR/WATER
TOLERANC3S IN F, X 1.0 O.0D-3 O08
NO. OF UNITS 5
10. )?F STATE POINTS 19

1 2 1.9203D+02
5 15 10 11 6 17 3
2 3 4.5100D+01
6 7 4 5 0 3 0
3 4 4.1220D+02

15 12 13 14 19 3 0
4 5 3.6830D+02

l;, a i 2 18 3 o
5 1 2.0640D+02
7 3 3 9 4 16 3

STA3TING POINTS
1 3 0 140.0 3 02. 0 01 0 0 0.0
2 3 1 120.) 0 432.10 0 0.0 0 0.3
3 3 3 140.3 0 59.3 0 0.0 0 0.0
4 1 1 120. 1 10. 0 1 45.0 0 3.3
5 1 1 120.) 1 l000 1 45.0 0 0.)
6 1 2 123.) 0 23.70 2 55.3 0 0.0
7 1 i 120.3 0 2- 70 2 55. O 0 0 . 3
3 2 3 120.3 2 10. 30 0 0.0 1 3.3
9 j 1 120.3 3 5 9.30 0 0 0 .0

13 3 3 143.) 0 113.60 3 3.0 0 0. )
11 3 1 123.0 0 113.60 0 0.0 0 0.0
12 3 4 120.3 2 13.30 0 3.0 0 0.3
13 3 0 59.0 0 256.20 0 00 0 0.)
14 3 1 120.0 0 256.20 0 0.0 0 0.3
15 2 2 120.0 2 13.30 0 0.0 2 1.3
16 3 1 120.3 3 1.13 0 0.0 0 0.3
17 3 1 120.3 3 1.33 0 0.0 0 0.0
13 3 3 120.3 2 13.30 0 0,0 0 0.3
19 2 4 123.3 2 13.00 0 0.0 2 1-0
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Table A.l (Continued)

STARTING TEMPERATURES AFTE3 CJNSTRAINTS WERE APPLIED
1 143.3 )

2 120-0 1
3 140.3)
4 145.0 1
5 120.3 1
6 li0-. 2
7 123.0 1
8 110.3 3
9 145.D 1

iO 143-0 3
11 123.0 1
12 130-. 4
13 59.3 3
14 120.0 i
15 113.0 2
i6 150.03
17 103.0 1
13 110.0 j
19 133.0 4

?O. IF VARIA3LES 18
O. :IF TEaPERATURES 12

NO. O? CONCENTRATIONS 2
:40. IF FLOWS 2
NO. OF PRESSURES
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Table A.l (Continued)

LAST ITERATION NO. IS 63
IER = 2

1 1.3342D+02 -9.2371D- 14
2 1. 70 96D+ 02 -5. 6843D- 14
3 1.3661D+02 -9.9476D-12
4 1. 2271+02 -4.4963D-11
5 1.6289D+02 2.7678D-03
6 I.2903 D+02 -3.9615D-08
7 1.8224D+02 2.2737D- 13
8 1.1892D+02 4.54 75D- 1
9 7.1892D+01 0.OO00D+0)

10 6.93 12D+0i -3.5736D-05
11 1.8536D+02 -4.0623D-05
i2 1.09 49D+ 02 O.OOOOD+03
13 4.8005D+01 -2.1672D-13
14 53.2932D+01 1.9612D-03
15 2.6157D+01 -2.7668D-03
16 2.4571D000 -1.2111D-07
17 2.1646D+00 -3.5527D-15
A8 j. 8692D-01 2.2204D-16

STATE TEMPERATURE ENTHALPY ?LOW RATE CONCENTRATION PRESSURE
?OINT

1 1.43003D02 1.0800D+02 4.3210D+02 0.0000D+00 0.0000D+00
2 1.33423+02 1.0142D+02 4.0210D+02 0.OOOOD+03 0.OOOOD+00
3 1.4300D+02 1.3800D+02 5.3300D+01 0. OOOOD+0' 0.0000D+00
4 . 7096D+02 7. 3420D0L 2. 5i 57D+01 4.8005D+01 O.OOOOD+00
5 1.3661D*02 5.1935D+01 2.5157D+01 4.8005D+01 0.O000D+00
6 1.2271D+02 4.7195D+01 O .3700D+01 5.2982D+01 0.0000D+00
7 1.6289D+02 6.7596D+01 2.3703D+01 5 2982D+01 0.00OOD+00
8 1. 2903D+02 1.1170D+03 2. 4571D+00 0. 0000D+00 2.1646D+00
9 1.8224D+02 1. 024D+02 5.9300D+01 0. OOOOD+0 O.OOOOD+00

13 1.4030 D+02 1.0800D+0 2 1.1860D+ 02 O.0000D+03 0O0000D+00
11 1.1392D+02 8.6921D+01 1.1860D+02 O. 000D+03 0.0000D+00
12 7.1892D+01 3.9392D+ 0 .2-45713+00 O. OOOD+0 0 .OOOOD+00
13 5.9000D+01 2.7000D+0 1 2. 5620D+02 O. 00OD+03 0.3000D+00
14 6.9312D+01 3.7312D+01 2.5620D+02 0.00001+00 0.O0000D+00
15 1.2271D+02 1.1151D+03 2.4571D+00 0.OOO0D+00 3.8692D-01
i6 1.8536D+02 1. 5336 D+ 0 1. 300 0D+00 0. 0000D+0 0.000D+00
17 1.0949D+02 7.7488D+01 1. 0000D+00 0. 0000D+0 0. 0000D+00
j3 1.2933D+02 9.7028D+01 2. 571D+ 00 0.0000D003 0.3000D+00
19 7. 1892D+01 1.0923D+03 2.4571D+03 0OOOOD+0) 3.8692D-01

'NIT NO. UNIT TYPE HEA" TRAISER
1 D 2.5000D+03
2 R 4.8352D+0_
3 C 2.6419D+03
4 E 2.6465D+03
5 A 2.5046D+03
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Table A.2. Single-stage heat transformer, water-ammonia

SINGL3 STAGE HEAT TRANSFORlRM - WATER/AMPIONIA
rOLE3ANCZS IN F, X 1.3D-03 1.O D-08
NJ. OF UNITS 5
NO. 3F STATE POINTS 19

i 2 9.2700D+01
5 15 10 11 6 17 3

2 j 6.4000D+01
6 7 4 5 0 3 3

. 2.44830+02
15 12 13 14 19 0 3

4 5 3. 7890D+32
12 3 1 2 18 0 3

5 i 6.5320D+02
7 8 3 9 4 16 3

STARTING POINTS
1 3 0 163.) 0 115. 0 0 0.0 0 3.0
2 3 1 120.0 0 115.40 0 0.0 0 3.3
3 3 0 140.0 0 126.30 0 0.0 0 ).3
4 1 1120-3 1 33.30 l 75.0 0 3.)
3 1 1 123.0 1 33.00 1 75.0 0 0.3
6 1 2 123-0 0 27.50 2 45.0 0 3.3
7 1 1 123.3 0 27. 0 2 45.0 0 )3.
3 2 1 120.0 2 2.50 3 90.0 2 240.3
9 3 1 12303 0 126.30 0 0.0 0 30.

10 3 0 160.3 0 184.40 0 0.0 0 0.3
11 3 1 123.3 0 134. 0 0 0.0 0 3.3
12 1 1 123.3 2 2.50 3 90.0 0 3.3
13 3 0 59.3 0 163.70 0 0.0 0 3.3
14 3 1123.3 0 163.70 0 0.0 0 3.3
15 2 2 120.0 2 2.50 3 90.0 1 110.)
15 1 1 123.3 0 1.30 0 O.0 0 3.3
17 1 1 120.3 0 1.33 0 0.0 0 ).3
13 1 1 120.0 2 2.50 3 90.0 0 3.3
19 2 2 123.3 2 2.50 3 90.0 1 113.3
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Table A.2 (Continued)

STARTING TEMPERATURES AFTER C NSTRAINTS WERE APPLIED
1 160.0 0
2 120.0 1
3 140.0 0
4 145.0 1
5 127.5 1
6 122.5 2
7 120-0 1
8 120.0 1
9 L45.0 1

10 163.0 0
ii 120.0 1
12 120.0 1
13 59.0 3
14 120.0 1
15 122.5 2
16 153.3 1
17 liO.0 1
18 110.0 1
L9 122.5 2

NO. OF VARIABLES 20
IO. 3F TEMPERATURES 13
NO. JF CONCENTRATIONS 3
NO. OF FLOWS 2
NO. 3F PRESSURES 2

LAST ITERATION NO. IS 109
IER = 2

1 1.2228D+02 6.6911D-03
2 1.5374D+02 0.30000+03
3 i.3321D+02 -1.9348D-07
4 1. 1994D+02 9.6435D-33
5 1.4207D+02 -2.2435D-1)
6 1.4738D+02 6.6613D-15
7 1.6892D+02 -1.3691D-33
3 1.4002D+02 4.6748D-03
3 6.6775D+01 1.3782D-05

13 3.5696D+01 -6.6097D-07
11 1.7133D+02 -1.1857D-35
12 1. 0053D+02 6. 1286-07

3J 1. 1186D+02 2.3821D-1 -
14 6.4884D+01 -4.5875D-09

5. 4955D+ 31 - 23 8D- 3
16 9.9379D+01 -2.52860-13
.7 .54 16D+01 -3.5527- 15

18 7.9155D+00 5.56430-09
9 2. 5325D+02 5.3391D-07

23 1-21480+02 2.1439D-11
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Table A2 (Continued)

STATE TEMPERATURE ENTEHALPY ?LIW RATE CONCENTRATION PRESSURE
?OI NT

1 i.6000D+02 i.2800D+02 1.1534D+ 2 0. 0000D03 0.OOOOD+00
2 1. 228D+02 9.0235D+01 1.i540D+02 .OOOOD+00 0. OOOOD+00
3 1.4300D+02 1.0800D+02 1.2630D+02 3. OOOOD+03 0.0000D+00
4 i.5074D+02 3.3078D+01 3.5416D+01 6.4884D+01 .0000D00
5 1.3321D+02 1.9545D+01 3.5416D+01 6. 4884D+01 0.0000D+00
o L. 1994D+02 -1.0427D+Oi 2.7500D*01 5. 4956D+01 0.000D+00
7 1.4207D+02 1.4728D+01 2.7500D+01 5.4956D+01 0.OOOOD+OO
3 1.4738D+02 5.3693D+02 7.9155DD+00 9.9379D+0i 2.5325D+02
9 1.6892D+02 1.3692D+02 1.2680D+02 O.OOOOD+03 O.OOOOD+00

13 1.6000D+02 1.2300D+02 1.3440D+02 O.OOO0D+0 0.00000D+00
11 1.4302D+02 1.3802D+02 1.3440D+02 0.OOOOD+00 O.OOOOD+00
2 6.6775D+O1 3.7085D+01 7. 155D+00 9.9379D+01 O.OOOOD+ 00

13 5.9000D+01 2.7000D+01 1. 5370D+02 0. 000D+0) O.OOOOD+00
4 83.5696D+01 5.3696D+01 1.6370D+02 O.OO00D+00 0.0000D+00

15 1. 1994D+02 5.3918D+02 7.9155D+00 9.9379D+01 1.2148D+02
16 1.7133D+02 1.3923D+02 1.30000D+00 0. 0000D03 O.OOOD+00
17 1003353D+02 8. 914D+01 1.3000D+00 0.OOOOD+03 . 000D+00
i8 3o 1186D+02 8.3375D+01 7.3155D+00 9.9379D+01 0.3000D+00
19 1.1994D+02 5.3918D+02 7. 155D+00 9. 9379D+01 1.2148D+02

3IIT NO. UNIT TYPE HEAT TRANSFER
1 D 3.6843D003
2 R 6.9177D+0
3 C 4.3732D+03
4 E 4.3523D+03

A 3.6669D+03



48

Table A.3. Double-stage heat transformer, Li Br-water

DOUBLZ STAGE HEAT TRANSFORSER - LI BR/WATER
TOLERANCES IN F, X 1. 3-05 1. 0-08
3O. JF UNITS 11
N3. OF STATE POINTS 35

1 1 6.3600D+00
7 3 30 9 4 12 3
2 5 1.1540D+31

10 3 1 2 33 0 3
3 3 1.1800D+00
6 7 4 5 0 3 3
4 1 3.0200D+00

17 13 15 19 14 22 3
5 5 5.9200D+00

11 13 32 3 34 0 3
6 3 1.1600D+00

16 .7 14 15 0 0 3
7 2 6.0400D+00

25 27 20 21 26 29 3
3 4 1.4930D+31

27 23 23 24 35 3 3
9 7 1.0000D+00

15 5 25 0 3 3 3
13 7 1.0300D+00
31 3 30 0 0 0 0
11 3 1.0000D+00
10 11 28 0 0 3 3
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Table A.3 (Continued)

STARTING POINTS
1 3 0 143.3 0 12.53 0 .33 0 3.0
2 3 i 103.3 0 i2.53 0 0.0 0 0.3
3 3 1 103.3 0 3. 8 0 3.0 0 0.0
4 1 i 103.0 1 3.32 1 45.0 0 0.3
5 1 1 103.3 1 3.32 1 45.0 0 0.3
6 1 2 100.3 0 3. 74 3 55.0 0 3.0
7 1 1 100.3 0 3.74 3 55.0 0 .03
8 2 5 100.3 2 3. 33 0 0.3 1 3.0
9 3 3 100.3 0 4.63 0 0.3 0 0.3

13 3 4 10.3 2 3.08 0 0.0 0 0.)
11 3 4 100.3 3 1.14 0 0-0 3 3.0
12 3 1 103.3 0 0.74 0 0.3 0 30-
13 3 3 100.3 0 1.00 0 0.0 0 0.3
14 I I 100-. 4 3.43 2 45.3 0 . 3
15 1 1 1003. 4 3.43 2 45.0 0 0.3
16 1 2 100.3 0 3.,9 3 55.0 0 0.)
17 1 1 103.3 0 3.39 3 55.3 0 0.3
18 2 6 103.3 3 3.34 0 0.0 2 3.3
19 3 1 100.3 0 1.30 0 0.0 0 0.0
20 3 0 143.3 0 15.70 0 0.0 0 0.3
21 3 1 10).3 0 15.70 0 0.0 0 0.3
22 3 1 10-3. 0 0.3:9 0 0.0 0 3.3
23 3 0 59.3 0 16.33 0 0.0 0 0.
24 3 1 100.3 0 16.30 0 3.0 0 0.3
25 1 1 100.3 5 1.25 4 45.0 0 0.)
26 1 2 103.) 0 1.13 3 55.0 0 0.3
27 2 2 100.0 6 3. 12 3 0.0 3 1.3
23 4 100.3 6 3.12 0 0.0 0 0.3
29 3 1 100.3 5 1.25 0 0.0 0 0.0
30 3 1 100.0 0 0 4.68 0 0.0 0 0.3
31 3 3 143.3 0 1.33 0 0.0 0 0.3
32 3 3 100.3 0 3.58 0 0.0 0 0.0
33 3 5 100.3 2 3.38 3 0.0 3 0.3
34 3 6 100.3 3 3. 34 0.0 0 0.)
35 2 4 1009. 6 3. 12 0 3.3 3 1.3
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Table A.3 (Continued)

STARaING TEMPEBATU3ES AFTER CO'STBAINTS WEBE APPLI.D
1 140.0 0
2 103.0 1
3 100.0 1
4 105.0 1
5 103.0 1
6 93.0 2
7 100.3 1
3 90.0 3
3 1050 3

13 110.0 4
ii 110.0 4
12 110.0 1
i3 105.0 3
14 110.0 1
i5 100.0 1
16 90.0 2
17 100.0 1
13 90.0 6
19 110.0 1
23 140.0 3
21 100.0 i
22 120.0 1
.3 53.0 0
24 100.0 1
25 100.0 1
26 90.0 2
27 90.0 2
23 110.0 4
/9 30.3 1
30 100.0 1
31 140.0 3
32 105.0 3

j,., 90-0 5
34 90.0 6
J5 110.0 4

NO. OF VARIABLES 34
NO. OF TEMPERATURES 21

I0. 3F CONCENTRATIONS 4
30. OF FLOWS 6
40. OF PRESSURES 3
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Table A.3 (Continued)

LAST ITERATION NO. IS 1 13
IER = i

1 1.3333D+02 -2.84 22D- 14
2 i.6215D+02 6.7502D-14
3 1. 7396D+02 1.3237D-12
4 i.3827D+02 2 1672D-12
5 1.2305D+02 -1.3266D-1l
6 i. 6135D+02 O. 3330D+0)
7 1.2896D+02 -1.5408D-11
3 1.7419D+02 -1. 3817D-07
9 7.1990D+01 O. 330D+03

10 1.8541 D02 6.4393D-15
11 2.0447D+02 1.3585D-13
12 1.4179D+02 -2-3469D-14
13 1.9656D+02 -5.3291D-14
14 i 5915D+02 3.339 6 D-ij
15 2.1503D+02 3 1193D-12
J6 l-. 245D+02 2.7756D-17
17 2. 1953D+ 02 1.7347D-13
18 6, 6792D+01 2.3422D- 1
19 1.3949D+02 5.2189D-12
.0 1. 935D+02 1.4211D-14

21 1.5743D+02 4.7740D-14
,2 4. 3 31D+01 3.4794D-13
23 5.3354D+01 -8.3818D-14
,4 4.8348D+01 8.1712D-14
25 4.8037D+01 -1.2257D-12
26 8.1 349D-01 5.7554D- 3
27 7.7488D-02 -7. 1054D- 15

3 4. 0632>-02 1.2079D- 3
29 4.33633-01 0.33000D+03
33 1.2491D+00 0.330OD+03
31 1.1812D-01 2.2234D-16
32 2.1606D+00 -5.4712D-13
33 4.6455D+00 5.5843D-14
34 3.8317D-01 0.30033D+03



52

Table A.3 (Continued)

STATE TEMPEBATURE ERTHALPY FLOW RATE C08CESNTATION PRESSURE
POINT

1 1.4000D+02 1.3800D+02 1.2600D+01 0 0000 O00+ O.OOOOD+00
2 1.3338D+02 1.3138D+02 1.2600D+01 O.OOOOD+00 .0000D+00
3 1. 6216D+02 1. 3016D+02 3.6800D+00 0.OOD0000 3 O.0000D+00
4 1.7096D+02 7.3417D+01 3.1849D-01 4.8031D+01 O.000D+00
5 1.3827D+02 5.2829D *0 3.1849D-01 4.8031D+O1 O.OOOOD 00
6 1.2305D+02 4.7439D+01 7.4100D-01 5.3054D+01 O.OOOOD+00
7 1. 635D+02 6.6867D+01 7.4100D-01 5.3054D+O 0.O0000D00
8 1.2896D+02 1. 1170D+03 7.7488D-02 0.0000D+03 2. 1606D+00
9 1.7419D+02 1.4219D+02 4.5800D+00 O. OOOOD+00 O.OOOOD000

10 7.1990D+01 3.9990D+01 7.7488D-02 0.000OD+03 O.OOOOD+00
11 7.1990D+01 3.9990D+01 4. 3632D-02 O.OOOODo03 O.OOOOD+00
12 1.8541D+02 1.5341D+02 7.4100D-01 0. 00OD+00 0.OOOOD+00
13 1.7419D+02 1. 4219D+02 .13000D+00 O.OOOOD+00 0.OOOOD+00
14 2.0447D+02 8.8523D+01 4. 3063D-01 4.8048D+01 O.0000D+00
15 1.4179D+02 5.4715D+01 4.30630-01 4.8048D+01 O.OOOOD00
16 1.2305D+02 4. 7439D+01 3.9000D-01 5.3054D+01 0.0000D+00
17 1.9656D+02 8.4770D+01 3.9000D-01 5.3054D+01 0.OOOOD+00
18 1.5915D+02 1.1296D+03 4.3632D-02 0.O000D+00 4. 6455D+00
19 2.1503D+02 1 .8303D+02 l.DOOOD+ 00 . 0OOOOD+0 O.OOOOD+00
20 1-4000D+02 1.3800D+02 1. 5700D01 0 0.000OD+00 O.OOOOD+00
21 1.3245D+02 1.0045D+02 1.5700D+01 0.0000D+00 0.OOOD+00
22 2. 1953D+02 1. 3753D+02 3. 3000D-01 0.0000D+00 .0000D+00
23 5.9000D+01 2.7000D+01 1.6300D+01 .0000D+00 0.OOOOD+00
24 6.6792De01 3.4792D001 1.6300D+01 0.000D00+00 0.0000D+00
25 1.3949D+02 5.3479D+01 1.2491D+00 4.8037D+01 O.OOOOD+00
26 1.2305D+02 4.7439D+01 1.13100+00 5.3054D+01 0.00OD+00
27 1.2305D+02 1.1153D+03 1.1812D-01 0. 0000+0 3.88170-01
28 7.1990D+01 3.9990D+01 1.1812D-01 0.0000D+00 O.OOOOD+00
29 1. 0985D+02 7.7854D+01 1.2491D+00 0. O0000+0 0O.0OD+00
30 1.5743D+02 1. 25 43D+02 4. 68000 00OOOD+03 O.OOOOD+00
31 1.4000D+02 1.0800D+02 1.3000D+00 O.O000D+00 O.OO00D+00
32 1.74190+02 1.4219D+02 3.68000+00 O. 0000 00 0.0000D+00
33 1.2896D+02 9.6958D+01 7.7488D-02 O.OOOOD+00 O0.0000OOD+00
.i4 1.5915D+02 1.2715D+02 4. 3632D-02 O.OOOOD+00 0OD0000+00
35 7.1990D+ 01 1. 923D+ 03 1.1812D-01 0.0000D+0C 3.8817D-01

UNIT NO. UNIT TYPE HEAT TRANSPER
I A 7.8465D+01
2 E 8.3454D+01
3 R 1.4395D+31
4 A 4.0835D+01
5 E 4.4271D+01
6 R 1.4559D+01
7 D 1.1859D+02
8 C 1.2731D+02
9 n 0.0000D+03

10 O.0000D+03
11 S 0.0000+03
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Table A.4. Single-stage chiller, Li Br-water

3INGLE STAGE CHILLER - LI BR/WATER
TOLERANCES IN F, I 1. 3-05 1.OD-08
NO. 3F UNITS 5
30. OF STATE POINTS 19

i 5 3. 630D+32
15 3 1 2 18 0 9

2 3 4.5100D+01
11 12 6 7 0 3 3

3 2 1-9283D+02
7 10 8 9 11 17 3
4 4 4.i220D0+32

10 15 13 14 19 3 3
5 1 2.0643D+32

12 3 4 5 6 15 0
STARTING POINTS

1 3 0 55. 3 0 432. 1 0 0.0 0 0.3
2 3 1 63.0 0 402.10 0 0.0 0 0.3
3 2 3 60.3 1 3.70 0 0.0 1 1.)
4 3 0 85.0 0 39.30 0 0.0 0 0.3
5 3 1 63. 0 59.33 0 0.0 0 0.3
6 1 i 63.3 0 23.73 i 45.0 0 0.3
7 1 1 60.3 0 3. 70 1 45.3 0 3.3
3 3 0 180.0 3 113. 0 0 0.0 0 0.3
9 3 1 60.0 3 113.50 0 0.0 0 0.0
0 _ 2 2 63.3 1 3.70 3 0.0 2 3. 3

11 1 2 60.3 2 23.30 2 55.0 0 O.)
12 1 . 60.3 2 23. 33 2 55.0 0 0.3
13 3 0 85.3 0 256. 20 0 0.3 0 3.0
14 3 i 63.3 0 26.20 0 0.0 0 0.0
15 3 4 63.0 1 3.70 0 0.0 0 3.3
16 3 1 63.3 0 3.30 0 0.0 0 0.0
17 3 1 63.0 3 3.30 0 3.0 0.3
13 3 3 63.3 1 3 70 0 0.0 0 0.3
19 2 4 63.3 1 3. 73 0 0.0 2 3.0
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Table A.4 (Continued)

STARrING TEMPERATURES AFnER CONSTRAINTS WERE APPLIED
1 55.0 3
2 54.0 1
3 50.0 3
4 85.0 3
5 86.0 1
6 86.0 1
7 60.0 1
3 180.0 3
9 60.0 1

10 92.0 2
L1 92.0 2
12 88.0 1
i3 85.0 3
14 86.0 1
i5 90.0 X
16 88.0 1
17 56.0 1
18 50.0 3
19 90.0 4

NO. OF VARIABLES 18
NO. OF TEMPERATURES 12
NO. OF CONCENTRATIONS 2
HO. OF FLOWS 2
30. OF PRESSURES 2
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Table A.4 (Continued)

LAST ITERATION NO. IS i 3
IER = 1

1 5.1249D+01 -3-530DD-11
2 4.8747D+01 -1.2585D-03
3 1.1522 D 02 1.5632D-13
4 1 0516D+02 1.3758D-12
5 1.5362 D+02 -3.8085)D-12
6 1.6423D+02 -2.2382D-13
7 1.6933D+02 -3.5527D-14
8 1. 1492D+02 7.7307D-12
9 9. 1194D+01 - 4.5475D-12

10 9.2744D+01 O.OOOOD+03
11 1.1791D+02 -. 538D- 12
12 1.5543D+02 O.OOOOD+03
13 5.5604D+01 -7.4607D-14
14 5.9298D+01 -1.8474D-13
15 1. 4763D+00 -1.6655D-11
16 2.2224D+01 -4.8317D-12
17 1. 6998D-01 3-5527D-15
18 7.6049D-01 -1.3323D-15

STATE TEIPER&TURE e3THALP PFLOW RATE CONCENTE&TION PRESSURE
POI NT

1 5.5000D+01 2.3000D)01 4. 3210D 02 0.000OD+00 O.OOOOD+00
2 5.1249D+01 1.9243D+01 4.3210D+02 O. 000OD+0 0. 0000D00
3 4.8747D+01 1.3823D+0 1. 4763D+00 O. 000OD+03 1.6998D-01
4 8.5000D+01 5.3000D+0 1 . 3300D*01 0.000D+03 .0000OD+00
5 1. 1522D+02 8. 3217D01 5.9300D+01 0. 0000D+03 O.OOOOD000
6 1.0516D+02 4.1773D+01 2. 700D+01 5. 5604D+01 0-0000D+00
7 1.5362D+02 6.5548D+Ol 2.3 700D+01 5.56041D+0 0.0000D+00
8 1.8000D+02 1. 1800D-02 1.1860 D02 O.000OD03 0.OOOOD+00
9 1.6423D+02 1.3223D+02 i 1.1860D+02 O. 000OD+0 0.0000OD+00

10 1.6933D+02 1.1357D+03 1.4763D+00 0. 0000D+00 7.6049D-01
il 1.6933D+02 7. 3635D+01 2.2 224D+O1 5. 9298D+01 O.OOOOD+00
12 1.1492D+02 5.3277D+01 . 2224D+01 5.9298D+01 O.0000D+00
13 3.5000D+01 5.3000D+01 2.5620D+02 O.OOOOD+00 0.0000D+00
14 3.1194D+01 5.9194D+01 2. 620D+02 0.OOOOD0000 3 .OOOOD+00
15 9.2744D+01 6.0744+ 01 1.4763D+00 O.OOOD+03 O.000OD+00
16 1.1791D+02 8.5914D+01 3.3000D+00 O.OOOOD0+00 0.0OOOD+00
17 1.5543D+02 1.2343D+02 3.O3000D+00 0.000D+00 O.000OOD+00
18 4.8747D+01 1.6747D+01 1.!4763D+00 0.0000D+03 0.0000D+00
13 9.2744D+01 1. 10 12D+03 1.4763D+00 O 0000ID+0 0 7.6049D-01

UNIT N0. UNIT TYPE HEAT TRBASFER
A. E 1.5031D+03

2 R -5.6354D+02
3 D 1.8737D+03
4 C 1.5869D+03
5 A 1.7919D+03
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A.2 RESULTS OF VALIDATION

Tables A.5 through A.14 give the detailed results of validation. The run number in these
tables refers to the experimental run in ORNL/TM-9072, Performance Test Results of a
Lithium Bromide-Water Absorption Heat Pump That Uses Low-Temperature [60°C (140°F)l
Waste Heat, by W. R. Huntley, published by Oak Ridge National Laboratory in 1984. The
first page of each table is a printout of the input data, as described in Sect. A.1. The second
page of each table starts with a list of the functions i6 at the last iteration. The validation is
summarized in the next block of data, which shows, for every state point, the calculated (C)
and measured (M) temperatures, flow rates, concentrations, and pressures. Measured values
are shown only for favorable parameters. Where no measured value is given, the parameter
has the fixed value in the column marked "C" for calculated. All units in Tables A.5 through
A.14 are the same as those for Tables A.1 through A.4 and can be found in Sect. A.1 of this
Appendix.
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Table A.5. Single-stage heat transformer, Li Br-water: run 114

SINiGLE STAGE HEAT TRANSFORmB R - LI BR/ BATER : RUN NO- 114
TOLERANCES IN F, X 1.3D-05 1.-D-08
'O. OP UNITS 5
30. OF STATE POINTS 19
1 2 i.6110D+02
5 15 10 11 6 17
2 3 7.4300D+01
6 7 4 5 0 3 3
3 4 G.0473D*32

15 12 13 14 19 3 3
4 5 5.1770D+32

12 8 1 2 18 3 3
5 1 1.8623D+32
7 3 3 9 4 16 3

STARTIING POINTS
1 3 3 143.3 3 286.30 0 0.3 0 0.3

3 1 123.3 3 236.33 0 0.3 0 0.3
3 3 3 133.9 3 53.33 0 0.0 0 0.3
4 1 1 123.0 1 .1 i3 1 5.0 0 .
5 1 1 120.3 1 13.30 1 45.0 0 0.
6 1 2 120-3 3 33.73 2 55.3 0 0.3
7 1 1 123.3 0 33.73 2 55.3 0 0.3
8 2 3 123.3 2 10.03 3 0.0 1 3-3
9 3 1 120.3 3 63.38 3 0.3 0 0.3

10 3 0 143.3 3 27. 23 0 0-0 0 0.3
11 3 1 123.0 3 247.23 0 0.0 0 3.
12 3 4 123-3 2 13J 33 3 0.0 0 0.3
13 3 3 58.3 0 252.65 0 0.0 0 0.3
14 3 1 123-0 0 252 65 0 0.0 0 0.0
15 2 2 123.3 2 13. 30 0 3.3 2 1.3
16 3 1 120.) 0 1.33 0 0.0 0 0.3
17 3 1 123.3 0 1.30 0 0.0 0 0.3
18 3 3 123.3 2 13.0 0 30. 0 0.3
19 2 4 123.0 2 13.33 3 3.0 2 1.

N3. OF VARIABLES 18
NO. OF TEMPERATURES 12
NO. OF CONCENTRATIONS 2
NO. OF FLOWS 2
NO. OF PRESSURES
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Table A.5 (Continued)

LAST ITERATION NO. IS 107
IEa = 3
VBRIABLE NO. FUN

1 -1. 384D-11
2 -1-879D-11
3 -4.5370-10
4 -4-299D-09
5 5.288D-08
6 -1.102D-07
7 4.9570-11
3 5.514D-12
9 O.000D+00

13 -1.754D-07
11 -4.060D-07
12 .0OOOD+00
13 -1.673D-11
14 2.9 85D-09
15 -5.2510-08
16 -1.7780-07
17 -6.573D-13
18 2.6650-15

STATE TENPEATURBE FLOW BATE CONCENTBATION PBESSURE
POINT C 3 C C H C f
1 140.0 286.80
2 130.3 130.0 286.30
3 139.9 60.98
4 174.9 171.3 33.32 33.4 49.50 49.6
5 136.1 140.4 33.32 " 49.50
6 123-9 124.7 30.73 53.67 52-.
7 168.2 161.8 30.73 53.67 "
8 12 8.4 128.0 2.59 2.67 2-13 2-11
9 183.4 179.4 60.98
10 140.0 247.23
11 129.3 129.7 247.23
12 70.9 73.4 2.59 2.67
13 58.8 252.65
14 69.8 70.2 252.65
15 123.9 124.7 2.59 2.67 0.37 0.38
16 187.3 181.1
17 112.5 113.5
18 128.4 128.0
19 70.9 73.4 0.37 0.38

UNIT UNIT HEAT TRANSFER
80. TYPE C a

i D 2650 2530
2 B 685 835
3 C 2790 2880
4 E 2790 2370
5 A 2650 2500
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Table A.6. Single-stage heat transformer, Li Br-water: run 137

SINGLZ STAGE HEAT TRANSFORaER - LI BR /WATER : Ra0 NO. 137
TOLERANCES IN F, X . 3D-35 1. OD-08
NO. OF UNITS 5
NO. OF STATE POINTS 19

1 2 1.4443D+32
5 15 10 il 6 17
2 3 1 07300D+ 1
6 7 4 5 0 0 3
3 4 5.5490D+0 2

15 12 13 i4 19 3 3
4 5 6.32103+32

12 3 1 2 13 3 0
5 1 2.2643D032
7 3 3 3 4 16 0

STARTI :G POINTS
1 3 3 150.5 3 412-30 0 0.0 0 0.3
2 3 1 123.0 3 412.03 03. 0 0.
3 3 0 153-4 0 60.48 0 0.0 0 0.3
4 1 1 120.0 1 13.30 1 45.03 0.3
5 1 i 120.0 i 10.30 1 45.0 0 0.3
6 1 2 123.3 3 15.58 2 55.0 0 0.3
7 1 1 120-0 3 15.58 2 55.0 0 0.3
8 2 3 120.3 2 10.30 0 003 1 3.3
9 j 1 120.0 0 60.43 0 0.3 0 0.3

10 3 0 150.5 0 119.30 0 0.3 0 0.3
11 3 1 12.3 3 . 90 3 0.0 0 0.
12 3 4 120.0 2 10.033 0.0 0 0.0
13 3 J 76.7 O 250.73 0 0.0 0 0. 3
14 3 1 123.0 0 25).73 3 0.0 0 3.3
15 2 12-')) 2 1- 330 0 0.0 2 i.0
16 3 1 123.0 3 1.90 0 3.0 0 3.3
17 3 i 120-0 0 1.00 3 0.3 0 0.0
13 3 3 123.0 2 10.30 3 0.0 0 0.3
L9 2 4 120.0 2 10.00 0 0.0 2 1-3

NO. OF VARIABLES 18
N). OF TEMPERATURES 12
NO. OF CONCE NRATIONS 2
NO. OF FLOWS 2
NO. OF PRESSURES 2
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Table A.6 (Continued)

LAST ITERATION N0. IS 87
IEB = 3
VARIABLE DO. FUN

1 -1.350D-13
2 1.208D-13
3 -1-194D-11
4 6.025D-12
5 -5.187D-13
6 -9.948D-14
7 3.411D-13
8 -2.7850-12
9 O.0000+00

10 -3.411D-13
1i -5.053D-J1
12 0.000OOD+00
13 -3.197D-14
14 6.34OD- 14
15 1-228)D-il
16 3.9790-12
17 ,00OOD+00
18 1.5540-15

STATE TEHPERATURE FLO RATE CONCENTRATION PRESSURE
POINT C H C H C f C n
1 150.5 412.00
2 144.4 144.4 412.00.
3 150.4 60.48
4 173.9 171 1 17.92 17.97 43.97 45.0
5 154..1 156.9 17.92 " 43.97
6 133.0 130.3 15.58 50.58 49.2
7 157.5 152.8 15.58 50.58
8 142-6 142.5 2.34 2.39 3.09 3.08
9 188.4 184.1 60.48
10 150.5 119.00
11 131.3 131.8 119.00
12 87.9 89.1 2.34 2.39
13 76.7 250.73
14 86.7 87.3 250.73
15 133.0 130.3 2.34 2.39 0.65 0.67
16 19 15 186.6
17 116.9 120.3
18 142.6 142.5
19 87.9 39.1 0.65 0.67

IGIT UNIT HEAT TRANSFER
NO. TYPE C I

1 D 2290 2270
2 R 199 226
3 C 2490 2670
4 E 2490 2550
5 A 2300 2160
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Table A.7. Single-stage heat transformer, Li Br-water: run 145

SINGLE STAGE HEAT TANSFORIER - LI BR /WATER : RUN NO. 145
TOLERAICES IN F, X 1. 3D-05 i. 3D-08
AO. OF UNITS 5
NO. OP STATE POINTS 19

1 2 1.4040D+02
5 .5 l0 11 6 17
2 3 1.2103D+01
6 7 4 5 0 3 0
3 4 4.7693D+02

15 2 13 14 19 3 3
4 5 6.4010D+02

12 3 1 2 18 0 3
5 1 1.9900D+02
7 3 3 9 4 16 3

SA3TI NG POINTS
i 3 3 140.3 0 234. 50 0.0 0 0.3
2 3 1 123.3 0 3284. 5 0 0. 0 0.3
3 3 0 140-3 0 60.14 0 0.0 0 0.3
4 1 1 120.0 1 13.33 1 45.0 0 0.3
5 1 1 120.0 1 13.00 1 45.0 0 0.3
6 1 2 120.0 0 15.16 2 55.0 0 0.3
7 I 1 120.0 0 15. 16 2 55-0 0 0.)
8 2 3 120.0 2 13.30 3 0.3 1 3.3
9 3 1 120-0 3 63.14 0 0.0 0 0.3

10 3 3 140.4 0 244.70 0 0.0 0 0.3
ii 3 1 120-3 3 244.70 0 0.0 0 0.0
12 3 4 123.0 2 13.33 0 0.) 0 0.3
13 3 0 59.3 0 253.63 0 0.0 0 0.3
14 3 1 120.0 3 253.60 0 0.0 0 0.0
15 2 2 1203. 2 13 30 0 0.3 2 1.
16 3 1 12300 3 1.33 0 0.0 0 0.
17 3 1 120.0 0 1.30 0 0.0 0 0.0
18 3 3 123.0 2 10. 0 3 0.0 0 0.0
19 2 4 120.0 2 13.00 0 0.0 2 1.0

NO. OF VARIABLES 18
NO. OF TMNPERAUR3ES 12
NO. OF CONCESTRATIONS !
NO. OF FLOWS
NO. OF PRESSURES

.«
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Table A.7 (Continued)

LAST ITERATION NO. IS 66
IEB = 2
VARIABLE NO. FUN

1 1-7 34D- 10
2 1.511D-10
3 1.673D-03
4 4.063D-08
5 8.223D-09
6 -1.469D-09
7 2.103D-11
8 9.72D- 12
9 3.553D-15

10 -1.037D-03
ii -3-397D-03
12 -3.553D-15
13 1.205D-10
14 9.500D-13
15 -9.890D-09
16 -6.866D-08
17 -4.619D-14
13 8.882D-16

STATE TEMPERATURE FLOW RATE CONCENTBATILO PRESSURE
POI3T C I C C C 1
1 143.3 284.50
2 133.7 133.6 234. 53
3 140.3 60.14
4 166.3 166.6 17.69 17.74 46.25 47.6
5 145.9 149.9 17.9 79 466.2 5
6 126.6 125.4 15.16 53.96 52.4
7 152.6 143.6 15.16 53.96
8 129.6 129.4 2.53 2.58 2.20 2.19
9 183. 1 179.0 60.14
10 14 .4 244.73
11 129.9 130.4 244.73
12 72.5 74.1 2.53 2.58
13 59.8 253.63
14 73.5 73.8 253.63
15 i26.6 125.4 2.53 2.58 O. 39 0.40
16 188.3 133.0
17 136.1 11.2
18 129.6 129.4
19 72.5 7 4 .1 3.9 0.40

UJIT UNIT HEAT TRASSFER
NO. TYPE C

1 D 2570 2480
R 19 8 241

3 C 2720 2303
4 E 2720 2730
5 A 2570 2430
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Table A.8. Single-stage heat transformer, Li Br-water: run 149

SINGLE STAGE HEAT TRANSFORMER - LI BR /WATER : RUN NO. 149
TOLERANCES IN F, X 1. D-35 1. OD-0 8
NO. OF UNITS 5
HO. OF STATE POINTS 19

1 2 .116iD+02
5 15 10 11 6 17
2 3 2.2500D+31
6 7 4 5 0 3 3
.j 4 4.1960D+02

15 12 13 14 19 3 3
4 5 5.6630D+02

12 3 1 2 18 0 3
5 1 o.38jOD+02
7 a 3 9 4 16 3

STARTING POINTS
1 3 3 184.0 3 239.23 0 3.3 0 0.3
2 3 1 120.0 3 239. 20 3 0. 0 3.0
3 3 3 183.9 0 59.48 0 0.0 0 0.3
4 1 1 120.0 1 13.30 1 45.0 0 0.0
5 1 1 120.0 1 10.30 1 45.0 0 3.3
6 1 2 120.3 3 25.30 2 553. 0 0.0
7 1 1 123.0 0 25.30 2 55-3 0 0.3
8 2 3 120-0 2 10.33 3 0.3 1 3.0
9 3 1 123-0 3 59. 48 0 3.0 0 0.0

10 3 3 184.0 0 243.90 0 0.0 0 0.3
11 3 1 123.0 0 243.90 0 0-0 0 0.3
12 3 4 120.0 2 13. 33 0 0.0 0 0.0
13 3 3 62.5 3 254.43 0 0.3 0 0.3
14 3 1 123.0 3 254.43 0 0.0 0 0.0
15 2 2 120.0 2 13. 30 0 0.0 2 1.0
16 3 1 120.0 0 1 00 0 0.0 0 0.3
17 3 1 123.0 0 1.30 0 0.0 0 0.0
18 3 3 123-0 2 10. 0 0 0 . 0 0.3
19 2 4 123.3 2 13.30 0 0.3 2 1.0

N3. OF VARIABLES 18
NO. OF TEHPERATURES 12
NO. OF CONCENTRATIONS 2
NO. OF FLOWS 2
NO. OF PRESSURES
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Table A.8 (Continued)

LAST ITERATION NO. IS 68
IER = 2
VARIABLE NO. FUN

1 -2.934D-11
2 -1.034D-11
3 1.618D-09
4 2.638D-11
5 -2.216D-07
6 8.621D-08
7 -2.665D-10
3 -1.328D-10
9 3.553D-15

13 -1-967D-01
11 -5.383D-01
12 3.553D-15
13 -1.444D-11
14 -1.480D-08
15 2.204D-07
i6 9.420D-07
17 2.956D-12
13 2.887D-15

STATE TEMPERATURE FLOW RATE CONCENTRATION PRESSURE
POINT C H C C f C H
1 134.0 289.23
2 169.1 167.5 289.23
3 183.9 59.48
4 231.1 223.7 28.99 29.42 53.33 54.
5 197.0 202.0 28.99 " 53.33
6 163.9 165.8 25.03 61.84 60.7
7 213.7 233. 2 25.03 61.84
8 166. 6 164.8 3.99 4.42 5.54 5.31
9 253.4 245.9 59.43
10 184.0 240.90
11 16 . 8 167.6 240.90
12 33.7 35.3 3.99 4.42
13 62.6 254.40
14 79.7 80.8 254.43
15 168.9 165.8 3.99 4.42 0.57 0.60
16 261.3 251.8
17 141.8 148.4
18 166.6 164.8
19 93.7 35.3 3.57 3.60

UOIT UNIT HEAT TRANSFER
NO. TYPE C 3

i D 4150 4013
2 R 50 3 96

~j C 4330 4633
4 E 4310 4773
5 A 4140 4060
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Table A.9. Single-stage heat transformer, Li Br-water: run 153

SIIGLE STAGE HEAT TRANSFORmBR - LI BR /WATER : RUN NO. 153
TOLERANCES IN F, X .0 OD-O3 1.OD-08
NO. OF UNITS 5
NO. OF STATE POINTS 19

1 2 1.5120D+02
5 15 10 ii 6 17
2 3 5.7500D+31
6 7 4 5 0 0 3
3 4 4.8140D+02

15 12 1J 14 J9 0 0
4 5 6.3020D+02

12 3 1 2 18 0 3
5 1 2.3940D+02
7 3 3 9 4 16 3

STARTINg P2OINTS
1 3 3 141.3 0 374.63 0 0.3 0 0.3
2 3 1 120.0 0 374.50 0 0.3 0 0.
3 3 3 14.39 3 6 .14 O 0.0 0 0.3
4 1 1 123.0 1 10. 33 1 45.3 0 0.0
5 1 I 120.0 I 10.O0 1 45.0 0 0.3
6 1 2 123.0 3 21.24 2 55.0 0 3.3
7 1 1 120-0 3 1-.24 2 55.3 0 0.3
8 2 3 120.0 2 10.33 0 3.0 1 3.3
9 3 1 120.0 0 50.14 0 0.3 0 0-3

10 3 0 141.3 a 166.13 0 0.3 0 0.3
11 j L 123.0 3 i56.10 3 0.0 0 0.3
12 3 4 123.0 2 13.30 3 0.0 0 0.0
13 3 3 59.4 0 254.15 0 .3 0 0 .3
14 3 1 120.0 3 254.15 0 0.3 0 3.3
15 2 2 120.0 2 13. 0 0 0.0 2 1.0
16 3 1 123.3 0 1.00 0 0.3 0 0.3
17 3 i 120-0 0 1.00 0 -.3 0 0.3
18 3 3 120.3 2 10. 33 0 3.0 0 0.3
19 2 4 120.0 2 13.30 0 0.0 2 1.0

NO. OF VARIABLES 18
NO. OF TEMPERATURES 12
NO. OF CONCENTRATIONS 2
NO. OF FLOWS 2
NO. OF PRESSURSS 2
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Table A.9 (Continued)

LAST ITERATION NO. IS 67
IER = 2
VARIABLE NO. FUN

1 5-249D-1
2 2.108D-11
3 -3.977D-13
4 3.782D-13
5 -7.224D-07
6 1.335D-06
7 2.3 4 1 D-10
8 1.532D-10
9 0.000D+00

13 -2.556D-05
11 -5-507D-05
12 3.003D+00
13 1.140D-11
14 -5.557D-03
15 7.228D-07
16 3.749D-06
07 -4.633D-12
18 2.887D-15

STATE TEMPERATURE FLOW RATE CONC ENTRATIO PRESSURE
POINT C c1 C C H C a
1 141. 0 37. 60
2 133.5 133.5 374.53
3 143.9 60.14
4 171.3 169.0 23.84 23.90 47.11 47.7
5 135.1 138.8 23.84 47.11 "
6 122.9 122.2 21.24 52.88 51.2
7 166.2 161.5 21. 24 52.88
8 131.8 131.8 2.60 2.66 2.33 2.33
9 185.6 130.5 60.14
10 141.0 166.13
11 124-9 125.3 166. 13
12 72. 3 74.3 2.63 2.66
13 59.4 254.15
14 70.4 79.82 254. 15
15 122.9 122.2 2.63 2.66 0.39 0.40
16 183.2 133.3
17 107.5 139.6
18 131.8 131.8
19 7 2. 74.3 .339 0.40

U1iT UNIT HEAT TRANSFER
NO. TYPE C 1

1 D 2680 2623
2 R 469 593

3 C 2790 2903
4 E 80 0 2313
5 A 2690 2513
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Table A.10. Single-stage heat transformer, Li Br-water: run 156

SINGLE STAGE HEAT TRANSFORMER - LI 3B /WATER : RUa NO. 156
rOLERANCES IN F, X 1. 30-05 1. 3D-08
NO. OF UNITS 5
10. OF STATE POINTS 19

1 2 2.0240D+02
5 15 10 11 6 17

j3 2 .0900D+0 1
6 7 4 5 0 J 3

4 4.0990D+02
13 12 13 14 19 3 3

4 5 7.1940D+02
12 3 1 2 18 0 3

5 1 1.8550D+32
7 3 3 9 4 16 3

STARTING POINTS
1 3 3 183.3 3 371.60 0 0.3 0 3.)
2 3 1 123.3 0 371.50 0 0.3 0 0.0
3 3 0 180.2 0 59.39 0 0.3 0 3.3
4 1 1 12-3.3 1 13-30 1 45 3 0 .)
5 1 1 120.0 1 13.30 1 45.0 0 0.3
5 1 2 123.3 3 25.10 2 55.0 0 0.3
7 1 1 123.0 0 25.10 2 55.0 0 0.3
8 2 3 120.0 2 LO. 0 0 0- 3 1 3 3
9 3 1 120.3 0 59.39 0 0.0 0 0.3

10 3 0 180.3 0 153. 33 0 0.3 0 0.3
11 3 1 1203. 3 159.40 0 3-3 0 0.3
12 3 4 123.0 2 13.30 0 0.3 0 0.3
13 3 3 58.6 0 255.60 0 0.0 0 0.3
14 3 120-.0 0 255. 0 3 0.3 0 0.3
15 2 2 123.3 2 10.33 0 0.3 2 1.3
16 3 1 120.0 0 1-33 0 0.3 0 0.3
17 3 1 120.3 0 1.30 0 0.3 0 0.3
18 3 3 123.0 2 10.33 0 0.3 0 0.3
19 2 4 123.0 2 10.33 3 0.0 2 1.3

NO. OF VARIABLES 18
NO. OP TEMPERATURES 12
NJ. OF CONCENTRATIONS
NO. OF FLOWS 2
N3. OF PRESSURES
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Table A.10 (Continued)

LAST ITERATION NO. IS 109
IE3 = 3
VARIABLE NO. FUN

1 -7.105D-14
2 4.974D-14
3 1.273D-11
4 -6.321D-12
5 -5.684D-12
6 2-899D-12
7 -9.095D-13
3 0.OOODt00
9 .000D+00

10 -9.095D-113
11 -2.728D-12
i2 3.353D-15
13 5.684D-14
14 7.461D-14
15 -7.674D-12

16 -6.935D-12
17 -3.553D-15
18 2.220D-15

STATE TEMPERATURE FLOW RATE CONCENTRATION PRESSURE
POINT CH C C C m
1 130.3 371.60
2 168.6 168.0 371.60
3 180.2 59.39
4 228. 0 217.7 29.09 29.33 52.46 53.2
5 191.9 195.3 29.39 " 52.46
6 160).2 157.5 25 -1) 60.81 58.6
7 207.3 194.4 25.10 60.31 n

8 166.7 165.9 3.99 4.23 5.55 5.45
9 248.8 238.4 59.39
10 180.3 159.40
11 15 4.8 155.7 159.40
12 79.8 82.1 3.99 4.23
13 58.6 255. 63
14 75.6 77.2 255.60
15 160.2 157.5 3.99 4.23 0.50 0.54
16 256.5 245.0
17 134.6 139.4
18 166.7 165.9
19 79.3 82.i 350 0.54

UNIT UNIT HEAT TRANSFER
10. TYPE C A

1 D 4070 4010
aH 539 612

3 C 4330 4750
4 E 4330 4573
5 A 4070 3790
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Table A.11. Single-stage heat transformer, Li Br-water: run 158

SINGLE STAGE HEAT TRANSFOBREB - LI BR /WATER : RBJ NO. 158
TOLE3ANCES IN F, X 1. OD-05 1.0D-08
N3. OF UNITS 5
N0. OF STATE POINTS 13

1 2 1.8850D+02
5 15 10 11 6 17
2 3 2-9900D+01
6 7 4 5 0 0 0
3 4 5.6210D+02

15 12 13 14 19 0 0
4 5 6.6770D+02

12 3 1 2 18 0 0
5 1 1.9400D+02
7 3 3 9 4 16 3

STARTING POINTS
1 3 0 180.7 0 368.60 0 0.0 0 0.0
2 3 1 120.0 0 36. 60 0 0.0 0 0.0
3 3 0 180-6 0 58.56 0 0-0 0 0.3
4 1 1 120.0 1 10.00 1 45.0 0 0.0
5 1 1 120.0 1 10.00 1 45.3 0 0.0
6 1 2 120.0 0 25 50 2 55.0 0 0.0
7 1 1 120.0 0 25.60 2 55.0 0 0.0
8 2 3 120.0 2 10. 0 0 0.3 1 3-0
9 3 1 120.0 0 58.56 0 0.0 0 0.0

10 3 0 180.7 0 157.90 0 0.0 0 0.0
11 3 1 120.0 0 157.90 0 0.3 0 0.0
12 3 4 123-0 2 10.00 0 0.30 0 0.0
13 3 0 58.8 0 253.20 0 0.0 0 0.0
14 3 1 120.0 0 253-20 0 0. 0 0.3
15 2 2 120.0 2 10.00 0 0.0 2 1.0
16 3 1 123-0 0 1.30 0 0.0 0 0.3
17 3 1 120.0 0 1.30 0 0.0 0 0.0
18 3 3 120.0 2 10.00 0 0.0 0 0.0
19 2 4 120.0 2 19.30 0 0.0 2 1.0

NO. OF VARIABLES 18
N3. OF TEMPERATURES 12
NO. OF CONCENTRATIONS 2
NO. OF FLOWS 2
NO. OF PBESSURES 2
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Table A.11 (Continued)

LAST ITERATION NO. IS 87
IER = 2

VARIABLE NO. FUN
1 -5.763D-11
2 -9.167D-ll
3 -5.148D-10
4 - 3 853D-08
5 1.490D-07
6 -l.062D-07
7 3.965D-10
8 1.528D-10
9 3.553D-15

10 -8.469D-05
11 -1.970D-04
12 3.553D-15
13 -1.452D-10
^4 9.835D-09
15 -1.491D-07
16 -6.235D-07
17 -3.375D-12
18 1.776D-15

STATE TEMPERATURE -FLO A ATE CONC ETBRATIO PRESSURE
POINT C M C t C H c H
1 130.7 368.60
2 169.0 168.3 368.60
3 180.6 58. 56
4 229.1 218.6 29.53 29.82 52.76 53.6
5 186.9 191.9 29.58 " 52.76
6 158.6 156.1 25.60 60.96 59.2
7 213.4 200.6 25.60 60.96
8 166.7 165.9 3.99 4.22 5.55 5-44
9 251.0 241.5 58.56
10 180.7 157.93
11 154.6 155.6 157.93
12 77.9 81.4 3.98 4.22
13 58.8 253.20
14 75.8 77.3 253.23
15 158.6 156.1 3.98 4.22 0.47 0.50
16 257.8 247.1
17 133.1 137.9
18 166.7 165.9
19 77. 831.,4 3 .7 0. 0

UNIT UNIT HEAT TRANSFER
30. TYPE C 1

1 D 4110 4010
2 R 639 744
3 C 4320 4683
4 E 4330 4570
5 A 4120 3393
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Table A.12. Single-stage heat transformer, Li Br-water: run 161

SINGLE STAGE HEAT TRANSFORIER - LI BR /IATER : RNH NO. 161
TOLERANCES I F, X 1. OD-35 1. OD-08
NO. OF UNITS 5
NO. OF STATE POINTS 19

i 2 1.5670D+02
5 15 10 11 6 17
2 3 3.7700D+01
6 7 4 5 0 0 0
j 4 5.5270D+02

15 12 13 14 19 0 3
4 5 4.6570D+02

12 3 1 2 18 0 3
5 1 2.2910D+32
7 3 3 9 4 16 0

STARTING POINTS
1 3 0 144.4 0 2903.30 0 3 O 0.
2 3 1 120-3 0 293.30 0 0.0 0 0.0
3 3 0 144.3 0 58.96 0 0.0 0 0.0
4 1 1 120.0 1 1 3 0 1 45.0 0 0.0
5 1 1 120.0 1 10.30 1 45.0 0 0.3
6 1 2 123-0 0 21.24 2 55.0 0 0.3
7 1 1 120.0 0 21. 2 2 55.0 0 0.3
3 2 3 120.0 2 10.00 0 0.0 1 3.0
9 3 1 120.0 0 58.36 0 0.0 0 0.3

10 3 0 144.4 0 248.15 0 0.0 0 0.3
11 3 1 120.0 0 248.15 0 0.0 0 0.0
12 3 4 120.0 2 1. 30 0 0.3 0 0.3
13 3 0 62.1 0 253 65 0 0.0 0 0.0
14 3 1 12.0 0 253.65 0 0.0 0 0.0
15 2 2 120.0 2 13.30 0 0.0 2 1.0
16 3 1 120-0 0 1.00 0 0-0 0 0.0
17 3 1 123.0 0 1.00 0 0.0 0 0.0
1a 3 3 120-0 2 10.30 0 0.0 0 0.0
19 2 4 120-0 2 13. 3 0 0.0 2 1.0

NO. OF VARIABLES 18
NO. OF TEMPEBATURES 12
NO. OF CONCENTRATIONS 2
NO. OF FLOWS 2
NO. OF PRESSURES 2
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Table A.12 (Continued)

LAST ITERATION NO. IS 68
IEH = 2
VTAIABLE NO. POB

1 1.286D-12
2 1.666D-12
3 -1.592D-11
4 5.306D-10
5 1.207D-08
6 -1.595D-08
7 -6.480D-12
8 -1-251D-12
9 0000D+00

10 -4.779D-04
11 -9.319D-04
12 0OOOD+00
13 2.427D-12
14 9.441)-10
15 -1.205D-08
16 -6.899D-08
17 3.197D-14
18 2-220D-16

STATE TEIPEBaTURE FLOW RATE CONCENTRATIOI PRESSURE
POINT C M C x C C
1 144.4 293.80
2 134.9 134.7 293-30
3 144.3 58.06
4 175.6 173.7 23.85 23.88 48.30 48.9
5 144.1 148.1 23.85 48.30
6 129.9 130.0 21-24 54.22 52.7
7 167.8 163.2 21.24 54.22
8 132.4 132.2 2.61 2.64 2.37 2.36
9 190.6 185.5 58.06
10 144.4 248&15
11 133.6 134. 1 248. 15
12 74.6 76.6 2.61 2.64
13 62.1 253.65
14 73.1 73.5 253.65
15 129.9 130.0 2.61 2.64 0.42 0.43

16 193.3 187.8
17 113.5 115.7
18 132-4 132.2
19 74.6 7 75. 42 43

JBIT UNIT HEAT TBANStEB
O. TTPE C I
1 D 2690 2580
2 R 403 518
3 C 2800 2890
4 E 2800 2840
5 A 2690 2510
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Table A.13. Single-stage heat transformer, Li Br-water: run 162

SINGLE STAGE HEAT TR3ASPOBRER - LI BR /BATER : RUN NO. 162
TOLERANCES IN F, X l.OD-05 J.OD-08
NO. 3F UNITS 5
NO. OF STATE POINTS 19

1 2 1.5560D+02
5 15 10 1i 6 17
2 3 6.7200D+31
6 7 4 5 0 0 3
3 4 6.2250D+32

15 12 13 14 19 0 3
4 5 3.7310D302

12 3 1 2 18 0 0
5 1 2.0360D+02
7 8 3 9 4 16 0

STARTING POINTS
1 3 0 142-4 0 234.38 0 0.0 0 0.3
2 3 1 120.0 0 294.38 0 0.3 0 0.3
3 3 0 142.4 0 60.31 0 0.0 0 0.3
4 1 1 120.0 1 13.00 1 45.0 0 0.0
5 1 1 120.3 1 10. 0 1 45-0 0 0.3
6 1 2 120.3 0 23.91 2 55.0 0 0.3
7 1 i 120.0 0 23.91 2 55.0 0 0.0
8 2 3 120.0 2 10.30 0 0.0 1 3.3
9 3 1 120.0 0 60.31 0 0. 0 0.0

10 3 0 142.4 0 249.90 0 0.0 0 0.0
11 3 1 120.0 0 249.90 0 0.0 0 0.0
12 3 4 120.3 2 10.03 0 0.0 0 0.0
13 3 0 61.8 0 257.40 0 0.0 0 0.0
14 3 1 120.0 0 257.40 0 0. 0 00 0.0
15 2 2 120.0 2 10.00 0 0.0 2 1.0
16 3 1 120.0 t 00 0 0.0 0 0.0
17 3 1 120.0 0 1.00 0 0.0 0 0
18 3 3 120.0 2 10.00 0 0.0 0 0.0
19 2 4 120.3 2 13.00 0 0.0 2 1-0

NO. OF VARIABLES 18
NO. OF TEMPERATURES 12
NO. OF CONCENTRATIONS 2
NO. OF FLOWS 2
NO. OF PRESSURES 2
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Table A.13 (Continued) i

LAST ITERATIOH NO. IS 68
IER = 2
VARIAB LE NO. PUN

1 - 1421D-14
2 -1.069D-12
3 -5.338D-11
4 -3.394D-11
5 1.130- 06
6 -3.884D-06
7 8.072D-12
8 6.321D-12
9 0.000D+00

10 -2.264D-05
11 -3-426D-05
12 3.553D-15
13 -5.326D-13
14 8.968D-08
15 -1.130D-06
16 -5.750D-06
17 -1.421D-14
18 8.882D-16

STATE TEMPERATURE FLOW RATE CONCENTRATION PRESSURE
POINT C B C 1 C I C f
1 142.4 294.38
2 133.2 133.2 294.33
3 142-4 60.81
4 172.4 170.9 23.43 23.43 48.26 49.0
5 138-4 141 5 23.43 " 48.26
6 128.1 128.2 20.91 54.08 52.7
7 168. 8 165.2 20.91 54.08
8 129.6 129.6 2.52 2.52 2.20 2.20
9 185.9 181.7 60.81
10 142.4 249.93
11 131.8 132.4 249.93
12 73.4 75.7 2.52 2.52
13 61.8 257. 4
14 72.4 72.5 257.40
15 128.1 128.2 2.52 2.52 0.41 0.41
16 190.0 184.3
17 111-8 114-2
18 121.6 129.6
19 73. 75.7 0.41 0.41

IiIT UNIT HEAT TRANSFER
NO. TYPE C 1

1 D 2640 25 30
2 R 427 571
3 C 2710 2750
4 E 2710 2710
5 A 2640 2490



75

Table A.14. Single-stage heat transformer, Li Br-water: run 167

SINGLE STAGE HEAT TRANSFO2BER - LI BR /VATER : RUN NO. 167
TOLERANCES IN F, X 1.OD-05 1.OD-08
NO. OF UNITS S
NO. OF STATE POINTS 19

1 2 1-1350D+32
5 15 10 11 6 17
2 3 2.1900D+01
6 7 4 5 0 0 0
3 4 4. 3660D+02

15 12 13 14 19 0 3
4 5 3.2400D+32

12 8 1 2 18 3 3
5 1 2.8380D+32
7 8 3 9 4 16 3

STARTING POINTS
1 3 0 143.3 0 295.33 0 0.0 0 0.3
2 3 1 120-. 0 295.33 0 0.3 0 0.0
3 3 0 143.8 3 59.89 0 0.0 0 0.)
4 1 i 120-3 1 10. 0 1 45.0 0 0.3
5 1 1 120.3 1 10.30 1 45.0 0 0.3
6 1 2 123.0 0 22 57 2 55.3 0 0.3
7 1 1 123.0 0 22.57 2 55.3 0 0.3
8 2 3 120.0 2 10.00 0 0.0 1 3.0
9 3 1 123.0 0 59.39 0 0.0 0 0.3

10 3 0 143.8 0 256.70 0 0.0 0 0.0
11 3 1 123.0 0 256.70 0 0.0 0 0.3
12 3 4 120-. 2 10.03 0 0.0 0 0.0
13 3 0 63.6 0 248.40 0 0.0 0 0.3
14 3 1 123.0 0 248.40 0 0.0 0 0.0
15 2 2 123.3 2 10.00 0 0.0 2 1.0
i6 3 1 12z0. 0 1.00 0 0.0 0 0.3
17 3 1 123.0 0 1.00 0 0.0 0 0.3
18 3 3 120.0 2 13.03 0 0.0 0 0.0
19 2 4 120.0 2 10.30 0 0-0 2 1.3

NO. OF VARIABLES 18
NO. OF TEMPERATURES 12
NO. OF CONCENTRATIONS 2
NO. OF FLOWS 2
NO. OF PRESSURES 2

»&
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Table A.14 (Continued)

LAST ITERATION NO. IS 88
IEB = 2
VARBIBLE NO. FUN

1 -9.237D-14
2 -1.883D-13
3 2.279D-11
4 7.219D- 12
5 2.956D-09
6 -1.139D-09
7 -4.5 47D-13
8 4.547D-13
9 O.OOOD+00

1D -1.283D-05
11 -1.692D-05
l2 0.OOOD+00

13 7.105D-15
14 2.176D-10
15 -2.979D-09
16 -1.531D-08
17 -3.553D-15
18 2.887D-15

STATE TENPEBATUBE PLOW RATE CONCEBTRATIOI PRESSURE
POINT C B C C H C M
1 143.8 295.30
2 135- 1 134.2 295.30
3 143.8 59.89
4 179.5 171.1 24-95 25.17 47.21 49.2
5 143.8 152.2 24.95 47.21 "
6 124.9 129.6 22.57 52.20 52.3
7 156.2 155.2 22.57 52.20 "
8 130-8 129.4 2.38 2.60 2.27 2-19
9 183.0 182.0 59.89
10 143.8 256.70
11 134.7 134.4 256.70
12 76.1 77.4 2.33 2.60
13 63.6 248. 4
14 73.9 75.1 248.40
15 124.9 129.6 2.33 2.60 0.45 0.47
16 184.2 183.9
17 112.2 103.9
18 130.8 129.4
19 76.1 77.4 0.45 0.47

UNIT UNIT HEAT TRANSFER
NO. TYPE C A

1 D 2340 2420
2 R 362 408
3 C 2560 2843
4 E 2560 2840
5 A 2350 2400
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