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ABSTRACT

In the Science Museum of Virginia in Richmond, VA, a hybrid
desiccant dehumidifier-vapor compression heat pump system was
installed in addition to the conventional HVAC equipment. Instead of
removing moisture in the air by means of lTow temperature condensing
coils, the air is blown through a conditioner chamber. A cold LiCl-
water solution absorbs some of the water vapor. The diluted salt
solution is heated by a 1low temperature heat source. In a
regenerator chamber, water is desorbed from the solution by return
air which is then exhausted.

The conditioner and regenerator are basically two phase contact
devices with simultaneous heat and mass transfer. A model based on
equilibrium considerations and effectiveness coefficients was
devioped. A second model employing a finite step integration along
the chamber was used to estimate variations of the effectiveness
coefficients with varying inlet states.

A simulation model of the HVAC system installed at the Science
Museum of Virginia was developed. This model includes the complete
liquid desiccant cycle and important components of the conventional
HVAC system.

Parametric studies were performed to identify the sensitivity of
the overall performance to changes in equipment parameters. The
results of steady state simulations were analyzed and the hourly cost

of operation were estimated for different regeneration heat sources.
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CHAPTER 1 OPEN CYCLE ABSORPTION SYSTEMS

1.1 Introduction

Closed cycle absorption heat pumps have Tong been known as
useful tools for converting thermal energy from one temperature level
to another. They are reliable machines with a large number of
applications. Among these are the upgrading of waste heat and the
use of heat to generate a heat sink below ambient temperature.
Bjurstroem and Raldow [1] present a survey of the history and the
various applications of absorption heat pumps.

Generally, absorption heat pumps are designed as closed systems,
j.e., both the absorbant and the refrigerant remain in the system
permanently. In the early sixties, a team of Russian researchers
proposed the application of open absorption cycles for solar cooling
[26]. In this system, the condenser is omitted and the refrigerant
is released from the desorber to the environment. Naturally, only
water can be used as the refrigerant in such a system. Moreover, the
other components of the absorbent mixture have to have a very small
vapor pressure at operating conditions or else they would evaporate
and be carried out of the system. Aqueous solutions of the salts
LiC1, LiBr and CaCl, are well suited for this purpose.

Since refrigerant is continuously lost from the system, it has
to be replaced by make-up water. This water evaporates in a vessel

which combines the function of evaporator and absorber. The content



of the vessel is maintained at a low pressure by the salt solution,
which absorbs the water vapor. The evaporating water acts as a heat
sink at the saturation temperature corresponding to the vessel
pressure. The heat needed for vaporization is transferred from the
cooling water to the evaporating water via a coil. The diluted
solution has to be regenerated to recover its ability to absorb
water. An open cycle absorption system is described by LY4f et al.
[25].

A different design of an open absorption-desorption cycle is a
system used for air dehumidification purposes. Both condenser and
evaporator are omitted, and the absorber is constructed in such a way
as to allow the dehumidification of moist air. As early as 1937,
Berestneff [28] outlined the fundamentals of this system. The system
consists of a conditioner chamber, where air is dehumidified, and a
regenerator chamber, where exhaust air takes on water which
evaporates from the diluted solution. Dehumidification systems of
this design are being applied where very dry air is required. This
type of open cycle absorption system is the subject of this study and

js presented in detail in Section 1.4,



1.2 The Regenerator for Open Cycle Absorption Systems

The regenerator or desorber is an important part of any
absorption cycle. The diluted absorbent is reconcentrated in the
regenerator. The absorbent has to be heated to a temperature at
which refrigerant evaporates. The refrigerant is then condensed in
the condenser. In refrigeration applications, the heat of
condensation is rejected to the environment, typically at 25-35°C.
The saturation pressure of water in this temperature range is 3.2-5.6
kPa. The partial pressure of water in air is much lower, e.g., 1.6
kPa for air at 25°C and 50% relative humidity. Therefore, the
application of open regenerators allows Tlower regeneration
temperatures than necessary in closed systems.

The fundamental problem in regenerator design is to create a
large heat and mass transfer surface between 1liquid and vapor
phases. Various designs have been proposed. Among the most simple
are sloped plane-falling film type regenerators. The Russian
research team [26] used a blackened roof as a solar driven
desorber. Solar energy is absorbed by the black surface and the
liquid absorbent in contact with this surface is heated up. Water
evaporates from the solution to the surrounding air. Collier [27]
developed a model for this combined flat plate solar collector
regenerator. However, there are some major problems with this type
of regenerator. Among them are corrosion problems, pollution of the

solution, difficulties in maintaining a stable film of solution and



very limited transfer surfaces. A modification of this combined
solar collector regenerator using a glazed collector was studied by
Howell and Shepherd [30].

Another heat and mass exchanger device used as a regenerator is
the packed bed column. The advantage of packed bed columns is the
large surface of the packing material. Thus, a large heat and mass
transfer area can be obtained if the absorbent is distributed
properly. Leboeuf [29] studied the application of a packed bed
column as a regenerator in an open cycle desiccant cooling system.
The drawback of packed bed columns is a large air stream pressure

drop.

1.3 Conventional Air Conditioning Systems

The main task of air conditioning is to maintain the air in a
space, whether it is a single room or a large building, at a desired
state, i.e., at a certain temperature and humidity ratio. Several
sources contribute to the sensible portion of a space air
conditioning load. Among the most important heat sources are heat
conduction through the building envelope, heat released by the
lighting system, heat released by people and the energy which is
carried into the building with infiltration of air. In addition,
there has to be a controlled exchange of the air inside the space
with fresh air from outside. This air has to be cooled to the room

air state.



The second part of the air conditioning load 1is called the
latent load. It is due to moisture which is released by people and
carried into the building by air infiltration. Furthermore, moist
ventilation air from outside has to be dehumidified before entering
the building.

The Tlatent 1load is generally much smaller than the sensible
load. Nevertheless, it is the cause of the poor overall coefficient
of performance, (COP, defined as energy removed per work expended) in
conventional air conditioning systems. In these systems, the air to
be conditioned is blown through a heat exchanger. Water of typically
4.5 to 9°C is pumped through the heat exchanger piping and cools the
air down to its dewpoint temperature. Part of the water vapor in the
air condenses, releasing its heat of vaporization. This condensation
process is continued until the air reaches the desired humidity
ratio. Finally, the dehumidified but cold air has to be reheated to
the desired room inlet temperature. Although the energy to reheat
the air is generally available from free waste heat, the primary
subcooling needs a lot more energy than a thermodynamically optimal
process. Moreover, the coefficient of performance (COP) of a
chiller, which provides the cooling water, decreases rapidly with
decreasing cooling water temperature.

In Figure 1.1 the process of air dehumidification by
condensation of water vapor is shown. Air of state 1 is cooled down
to its dewpoint and further until it reaches the desired humidity
ratio. This cold air has to be reheated to state 2 before it can be

supplied to the building.
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The difference in enthalpy between air at state 1 and the
dehumidified air is Ai. However, the net enthalpy difference
between the air states 1 and 2 is only the sum of the latent enthalpy
difference Ai]at and the sensible enthalpy difference Aisens' Hence,
the enthalpy difference removed during the dehumidification is much
larger than the enthalpy difference, which would have to be removed

on a direct path from air state 1 to air state 2.

1.4 The Open Cycle Liquid Desiccant System at the Science Museum of
Virginia

A thermodynamically optimal process would cool and dehumidify
the air only to the extent necessary, using cooling water at the
highest temperature possible.  This process can be approached by
splitting up the air conditioning task into sensible cooling and
dehumidification. The sensible cooling can then be accomplished
using cooling water at a higher temperature, e.g., 12 to 16°C. Thus
not only less energy has to be removed from the air stream but also
the chiller operates at a higher COP. The dehumidification is done
by equipment specifically designed for this task.

An open absorption-desorption-cycle using a nontoxic salt
solution (LiCl1 - water) can be employed for the air dehumidification
task. A schematic of the cycle is shown in Figure 1.2. In a
chamber, precooled salt solution flows in countercurrent to the air
stream and absorbs water vapor. The diluted solution is pumped to a

regenerator, heated and brought into contact with an air stream
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returning from the building which then will be exhausted. Water
evaporates from the hot solution and the solution becomes wmore
concentrated. The concentrated solution is cooled, pumped to the
conditioner and the cycle starts over again.

A 1iquid desiccant system as described above is installed at the
Science Museum of Virginia in Richmond, VA, in addition to the
conventional HVAC equipment. Conventional vapor compression machines
and the 1fquid desiccant cycle are combined to a hybrid system. The
design of this system and some performance data were presented by
Meckler [7,8]. In particular, data for the design point are given.
The analysis presented in this paper is based solely on these design
point data since no experimental data were available.

The outdoor air state at the design point is 32.8°C and a
humidity ratio is 0.0177. The desired room air state is 25°C and
0.0093. The states of the liquid desiccant cycle are shown in Figure
3.10.

Besides the equipment of the desiccant cycle, the system of the
Science Museum of Virginia features a number of additional devices.
Two 5000 gallon water tanks are installed as heat storage. A heat
pump can deliver the heat needed for the regeneration of the salt
solution and at the same time meet part of the cooling Toad.
Alternately, a gas cogenerator can produce electricity and
regeneration heat. Furthermore, the installation of solar collectors
may be considered, as adequate space for the collectors exists and

thermal storage is provided in form of the water tanks.
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The whole system is set-up so that it can be operated in various
modes. Meckler [7] reports six modes of operation. The different
modes of operation reflect different ways of providing the heat for
the regeneration of the salt solution. The modes considered in this
study are

1. operation of the heat pump to simultaneously provide
regeneration heat and part of the cooling load ("heat pump"
mode) .

2. operation of the gas cogenerator to provide the regeneration
heat with the cooling load met solely by the chiller ("gas
cogeneration" mode).

3. use of solar energy as regeneration heat source with the
cooling Toad met solely by the chiller ("solar" mode).

4, conventional air conditioning by condensation of excess
moisture ("chiller" mode).

The simulation model of the system and results of steady state
simulations at the design point are presented in Sections 3.3 and
3.4, respectively.

A comparison of the results of the steady state system model
with the data given by Meckler in [7] had been intended. Since both
sets of data were obtained for the design point, they should be
comparable. However, a thorough analysis of the data given by
Meckler revealed some apparent inconsistencies.

The total volume flow rate of conditioned air supplied to the

building is composed of
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19000 SCFM to the main exhibits and Tobby
14000 SCFM to the planetarium

5000 SCFM to lower level exhibits

1000 SCFM to supporting service areas
39000 SCFM total

A volume flow rate of 12000 SCFM comes from the conditioner, so that
27000 SCFM return air has to be mixed with the dehumidified air.
This air is supplied to the building at 66.7°F dry bulb temperature
and 60.3 Gr/1b moisture content (state 9) [7], page 197. The air
returns from the building with a moisture content of 65 Gr/1b (state

6). Thus, this air stream can meet a latent Toad of

. _ 1b dry air ,65 - 60.3, 1b water
Ot = 39000 SCFM0.0765 =273 (=000 ) 16 dry air
Btu  _ -
1061 m = 2125.4 Btu/min 127.5 MBtu/h (1.1)

However, Meckler [7] (page 196) 1lists a load of 172.983 MBtu/h
internal latent load. There is a discrepancy of 26%, which cannot be
explained by round-off errors. However, if state 7 is recalculated

from states 5 and 6

_ 12000 SCFM 42.6 GR/1b + 27000 SCFM 65 Gr/1b

Wy 3000 SCEN = 58,1 Gr/1b  (1.2)

and this corrected state is then used for the calculation of the

latent load
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S 1b dry air ,65 - 58.1, 1b water
1067 —BStY = 187.2 MBtu/h (1.3)

1b water

one arrives at a value of 8% higher than the value given by Meckler.

Another questionable point 1is the coefficient of performance
(COP) given for the vapor compression chiller. In his paper, Meckler
uses a COP based on evaporator heat flow. For chiller operation
between a water leaving temperature of 55°F for the evaporator and
95°F for the condenser, Meckler assumes a COP of 5.2. For operation
between 42°F and 95°F, a COP of 3.0 is assumed. This Tlarge
difference between the two COPs means a large overprediction of the
variation of the chiller COP with variation in the operating
temperatures.

In this study, a model of the vapor compression chiller based on
a Carnot cycle was used. The model accounts for temperature
differences across condenser and evaporator. The effectiveness
coefficient used to reduce the COP of the Carnot cycle to the COP of
the non-ideal chiller was chosen as 0.6. The COP predicted for the
operation between 55°F and 95°F is 5.23 and 4.16 for the operation
between 42°F and 95°F. These COPs seem to be realistic according to
manufacturers data [32]. The model of the vapor compression chiller

is treated in detail in Section 3.2.6.
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CHAPTER 2 THE HEAT AND MASS EXCHANGER MODELS

The conditioner and the regenerator which are installed in the
Museum of Science are basically two-phase contact devices with
simultaneous heat and mass transfer. Thus, both can be described by
the same model.

A model used in a long term simulation 1is evaluated many
times. Therefore, it is necessary that the algorithm of the model
requires the least possible computational expense. A model based on
equilibrium considerations and effectiveness factors was developed
which meets this requirement. A listing of the FORTRAN source code
of the TRNSYS component subroutine can be found in Appendix B.l.

For lack of experimental data, it was necessary to develop a
second, more elaborate model. This model employs a finite step
integration along the heat and mass exchanger. Combining the results
of the two models, it was possible to estimate the variation of the
effectiveness coefficients used in the TRNSYS model with variations

in inlet states.

2.1 Equilibrium Model

Subsequently, a model wusing an equilibrium approach and
effectiveness factors will be described. Assuming an infinitely long
chamber, the equilibrium outlet states of the solution and the air

stream can be determined. By means of heat and mass balances the
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exchanged heat and mass flow rates are calculated. Finally, the
exchanged heat and mass flow rates are corrected for the real chamber
dimensions by multiplication with two effectiveness coefficients, one
each for the mass and heat exchange.

The calculation of the equilibrium outlet states 1is based on

three mass balances, the overall balance

ﬁ's1'+ ﬁ‘ai (1 + w1.) = ﬁ‘so+ mao (1 + wo) (2.1)

the mass balance for the salt

the mass balance for dry air

Mai~ Mao (2.3)
and the overall energy balance
msili+ rha1’11'= msoIo+ Mao'o (2.4)

In addition to these balances, two equilibrium assumptions are

necessary. Table 2.1 shows the possible equilibrium assumptions.
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Equilibrium of temperature Equilibrium of water
vapor pressure

1 at solution inlet at solution inlet

2 at air inlet ' at air inlet

3 at air inlet at solution inlet

4 at solution inlet at air inlet

5 air at outlet saturated at air inlet

6 at air inlet air at outlet saturated
Table 2.1 Proposed pairs of equilibrium assumptions.

Next, it has to be determined, which one out of the six proposed
pairs of equilibria is physically feasible. Four conditions to be
fulfilled by the feasible equilibrium are derived subsequently.

The driving force for the mass transfer is the difference in the
partial pressures of water vapor in the air and above the solution.
Hence the direction of the mass transfer has to be the same as that
of the negative gradient in the partial pressure of water vapor.

Using the relationship [3]

Py
w=0.62198 ——— (2.5)
pamb pw

which, for small water vapor pressures, can be approximated by

Py
w = 0.62198 (2.6)
amb

and defining the exchanged mass flow rate to be positive in the case
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of regeneration, i.e., if water evaporates from the solution into the

air, the first feasibility condition can be formulated as:

mex(w -w) >0 (2.7)

The driving force for heat transfer is not temperature but
enthalpy because there is not only sensible but also latent heat
transferred. At any instant of time, for an arbitrary but small area
of transfer surface (e.g. droplet surface), the heat and mass

transfer can be written as

g, = N AR (W = W) (2.8)

Qex,sens= hhAA (T -t) (2.9)

The exchanged energy flow rate can be split into its sensible and

latent parts,

Qex= Qex,sens * Qex,]at (2.10)
The exchanged latent energy flow rate can be expressed
Qex,]at= hmAA (W - w) i, (2.11)
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so that
Qex=t”]AA (T -1t) + hmAA (W - w) iv (2.12)

By using the Lewis number relationship

h

le = ppt' (2.13)
mp,a
Equation (2.12) can be regrouped to
Qex= hmAA (Le Cp,aT + iv W - (Le Cp,at + 1, w)) (2.14)

Neglecting the enthalpy term for the 1liquid water c, ,t and assuming

p.w

a Lewis number of unity, Equation (2.14) can be expressed as
e *
Qex= hmAA (i -1) (2.15)

where i* denotes the enthalpy of air (at T,W) in temperature and
partial pressure of water vapor equilibrium with the solution.

The fact that the difference of the driving force (i* - i) can
approach zero but cannot switch sign along the heat and mass

exchanger is used as second feasibility condition:

-i,.) >0 (2.16)
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Analogous to the first feasibility condition, the third one can be
stated as

*
Qex(i -i) >0 (2.17)
Finally, the air at its outlet state may not be supersaturated, which
is the fourth feasibility condition.

The last step in the derivation of the model is to account for
the finite size of the heat and mass exchanger. The heat and mass
flow rates obtained from the equilibrium considerations are
multiplied by two effectiveness coefficients, one each for the
sensible heat transfer and for the mass flow rate, respectively. In
analogy to the effectiveness factor approach for heat exchangers, the

effectiveness factors for sensible heat and mass transfer are defined

by
equ
A1sens= Eh‘msens (2.18)
and
Aw = smAwequ (2.19)

A graphic representation of these two definitions is given in Figure
2.1. In the particular case depicted, air leaves an infinitely long

chamber in equilibrium with entering solution. The difference in
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enthalpy at constant humidity ratio between air inlet and outlet
states and the difference in humidity ratio represent the exchanged
sensible heat and mass, respectively. The air outlet state for a
finite size of a heat and mass exchanger is obtained by multiplying
both differences with the appropriate effectiveness factors. The
effectiveness coefficients have to be determined empirically from

experimental data. The fits for the Richmond data are given in Table

2.2.
€ €n
CONDITIONER 0.865 0.908
REGENERATOR 0.907 0.840
Table 2.2 Fitted effectiveness coefficients for the design point

data.

It is of particular interest to know how much the two
effectiveness coefficients vary with variations in the inlet states,
the mass flow rates and, eventually, equipment sizes. Unfortunately,
no experimental data were available. However, studies using the more
elaborate model described in the next section were carried out for
this purpose. Once the dependence of the effectiveness coefficients
on variations in inlet states is known (or estimated), a simple
function using a few parameters (e.g., a spline function) can be
fit. The implementation of this function together with the model
gives a sufficiently precise model requiring minimal computational

expense.
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2.2 Finite Step Integration Model

In the previous section, a simple model for the heat and mass
exchanger was proposed. It was designed to use minimal computational
effort to allow for its application in Tong term simu]ations.
However, as will be shown later it is applicable only in the
neighborhood of its design point. Furthermore, it does not give the
intermediate states inside the chamber.

To overcome these drawbacks, a second model was developed. An
integration along the length of the chamber allows the calculation of
intermediate states. Consider the small element dA in Figure 2.2.
The solution mass flow is entering at point 1 and leaving at point 2,
whereas the counterflow air stream enters at point 2 and Tleaves at
point 1. In this element, a mass flow dm and a heat flow dQ are
exchanged.

The following assumptions are made:

one dimensional flow of both phases,

the liquid phase is sell mised within each element dA,

the gas in immediate contact with the solution is in

thermodynamic equilibrium with the solution,

the heat and mass exchanger is adiabatic.

The overall mass balances for this element can be written as

- dh (2.20)



Figure 2.2

transfer
area

dA

Heat and mass exchanger element with transfer
area dA

22



23

and
g = maZ (2.21)
Here, m; ¢ constant, since it is the mass flow rate of dry air. In

addition, mass balances can be written for the salt

or,
i
g=¢g — 31 (2.23)
2 7l di
sl
and for the water vapor in the air:
wlma1= wzma2+ dim (2.24)
or, with Equation (2.21)
W=t I (2.25)
Ma2
Furthermore, the two energy balances are
m5212= mslll' dqQ (2.26)
for the solution and
ma11= maiz+ dQ (2.27)

for the air.
As Peng [16] shows, the heat and mass transfer can be assumed
gas-phase controlled. Hence, the transfer equations can be written

as
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dm = hm(w - w) dA (2.28)
and

dQ = h

sens h(T -t) dA (2.29)

where h (units: kg/mz-s) and h, (units: KJ/mz-s-K) are the mass
and heat transfer coefficients, respectively, and dA is the
equivalent transfer area of the element in consideration. Using the

Lewis number relationship

le = (2.30)
mp,a
Equation (2.29) can be written as
dQSenS = thp,aLe (T -t) dA (2.31)

The latent energy transferred in the element can be expressed as

dQ]at= ivdm (2.32)
Finally, the total energy transferred results as the sum of the
transferred latent (2.32) and sensible (2.31) energy contributions

dQ = hm(iv(w-w) + Cp,aLe (T-t)) dA (2.33)
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2.2.1 Implementation in an Algorithm

The heat and mass exchanger employs a counter current flow
scheme. The integration has to be started at either the solution
inlet or the air inlet. In either case, the related outlet state of
the air or solution, respectively, has to be known in advance. Thus,
the algorithm of this model 1is an iterative one, increasing the
computational expense considerably. A routine of the MINPACK [10]
package, developed at Argonne National Laboratories, was applied to
search for the outlet states which minimize the weighted square error

between the computed and the given inlet states:

A2 ~ 2
MINIMIZE [(t = ty 4 (M=) ] (2.34)

This algorithm turned out to be very robust with respect to bad
guesses as long as inlet and outlet states at the starting point of
the integration were not too close together. In this case, it was
necessary to start the integration at the other end of the chamber.

The integration was carried out by means of a fourth-order
Runge-Kutta algorithm [11]. The stepsize chosen had to be small to
avoid that the assumption of constant solution (T,W) and air (t,w)
states over each element dA did not cause erroneous results.
Typically, 200 elements were needed.

In Figures 2.3 through 2.6, the results of the finite step
integration model are presented. Figure 2.3 shows the states of air

and solution along their path through the heat and mass exchanger for
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the Richmond conditioner data. For very large transfer areas, the
air leaves 1in equilibrium with the entering solution as shown in
Figure 2.4. Figures 2.5 and 2.6 are the corresponding figures for

the given Richmond generator data.

2.2.2 Determination of the Heat and Mass Transfer Coefficients and
the Area

There are still two parameters to be determined: the product of
the heat transfer coefficient and area hyA and the product of the
mass transfer coefficient and area hmA. As shown in Equation (2.30),
the heat transfer coefficient can be replaced by the mass transfer
coefficient and the Lewis number. These two parameters represent the
degree of freedom of the system. For given inlet states, only one
outlet state is free to vary, whereas the second outlet state is
determined by the overall mass and energy balances. For given data,
the two parameters can be fitted so that the model reproduces one
given or measured outlet state.

For the two design points, one each for the conditioner and the
regenerator, which are available for the heat and mass exchanger
units of the Science Museum of Virginia, the values for the

parameters are given in Table 2.3.

Conditioner Regenerator
hpA 22 6.9
Le 1.2 2.2

Table 2.3 Fitted Parameters
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A correlation can be found to include the dependence of the mass
transfer coefficient on the air temperature. Ranz and Marshall [12]
proposed, for the evaporation of water from droplets, the

dimensionless relations:

1/3 ,.1/2

Nu = 2.0 + 0.6 Pr Re (2.35)
and
Sh = 2.0 + 0.6 Sc}/%Rel/? (2.36)
where the Reynolds number is defined by
Re = YdP (2.37)
u
the Prandtl number
=2
and the Schmidt number
Sc = Le Pr (2.39)

From a force balance for a sphere, its terminal velocity can be

determined as
p
V=q/F o S d (2.40)

and the Reynold number becomes
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4 gpspad3CD
Re = -3-———?——— (2.41)

Combining Equations (2.36), (2.38), (2.39) and (2.41) and the

definition of the Sherwood number
Sh = T (2.42)

the mass transfer coefficient can be found as

—_—

1 11
+0.6450p " Le o g Cp'e fdt u® (2.43)

|

N

~l—=
ol
o

_ -1
hm- 2.0p aD d

Air property correlations are readily available in reference
[2]. Threlkeld [5] shows the Lewis number as a function of the mean
temperature between a wetted surface and an air stream (Figure
2.7). The Lewis number exhibits a very small dependence on the mean
temperature over the range of conditions encountered in this 1liquid

desiccant system.

The equivalent mean droplet diameter, d, is heavily dependent on
the droplet size distribution, which is not easily measured. The
equivalent mean droplet diameter is kept here as a parameter. Hence
the mass transfer coefficient has been replaced with another
parameter yielding its variation with the mean temperature. In

Figure 2.8 the mass transfer coefficient is plotted as a function of
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the mean temperature for various equivalent mean droplet diameters.
It is a strong function of the mean droplet diameter, but only a weak
function of the temperature. A mean droplet diameter of 107 s

assumed in this study.

2.3 Comparison Of The Two Models

For lack of experimental data it was not possible to verify
either of the models presented in the previous section. In
particular, it was not possible to determine the variations of the
effectiveness factors used in the simple model with varying inlet
states. However, a comparison of the two models allowed for a first
estimation of those variations.

Two parameters considered to be the most important ones, i.e.,
the solution inlet temperature and the air mass flow rate, were
chosen for the comparison. The solution temperature was the only
inlet state which varied in the simulation studies and was hence of
particular interest. It was varied 5°C around the design point of
17.94°C for the conditioner and +12.5°C and -7.5°C around the design
point of 47.5°C for the regenerator.

The solution and air outlet states were calculated by means of
the finite difference model. Subsequently, the effectiveness
coefficients for the equilibrium model were fitted to those outlet
states. The fitted coefficients plotted versus the solution inlet

temperature are shown in Figure 2.9. The errors in the predicted
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transfer rates when the effectiveness coefficients are kept constant
(Table 2.2) are presented in Figure 2.10 Within a range of 15°C
around the design point, the errors are less than 5 percent.

The second parameter studied is the mass flow rate ratio. Again
the solution and air outlet states were computed by means of the
finite difference model. The effectiveness coefficients were then
fitted to these outlet states. As can be seen from Figure 2.11, the
variations in the effectiveness coefficients are much larger but
still follow a similar pattern. In contrast to the variation in the
solution inlet temperature, the errors in the transfer rates holding
the effectiveness factors constant are much larger (Figure 2.12).

Finally, it was studied whether it is possible to predict the
effectiveness coefficients using a €-NTU approach similar to the one
used in heat exchanger design (Kays and London [6]). The capacity

rates for heat transfer are given by

s i .

Ch,a' ﬁla 5?1 i macp,a (2.44)
and

- B ol _ .

Ch,s’ g §T11" mscp,s (2.45)

Analogously, the capacity rates for the mass transfer can be written

as:

5 .
Co o= 5 (ow)|,= (2.46)
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since MW is the mass flow rate of water carried by the air, and

Cp o= 3 ((1€) )= ~fg %%,1 (2.47)
Since the humidity ratio of air (W) in equilibrium with solution at
(T, &) can be calculated via the water vapor pressure correlation, the
differential 9&/3W can be evaluated. A1l capacity rates are
calculable only for the inlet states because the outlet states are
not yet determined.

The number of transfer units NTU can be determined from

h A h LeC A
NTU = & .. m P2 (2.48)
h,min h,min
and
hmA
NTU = —— (2.49)
m,min

For h, and Le, the fits obtained from the finite difference model,
were used (Table 2.3).
Finally, the e-NTU relationship for countercurrent flow (as

given, for example, by Kays and London [5])
1 - exp (-NTU (1 - Cmin/cmax))

€ = (2.50)
T-(C__7C Y exp (-NTU (1 -C T

))

max

can be used to obtain estimates of the effectiveness coefficients.

C . and Cma

min are the appropriate smaller and larger capacity rates

X

respectively. Values for the effectiveness factors obtained from
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this procedure and the one using fits to reproduce results from the
finite difference model are shown in Figures 2.13 and 2.14. Although
each set of two corresponding curves have similar shapes, their
values are quite different. Hence, it seems to be more promising to

use a curve fit.
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CHAPTER 3 SYSTEM SIMULATION

The transient simulation program TRNSYS [9] was chosen for the
system simulation. The modular structure of TRNSYS allows the
combination of existing component models and those provided by the
user. The standard component 1library of TRNSYS contains over 50
modules. Nevertheless, it was necessary to develop new components.
Most of the new components were developed for this particular
application. These components are described in Section 3.2

The simulation involves a number of flows of moist air and of
salt solution. The knowledge of the physical properties of these two
mixtures is essential for the execution of the simulation. Therefore
it was necessary to develop functions which allow the calculation of
physical properties such as enthalpy and water vapor pressure. Such
property functions were prepared for air-water vapor mixtures and
LiBr-water and LiCl-water solutions and are presented in Section 3.1.

In Section 3.3 the simulation model of the HVAC equipment,
including the desiccant cycle installed at the Science Museum of
Virginia, is described. Simplifications and assumptions made during
the process of modeling are stated. The results of a simulation
using this model are compared with the data given for the design
point.

Finally, results of simulation runs with varying system
parameters are presented and analyzed in Section 3.4. In addition,
predicted hourly costs of operation for various modes of operation

are discussed.
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3.1 Physical Property Functions

3.1.1 Air-water vapor mixtures
A function for the enthalpy of moist air can be written as
) (3.1)

o bowli o+ i
i at w(i i

Cp, v o w,liq

where i is the specific enthalpy of moist air in kd/kg dry air. The
specific heat capacity of air is 1.003 kd/kg-°C. The enthalpy of
liquid water and the enthalpy of vaporization are functions of water

temperature. These functions were obtained as

. _ kd kdJ

]W,]'iq_ -1145.7 'rg- + 4,194 -E—g' T (3.2)
. kdJ kdJ
i,= 3182.1 kg " 2.48 Kok T (3.3)

The coefficients were fitted to data given in [22]. A function for

the saturation pressure was found as

Tog, p°2% = 10.094 - 1632.6 K T - 99377.5 K T—é for T > 275K (3.4)
sat _ 1 2 1
10909 = 11160 - 1966.8 K T - 88060.9 K* 3 for T < 275 (3.5)

The same reference gives a relation between water vapor pressure and

humidity ratio
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P
W= 0.622 p—p (3.6)
amb w

3.1.2 Lithjum Bromide-Water Solutions

Correlations for the enthalpy of and the partial pressure of
water vapor above LiBr-water solutions as functions of solution
temperature and concentration are given in the ASHRAE Handbook of
Fundamentals [3]. These correlations were implemented. Note, that
the coefficients Ag and B3 for the vapor pressure correlation in SI
units on page 17.142 [3] are missing. Both coefficients can be found
from the correlation in English units on page 17.72 as

Ay = 1.97668 107 (3.7)

By = -7.9509 1074 (3.8)
To enable the alternate use of both the correlation for LiBr-water
solutions and the one for LiCl-water solutions, the corresponding

functions were given the same name.

3.1.3 Lithium Chloride-Water Solutions

3.1.3.1 Water Vapor Pressure

Data for the water vapor pressure above a LiCl-water solution
were given by Johnson & Molstad [17] for 30, 50 and 70°C, in the CRC
Handbook [24] for 100°C and in the Gmehlin Handbook [23] for 18°C and
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25°C solution temperature. All these data were curve-fitted to the
same function as used in the ASHRAE Handbook of Fundamentals [3] for

LiBr-water solutions

T= A(T - 273.15) + B + 273.15 (3.9)
where
A = 1.000 - 0.13282+ 4.822 1072¢ 2= 0.5076E° (3.10)
and
B = -0.4383 + 18.14E - 224,562 + 123.2¢° (3.11)

T, 1s the temperature in Kelvin at which pure water has the same

vapor pressure as solution of concentration € at the temperature TS.

3.1.3.2 Enthalpy of Lithium Chloride-Water Solutions
The enthalpy of a solution can be written as

1 =178 4+ Al ¢ _dt (3.12)

t
s,e+ { p,S
ref

where 17T is an arbitrary reference enthalpy, Alg o is the integral
heat of solution at the reference temperature and ,s is the
specific heat capacity of the solution. Data for the integral heat
of solution at 25°C can be found in [19]. These data were curve-

fitted to a fourth order polynomial in concentration
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Al = -0.8759 - 839.9¢ - 61.54£2+ 1978.65° [XY

e (kg (3.13)

A correlation for the specific heat capacity was introduced by Uemura
[20]. Since this correlation is a polynomial, it can be integrated
analytically. The reference enthalpy Iref was chosen as 104.75
kJ/kg, so that the enthalpy of the solution at 0% concentration (pure
water) and 0°C is 0 kd/kg.

3.2 TRNSYS Component Models

Most of the existing TRNSYS components are designed to handle
only two flow variables, i.e., temperature and mass flow rate.
However, in this simulation almost all of the flow streams have a
third flow variable associated with them. This third flow variable
is the humidity ratio (w) for air streams or the salt concentration
(€) in the case of salt solution streams. Only cooling or heating
water streams can be described by two flow variables. Thus most of
the components used in this simulation had to be developed. The
newly designed components do not include their own property functions
but call the standardized property functions described in Section
3.1. Information flow diagrams similar to those in the TRNSYS manual
[9] are shown for each component description. Listings of the
FORTRAN source code of all TRNSYS components presented in the

following sections can be found in Appendix B.
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3.2.1 The Heat and Mass Exchanger Model

The model based on an equilibrium approach and effectiveness
coefficients was implemented as a TRNSYS component subroutine. The
theory of the heat and mass exchanger was presented in Section 2.1.
The results of the comparison of the two models (Section 2.3) were
used to obtain functions for the effectiveness coefficients as a

function of the solution inlet temperature for the regenerator

€ = 0.217 + 2.98 1077~ 3.22 10772 (3.14)
) -3 52

e = 0.853 + 3.91 1077~ 9.52 107°T, (3.15)

and for the conditioner

) -2 3.2

e = 0.368 + 6.72 107°T,~ 2.19 107°T, (3.16)
) -2 4 2

e = 0.829 + 1.06 107°T,- 3.35 107'T, (3.17)

The TRNSYS model contains all proposed pairs of equilibria. However,
only the first pair, i.e., the equilibrium at the solution inlet
(Table 2.1) occurs when using the data for the Science Museum of
Virginia. The information flow diagram of the heat and mass

exchanger is shown in Figure 3.1.
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3.2.2 The Heat and Mass Exchanger Sump Model

Although the heat and mass exchanger and its sump are physically
one device, they were modeled separately, since they have different
characteristics. The heat and mass exchanger by itself is a heat and
mass transfer device with negligible capacitance, whereas the sump
has basically both heat and mass capacitance.

Two solution streams flow into the sump; a large one coming from
the spray chamber and a small one coming from the second sump through
the solution interchanger. A pump draws a constant volume flow rate
from the sump. This leaving solution stream is split into a large
stream recycled to the spray chamber and a small one which is pumped
through the solution interchanger to the second sump.

The sump has a very small time constant, i.e., it has a small
mass capacity compared with the mass flow rate. However, it was
necessary to include this model into the simulation. The method of
successive substitution used in TRNSYS does not always guarantee
convergence. Without the sump model, convergence was not achieved.
Due to the small time constant the sump can be considered well
mixed. With this assumption, the overall mass balance can be written

as

dm
S - o - °
—d—t—-ZmS_i mso (3.18)
The salt balance
d msalt
—=22 " =T E- & (3.19)

S1°1 SO
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with
m
g - -2alt (3.20)
S

and the energy balance

d (m.I)

s ' _ .
—g— =L Ii- (3.21)

complete the sump model. The three differential equations are solved
by the differential equation solving routine implemented in TRNSYS
[9]. Figure 3.2 shows the information flow diagram of the heat and

mass exchanger sump.

3.2.3 The Heat Exchanger Model

The heat exchanger model in TRNSYS [9] was modified to allow for
a third flow variable. The assumption of constant heat capacity is
not valid for solutions with varying salt concentrations. The
appropriate parameters were replaced by an integer code to indicate
the type of fluid. On each call of the component, the heat
capacities of both flow streams are evaluated as a function of the
third flow variable. In the case of pure water or glycol-water
solution, the heat capacities are assumed constant at 4.19 kJ/kg-°C
and 3.8 kJ/kg-°C, respectively. The information flow diagram of the

heat exchanger is shown in Figure 3.3.
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3.2.4 The Air Mixer Model
The adiabatic mixing of two air streams can be described by
three balances; one mass balance each for dry air and for water, and

an energy balance [3]. The mass balance for dry air is

Mao~ Mail* Mai2 (3.22)
the mass balance for water is
Myo¥o™ Mail%il* Maiz%i2 (3.23)
and the energy balance is
Maolo™ Mailli1* Mai2’i2 (3.24)

Figure 3.4 shows the information flow diagram of the adiabatic air

mixer.

3.2.5 The Fan Model
The fan model was developed to include the increase of the air

enthalpy due to a fan. The energy balance

fod =i+ P (3.25)
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allows to calculate the air outlet temperature. Here it is assumed
that all work goes into the increase of air enthalpy. The

information flow diagram of the fan is shown in Figure 3.5.

3.2.6 The Vapor Compression Heat Pump Model

Manufacturers data [31] for the heat pump installed at the
Science Museum were used for a steady state model. The given data
for the electric power consumption and heating coefficient of
performance (COP) as functions of the temperature of the water
leaving the evaporator and the temperature of the water leaving the

condenser were curve-fitted

4 2

P =49.14 - 0.2237 T + 2.095 101 2 _ 0.2380 T
elt C,0 c,0 e,0
+2.176 10741 %4 4.942 T T [kW]
° e,0 ¢ c,0 €,0
(3.26)
) 3 4. 2
COP = 0.2789 - 3.341 107> T_ +2.095 107" T %+ 0.0136 T,
+1.580 1081 2_-7.08610%T T
e,0 c,0 e,0
(3.27)

It is assumed, that the heat pump always delivers hot water at

the desired set point, so that

Qc= mccp,w

(T ) (3.28)

=T .
C,0 C,i



59

The electric power consumption was allowed to fluctuate, so that

Q
Pe1t™ TOP (3.29)

Approximately 8% of the electric power is Tlost to the surroundings,
so that

Q= Py (COP - 0.92) (3.30)

e
The model has an iterative nature, since the COP is given as function
of outlet temperatures. The MINPACK routine HYBRD1 [10] was used to
promote convergence. Figure 3.6 shows the information flow diagram

of the vapor compression heat pump.

3.2.7 The Vapor Compression Chiller Model

The manufacturer of the vapor compression chiller installed at
the Science Museum of Virginia supplies performance data only for a
range of water temperatures at the outlet of the evaporator up to
50°F [32]. Since the chiller is controlled to supply chilled water
at 55°F, it was necessary to extrapolate the data provided.

The model is based on the efficiency of a reversible Carnot

engine which is defined as

n=b -.c¢ ¢ (3.31)
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The coefficient of performance of cooling is defined by
COP = 32 (3.32)

The COP of reversible Carnot engine can be expressed in terms of the

Carnot efficiency

1-n

cop™eY = 2= (3.33)
or, in terms of condenser and evaporator temperatures
r Te
copr® - & (3.34)
T-T
c e

Accounting for the temperature difference between the water leaving
condenser and evaporator and the condensation and evaporation
temperature of the refrigerant, Equation (3.34) can be rewritten as

T, . = AT

op"eY = €.0 3.35
cop (T oF 817 = (T o BT (3.35)

The temperature difference AT was chosen as 5°C.
Finally the COP of the irreversible chiller can be found by

using an effectiveness factor approach

COP = ecgp cop eV (3.36)
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The effectiveness factor was taken as 0.60 to reproduce the COP of
5.2 for a chiller operation between 55°F evaporator Tleaving
temperature and 95°F condenser Tleaving temperature as given by
Meckler [7]. For an operation between 42°F and 95°F, the model
predicts a COP of 4.16 which is in agreement with the manufacturer's
data [32].

It is assumed, that the chiller always provides chilled water at

its setpoint, so that

Q= mccp,w(Tei' Teo,set) (3.37)
Qg
Pe1t™ TOP (3.38)
and
Q.= (1+COP) P, (3.39)

The condenser heat is rejected to the environment via a cooling
tower. The information flow diagram of the vapor compression chiller

is shown in Figure 3.7.
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3.2.8 The Proportional Integral Controller

The proportional integral controller was used to maintain the
solution volume of the conditioner sump at a constant value (2 m3).
The controller "measured" the sump volume and acted upon the valve
which splits up the solution flow rate leaving the sump into the flow
which is recycled to the conditioner and the flow which is pumped to
the regenerator sump.

A single input, single output (SISO) proportional integral
controller was implemented in a quasi-discrete velocity form

e 1= Klle- e_y) * 7 &) (3.40)
i

where

1}
-

]
—<

e ™ Y Vset (3.41)
and K is the controller gain, T, the integral time constant and At
the simulation time step. At any time step k the controller output
is up_1 which was calculated at the previous time step k-1 from the
controller error ey _j. To avoid unrealistic controller action, it is
limited between its wupper and lower limits, U, and  Upios
respectively. Figure 3.8 shows the information flow diagram of the

proportional integral control.
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3.2.9 The Load Model

The load model is not really a model of a load but a routine to
calculate the sensible and latent load which could be met given the
air inlet state and the desired room air state. The loads, which

could be met are

Q = (i- i) (3.42)
Q]at= ma(wo- wi) iv (3.43)

and
6sens= qQ - 61at (3.44)

The air outlet state is set to the desired room air state which was
25.0 °C and 0.0093 humidity ratio for the simulation in Section
3.3. The information flow diagram of the load model 1is shown in

Figure 3.9.
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3.3 The System Simulation Model

A TRNSYS deck was set up including the dehumidification cycle
and major parts of the HVAC equipment installed at the Science Museum
of Virginia in Richmond, VA. A listing of the TRNSYS deck is given
in Appendix C.

The model of the desiccant cycle was designed closely to the
installed equipment. The solution mass flow rate pumped out of the
regenerator sump is split up between the flow to the conditioner sump
and the recycled flow to the regenerator at a constant ratio of
0.063. The split ratio of the stream leaving the conditioner sump is
controlled by a PI controller so as to maintain a constant solution
sump level, i.e., constant solution volume in the conditioner sump.

The heat pump 1is controlled to the set point of the water
leaving the condenser. The cooling water flow through the evaporator
is controlled to the set point of the water leaving the evaporator.
The remaining cooling water flow is pumped to the chiller, which
returns it at the cooling water set point temperature.

It was assumed, that the chiller rejects its condenser heat at
95°F and the cooling tower returns water at 85°F. A cooling tower
model was not included. Furthermore, the predehumidification coil
was not modeled either. For the design point, an air stream of 3.35
kg/s (6000 SCFM) entering at 32.8°C and a humidity ratio of 0.0177 is
cooled and dehumidified to 21.1°C and a humidity ratio of 0.0143,
thereby releasing 69 kW of heat. This 1load is taken up by the

chiller, with a corresponding chiller electricity demand.
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The existing three air handling units were Tumped together as
one supply fan, which was modeled without the cooling coil. However,
the knowledge of the sensible load and the desired room air state
allows the calculation of the cooling coil load. Knowing the cooling
coil load and the chiller COP, the chiller electricity demand due to
sensible cooling can be readily calculated.

In Figures 3.10 and 3.11, the dehumidification cycle is shown
for the states given at the design point and at those predicted by
the TRNSYS simulation. Almost all states are equal or very close.
It is concluded that the TRNSYS model of the system predicts the
system performance and almost all system states satisfactorily.
However, the comparison is possible only with the design data, since

no experimental data are yet available.

3.4 Results of Steady State Simulations

A number of simulation runs were executed to study the influence
of variations in selected variables on the system performance. The
results were analyzed to predict the hourly cost of operation of
various modes of operation. The analysis 1is based on the data
available for the design point as described in Section 1.4.

Five parameters were varied during the study. Two of these five
parameters are of operational nature, i.e., it is probably possible
to change these parameters during system operation without alteration

of the equipment. These two parameters are the temperatures, at
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which cooling water is supplied to the solution cooler and at which
hot water is supplied to the solution heater of the desiccant cycle.

The other three parameters were fixed at the design stage.
These parameters are the overall heat conductance-area products of
the solution cooler and heater and the effectiveness of the heat
recovery loop heat exchanger. The study of these parameters yields
interesting information on the consequences of the actual design.

The total internal load was assumed to be 178.8 kW, of which one
fourth or 44.7 kW is latent load. The outdoor air state was given as
32.8°C temperature and 0.0177 humidity ratio. The desired room air
state is 25°C and a humidity ratio of 0.0093.

The total 1load on the chiller 1is composed of the heat
transferred in the predehumidification coil (69 kW constant), the
part of the cooling load of the desiccant cycle which is not met by
the heat pump and the total sensible cooling load. The total
sensible cooling load is the sum of the internal sensible load and
the additional sensible load due to the conditioner. The sensible
load due to the conditioner can be either positive or negative,
dependent on whether the air leaving the conditioner is warmer or
colder than the desired supply air state. In the operation modes

“solar energy" and "“gas cogenerator", the heat pump is not
operating. Thus, the chiller has to provide the total cooling load
of the desiccant cycle.

It was assumed that the gas cogenerator converts one third of

the energy supplied from gas to electricity. Another third is
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utilizabile heat and the last third is lost to the surroundings.
The analysis was carried out assuming the price for electric

energy was $0.06 per kW-hr. For the mode '"gas cogenerator"
electricity to gas price ratios of two and three, i.e., gas energy
prices of $0.03 per kW-hr and $0.02 per kW-hr were studied.
Furthermore, it is assumed that solar energy could be provided
at no extra cost. For a gas price of $0.02 per kW-hr, the gas
cogeneration produces virtually free heat since it produces a dollars
worth of electricity with each dollar spent for gas. This means,
that the cost of operation for the mode "gas operation" and an
electricity to gas price ratio of three is equal to the cost of

operation using free solar energy.

The following fan electrical Toads were taken into account:

Supply fans 36.8 kW
Return fan 23.0 kW
Conditioner supply fan 7.5 kW
Regenerator supply fan 2.9 kW
Total 70.2 kW

The electrical load consumptions of the pumps were

Chiller pumps 13.4 kW
Solution pumps 2 X 2.25 kW
Heat recovery loop pump 0.75 kW

Total 18.65 kW
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From the data in [7] it was concluded that in addition to the chiller
the cooling tower fan and pump consume another 12% of the chiller
electricity consumption.

For the purpose of comparison, the cost of operation for a
conventional air conditioning system was estimated. To meet the
load, the air supplied to the building has to be at 19.0°C and 0.0085
humidity ratio. The air has to be cooled to 11.6°C to remove the
moisture in excess of the humidity ratio of 0.0085. As for the
existing system 85% return air (18.8 kg/s or 33000 SCFM) and 15%
outside air (3.3 kg/s or 6000 SCFM) are mixed. This air flow rate of
22.1 kg/s is at 27.1 °C and 0.01059 humidity ratio. The supply fans
add 33 kW, raisfng the temperature to 28.6°C. The heat to be
exchanged in the coils is 498.6 kW. The chiller is operating at
5.6°C (42°F) evaporator leaving temperature with a COP of 4.16. Thus

the total energy demand for the conventional system is composed of

Chiller 119.9 kW
Cooling tower 14.6 kW
Chiller pumps 13.4 kW
Supply fans 36.8 kW
Return fan 23.0 kW
Total 207.7 kW

at 0.06 $/kW-hr 12.46 $/hr
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It was assumed that the energy to reheat the air stream from 11.6°C
to 19.0°C is available for free from the chiller condenser. The
value of 12.46 $/hr is plotted in Figures 3.12 through 3.16 as a

straight line and is not a function of any of the parameters.

3.4.1 Variations in the Cooling Water Supply Temperature

The temperature at which cooling water 1is supplied to the
solution cooler directly determines the solution temperature at the
conditioner inlet. It thereby influences the dehumidification and
cooling capacity of the solution. At the design point, the cooling
water supply temperature is 12.8°C (55°F). The analysis is exhibited
in Table 3.1. Figure 3.12 shows a plot of the hourly cost of
operation as a function of the cold water supply temperature for
different modes of operation. The legends of this and the following

figures are:

HP heat pump mode
Solar Solar energy mode
Gas cog. Gas cogeneration mode, electricity to

gas price ratio of two
Chiller Conventional air conditioning with vapor

compression chiller only

Both the COP of the chiller and the COP of the heat pump

increase with increasing supply temperature. To maintain the same



Cold water supply °C
temperature

Polt heat pump kW

COP of heat pump ==

Total sensible kW heat
load
Pe]t chiller kW

COP of chiller

Pe ¢ cooling kW

%ower

Pelt fans and kW
pumps

P total, kW
e;l']%eat pump" mode

Cost of operation $/hr
"heat pump" mode

Heating load, kW heat
solution heater
(at 60°C)

Pelt total, kW

solar" mode

Cost of operation $/hr
"solar" mode

Gas used for gas kW
cogenerator

Cost of operation $/hr

"gas cogen." mode
Gas price 0.03 $/kW-hr

Table 3.1

16

52.80

3.30

164.25

41.45

5.88

5.06

88.85

188.17

11.29

174.13

159.31

9.56

522.92

14.80

12.8

45,53

3.11

144.70

46.38

5.23

5.66

88.85

189.40

11.36

151.12

163.71

9.82

453.82

14,73

water supply temperatures.

10

46.64

2.96

132.38

50.74

4.77

6.19

88.85

192.42

11.55

137.86

168.12

10.09

413.98

14.24

Analysis of the system performance

45.89

2.84

125.44

54.05

4,48

6.59

88.85

195.37

11.72

130.43

171.59

10.30

391.68

14,22

45,55

2.73

119.87

57.43

4.22

7.01

88.85

198.82

11.93

124.25

175.20

10.51

373.13

14.25
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dehumidification potential, the system operates with higher solution
concentrations at higher cold water supply temperatures. This in
turn causes a higher energy consumption for the regeneration. If
free solar energy is used for regeneration, increased energy
consumption does not influence the hourly cost of operation. Thus,
this cost decreases with increasing cold water supply temperature.
For the "gas cogenerator" mode, the increased regeneration energy
demand causes the cost of operation to go up as the supply
temperature is increased.

Increased COP of the heat pump and increased regeneration energy
demand yield a trade-off. The cost of operation decreases with
increasing temperature, but almost 1levels off between the design
point (12.8°C) and 16°C.  Summarizing, it can be said that the
cheaper the regeneration can be provided, the higher the optimal cold

water supply temperature.

3.4.2 Variations in the Hot Water Supply Temperature

The analysis of the system performance and the hourly cost of
operation for varying hot water supply temperatures is presented in
Table 3.2. Figure 3.13 shows the corresponding plot of the cost of
operation versus hot water supply temperature for the modes of
operation considered in this analysis. The supply temperatures at
the design point is 60°C.

The energy needed for the regeneration decreases rapidly as the

temperature at which the energy is provided increases. Thus, the
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Hot water supply °C 75 70 65 60 55
temperature

Palt heat pump kW 48.66 47.98 48,07 48,53 51.70

COP of heat pump == 2.64 2.78 2.94 3.11 3.30

Total sensible kW heat 144.95 144.84 144,76 144.70 144.70
load

Part chiller kW 44,80 45,00 45,44 46.36 47.89
COP of chiller -- 5.23 5.23 5.23 5.23 5.23
Pe t cooling kW 5.47 5.49 5.54 5.66 5.84
ower
Po1t fans and kW 88.85 88.85 88.85 88.85 88.85
pumps
Pel total, kW 187.74 187.30 187.88 189.40 194.29
ﬁeat pump" mode
Cost of operation $/hr 11.26 11.24 11,27 11.36 11.66

"heat pump" mode

Heating load, so- kW heat 128.22 133.46 141.34 151.12 170.57
lution heater, to

be provided at °C 75 70 65 60 55

Pelt total, kW 157.03 158.51 160.67 163.71 168.97
"Solar" mode

Cost of operation $/hr 9.42 9.51 9.64 9.82 10.14
"solar" mode

Gas used for gas kW 385.05 400.77 424.43 453.82 512,22
cogenerator

Cost of operation $/hr 13.28 13.53 13.89 14,37 15.27
"gas cogen." mode

Gas price 0.03 $/kW-hr

Table 3.2 Analysis of the system performance for varying hot
water supply temperatures.
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cost of operation for the "gas cogenerator" mode drops with
increasing supply temperature. Note however, that the analysis does
not account for possible variations in the effectiveness of the gas
cogenerator with varying water temperature.

The COP of the heat pump degrades sharply as the temperature of
water leaving the condenser is increased. Thus, there is an optimal
supply temperature of 70°C. The cost of operation for the cost of
operation at 75°C might be a little too low, since the heat pump
model was used beyond the Timits of the curve-fitted function for the
COP.

The sensible cooling load due to the desiccant cycle decreases
with increasing hot water supply temperature because the system
operates with a higher solution concentration. Therefore, the Toad
on the chiller is reduced and hence the cost of operation for the
"solar" mode is reduced too. On the other hand, the performance of
solar collectors decreases with increasing water temperature due to

increased losses. Thus, the optimal temperature of operation for the

"solar" mode will depend on the installed solar collector equipment.

3.4.3 Variations in the Overall Heat Conductance-Area Products of
the Solution Cooler and Heater

The system performance was analyzed for half and for twice the

overall heat conductance-area product (UA) at the design point. The

data of the analysis are listed in Table 3.3. Graphs showing the

cost of operation as a function of each one of the UA's of the



UA solution
heater

UA solution
cooler

heat pump kW
}Eo - 3.11)

Total sensible kW heat
load

Pe chiller kW

} 0P = 5.23)

Pe t cooling kW
lower

Pe]t fans and kW
pumps

P total, $/hr
e]'}t1eat pump" mode

Cost of operation $/hr
"heat pump" mode

Heating load, kW heat
solution heater
(at 60°C)

P elt total, kW
solar" mode

Cost of operation $/hr
"solar" mode

Gas used for gas kW
cogenerator

Cost of operation $/hr

"gas cogen." mode
Gas price 0.03 $/kW-hr

Table 3.3

MJ/°C-hr 80.860

MJ/°C-hr 81.600

43.81

144,81

44,45

5.42

88.85

182.55

10.95

136.47

159.35

9.56

409.82

13.67

40.430

81.600

48.53

144.70

46.36

5.66

88.85

189.40

11.36

151.12

163.71

9.82

453.82

14.37

20.215

81.600

67.87

144,77

52.66

6.42

88.85

215.81

12.95

211.35

179.88

10.79

634.69

17.15

Analysis of the system performance

40.430

16.320

43.23

129.74

45.77

5.58

88.85

183.43

11.01

134.61

160.55

9.63

404.22

13.68

40.430

81.600

48.53

144.70

46.36

5.66

88.85

189.40

11.36

151.12

163.71

9.82

453.82

14.37

80

40.430

40.800

60.46

175.03

47.55

5.80

88.85

202.65

12.16

188.26

170.65

10.24

565.34

15.90

for varying overall

heat conductance-area products of the solution heater

and cooler,
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solution cooler and heater are given in Figures 3.14 and 3.15,
respectively.

As expected, the cost of operation increases dramatically if
only half the UA is available, but decreases only slightly if twice
the UA of the design point is available. This indicates that the

design is appropriate to the problem.

3.4.4 Variations in the Effectiveness of the Heat Recovery Loop
Heat Exchangers

The range of heat exchanger effectivenesses studied is zero to
unity, which is equivalent to no heat recovery and perfect heat
recovery, respectively. The 1installed heat exchangers have an
effectiveness of 0.85. The analysis is exhibited in Table 3.4.
Figure 3.16 shows a plot of the hourly cost of operation as a
function of the heat exchanger effectiveness for different modes of
operation.

The regeneration heat demand decreases with increasing heat
exchanger effectiveness. This does not influence the cost of
operation for the "solar" mode but causes decreasing costs with
increasing heat exchanger effectiveness for the modes "heat pump" and
"gas cogenerator". The overall effect of the heat recovery loop is
relatively small, since the heat capacity rate of the air flow
through the regenerator (2.8 kd/s) is small compared with that of the
solution flow (25.5 kd/s).



Heat recovery Tloop
heat exchanger
effect1veness

heat pump kW
lEo - 3.11)

Total sensible kW heat
load

Pe chiller kW

} 0P = 5,23)

e cooling kW
ver

Pelt fans and kW
pumps

P total, kW
eJlﬁeat pump" mode

Cost of operation $/hr
"heat pump" mode

Heating load, kW heat
solution heater
(at 60°C)

P elt total, kW
solar" mode

Cost of operation $/hr
"solar" mode

Gas used for gas kW
cogenerator

Cost of operation $/hr

"gas cogen." mode
Gas price 0,03 $/kW-hr

Table 3.4

1.0

46.46

144,74

46.94

5.73

88.85

188.97

11.28

144,66

163.38

9.80

434.42

14.16

0.85

48.53

144.70

46.36

5.66

88.85

189.40

11.36

151.12

163.71

9.82

453.82

14.37

0.5

52.80

144.64

45.22

5.52

88.85

192.40

11.54

164.46

164.45

9.87

493.88

14.82

0.0

57.79

144,55

43.91

5.36

88.10

195.15

11.71
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Analysis of the system performance for varying heat

recovery loop heat exchanger effectivenesses.
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Figure 3.16 Hourly cost of operation versus heat exchanger
effectiveness of the heat recovery loop for
different modes of operation
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3.4.5 Summa ry

In summary it can be stated that the optimal point at which the
hourly cost of operation is minimized depends strongly on the mode of
operation. This is due to the fact, that the cost per unit of heat
for regeneration depends on the source of the heat, i.e., whether the
heat pump, the gas cogenerator or solar collectors are used to
provide the heat.

The cost of operation for the gas cogenerator is used as the
heat source depends on the electricity to gas price ratio. It can be
as inexpensive as solar energy, for a price ratio of three, or it can
be even more expensive than the cost of operation for the
conventional system, for a price ratio of two.

Generally, it is less expensive to operate the heat pump than a
conventional air conditioning system. The use of solar energy yields

predicted savings of about $2/hr at the design point.
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CHAPTER 4 CONCLUSIONS

The objective of this study was to provide tools to study liquid
desiccant open cycle systems. These tools include models of single
components, packages of physical property functions for the working
fluids and a model of the HVAC system for the Science Museum of
Virginia.

Two models for the conditioner and regenerator were developed.
The first model 1is based on equilibrium considerations and
effectiveness coefficients. It requires minimal computational
expense and is suitable for use in long term simulations. The second
model employs a finite step integration along the path of
simultaneous heat and mass exchange. Combining the results of both
models, it was possible to develop correlations for the effectiveness
coefficients used in the equilibrium model.

A preliminary model of the HVAC equipment, including a 1liquid
desiccant cycle installed at the Science Museum of Virginia, was
developed. Only those components which are of direct relevance to
the performance of the liquid desiccant cycle and the overall system
performance were incorporated into the system model. However, it
would be easy to extend the model because of the modular structure of
TRNSYS.

Finally, results of steady state simulations using the system
model were analyzed. The influence of variations in system

parameters such as water supply temperatures and heat exchanger
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effectivenesses on the overall system performance were evaluated.
The hourly cost of operation for different modes of operation, i.e.,

different regeneration heat sources, were predicted.
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CHAPTER 5 RECOMMENDATIONS

The work presented in this thesis is intended to be the
foundation of a number of studies on liquid desiccant systems to be
prepared in the future.

The next step should be the updating of the component models and
the model of the assembled system. More information on the system
has to be gathered and implemented into the simulation. Furthermore,
some effort has to be put into the improvement of the convergence
behavior of the simulation. In particular, it is recommended to
combine the components of the 1liquid desiccant subsystem together
with a convergence routine into one single component. This would
enable the development of an optimal convergence scheme for this
specific problem.

A very important step is to verify the component models and the
system model with experimental data to be taken at the Science Museum
of Virginia. Of particular interest is the performance of each
component at off-design conditions, i.e., over the whole range of
feasible variations in air and solution flow rates and for various
modes of operation.

Once the existing models are verified with experimental data,
the models will be useful tools for studies of 1liquid desiccant
systems. Long term simulations would allow a thorough analysis of
the system performance in varying modes of operation. This analysis

would provide the basis on which it would be possible to decide
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whether or not to install solar collectors at the Science Museum of
Virginia. Furthermore, control strategies could be developed which
would allow for an optimal selection of the operating mode, not only
as a function of system states, but also as a function of the current
energy cost structure.

Another promising field of study might be the development and
analysis of alternate systems which include a Tliquid desiccant
cycle. It is, for example, possible to use part of the condenser
heat of the chiller to heat up the regeneration air stream, thus
reducing the cooling tower load. In addition outside air could be
mixed with return air to increase the air flow rate through the
regenerator, which in turn might improve the regenerator
performance. Another feature worth studying might be the over-
dehumidification of air in part-load situations. The higher
temperature, at which the regeneration heat has to be provided in
this case might be available from a gas cogenerator at no additional
cost. Evaporative cooling of the very dry air would reduce the
chiller Tload significantly.

During the work with TRNSYS it was found that the convergence
behavior of steady state simulations is very poor. This
unsatisfactory convergence behavior is due to the method of
successive substitution used by TRNSYS to achieve convergence.
Moreover, the application of the existing convergence promoter did
not turn out to be helpful. It is suggested, that the existing

convergence promoter be redesigned. It may be useful to include a
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means to constrain the new estimate of the variable upon which the
convergence routine acts.

The differential equation solver built into TRNSYS was designed
to handle differential equations describing open systems. Small
errors in the integration occur even if very small tolerances (10'10)
are specified since the numerical integration algorithm is
implemented in single precision variables. For open systems with
streams flowing through them these small errors in the integration do
not cause any major problems. However, if the system is closed with
respect to one or more variables these small errors accumulate during
long term simulations to a very large error. The liquid desiccant
cycle is closed with respect to the total salt mass and the
accumulating error is typically 3% over 6000 time steps. This large
error is not acceptable for closed systems, because it may lead to
erroneous results. Hence it is suggested that the differential
equation solver be modified to operate with double precision
variables. This would reduce the error due to integration by some
orders of magnitude.

Hopefully, here presented work will be a step in the process of
evaluating the prospects of the application of open cycle liquid

desiccant systems in large air conditioning systems.
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C& &
C& PARAMETERS : REAL &
Cé& LUN : INTEGER "LOGICAL" UNIT NUMEBER &
C& LOF : LOGICAL LOGICAL FLAG &
C& &
C& &

888888888888 BelBeBe8cBeBeB:8eBeBel BB BeBeBeBeleBeBeBe B8 8e8eBeleBeB 888 lelele8e8e8ec8e8e8ele8e8ele
CE$EE$FEETESEEETTEFTFTEESEEETEESEETEETEESEBETEEEESSPTEESEE PSS

Cs %
Cs UNIT CONVENTION $
Cs $
Cs IN THIS PACKAGE OF SUBROUTINES THE SI UNITS 2
Cs ARE APPLIED: *
Cs +
Cs TEMPERATURE IN K $
Cs PRESSURE IN PA ( N/ M2 %
Cs SPECIFIC ENTHALPY IN KJ »~ KG SOL. %
Cs SPECIFIC ENTHALPY AIR IN KJ 7 KG DRY AIR $
Cs DENSITY IN KG ~ M"3 $
Cs HUMIDITY RATIO IN KG WATER %
Cs KG DRY AIR $
Cs %

2222222223222 2222222222222 LSS SRS LR S SRS 2 2 2 R 2 0
CREXXEEREXEEEXEXEREEEEEEEEEEXXEEREEXEEREXERREREEEEER LR XXX XX KR

C* *
C= FUNCTION HWEWVAP *
C* *
Cx Calculates H H20,evap. as a function of T HZ0 *
Cx *

36 3 3 3 36 3 36 36 3 3 36 36 36 I 36 6 3 I6 6 3 I I I 96 I I I I 3 I I I I I 363 J I I I W I I I I, I I I I I W I I I K WX
FUNCTION HWEVAP ¢TW,LUN,LOF)
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FUNCTION TAHAWA (HA,Wa,LUN,LOF)
LOGICAL LOF ,LOFDEB
TOL = 0.000001

TAl = 290.0
TAZ = 330.0
HA2 = HATAWA (TA2,WA,LUN,LOFDEB) - HA
4500 CONTINUE
HA1 = HATAWA (TA1,WA,LUN,LOFDEB) - HA
TAN = TAl - HAL / (C HAZ - HAL ) / ¢ TAZ - TAl )
Taz = Tal
TAl = TAN
HAZ = HAl
IF (ERRFU(TA1,TA2,LUN,.FALSE.).GT.TOL) GOTO 4500
C LOOP END

1
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IF (LOF.AND.((TAN.LT.273.15).0R.(TAN.GT.393.15))> THEN
WRITE (LUN,*> 7 “
WRITE (LUN,*)
7 »»> WARNING STATEMENT FROM FUNCTION TAHAWA -
WRITE (LUN,*)
7222 WARNING ! TEMPERATURE OUT OF RANGE :,TAN
END IF
TAHAWA = TaN
RETURN
END
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FUNCTION DATAWA (TA,WA,PAMB,LUN,LOF)
LOGICAL LOF

RA = 287.055
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DATAWA = PAMB / ( RA * TA % ( 1.0 + 1.4078 * WA )
RETURN

END
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FUNCTION PWTW (TW,LUN,LOF)

LOGICAL LOF

DIMENSION CPP(D:2,2)

DATa CPP ~ 10.09434429 , -1632.40428 , -99377.4%921

1

]

1 11.1404295 , -1966.75688 , -880460.8653 /

IF (LOF.AND.((TW.LT.233.15).0R.(TW.GT.393.15))) THEN
WRITE (LUN,*) ¢ ~
WRITE (LUN,*)
1 7 >>> WARNING STATEMENT FROM FUNCTION PWTW *
WRITE (LUN,*)
1 ¢ >>> WARNING ' TEMPERATURE OUT OF RANGE :°,TW
END IF
IF (TW.GT.275.0) THEN
10PT = 1
ELSE
10PT = 2
END IF
00TW = 1.0 / TW
PP = POLY ¢2,CPP(0,I10PT),00TW)
PWTW = 10.0 %% PP
RETURN
END
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C*
Cx
Cx
Cx»
Cx*

FUNCTION TWPW

Calculates T HZ20 as a function of P part.,H20

X K ¥ x ¥

C***********************************************************

FUNCTION TWPW (PW,LUN,LOF)
LOGICAL LOF
DIMENSION CPP(0:2,2)

DATA CPP / 10.0943442% , -14632.460428 , -99377.4%21 ,
1 11.1604295 , -1966.75688 , —-88060.8653 /
IF (PW.GT.Z700.0)> THEN
I0PT = 1
ELSE
I0PT = 2
END IF

TWPW = -2.0%CPP(2,10PT)/
1  (CPP(1,I0PT)+SQRT(CPP(1,10PT)**2-4%CPP(2,10PT)
2  %(CPP(0,I0PT)-LOGIOCPW))))

IF (LOF.AND.((TWPW.LT.233.15).0R.(TWPW.GT.393.15)))
1 THEN

WRITE (LUN,*) * ¢

WRITE (LUN,*)

1 7 »>> WARNING STATEMENT FROM FUNCTION TWPW -
WRITE (LUN,*)

1 “ >>> WARNING ' TEMPERATURE OUT OF RANGE :°,TWPW
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END IF

RETURN

END
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FUNCTION POLY (I,AR,X)
DIMENSION AR (0:1)

P =aAR (I

po 7010 1701 = I-1,0,-1
P = PxX+ARCI701)

CONT INUE

POLY = P

RETURN

END

CEEEAREEXEEEEEREREEEZEREUEZELEEXEEREREEXEEXEAX XA XS B EZE XXX EEEXERRER

C*
C#
C*
C*
C*

FUNCTION ERRFU

calculates the relativ error
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CHEEXEEXEEEEXEEEREEEEEEZEEEEEEEEEEZEAEEER XXX EZEXZEEEREEXXEEX XX EE R

FUNCTION ERRFU (UALNEW,VALOLD,LUN,LOF)
LOGICAL LOF

ERRFU = ABS (VALNEW - VALOLD) / VALNEW % 100.0
IF (LOF) THEN

WRITE (LUN,*) 7 ~

WRITE (LUN,%) * ERRFU DEBUGGING STATEMENT’
WRITE (LUN,*) ‘ UALNEW’ ,VALNEW,’ VALOLD’ ,VALOLD
WRITE (LUN,*) ‘ ERRFU‘,ERRFU

END IF

RETURN

END
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C*®
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LOGICAL FUNCTION SUPSAT

SUPSAT is true, if the air at T air,dry and W air
is supersaturated
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LOGICAL FUNCTION SUPSAT (TAIR,WAIR,PAMB,LUN,LOF)
LOGICAL LOF

PWAIR = PWWA (WAIR,PAMB,LUN,.FALSE.)

PWSAT = PWTW (TAIR,LUN, .FALSE.)

SUPSAT = (PWSAT.LT.PWAIR)

IF (LOF.AND.SUPSAT) THEN

WRITE (LUN,%> - ~

WRITE (LUN,1> TAIR-273.13, WAIR

FORMAT (© AIR AT T =",F7.2,” [ DEG C 17/

$ . AND W = ,F7.3,’ 1S SUPERSATURATED !*)
WRITE (LUN,2) PWAIR, PWSAT
FORMAT (‘ PARTIAL PRESSURE =/ ,F8.1," [ PA 17/
$ ¢ SATURATION PRESSURE =’ ,F8.1,’ [ PA 1°)
WRITE C(LUN,*) 7 ~
END IF
RETURN

END
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CREXEEEEREEEEEEEEEEEEEREEEEEXEEESXEEXEEXEERRXEEREXXEEEERX XXX XXX R XX

C® *
C= *
Cx PACKAGE OF SUBROUTINES *
Cx *
C#* CALCULATING THE THERMODYNAMIC EQUILIBRIUM *
Cx PROPERTIES OF *
C= *
Cx - LIBR - HZ0 SOLUTIONS *
C* *
C* PROGRAMMER : THOMAS K BUSCHULTE *
C* *
C» *

CEEXEEEREXEEERRERELER R R AR LR XXX R B R LA R LR R R ERRRRRRR
CAAL LS LSLAASS LS LA LT LTSS LS LA LSLLL s LS LTSS LSS LSS LS L LSS LSS

C4 A “
cx r A UPDATED VERSION “
Cx WVERSION : 03-0&-1984 # 1 X X “
Cx YAV A z
Cx F A “

YA AN A o e Y N N A Y A A Y A e W o oy v
Cs$3334 54555 PETEF TS IFEPITEEISEETEEEPESETETTEEEETTTEE TSI BES

Cs %
e 4 UNIT CONVENTION %
Cs ;3
C# IN THIS PACKAGE OF SUBROUTINES THE &SI UNITS $
C# ARE APPLIED: ; 3
Cs %
Cs TEMPERATURE IN K %
Cs PRESSURE IN PaAa (N /M2) %
Cs SPECIFIC ENTHALPY IN KJ /7~ KG S0L. $
C# DENSITY IN KG ~ M3 %
Cs %
C#$ CONCENTRATION IN KG SALT - %
Cs KG SOLUTION $
Cs %

C:+$$$EFESEESEETTESTTEETTEEETESELSEETEEEEEEETESTEEETTEEEETES
C 8880888888888 B BcBeBBe 8B BeBeBeBeBelleBeBeBelleBeeBeBeleBcBeBeBeleeleBeBeBeBeeeBeBelele e bebe&cBelele

C& &
C& FUNCTIONS IMPLEMENTED &
Cé& &
C& Name calculates as a function of &
C& &
C& HSTSX1 H sol. T gsol. 4, XI sol. &
C& TSHSX1 T sol. H sol. , XI sol. &
C& PWTSXI P part.,H20 T sol. , XI scl. &
C& TSPWXI T sol. P part.,H20 , XI seol. &
Cé& XITSPW XI sol. T sol. , P part.,Hz0 &
Cé& DSTSXI RHO sol. T sol. , XI sol. &
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C& &
C& &
88888 8cBe8e8eBeBeBeBe8eBe8e8e8c8eBeBeBe8elie8e8eBeBeBeBe8eBeBee8e8eBe8eBeBe8eBee8eBeBeBe BeBeBeBe8c8c8cBeBebebiele

C& &
C& CALL OF A FUNCTION : &
C& &
C& FCTNAME ( PARAMETER, [ PARAMETER (&) 1, LUN, LOF ) &
C& &
C& PARAMETERS : REAL &
Cé& LUN : INTEGER "LOGICAL" UNIT NUMBER &
C& LOF : LOGICAL LOGICAL FLAG &
C& &
C& &

C8cBe8e8e8e8eBc8c8cBeBeBeBeBeBeBe8e8elcBcBeBeBe8eBe8e8cBeBeBeBeBeBeBeleeBeBe8eBeBeBeele8BeBeBeBe8e8e8c8e8eBeBe8ebedc
CREEXEREEEEEEEEEREERRERRXEREREEXEXREREEXXREEXXXRE XXX EXX X R %R

Cx *
C* FUNCTION PWTSXI #*
Cx *
C* CALCULATES P part.,H20 as a function of T sol. *
Cx and XI sol. *
Cx *

CREERXEEEEEEEEEEEEEEFEEEEESEEEESEEREEEEEZEEREXESEZEE XXX LB XXX XXX XXX

FUNCTION PWTSXI ¢TS,XI,LUN,LOF)

LOGICAL LOF

CcALL TPOL ¢XI,ATP,BTP,LUN,.FALSE.)

TW = (TS-273.15-BTP)/ATP + 273.15

PWTSXI = PWTW ¢(TW,LUN,LOF)

IF (LOF.AND.{(XI.LT.0.45.0R.XI.GT.0.7>> THEN

WRITE (LUN,%) 7 ~

WRITE (LUN,*)

1 >>> WARNING STATEMENT FROM SUBROUTINE PWTSXI -

WRITE (LUN,4190) XI
46190 FORMAT (° >>> WARNING ' SOLUTION CONCENTRATION *

1 ,/0UT OF RANGE : “,F5.3)

END IF

RETURN

END
CERERERREEREERREEEEEJEEEERUEREEEERR RS EEEEEREEEREERREEEXREXEE X%
C* *
C* FUNCTION TSPWXI *
C* *
Cx CALCULATES T sol. as a function of P part.,HZ20 *
Cx and XI sol. *
Cx *

CREEREEEEEEXEEREEEEEEESEELEEZEEEEEZEREEAEEFZEXEZEREEEERRERXEEERXERE
FUNCTION TSPWXI (PW,XI,LUN,LOF)
LOGICAL LOF
cALL TPOL ¢XI,ATP,BTP,LUN,.FALSE.)
TW = TWPW (PW,LUN,LOF)
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TSPWXI = ATP % (TW - 273.15) + BTP + 273.15
IF (LOF.AND.(XI.LT.0.45.0R.XI.GT.0.7))> THEN
WRITE (LUN,*) * ¢
WRITE (LUN,*)
1/ >>> WARNING STATEMENT FROM SUBROUTINE TSPWXI ~
WRITE (LUN,&180) XI
6180 FORMAT (° >>> WARNING ! SOLUTION CONCENTRATION ¢
1 ,/0UT OF RANGE : *,FS5.3)

END IF

RETURN

END
CRERREEEEEEEEEREEEEEREEEEEEE AR EEEEREEREE R R E R AR R LR EE LR R R AR R ER
C* *
Cx FUNCTION XITSPW *
C* *
C* Calculates X1 sol.as a function of T sol. *
Cx and P part.,H20 *
C* *

CRERERXEXEXEXEXEEXEEEXEEEXEXEXEXXRXXXXXX XX XXX XXX XXX XXX 2R XX XX
FUNCTION XITSPW (TSS,PW,LUN,LOF>
LOGICAL LOF

TOL = 0.00001
XI1l = 0.5
X112 = 0.6
PW2 = PWTSXI (TSS,XIZ,LUN,.FALSE.) - PW
4000 CONTINUE
PWl = PWTSXI (TSS,XI1,LUN,.FALSE.) - PW
XIN = XI1 - PWl / (( PW2 - PWl > / ( XI2 - XI1 »)
X1z = XI1
XI1 = XIN
PW2 = PWI1

IF (ABS (ERRFU(XI1,XI2,LUN,.FALSE.)».GT.TOL) GOTO 4000
XITSPW = XIN
IF (LOF.AND.(XIN.LT.0.45.0R.XIN.GT.0.7)) THEN
WRITE (LUN,*) * ~
WRITE (LUN, %)
1 7 >>> WARNING STATEMENT FROM SUBROUTINE XITSPW *
WRITE (LUN,&170) XIN
6170 FORMAT (< >>> WARNING ' SOLUTION CONCENTRATION *
1 ,/0UT OF RANGE : *,FS.3)
END IF
RETURN
END
CEEEEREEEZEEEZEEEZEFEEZEEZEEEZFEEEREZEEFFEEXEEEEEEEEEE XS ER XXX XXX XXX

C* *
Cx SUBROUTINE HPOL *
Cx *
Cx CALCULATES THE SUMS AHP, BHP, CHP *

*

C*
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Cx 4 K *
Cx AHP = SUM ( AH % XI ) *
Cx 0 K *
C* *

CHREXEXRERRXERREREFEXEREEEE XK K266 23333225 %
SUBROUTINE HPOL <(XI ,AHP,BHP,CHP,LUN,LOF)
LOGICAL LOF
DIMENSION AH ¢(0:4), BH (0:4), CH <0:4)
DATA AH -2024.33 , 163.309 , -4.881é1 ,
é.302948E-002 , -2.913705E-009 /
BH / 18.2829 , -1.169175 ,
3.248041E-002 , -4.034184E-004 , 1.85205&49E-00& ~
CH 7 -3.7008214E-002 , 2.88776446E-003 ,
-8.1312015E-005 , 9.9118428E-007 ,
-4.4441207E-00% /
IF (LOF.AND.(XI.LT.0.4.0R.XI.GT.0.7)) THEN
WRITE (LUN,*> ~ ~
WRITE (LUN,*)
$ 7 22> WARNING STATEMENT FROM SUBROUTINE HPOL “
WRITE (LUN,6010)> XI
4010 FORMAT (7 >>> WARNING ! SOLUTION CONCENTRATION “
$ ,0UT OF RANGE : “,F3.3)
END IF
XII = X1 % 100.0

LR R R R

AHP = POLY (4,AH,XII)

BHP = POLY (4,BH,XII>

CHP = POLY (4,CH,XII>

RETURN

END
CREEEEEEXEEEEEEERERREEREEEEEEEEEEEELEEXEEXEREEREE XXX XXX REXR X
C#* *
C#* FUNCTION TSHSXI *
C* *
C* Calculates T sol. as a function of H sol. *
C* and XI sol. *
Cx* %

T3 3 3 3 3 3 3 3 3 36 3 3 3 36 3 3 3 3 3 W I W2 H I W W IR W W W I W] IR IR R IR I W W W WX

FUNCTION TSHSXI (HS,XI,LUN,LOF)

LOGICAL LOF

CALL HPOL ¢XI,AHP2,BHPZ,CHP2,LUN,LOF)

TS2 = ((-BHP2 + SQRT(BHP2%%2-4.0%CHP2%(AHP2 - HS)))

1 /(2.0 % CHP2))

TSHSXI = TS2 + 273.15

IF (LOF.AND.(TS2.LT.15.0.0R.TS2.6T.165.0)) THEN
WRITE (LUN,*) 7 ¢

WRITE (LUN,*)

1 7 >>> WARNING STATEMENT FROM FUNCTION TSHSXI *
WRITE (LUN,*)
1 ¢ >>> WARNING ! SOLUTION TEMPERATURE OUT OF RANGE :°



APPENDIX A.2

2 ,TSHSXI

END IF

RETURN

END
CHEXREEEEEEEEFEEEEREREEEREFEXEEEEEXEEEREEEEEEREREEEEEERXEEERER
C= *
C* FUNCTION HSTSXI *
Cx *
Cx Calculates H sol. as a function of T sol. *
C* and XI sol. *
Cx *

C 3% 3 3 3% 3 2 3 336 3 36 3 3 33 3 33 3 3 39 3 33 3 I3 I 3K WX W WX 23 WE W X I 32 I WK ] XWX I W WK XWX H

FUNCTION HSTSXI (TS,XI,LUN,LOF)

LOGICAL LOF

DIMENSION HCOEFF (0:2)

CALL HPOL ¢XI,HCOEFF(0),HCOEFF(1) ,HCOEFF(2),LUN,LOF)
TSI = TS - 273.15

IF (LOF.AND.((TS1.LT.15.0).0R.(TS1.GT.165.0))) THEN
WRITE (LUN,*) < *

WRITE (LUN,%)
1 7 > WARNING STATEMENT FROM FUNCTION HSTSXI -

WRITE (LUN,*)
1 7 22> WARNING ! SOLUTION TEMPERATURE QUT OF RANGE :”

2 ,Ts

END IF

HETSXI = POLY (2,HCOEFF,TS!1>

RETURN

END
CREXXREEXERERZEEXERAEEREEREEEREEEEEEEREERERERERREEXEEEEXRXEEE XXX XXX
C* *
C# FUNCTION DSTSXI *
C* *
C# Calculates RHO sol. as a function of T sol. *
C* and XI sol. ®
C* *

C 96 % 3 36 36 3 96 3 36 36 3 36 36 36 36 3 3 36 36 3 36 36 3 36 36 3 36 36 36 I 36 3 I I6 36 I I I I 36 3 I I I I I I KX W I WX K HX

FUNCTION DSTSXI (TS,XI,LUN,LOF)

LOGICAL LOF

DIMENSION DENSA <0:4), DENSB (0:4), DENSC (0:1)

DATA DENSA / 1.119705 , 0.805575 , 0.32590%97 ,
0.187312904 , 1.146304197 /

DENSB / -4.18781938E-004 , -3.325%94749E-004 ,
8.49287599E-004 ,-1.7807&8102E-003 ,
3.80812252E-004 /

IF (LOF.AND.(TS.LT.273.0R.TS.6T.374)>) THEN
WRITE (LUN,®) - °

WRITE (LUN,*)

$ 7 >>> WARNING STATEMENT FROM FUNCTION DSTSXI -

WRITE C(LUN,*)

LR R X
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$ “ >>> WARNING '! SOLUTION TEMPERATURE OUT OF’
$ ,’ RANGE :/,TS
END IF
IF ¢(LOF.AND.(XI.LT.0.02.0R.XI.GT.0.45)) THEN
WRITE (LUN,*)> 7 ¢
WRITE (LUN,*)
$ ‘ >>> WARNING STATEMENT FROM FUNCTION DSTSXI ~
WRITE ¢LUN,*)
$ ‘ >>> WARNING '' SOLUTION CONCENTRATION OUT OF‘
$ ,‘ RANGE :7,XI

END IF

DENSC (0> = POLY (4,DENSA,XI)

DENSC (1) = POLY (4,DENSB,XI)

DSTSX1 = POLY (1,DENSC,TS> * 1000.0

RETURN

END
CEEXEXEXREXEEEEEREEREEEEEEREEEARE XX EREEEREEEEE XX XXX XX EREX XXX %
Cx ’ ™
C* SUBROUTINE TPOL *
Cx *
C# CALCULATES THE SuMS ATP, BTP *
Cx= *
Cx 3 K *
C# ATP = SUM ( AT % XI *
Cx 0 K *
C» *
CEEFEEEEEEEEREEEREEEEREXREEEEEEEEEEEEEEEEEEEEEEEEEEREEER R XXX XS

SUBROUTINE TPOL ¢XI,ATP,BTP,LUN,LOF)
LOGICAL LOF

DIMENSION AT(0:3) , BT¢0:3)

DATA AT ~/ -2.00755 , 0.14976 ,
$ -3.133334E-003 , 1.97448E-005 /
$ BT ~ 124.937 , -7.7145 ,
$ 1.52284E-001 , -7.9S09E-004 /

IF (LOF.AND.(XI.LT.0.45.0R.XI.GT.0.7)>> THEN
WRITE (LUN,%) * -

WRITE (LUN,*)
$ “ >>> WARNING STATEMENT FROM SUBROUTINE TPOL
WRITE ¢LUN,&110) XI

6110 FORMAT (¢ 3>>> WARNING ! SOLUTION CONCENTRATION -

$ ,’0UT OF RANGE : ‘,F5.3)

END IF

XIA = XI % 100.0

ATP = POLY (3,AT,XIA)

BTP = POLY (3,BT,XIA)

RETURN

END
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Cx
C*
C*
C*
C#
Cc*
C*
C*
Cx
C*
C=
Cx

PACKAGE OF SUBROUTINES

CALCULATING THE THERMODYNAMIC EQUILIBRIUM

PROPERTIES OF

- LICL - H20 SOLUTIONS

PROGRAMMER : THOMAS K BUSCHULTE

X ok Xk & K Kk ¥ %k ¥ k X X

CRXEEEEE R EEER AR R R RN R R R R R R AR R AR LR XX R ERERR
CAA AL TSNS ST AL LSS ST LSS TSV Vot e

Cx
Cx
cx
cx
cx

A
A

VERSION : 09-03-1984 #H 1 X

7
“

A Ay A N o A iy r e Y e iy e e e oy iy e i
C8c8c8c8c8c8cBcBe8e8c8cBcBe8eBeBeBeBelleBeBeBeBeleBelele8eBeBeBeBeeBeBeBeeBe8eBe8e8eBebeeBeBeBe8eBe8eBede BeBe8elelele

C&
C&
C&
C&
C&
Cé
C&
C&
C&
C&
C&
C&
C&
Cé&
Cé&
C&

C8cB8c8e 8888 8eBeBe8cBeBeBeBeBeBeBeBe8eBeBeBe8eBeeBeeBeBe8e8e8eleBeeBele8e8eeleBe8eBeBelleBeleBe8e8e8eBe8e8e8e

C&
Cé&
C&
C&
C&
Cé&
C&
C&
C&
C&

FUNCTIONS IMPLEMENTED

“
#
7
7
4

VAL AAL S LS LALL LSS L LLSS LS LS

UPDATED VERSION

NN NNN

VALAL LS LSS LASS TS LSS LSS ST

Name calculates
HSTSXI H sol.
TSHSXI T sol.
PWTSX1 P part.,H20
TSPWX1 T sol.
XITSPW X1 sol.
DSTSXI RHO sol.

ADDITIONAL FUNCTIONS :

SUBR VERDOC prints program version number

CALL OF A FUNCTION

FCTNAME ( PARAMETER,

PARAMETERS
LUN
LOF

[ PARAMETER (S) 1, LUN, LOF >

REAL

INTEGER

LOGICAL LOGICAL FLAG

as a function of

T sol. , XI sol.
H sol. , XI sol.
T sol. , XI sol.
P part.,H20 , XI sol.
T sol. , P part.,H20
T sol. , XI sol.

"LOGICAL" UNIT NUMBER

PR rprelRrRerlrlPelelrererrererer
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C8c8c8c8cBeBcBcBe8cBcBeBRe B8 BBl Bel8eBele88c 888 8cBcB 8888 8e8c8e e BeBeBe8e8eBeBeBeBeBele8eleBelieeBebel
CE$3$54$4$333EPLETE4ESIEIEEESSESEEESSSEEEIEEE TSI EETTEEEE$3S

Cs $
Cs UNIT CONVENTION $
Cs $
Cs IN THIS PACKAGE OF SUBROUTINES THE SI UNITS $
Cs ARE APPLIED: $
Cs $
Cs TEMPERATURE IN K $
Cs PRESSURE IN Pa (N/M2) %
Cs SPECIFIC ENTHALPY IN KJ 7 KG SOL. $
Cs DENSITY IN KG » M*3 $
C# $
Cs CONCENTRATION IN KG SALT 7 $
c$ KG SOLUTION $
Cs $

C$$5$EE$STEEESTEETEETEETEETETEETEETETTETESEETTSEEETEETESESE
CREXEEEEEREXEEFREEEEEEXER R AR EE AR R R ARR RN AR RN R R R XXX

C* *
Cx FUNCTION PWTSXI *
C* )
C* CALCULATES P part.,H20 as a function of T sol. *
c* and X1 sol. *
Cx *
c***********************************************************

FUNCTION PWTSXI ¢TS,XI,LUN,LOF)
LOGICAL LOF
cALL TPOL ¢XI,ATP,BTP,LUN,.FALSE.)
TW = ATP % (TS - 273.15) + BTP + 273.15
PWTSXI = PWTW ¢(TW,LUN,LOF)
IF (LOF.AND.(XI.LT.0.05.0R.XI.GT.0.45)) THEN
WRITE (LUN,®) *
WRITE (LUN,*)
1 7 >>> WARNING STATEMENT FROM SUBROUTINE PWTSXI
WRITE (LUN,10) XI
10 FORMAT (“ >>> WARNING ! SOLUTION CONCENTRATION’
1 ,° OUT OF RANGE : “,F5.3)

END IF

RETURN

END
CHEXREEERERXREFEEEERFEEEEEEEEEREEREEE AR ER R AR R RS R R AR R R R X R X
C* *
C* FUNCTION TSPWXI *
C* *
C* CALCULATES T sol. as a function of P part.,H20 *®
c* and XI sol, *
C* *

CHEREXEEREEEREXEEEEEREEEEEEEEREEEEEREZEREEEEREEREERER X E X R XX X%
FUNCTION TSPWXI ¢PW,XI,LUN,LOF)
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LOGICAL LOF
CALL TPOL ¢XI,ATP,BTP,LUN,.FALSE.)

TW = TWPW (PW,LUN,LOF)

TSPWXI = (TW-273.15-BTP)/ATP + 273.15

IF (LOF.AND.(XI.LT.0.05.0R.XI.GT.0.45)) THEN
WRITE CLUN,*) * ¢

WRITE (LUN,*)

1 ‘ >>> WARNING STATEMENT FROM SUBROUTINE TSPWXI *
WRITE (LUN,4180) XI

6180 FORMAT (/ >>> WARNING ' SOLUTION CONCENTRATION’
1 ,” OUT OF RANGE : ‘,F5.3)

END IF

RETURN

END
CREXEEEEEEEEEFEEEERZEEEREEREEEEEUJEREEEEEEEEEEREEREREER XXX XXX
Cx *
C# FUNCTION XITSPW *
C* *
Cx Calculates XI sol.as a function of T scol. *
c* and P part.,H20 *
C* *

CREXEEEREEXEREEXEEEERERE R XA R R ER R LR R AR ERER R R XXX RRR
FUNCTION XITSPW (TSS,PW,LUN,LOF)
LOGICAL LOF
TOL = 0.00001

XI1 = 0.2

X12 = 0.4

PW2 = PWTSXI (T5S,XI12,LUN,.FALSE.) - PW

4000 CONTINUE

PWl = PWTSXI (TSS,XI1,LUN,.FALSE.> - PW

XIN = XI1 - PW1 / (¢ PW2 - PWl > / ¢ XI2 - XI1 »
X112 = XI1

XI1 = XIN

PWZ = PW1

IF (ABS (ERRFU(XI1,XI2,LUN,.FALSE.>).GT.TOL) GOTO 4000
XITSPW = XIN

IF (LOF.AND.(XIN.LT.0.05.0R.XIN.GT.0.45)) THEN

WRITE (LUN,®> *

WRITE ¢LUN,#*)

1 7 >>> WARNING STATEMENT FROM SUBROUTINE XITSPW *
WRITE (LUN,4170) XIN

6170 FORMAT ¢’ >>> WARNING ' SOLUTION CONCENTRATION

1 ,”0OUT OF RANGE : ’,FS5.3)

END IF

RETURN

END
CEEXEEEXEREXER XXX XXX XX XXX ERRX XXX XX XX A XXX XXX ERERERREERRE XX
C* *

C= FUNCTION ICPDT *
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Cx
C= CALCULATES THE INTGRAL
C#
Cx /s T=TS
C= ICPDT = | Cp dT
C* / T=25 DEG C
C*
CREEEEREERREEE AR EEE AR R LR R R LR L LR R AR R AR R R RER
REAL FUNCTION ICPDT (TS,XI,LUN,LOF)
LOGICAL LOF
DIMENSION AH (0:2), BH (0:2), CH (0:2), CPCO (0:3)

* k ¥ % ¥k *x Xk

DATA AH 7/ 1.0020 , -1.2505 , 0.7575 /7
$ BH ~ -5.554E-04 , -1.5178E-03 , &6.8248E-03 /
$ CH / 5.2266E-06 , 3.6623E-06 , —-3.8345E-05 /

IF (LOF.AND.(XI.LT.0.05.0R.XI.GT.0.45)) THEN
WRITE CLUN,*) * *
WRITE (LUN, )
1 7 >>> WARNING STATEMENT FROM FUNCTION ICPDT
WRITE (LUN,&010)> XI
4010 FORMAT ¢ >>> WARNING ! SOLUTION CONCENTRATION ~
1 ,/0UT OF RANGE : < ,F5.3)
END IF
IF (LOF.AND.((TS.LT.10.0).0R.(TS.GT.110.0))>> THEN
WRITE (LUN,®) * *
WRITE (LUN,*)
1 ¢ >>> WARNING STATEMENT FROM FUNCTION ICPDT ~
WRITE (LUN,#*)
1 7 >>> WARNING ! SOLUTION TEMPERATURE OUT OF RANGE :°
2 ,Ts
END IF
AHP = POLY (2,AH,XI)

BHP = POLY (2,BH,XI)

CHP = POLY (2,CH,XI>

CPCO <0) = 0.0

CPCO (1) = AHP

CPCO (2> = BHP / 2.0

CPCO (3> = CHP / 3.0

ICPDT = 4.19 =

1 ( POLY (3,CPCO,TS) - POLY (3,CPC0,25.0> )

RETURN

END
CREEEEEEEEEREEEEEEEEEEXEREEEEZEEREREEEEEEREREEREEFEFEEEERRERE
C* *
C* FUNCTION IES *
Cx *
C* CALCULATES THE INTGRAL ENTHALPY OF SOLUTION *
C* *

CREREEEEEEEEEREEEEEEEEREEEEEX R R R R R AR XN R AR XX R X R R RN R
REAL FUNCTION IES (XI,LUN,LOF)
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LOGICAL LOF
REAL IESCO (0:3)
DATA IESCO 0.8758508249 , 839.8&6148 ,
$ é1.5398937 , —-1978.63552 /7
IF (LOF.AND.(XI.LT.0.005.0R.XI.GT.0.48)) THEN
WRITE (LUN,%*> 7 7
WRITE (LUN,*)
1 7 »>> WARNING STATEMENT FROM FUNCTION IES ~
WRITE (LUN,&010) XI
6010 FORMAT (¢ >>> WARNING ! SOLUTION CONCENTRATION -
1 ,70UT OF RANGE : “,F5.3)

END IF

IES = POLY (3,1ESCQO,XI)

RETURN

END
CREXEREEEEEXEEEEEEEEEEEEEEEREEEREEREERERER XX RS EER XXX XXX X% %%
Cx *
C# FUNCTION TSHSXI *
Cx %
C= Calculates T s0l. as a function of H sol. *
c* and XI sol. *
Cx *

£ 3 % 3% 36 3% 3% % 3 3 3 % % 3 3% % I 3 3 % I I ¥ X K WKWK WKWK WK I W W IR W W W W W W W W I I W WA I I W I W e N W
FUNCTION TSHSXI ¢HS,XI,LUN,LOF)
LOGICAL LOF
paTA TOL / 1.0E-0S /

TSt = 30.0

TS2 = 40.0

HS82 = HSTSXI (T82,XI,LUN,.FALSE.> - HS
10 CONT INUE

HS1 = HSTSXI1 (TS1,XI,LUN,.FALSE.> - HS

TSN = TSt - HS1 / ((HSZ - HS1) / (TS2 - TSi)»»

TS2 = TS1

TSt = TSN

HSZ = HS1

IF (ABS(ERRFU(TS!,TS2,LUN,.FALSE.?>)>.GT.TOL> GOTO 10
C ___________________________________________________________
c CALL OF HSTSXI TO GET ERROR MESSAGES !
C ___________________________________________________________

HS1 = HSTSXI (TSN,XI,LUN,LOF)

TSHSXI = TSN

RETURN

END
CREERREREEFEEEEEEEEEEEREEEEEEEEEREEEEEEEREREEREEEEEREREEER KR
C* *
C= FUNCTION HSTSXI %
Cx *
Cx Calculates H s0l. as a function of T sol. *
c* and XI sol. *
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C* *
CHREREEEREEEEXEEXEREREEEEREERREREEERREEREEEF R AR ERERRRRRERRS
FUNCTION HSTSXI (TS,XI,LUN,LOF)
LOGICAL LOF
REAL ICPDT, IES
TSt = TS - 273.15
HSTSXI = 104.75 - IES(XI,LUN,LOF>

1 + ICPDT(TS1,XI,LUN,LOF)

RETURNM

END
CREXEXEXEXEEEEEEEREEEEFEFEEEEEFEFXFEFEFEEXEEEEERFEEEXER XXX EERS
C* *
C* FUNCTION DSTSXI *
C* %
Cx Calculates RHO sol. as a function of T sol. *
C* and XI sol. *
Cx *

C 3 36 3 3 36 3 % 36 3 3 3 I3 3 I I 3 3 I W I3 3 I I3 I I I I I KK I I I I3 I3 W I I W I I XX I I I I I KER
FUNCTION DSTSXI ¢TS,XI,LUN,LOF)
LOGICAL LOF
DIMENSION DENSA <0:2), DENSB (0:2)>, DENSC <0:2),
DENS (0:2)
DATA DENSA / 0.747197 , 1.45198915 , -0.37464242 /
DENSB / 1.824997E-03 , -7.71858335E-03 ,
5.47099245E-03 /
DENSC / -3.51677505E-06 , 1.2992472E-05 ,
-1.05815404E-05 /
IF (LOF.AND.(TS.LT.273.0R.TS.GT.374)>) THEN
WRITE (LUN,%> *
WRITE (LUN, %)
$ ¢ >>> WARNING STATEMENT FROM FUNCTION DSTSXI
WRITE (LUN,*)
$ “ >>> WARNING !' SOLUTION TEMPERATURE OUT OF’
$ ,° RANGE :’,TS
END IF
IF (LOF.AND.(XI.LT.0.02.0R.XI.GT.0.65)) THEN
WRITE CLUN,*) 7 *
WRITE (LUN,*)
$ “ >>> WARNING STATEMENT FROM FUNCTION DSTSXI ¢
WRITE (LUN,#*)
$ < >>> WARNING !' SOLUTION CONCENTRATION OUT OF’
$ ,’ RANGE :7,XI

R BH B

END IF

DENS (0> = POLY (2,DENSA,XI)

DENS (1) = POLY (2,DENSB,XI)

DENS (2> = POLY (2,DENSC,XI>

DSTSXI = POLY (2,DENS,TS)> * 1000.0
RETURN

END
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CEEEREEEFEEXEEXEXEEEEEEEEREREREEEEEEREREEEXEXEEREXEEXXEXXXE XXX XXX

C* *
Cx SUBROUTINE TPOL *
C# )
Cx CALCULATES THE SuMs ATP, BTF *
C# *
C* 3 K 3 K *
C* ATP = SUM ( AT = XI > , BTP = SUM ( BT * XI > =
Cx 0 K 0 K *
Cx *

CREXEEEEEXEXRREXEEEEREXEEXXEEEXERER XXX AL XXX XXX XXX XX XX KR XK XX
SUBROUTINE TPOL (XI,ATP,BTP,LUN,LOF)
LOGICAL LOF
DIMENSION AT(0:3)> , BT<0:3)
DATA AT ~/ 1.00011872 , -0.132800828 ,
$ 4.82235441E-02 , -0.5075%9&40432 /
% BT ~/ -0.43831145 , 14.1379014 ,
$ -224.3535483 , 123.29544 e
IF (LOF.AND.(XI.LT.0.05.0R.XI.GT.0.45)> THEN
WRITE (LUN,%> < ~
WRITE (LUN,*)
$ 7 >»> WARNING STATEMENT FROM SUBROUTINE TPOL -
WRITE (LUN,&8110) XI
4110 FORMAT (7 >>> WARNING ! SOLUTION CONCENTRATION ~
$ ,70UT OF RANGE : “,F5.3)
END IF
ATP = POLY (3,AT,XI)
BTP = POLY (3,BT,XI)
RETURN
END



APPENDIX B.1

CEEEREEEXREEEEFEEERREEEEEREXEX R XXX XXX EXERERFEEXRRERERLXREEREXXAX XXX XX XXX

Cx
C*
C*
Cx
C*
Cx
Cx
Cx

TRNSYS COMPONENT 48 > SPRAYCHAMBER <«

THIS FILE CONTAINS THE FAST VERSION WITHOUT

DEBUG STATEMENTS

VERSION USING EFFECTIVENESS FACTOR FUNCTIONS

H ok ok K ok K K

*

CHREXEREERERERRREERRRREERRRERRRRRERRERERRRRERRREERRREERRRHERRRRER R R NRKR XX
CHALALLLAL LS L LS LSS LIL LTSS LLLSLLLLLLILLL LIS SLSLLSLSLSLLLSLLLLALLL LIS LLL LT

C4
c4
o
cx
C4

CHAL AL LLLLSLLLL LSS LLLLSLLLLALLLLSLLL L,

VERSION : 10-14-1984 # 1|

A

NN NNN
~

A

% UPDATED VERSION

WMNNNEX

KILLLSLLLLSRLLLILLLLLLLLLLALLLL L,

CHHRHBHHHHHBHEHHHHHRH AR BHHHHRHHH U B AR R B HRRH BB A HHHRHHH R R H R R

C#
CH
C#
c#
C#
C#
C#
C#
C#
C#
C#
CH
C#
C#
c#
cH#
C#
C#
C#
cH#
c#
C#
C#
C#
CH
C#
c#
C4
c#
C#
c#

ADDITIONAL

7
8

CONFIGURATION

I MDSI [ XIN(1) 1
I T8I [ XINC2) 1
I XIS [ XIN(3) 1]
1
v

: - MDAO
s _— TTmEmm > TAO
s 8 s 3 ! wAO
[}
i
1
a8 " 88 3 8 8 & '!
snassssass !
2 8 8 8 8 3 3 8 3 !
sssssases !__ MDAI
s ress s — ( ______ TAI
! WAl

TS0 [ 0UT(2) 1

I
I MDSO [ OUT(1) 1
1
I XIs0 [ 0oUT<(3 1

v
OUTPUTS :

SOLUTION ENTHALPY AT OUTLET
AIR ENTHALPY AT OUTLET

[ ouUT(4)
[ oUT(S)
[ OUT<(&)

[ XIN(4)
[ XINCS)
[ XIN(S)

(=]

e B B B - B B



C#
C#
c#
C4
C#
c#
C#
C#
C#
C#
C#

APPENDIX B.1

? SENSIBLE HEAT EXCHANGED

10 LATENT HEAT EXCHANGED

11 MASS OF WATER EVAPORATED

12 "HUMIDITY RATIO" AT SOLUTION OUTLET

PARAMETERS :

1 MODE :
1
2

REGENERATOR
CONDITIONER

E i - I 3 B

CHHHRHHRHHABHAHHHHHHRBRH B EHRE R B HE R B HA R H AU A H B R BB H AR H R HER U HEHH R
C$3$33$53354399339533593993399333333339333T ISP 599499

cs

Cs UNIT CONVENTION

cs

Cs IN THIS COMPONENT THE SI UNITS (MODIFIED)> ARE APPLIED :
Cs

C$ TEMPERATURE ( INTERNAL ) IN K

Cs TEMPERATURE IN & OUTPUT IN DEG C

Cs PRESSURE IN PACN/M2)

(%2 SPECIFIC ENTHALPY IN  KJ / KG SOLUTION

Cs SPECIFIC ENTHALPY AIR IN  KJ / KG DRY AIR

Cs MASS FLOW RATE IN  KG / HOUR

Cs ENERGY FLOW RATE IN KJ / HOUR

Cs

Cs SOLUTION CONCENTRATION IN  KG SALT / KG SOLUTION
Cs HUMIDITY RATIO IN KG WATER / KG AIR
Cs

“*

$
%
$
$
+
$
$
$
$
%
$
$
$
$
$

CH3543593893353353333393533953533533585535339385389399344349543443894843
SUBROUTINE TYPE 48 (TIME,XIN,OUT,T,DTDT,PAR,INFO)
PARAMETER (NI48=4,N048=20,NP48=1,ND48=0

,N1481=4,N0481=12,NP481=1 ,ND481=0

$
$
IMPLICIT

)
REAL (M)

DIMENSION XIN (NI48), OUT (N0O48), PAR (NP48), INFO (10)

INTEGER
LOGICAL
LOGICAL

MODE
LERROR, SUPSAT, CONDIT

LOF, LOF1, LOF2, LOF3, LOF4, LOFS, LOFé, LOF7, LOF8

CHREEXERRERERKREEEREREERREREERREEREREEERRREERRRERERRHERRRARERRRE LR RRRR RN
1§ / TSI, WSI, XISI, TAI, WAI, PAMB
COMMON / IF / MDSI, HSI, MDAI, HAI, HASI, GDSI, GDAI

COMMON /

COMMON /

COMMON /

COMMON /

0S / TS0(4), WSO(4), XI180(4), TAD(S), WAD(S), MDAD
COMMON / OF / MDSO(é), HSO(8), HAOCS), HASO(S), GDSO(4), GDADCS)

EX / DMEQU(&), DBE@S(S), DQEGL(S)
COMMON / CD / ICOND (4,6)

FL / LOF

CREXRXEXEREEREREEEXESREEXXEE XXX XEE XXX X EEREEEAEXEREREXARLXXX XX XA XK ERXRKXRRR

DATA

LUN 7 11 7/
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LOF = . TRUE.
LOF1 = .FALSE.
LOF2 = .FALSE.
LOF3 = .FALSE.
LOF4 = .FALSE.
LOFS = .FALSE.
LOFé = .FALSE.

MODE = INT (PAR{1))

- s - ————— — — — ——————— - - " - - - T - ————— - S S > - - — T . G W G G S G5 G G S G G S S W = W Gw Cw M S . ee

MDSI = XIN(1)
TSI = XIN(2) + 273.15
XISI = XIN(3)
MDAl = XIN{4)
TAI = XIN(S) + 273.15
WAl = XIN(&)

o  ————— —— — ———————— - ————— o ——— —— -~ — — " T S " - T T = G —— - > G S S Sen e Swe e e

IF (SUPSAT(TAI,WAI,PAMB,LUN,.TRUE.)) THEN
WRITE (LUN,%) *

WRITE (LUN,%) ‘*x* FATAL ERROR : AIR AT INLET IS SUPERSATURATED !‘
WRITE (LUN,%) * *

CALL TYPECK (-2,INFO,N1482,NP482,ND482)

END IF
SIMPLE EQUILIBRIUM - EFFECTIVENESS FACTOR MODEL
ASSUMING :
- ADIABATIC PROCESS
- COUNTERCURRENT FLOW
IF C(INFO(7).EQ.-1) THEN
CALL TYPECK (1,INFO,NI481,NP481,ND481)
INFO (&) = NO481
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HSI = HSTSXI (TSI,XISI,LUN,LOF)
= HATAWA (TAI,WAI,LUN,LOF)

WSI = WAPW(PWTSXI(TSI ,XISI,LUN,LOF),PAMB,LUN,LOF)
HASI = HATAWA (TSI, WSI,LUN,LOF)

———— — ————— - - " S a S S - S - S G S W - " = G - e G —— .~ S S - " " = - - e o . - . -

- ———— " ———— - — - = T T S T = S S SN = G G o S S S S S S = G G = - S S U S S G G G N W U - S . G E e SE S G T S S o —

= HSI * MDSI
GDAl = HAI * MDAl

- o - — = = = - - G - — - - - T . - - S " S " S G W P T U E G SE G . S W T S . S G S S T = - = - o

- ——— o S - - S - - — T —— St~ S S - G " - - - - = -

DO 10

- bt

IF (MDAI/MDSI.LT.1) THEN
CALL EQUMAN (1,LUN,LOF3,LOF4,LOFS)
IF (CONDIT(1,LUN,LOF4)) THEN
JEGU = 1
GOTO 1000
END IF
ELSE
CALL EQUMAN (2,LUN,LOF3,LOF4,LOF3)
IF (CONDIT(2,LUN,LOF4)) THEN
JEQU = 2
GOTO 1000
END IF
END IF

ELSE
JEQU = INT (OUT(1%9))
CALL EQUMAN (JEQU,LUN,LOF3,LOF4,LOF3)
IF (CONDIT(JEQU,LUN,LOF4)) GOTO 1000
END IF
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—— . — v o — - - —— o - —— —— = e - ——

c NEW CALCULATION OF ALL EQUILIBRIA

DO 100 JEQU =1 , &
IF (ICOND (1,JEGU).ER.0) THEN
CALL EQUMAN (JEQU,LUN,LOF3,LOF4,LOFS)
IF (CONDIT(JEQU,LUN,LOF4)) GOTO 1000
END IF
100  CONTINUE

WRITE (LUN,*) ’ 7

WRITE (LUN,#*) “*%x FATAL ERROR : NO FEASIBLE EQUILIBRIUM !
WRITE (LUN,*) 7 ° .
CALL TYPECK (-2,INF0,N1482,NP482,ND482)

GOTO 9999

- o o -  — o S o - - - - - — .S - = " T G G " G W CH SN G GHI GID G N I GES G G G G WS AT S IR Gm R SH G e W Gm e e
- - - " T —— - > S = S S = " S G e M S G e E S G SE SN S S GV G G SR S G GE GG GG MR G G Gu e WS G om
———— - ———— > G W " T — v CA° GO G S S E G GES G Gn SIS i ) SIS G e - S S G T S6S S S G G G T - TS S G I S S G N G S > S G S - - -

DMDEQU = DMEGU (JEGLWD

DGDEGS = DREAS (JEGW)
CALCULATION OF THE REDUCED (EFFECTIVE) EXCHANGED
MASS AND ENERGY

EFFHEAT = EFF (TS1-273.135,1,MODE)

EFFMASS = EFF (TS1-273.15,2,MODE)

DGDS = DQDERS * EFFHEAT

DMD = DMDEQU * EFFMASS

HSOUT (@DsI - Da@ps - DEDL > / MDSOUT

TSOUT TSHSXI (HSOUT ,XISOUT,LUN,LOF)
ADDITIONAL OUTPUT CALCULATION
DOCUMENTATION OF W SOL OUT

WADUT = WAI + DMD / MDAI

HAOI = HAI + DGDS / MDAI

TAOUT = TAHAWA (HADI,WAI,LUN,LOF)
HADUT = HATAWA (TAOUT,WAOUT,LUN,LOF)
DADL = MDAI * (HAOUT - HAOID)
MDSOUT = MDSI - DMD

XISOUT = XISI * MDSI / MDSOUT
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C _______________ ——— — —— ———— — ——— - ———— — — — — T ——— — — G~ " . - - T T - - T ——— - - -

PWSOUT = PWTSX1 (TSOUT,XISOUT,LUN,LOF)

WSOUT = WAPW (PWSOUT,PAMB,LUN,LOF)
C _______________________________________________________________________
C ASSIGNMENT OF THE OUTLET STATES
c _______________________________________________________________________

ouT (1) = MDSOUT

ouT (2> = TSOUT - 273.15

ouT (3) = XIsouT

OUT (4> = MDAOUT

ouT (5) = TAOUT - 273.15

ouT (6 = WAOUT

OUT (7> = HSOUT

OUT (8) = HAOUT

ouT (9) = D@ADS

ouT <10) = DGEDL

OuT <11) = DMD

OUT (12) = WSOUT

OUT (19) = FLOAT (JEGW)
C _______________________________________________________________________
c CHECK, IF AIR AT OUTLET 1S SUPERSATURATED
C _______________________________________________________________________

IF {SUPSAT(TAI,WAI,PAMB,LUN,.TRUE.)) THEN

WRITE (LUN,*) * ¢

WRITE {(LUN,%*) “ AIR AT OUTLET 1S SUPERSATURATED !~

WRITE (LUN,*) ° ~

END IF
C _______________________________________________________________________
c EXIT LABEL
C _______________________________________________________________________
9999 CONTINUE

RETURN

END
CHE R R R AR RRERRR R R AR RERRREERE RN R A RE R RN AR AR RRRREREEREERERRRRRRRRERRRRRRRR
C* *
Cx REAL FUNCTION EFF (TSI ,MODE ,NUMBER) *
Cx *
Cx TS1 SOLUTION INLET TEMPERATURE *
Cx NUMBER 1 SENSIBLE HEAT EXCHANGE EFFECTIVENESS *
C* 2 MAss EXCHANGE EFFECTIVENESS *
Cx MODE 1 REGENERATOR *
C* 2 CONDITIONER *
C* *

CREEEREREEREEREERREREEEREERRREEERHHEREERERRTRRRRRRRERRRRRRRRRR XX RREE RS X
REAL FUNCTION EFF (TSI,NUMBER,MODE)
DIMENSION COEFF (0:2,2,2)
DATA COEFF / 0.2148 , 0.029792 , -0.00032190 ,
1 0.85323 , 0.003%9145 , -0.000095238 ,
2 0.36757 , 0.067205 , -0.0021933 ,
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3 0.82885 , 0.010579 , -0.0003351 /
EFF = ({COEFF (2,NUMBER,MODE) * TSI}
1 + COEFF (1,NUMBER,MODE)) * TSI + COEFF(0,NUMBER,MODE)
RETURN
END
N I LTI TITI TS TR TR T TR TTTITTIL LI LTI L LTI T FE LT T T3 3 31
Cx *
Cx SUBROUTINE EGUMAN *
) *
Cx CALLS THE DESIRED EQUILIBRIUM CALCULATION SUBROUTINE *
Cx *

CHEEEREREERRR AR RERRERRRRE RN AR AR AR AR RRRRRERRRRARRRERARR XA AR RXRRR RS RRRE
SUBROUTINE EQUMAN (IEQU,LUN,LOF3,LOF4,LOF3)
IMPLICIT LOGICAL (L)

INTEGER LUN
GOTO (100,200,300,400,500,400) IEQU

100  CONTINUE
CALL EQUIt (LUN,LOF3,LOF4,LOF3)
RETURN

200  CONTINUE
CALL EQUIZ (LUN,LOF3,LOF4,LOF5)
RETURN

300  CONTINUE
CALL EGQUI3 (LUN,LOF3,LOF4,LOF3)
RETURN

400 CONTINUE

v CALL EQUI4 (LUN,LOF3,LOF4,LOFD)
RETURN

500  CONTINUE
CALL EQUIS (LUN,LOF3,LOF4,LOF3)
RETURN

600  CONTINUE
CALL EQUIé (LUN,LOF3,LOF4,LOF3)

RETURN

END
CREXEREREEEREREEREERRRRERERERRREELRXRERE R AR ERRSRR R R R AR ERRRERRA SR RRR RS
Cx *
Cx SUBROUTINE CONDIT %
Cx *
Cx FINDS THE FEASIBLE EQUILIBRIUM *
C* *

CRERERREEEEEEREXRRREREEREEREEERRRREEEEERX R XX EXRREERRLERRRRRRRRE R R XXX H X2
LOGICAL FUNCTION CONDIT (IEGU,LUN,LOF)
IMPLICIT LOGICAL <L)
INTEGER LUN
COMMON / CD / 1COND <4,8)

KCO = 0
DO 1000 JE = 1,4
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KCO = KCO + ICOND ¢JE,IEQW)
1000 CONTINUE
CONDIT = (KCO.EQ.4)

L e e e e o e o e e

RETURN

END
CREEXEEREXEXREXEEREEEERRXEXEXXRBAXLRX XXX X EXRX XX RREREFRRFRRRSARAERRRRRS
Cx *
Cx SUBROUTINE EQUI1 *
Cx *
Cx EQUILIBRIUM AT THE SOLUTION INLET (¢ 1 ) *
Cx* *

CREEZRXEEZEEELEFEEERREELE R EXR LR ERSER R R XS R RREREER XX ERE XXX R X EXRXRXER XXX XXR XX
SUBROUTINE EQUI1 ¢LUN,LOF11,LOF12,LOF13)
LOGICAL SUPSAT
IMPLICIT REAL (M)
IMPLICIT LOGICAL (L)
INTEGER LUN
COMMON / 1S / TSI, WSI, XISI, TAl, WAI, PAMB
COMMON / IF / MDSI, HSI, MDAI, HAI, HASI, @DSI, GDAI
COMMON / 0S / TSOC&), WSO(4), XIS0(4), TAO(S), WADCSE), MDAD
COMMON / OF / MDSO¢&), HSO0(4), HAOC4), HASO(4), @DSD(4), BDAD(S)
COMMON / EX / DMEQU(4), DBEGS(4), DREGL(4) ’
COMMON / CD / ICOND <4,6)
COMMON / FL / LOF

C _______________________________________________________________________
TAD (1) = TSI
PWSI = PWTSXI (TSI,XISI,LUN,LOF)
WAD (1) = WAPW (PWSI,PAMB,LUN,LOF)
HAD (1) = HATAWA (TAD(1),WAOC1) ,LUN,LOF)
@DAOC1) = HAOC1) * MDAD
DMEQU ¢1) = MDAI * ¢ WAD (1) - WAI )
c ________________________________________ [Rpp——
C DMEQU 1S POSITIVE, IF EVAPORATION  ( REGENERATOR )
c DMEQU 1S NEGATIVE, IF CONDENSATION ¢ DEHUMIDIFIER )
C _______________________________________________________________________
c SOLUTION MASS BALANCE
C -----------------------------------------------------------------------
MDSO (1) = MDSI - DMEQU (1)
c _______________________________________________________________________
c OUTLET SOLUTION CONCENTRATION
C _______________________________________________________________________
XIS0 (1) = MDSI * XISI / MDSO (1)
C _______________________________________________________________________
C OVERALL ENERGY BALANCE
C -----------------------------------------------------------------------

@DS0 (1) = ( QDSI + @DAI - QDAO (1) )
HSO <1)> = QDSO (1) / MDSO (1)
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OUTLET SOLUTION TEMPERATURE

———————————————————————————————————————————————————————————————————————
———————————————————————————————————————————————————————————————————————
———————————————————————————————————————————————————————————————————————
———————————————————————————————————————————————————————————————————————
———————————————————————————————————————————————————————————————————————
———————————————————————————————————————————————————————————————————————
———————————————————————————————————————————————————————————————————————
———————————————————————————————————————————————————————————————————————

HASO (1) = HATAWA (TS0(1),WS0(1),LUN,LOF12)
CD1 = DMEQU{1)*<WSO(1)-WAI)
CD3 = (HASI-HAD(1))*(DREQS(1)+DREAL1))
ICOND (1,1) = AINT(SIGN(1.0,CD1))
ICOND (2,1 1
ICOND (3,1) = AINT(SIGN(1.0,CD3))
IF (SUPSAT(TAO(1) ,WAD¢1),PAMB,LUN,LOF12)) THEN
ICOND <4,1) = -1
ELSE
ICOND (4,1) = 1
END IF



APPENDIX B.2

CHEXREREZERERREXLEEEXEREX X XA EEXFER XXX XX RS X R EEXE XXX XXX XXX XX EX

C#*
C*
C#*
Cx
C*

TRNSYS COMPONENT 47 > SUMP <

*® K ok K ok

CEEREEXEEAEEEEEEEEXEEEEXEEEEEEFXFE XXX EEEX LI X XXX R EX XXX XXX KX XX XS

CAAA LA LSS AS LSS S S

Cx
cx
Cx
Cx
cx

ChAASS LA TS LLSLIT LS AL AL T S e

P A
A UPDATED VERSION
%
A
A

VERSION : 09-20-1984 # 1

NI NI

HA AL LSS LA ST LS LSS LSS T

NN NN

VAL S S LSS AR LS LLAALS L

CHHHHHHHHHHHHHHHHERHEHAHE B R R BB HEHHHHHH B R R

C#
C#
C#
C#
CH
C#
C#
C#
C#
C#
C#
Ch
C#
C#
CH
C#
C#
Ch
C#
C#
C#
C#
C#
C#
C#H
C#
C#
C#
C#
C#
CH
CH
C#
C#

CONFIGURATION

MDSI1 [ XIN(1) 1]
TSI1 [ XINC(2) 1
XISI1 [ XIN(3) 1]

MDEIZ [ XIN(4) 1]
TSIZ2 [ XINCSY 1
XISIZ [ XINC(S) 1]

MDH20 [ XIN(7) 1
THZ20 [ XINC(8) 1

bt b bt Pt g e ey bt
CHHHH)—.HNH

I
I
I
v

1 1
. .
B R R Y s e A o L L Y VY NV VI VIE P VY )

] t
i 1
t i

I
Y VDsoL [ PAR(Z)

MDSO3 [ OUTC(1) 1] 1

TS0 [ OUT(3Y ] I ===

XIs0 [ QUT(4) 1 I GaMMAa [ XIN(®) 1]
I
v

MDS04 [ OUT(2) 1
TS04 [ ouTd3> 1
XI1s04 [ OUutTc4) 1
WHERE : MDSOZ = GAMMA * UDSOL * RHOSOL

THIS IS A MODEL OF AN ADIABATIC SOLUTION SUMP
WITH TANK VOLUME

TR LT TR R



C#
CH
C#
CH
C#
C#
C#
C#
C#
C#

ADDITIONAL OUTPUTS :

VOLUME [ OUT(S) 1]

PARAMETERS :

1 VDSsOoL VOLUME FLOW RATE
AT QUTLET (CONST?

AFPPENDIX B.2

XX R I

CHEHHHHEBHHHHABHBHHHEHHHHHHHEHHRHH R HBHHHE R RHH R HH R HE
(R332 2323222222222 222 222222 23RS REEE2SR R T SL2 22

Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
Cs
C#
Cs
Cs
Cs

UNIT CONVENTION

IN THIS COMPONENT THE SI UNITS (MODIFEID?

ARE APPLIED :

TEMPERATURE ( INTERNAL > IN
TEMPERATURE IN & OUTPUT IN

SPECIFIC ENTHALPY IN
MASS IN
MASS FLOW RATE IN
ENERGY FLOW RATE IN
VOLUME IN

SOLUTION CONCENTRATION IN

+
$
%
%
%
$
K ®
DEG C E
KJ / KG SOL. k2
KG 3
KG / HOUR %
KJ / HOUR %
M*3 3
+

KG SALT/KG SOL.$
E

CH$5E5 S ESSEEETTTFEESSEETEESEEFEETEEEESSETEEESEEEETEEE$ 68
SUBROUTINE TYPE47 (TIME,XIN,QUT,T,DTDT,PAR, INFO)
PARAMETER (NI47=%,N047=35,NP47=1 ,ND47=3)

IMPLICIT REAL (M)
LOGICAL
DIMENSION XIN (NI47), OUT (NQ47), T (ND47),

LOF

DTDT (ND47), PAR (NP47),
LUN » 2 / LOF / .TRUE. /

XINCL)
XINC2) + 273.15
XINC3)
XINC4)
KINCS) + 273.15
XINC&)
XIN(E)
XIN(B) + 273.15
XINC?)

INFO <100
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ASSIGNMENT OF THE PARAMETER

vbsaL = PAR (1D

IF ¢(INFOC(?7).EQ.—-1)> THEN
CALL TYPECK (1,INFQ,NI47,NP47,ND47)
INFO (&) = NO47

END IF

- ———— - —— ——— " — —— - _— - - - —_— —— ——— - — ——— — —— S—_ - " — - (- - - -~ ——— ——

——— —— " ————— o t— T —— — o —— —— — —— " —_— ——" ——————— -~ - — — -~ - — - - " ——— —— ———_

—— —————— ——————————— ———— - ——— " S G —————————— ] {— " o - ———{— {——— -

@soL ~/ MSOL

MSALT ~ MSOL

TSHSXI (HSOL,XISOL,LUN,LOF)
RHOSOL = DSTSXI (TSOL,XISOL,LUN,LOF)
VOLUME = MSOL ~/ RHOSOL
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CALCULATE DERIVATIVES

:  SOLUTION MASS BALANCE
2+  SALT MASS BALANCE
:  ENERGY BALANCE
DTDT (1) = + MDSIZ + MDH20 - MDSOL
DTDT ¢2) = MDSI1 % XISI1 + MDSI2 * XISI2
% XISOL
DTDT (3> = MDSI1 % HSTSXI (TSI1,XISI1,LUN,LOF)

* HSTSXI (TSIZ,XISIZ,LUN,LOF)

* 4.19 * (TH20-273.15)
____________________________________________ S —
ENTHALPY OF WATER CONSISTENT
WITH ENTHALPY OF SOLUTION
( PER DEFINITION ENTHALPY OF

PURE WATER AT 0.0 DEGREE C
= 0.0 KJ / KG )

———— -t o — —— -~ ———— —— —— - — (- _——— " S —— -~ - ———— — - " —— — — T — - ———" ——
——— o w ——————— t———— — — S —{————— ]~ —_— ———— " -~ o ——_ " —— - ——- ——————— —

—— o — — — _ T — ———————— —— S - — — _—— ——————— o ————— - ——" — i~ {———" - — - o —
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IF ¢(GAMMA.GT.1.0)> GAMMA 1.0
IF (GAMMA.LT.0.0) GAMMA ¢.0
IF (GAMMA.LT.0.0.0R.GAMMA.GT.1.00

1 WRITE (LUN,%*> “ TYPE47 : GAMMA OUT OF BOUNDS :7,

2 GAMMA
C ___________________________________________________________
C MASS FLOW RATE 3
C ___________________________________________________________

MDS0O2 = GAMMA * MDSOL
C ___________________________________________________________
c MASS FLOW RATE 4
C ___________________________________________________________

MDSO4 = ( 1.0 - GAMMA ) * MDSOL
C ___________________________________________________________
c ASSIGNMENT OF THE OUTLET STATES
C ___________________________________________________________

ouT ¢1> = MDSD3

ouT <2 = MDS0O4

ouT (3> = TSOL - 273.153

ouT (4> = XISOL

ouT (5> = VOLUME
C ———————————————————————————————————————————————————————————
c EXIT LABEL
C ___________________________________________________________
29299 CONTINUE

RETURN

END
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CREXRREXEEEEXEREXEEEEEEEXXXEX XXX XXX ERXXEREEXXEEEF AR ERRRRERRRRXEER XXX X

C* *
Cx *
C* *
Cx TRNSYS COMPONENT S5 > SENSIBLE HEAT EXCHANGER <« *
Cx *
C* *
C* *

CHREXEREEEEXERREREHEREEERREEREREEFRERERRRRRERRRRXERRERERERRRXERERERHRRRR X
CHAL LA LA LRSS LSS LLLLLLLLLSLLSLLLSLLILL, LSALLSLLSLLLLLLLLLSALLSLLLALLLL LS,

Cx A “A
C4 A UPDATED VERSION A
cx VERSION : 09-20-1984 #1 X % “
C4 A A
A AL “

CHAL LSS LLLLLLLLL LSS LLLLL LS LLLLLLL LI LLLL s LLLLSLLLLLLLTLLLLLLSLLLLL LS LSS L
CHEHHHEBHHRRHBRHHABHRHHBHRHHBHEHHBEBRH R BB RHHHERHH B RHHHE R R AR R HH R HR R

C# #
C# THIS IS A MODIFIED VERSION OF THE TRNSYS COMPONENT 3 #
C# #
c# IT USES VARIABLE SPECIFIC HEAT CAPACITIES #
C# FOR VARIOUS FLUIDS (SALT SOLUTIONS, AIR WATER MIXTURES) #
C# #
C# FLUID CODES : #
C# 1 SALT - WATER SOLUTIONS #
C# 2 AIR - WATER MIXTURES #
c# 3 30 % GLYCOL - WATER SOLUTION #
C# 4 PURE WATER #
C# #
CH PARAMETERS 4 : #
C# #
c# 1 MODE #
c# 2 UA OR EFFECTIVENESS #
CH 3 FLUID CODE HOT SIDE #
C# 4 FLUID CODE COLD SIDE #
C# #
C# INPUTS 46 : #
cH# #
C# 1 INLET TEMPERATURE HOT SIDE #
c# 2 INLET MASS FLOW RATE HOT SIDE #
C# 3 INLET CONCENTRATION  HOT SIDE #
c# 4 INLET TEMPERATURE CoLD SIDE #
C# 9 INLET MASS FLOW RATE COLD SIDE #
cH# é INLET CONCENTRATION COLD SIDE #
C# #
C# OUTPUTS 8 : #
Cc# #
C# 1 OUTLET TEMPERATURE HOT SIDE #
C# 2 OUTLET MASS FLOW RATE HOT SIDE #



C#
CH
c#
CH#
c#
CH#
C#
C#
c#
c#
C#
CH

APPENDIX B.3

OUTLET CONCENTRATION  HOT SIDE #
OUTLET TEMPERATURE COLD SIDE #
OUTLET MASS FLOW RATE COLD SIDE #
OUTLET CONCENTRATION COLD SIDE #
TOTAL HEAT TRANSFER RATE #
HEAT EXCHANGE EFFECTIVENESS #
SPECIFIC HEAT CAPACITY HOT SIDE #
#
#
#
#
#
#

DUV ONON s W

e

SPECIFIC HEAT CAPACITY COLD SIDE

MODIFIED BY : THOMAS K BUSCHULTE

CHHHHHHEHHBHHHBHHHHHHBHEBHHBRHHERHBHH BB H BB R R B HBHHHBH AR HERH AR AR H R

Lo 0 o I o B o B o O o T o I o I o IO o Y o Y ]

SUBROUTINE TYPES (TIME,XIN,OUT,T,DTDT,PAR,INFD)

TEMPERATURES AND FLOWRATES OF HOT AND COLD STREAMS. MODES 1,2,3,
AND 4 SIGNIFY PARALLEL, COUNTERFLOW, CROSS FLOW, AND CONSTANT
EFFECTIVENESS MODES RESPECTIVELY. FOR MODE 4, THE HEAT EXCHANGER
EFFECTIVENESS MUST BE SUPPLIED AS A PARAMETER.

UA-OVERALL TRANSFER COEFF PER UNIT TEMP DIFFERENCE, CPH-SPECIFIC
HEAT OF HOT SIDE FLUID, CPC-SPECIFIC HEAT OF COLD SIDE FLUID
FLWH-HOT SIDE FLOW RATE, TCI-COLD SIDE INLET TEMP, FLWC-COLD SIDE
FLOW RATE

DIMENSION XIN(&) ,PAR(4),0UT<20),INFO(10)

IF (INFO(7).GE.0) GO TO 1

INFO(4)=8

INFO{9)=0

CALL TYPECK(1,INF0,6,4,0)

MODE = IFIX (PAR(1))

IFLH = IFIX (PAR(3))

IFLC = IFIX (PAR(4))

IF ((MODE.LT.1.OR.MODE.GT.4).0R.((MODE.EQ.4) .AND.

$ (((IFLH.LT.1).0R.(IFLH.GT.4)).0R.
$ ((IFLC.LT.1).0R.{IFLC.GT.4)))))  THEN
CALL TYPECK<(4,INF0,0,0,0)
RETURN
END IF

——————— - — - 5 = = - = — ————— - ————— " _— - - - - — - — - - - - - - -

MODE = IFIX (PAR(1))
= PAR(2)
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IFLH = IFIX (PAR(3))
IFLC = IFIX (PAR(4))

IF (MODE.EQ.4) EFF=PAR(2)
THI = XIN(D)

FLWH = XIN(2)

CONCFH = XIN{(3)

TCI = XIN(4)

FLWC = XIN(D)

CONCFC = XIN(&)

- " = - o G = - S - T S - G S G S = G W G - - S - - ——— - G S0 S e S S - - —— " G G o - - o

CH=CPH*FLWH

CC=CPC*FLWC

CMAX = AMAX1(CC,CH)

CMIN = AMINI<CC,CH)

IF (CMIN .LE. 0.) GO TO 98
IF (MODE.EG.4) GO TO 40

- — - = - — s = = e = e = G e S e e G S G - Gt " S . S SR S G GuN e G GE T SN P SO SIS S G G S S SR S G

RAT=CMIN/CMAX

UC=UA/CMIN

EFF=1.0-EXP{-UC)

IF((CMIN/CMAX) .LE. 0.01)> GO TO 38
G0 TO <10,20,30), MODE

- ——————— - T~ ———— - T - — S5 e - S T G = " S S - G S W - . — " S G S W " = o G o= ow

10 EFF=(1.0-EXP({-UC%*{1.,0+RAT)))/(1.0+RAT)
GO TO 38

- ————— ——————— - = > % T S I G N G S S U S GES SH GEE M S G SN e G SR GGS GES GE GG SN S G SUS GE S S G G . S - T S - - - - o o o

20 CHECK=ABS(1.0-RAT)

IF(CHECK .LT. .01) GO TO 25
EFF=(1.0-EXP(-UC*(1.0-RAT)))/(1.0-RAT*EXP(-UC*{1.0-RAT)))
GO TO 38

25 EFF=UC/{UC+1.0)

GO TO 38

— ——————— T — - — - " - GIb . TS T S W E T G M S GE G G P G SIS 3 Gm MR G G 4w G e e e A e S S > e S S0P GO G e Gur G e Sun Sew

- - o - ——— - —— —— ——————— — — " - T - —— - —— S = " S S " = - . G - I S S S W G G - - S S -

30 GAM=1.0-EXP{-UC*RAT)
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EFF=1.0-EXP{-GAM/RAT)
IF{CMAX .EQ. CH) GO TO 38
GAM=1.0-EXP(-UC)
EFF=(1.0-EXP{(-GAM*RAT) )/RAT

38 THO=THI-EFF*{(CMIN/CH) *(THI-TCI)
TCO=EFF*(CMIN/CC) *(THI-TCI)+TCI
QT=EFF*CMIN#(THI-TCI>
GO TO 88

40 GMAX=CMIN*(THI-TCI)

GT=EFF *GMAX

THO=THI-QT/CH

TCO=TCI+QT/CC
C _____________________________________________________________________
C SET OUTPUTS --
c THO-OUTLET TEMP ON HOT SIDE,
C TCO-OUTLET TEMP ON COLD SIDE, GT-TOTAL
C INSTANTANEOUS ENERGY TRANSFER ACROSS EXCHANGER,
C EFF-EFFECT IVENESS
Gl o e o e e e o o e e e o e
88 OUT(1)=THO

ouT{2)=FLWH

OUT(3)=CONCFH

ouT(4)=TCO

ouUT{3)=FLWC

OUT(4)=CONCFC

ouT(7)=aT

OUT(8)=EFF

auT(?)=CPH

OUT(10)=CPC

RETURN

C MINIMUM CAPACITY RATE IS .LE. 0.

78 OUT(1)=THI
OUT(2)=FLWH
OUT(3)=CONCFH
0UT(4)=TCI
OUT(3)=FLWC
OUT(&)=CONCFC
ouT(7)=0.0
ouT(8)=0.0
OuT(?)=CPH
ouUT(10)=CPC
RETURN
END

CREEEEERREEEEEAREEREREEEEREELE R A RRERRRERR R AR R AR RR XA RRRREERRRRAXRRR RN
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C* *
Cx REAL FUNCTION CPFUN *
C* *
C* CALCULATES THE SPECIFIC HEAT CAPACITY OF A FLUID *
Cx* *

CHEERFEEEEEREERERRARRRERREE AR AR RRERARRERERRRERRERERE AR AR RRERERRRR XX RRRH
REAL FUNCTION CPFUN (IOPT,TFL,CONCFL)

L e e e e e e e e e e e e e e e e e e e e e e e e e o e o e o

c 10PT FLUID CODE ¢ SEE COMPONENT SUBROUTINE )

c TFL TEMPERATURE OF FLUID

c CONCFL  SOLUTION CONCENTRATION OR

C HUMIDITY RATIO RESPECTIVELY

Crmmmm————————————— e e —————————
LOGICAL LOF

DATA LOF / .TRUE. / LUN / 11 /
GOTO (10,20,30,40) I0PT
10 CONTINUE
CPFUN = (HSTSXI{(TFL+274.15,CONCFL,LUN,LOF) -
% HSTSXI(TFL+272.15,CONCFL,LUN,LOF)) / 2.0
RETURN
20 CONTINUE
CPFUN = (HATAWA(TFL+274.153,CONCFL,LUN,LOF) -~
% HATAWA(TFL+272.15,CONCFL ,LUN,LOF)) 7/ 2.0
RETURN
30 CONTINUE
CPFUN = 3.80
RETURN
40 CONTINUE
CPFUN = 4.19
RETURN
END
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CHEEEEFEFEEXEEREEXREEREEXEREREXEXERER XXX XA EXE XX RX XXX XXX XXX

C*
C*
Cx
C=
C*

TRNSYS COMPONENT 42

> AIR MIXER <

* ¥ ok X ¥

2% 3 % 3 3 3 3 3 3 3 3 36 36 3 3 36 3 3 3 I 3 3 3 33 33 333 I3 I 3 I3 I X WX KXW H I X I F KWW X NRRE

CHAA RS AL A TS L LTSS e

Cx
c¥
cx
Cx
Cx

AL ARSI AL LSS L S LS

VERSION :

10-24-1984 & 1

%

N NN
M NN

- :',.

UFPDATED VERSION

AL LA LA A S LSSSA ST

rA
7
“
bt
“

AL LRSS S

CHHHHHHUHHEHHHBH SRR B HHHHHE R R A B H R R B

C#
C#
C#
C#
C#
C#
C#
C#
CH
C#
C#
C#
CH
CH#
C#
C#
CH
C#
C#
C#
CH
C#

THIS 1S A SIMPLE MODEL OF A FIXED LOAD

INPUTS é& @

OUTPUTS 3

PARAMETERS 0 :

PROGRAMED BY :

EHXEAZ

£4X

DOT
AIR
AIR
DaT
AIR
AlIR

DOT
AIR
AlIR

AIR IN 1

IN
IN

AIR IN 2

1
1

IN 2

IN

AIR OUT

ouT
QuT

2

THOMAS K BUSCHULTE

B I RS REEEEE RN

CHHHHHHHHHHHHHHHHHHEHHHAHHHEHHHAHHHH R RAR R
CH$$E5 S SEEETFEETEFFEETEFTEEEEEPETTESEEPTETSEEEETTETEEEE S

Cs
Cs
Cs
Cs
Cs
Cs
%
Cs
Cs
Cs

UNIT CONVENTION

IN THIS COMPONENT THE SI UNITS (MODIFIED)

ARE APPLIED :

TEMPERATURE IN & QUTPUT
TEMPERATURE INTERNAL
SPECIFIC ENTHALPY

MASS FLOW

RATE

IN
IN
IN
IN

DEG C

K

KJ/7KG DRY alIR
KG / HOUR

L T R
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Cs HUMIDITY RATIO IN KG WATER /
Cs KG DRY AIR
C$

%

%
%

T T rrr ey
SUBROUTINE TYPE42 (TIME,XIN,OUT,T,DTDT,PAR, INFO)
IMPLICIT REAL (M)

LOGICAL

LOF

DIMENSION XINC&)>, OUTC(20), INFOC1O)

COMMON ~/ SIM  ~ TIMEO,TFINAL,DELT
DATA LUN / 3 / LOF / .TRUE. / PAMB / 101325.0 /
C ___________________________________________________________
C FIRST CALL OF SIMULATION
C ___________________________________________________________
IF C(INFO(7).EQ.-1)> THEN
INFOC(&)=3
CALL TYPECK ¢1,INF0,4,0,0)
END IF
C ___________________________________________________________
C SET INPUT VARIABLES AND PARAMETERS
C ___________________________________________________________
1 CONT INUE
MDAINI = XIN (1)
TAINI = XIN (2) + 273.15
WAINI = XIN (3
MDAINZ = XIN (4)
TAINZ = XIN (5) + 273.15
WAIN2 = XIN (&)
c ___________________________________________________________
c CALCULATE OUTLET STATE
C ___________________________________________________________
MDAOUT = MDAIN1 + MDAINZ
WAOUT = C(WAINI * MDAINI + WAIN2 % MDAINZ) / MDAOUT
HAINI = HATAWA (TAINI,WAIN1,LUN,.TRUE.)
HAINZ = HATAWA (TAIN2,WAIN2,LUN,.TRUE.)
QDOT = MDAIN1 * HAIN1 + MDAINZ2 % HAIN2
HAOUT = @DOT ~ MDAOUT
TAOUT = TAHAWA (HAOUT ,WAOUT,LUN,.TRUE.)
C ___________________________________________________________
C ASSIGN OUTPUTS
C ———————————————————————————————————————————————————————————
OUT (1> = MDAOUT
OUT ¢2) = TAOUT - 273.15
OUT (3> = WAOUT
RETURN
C ___________________________________________________________
c END OF TYPE42
[ o o e e o o o e e e i e e e e e e o . o o o o e e . e e e e o o e S
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CHEXRREERREEEEEEEEXEEREEELEEEEREEEEEEXEEEEEE XX R XXX LR EREREX R XX R

Cx* *
C» *
C* TRNSYS COMPONENT 41 > FAN < *
Cx *
C= *

CHEXEXEREEREEXXEREXFEXEEX XXX AR EREXERRXXXXEXR XXX XX XXX R XXX R E XX
CAAAS LSS LS LSS L LSS LA L LS VR LRSS ST AL LTS LS LS iL LTS S s

Cx r A A “
cx A UPDATED VERSION FA
CA VERSION : 10-27-1984 # 1 X « A
Cx r A el
Cx YA A “

CHAA AT LSS LRSS LSS LA ST LLLAT LSS . LSS LSS LS LSS LS S LAS ST
CHHHHBHHHBHHHHBHHHHEHERHEH AR H R HAHHHHHE HHHH R H R

C# #
C# THIS IS A SIMPLE MODEL OF A FIXED LOAD #
C# #
C# INPUTS 3 : #
C# #
C# 1 M DOT AIR IN #
C# 2 T AIR IN #
C# 3 W AaIR IN #
C# #
C# QUTPUTS 4 : #
CH #
C# 1 M DOT AIR OUT #
C# 2 T AIR OUT #
C# 3 W AIR OUT #
C# 4 ELECTRIC POWER CONSUMPT.[KW] #
C# #
C# PARAMETERS 1 : #
C# #
CH 1 ELECTRIC POWER CONSUMPT.LKW] #
C# #
CH PROGRAMED BY : THOMAS K BUSCHULTE #
C# #

CHHHHHHHHHHHRBHHHAHHHAHRHHHEHHRHAHHHHHHHHHH A A
CE55+$$5$SEEEETFTFESEPEETETEEETEEEFEEEEETPPESEETEEEHEEEEEBEE

C# ! %
Cs UNIT CONVENTION %
Cs $
Cs IN THIS COMPONENT THE SI UNITS (MODIFIED> £
Cs ARE APPLIED : %
Cs 3
Cs TEMPERATURE IN & OUTPUT IN DEG C $
Cs TEMPERATURE INTERNAL IN K $
Cs HUMIDITY RATIO IN KG WATER / +
Cs KG DRY AIR $



Cs$
Cs
Cs
Cs

S
M
E
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PECIFIC ENTHALPY IN KJ/KG DRY AIR
ASS FLOW RATE IN KG / HOUR
LECTRIC POWER IN KW = KJ / SEC

$
$
%
%

C$$5¢5$$$ 4SS EETEEFSEFEEEEEESEEETEFESEEETEFESEEELEEEESEEBEES

SUBROUTINE TYPE41 (TIME,XIN,OUT,T,DTDT,PAR,INFO)
IMPLICIT REAL (M)
LOGICAL LOF
DIMENSION XINC(3), OUT(20), INFOC10)
COMMON ~ SIM / TIMEO,TFINAL,DELT
DATA LUN v 3 / LOF / .TRUE. ~ PAMB ~ 101325.0 /
C ___________________________________________________________
FIRST CALL OF SIMULATION
C ___________________________________________________________
IF C(INFOC?).EQ.-1) THEN
INFOC(&8)=4
CALL TYPECK (1,INFQ,3,1,0)
END IF
C ___________________________________________________________
SET INPUT VARIABLES AND PARAMETERS
C ___________________________________________________________
CONTINUE
MDAIN = XIN (1)
TAIN = XIN (2) + 273.15
WAIN = XIN (3
PELT = PAR

MDAOUT = MDAIN
WAOUT = WAIN
HAIN = HATAWA (TAIN,WAIN,LUN,.TRUE.)
HAQUT = HAIN + (PELT * 3&00.0 / MDAIN)
TAOUT = TAHAWA (HAOUT ,WAOUT,LUN,.TRUE.)
C ___________________________________________________________
ASSIGN OUTPUTS
o o o e e e e e e e e e e e e o e o e e i o it e e e S o it e e
ouT (1> = MDAQUT
OuUT (2 = TAOUT - 273.15
ouT (3 = WAOUT
ouUT <4) = PELT
RETURN
0 e e e e e e e e e e o e e e e e e e e o e e o o
END OF TYPE41



APPENDIX B.&

CEEREEEEEEEEEEEXEEEEEXREREXEERLER XX EXEREEEEXEEXEEXXEEEX XX XX R XX

Cx
Cx
Cx
C*
Cx

TRNSYS COMPONENT 44 > VAPOR COMPRESSION HEAT PUMP <

* X ok K %k

CREXREEEXEEXREEEEEEEREEEEEREXRREEXEEEREXELXEEREERZEXXEEEEXERERER X

Cx
Cx
cx
cx
cx

CHLA AL LA LA LSS LA LSS AT LSS

VERSION 10-30-1984 & 1

CHAAA S LS A LS LA LS LS AL LSS LA LS LSS L AL LSS LS A LSS LSS LTS

~

“
s UPDATED VERSION
rA
“
A

\:.'-\:N

%

NN NN

VA AS LS L LSS LSS LSS S

CHHEHHHBHHHHEHHHEHHHEEHHH SR B A R BB AR R R R B EH

C#
C#
CH
C#
C#
C#
C#
CH
C#
C#
C#
C#
C#
C#
CH
C#
C#
C#
C#
C#
CH#
C#
C#
C#
CH
C#

P why -

QUTPUTS

NN B W -

PROGRAMED BY

THIS IS A STEADY STATE MODEL
IT USES CURVE FITS OF DATA OF THE HEAT PUMP

MCQUAY TEMPLIFIER TPB-0&0B

DOT CONDENSER

IN CONDENSER

DOT EVAPORATOR

IN EVAPORATOR

OUT CONDENSER SET

R b= B¢

DOT CONDENSER

OUT CONDENSER

DOT EVAPORATOR

OUT EVAPORATOR

ELECTRIC POWER CONSUMPTION
COEFFICIENT OF PERFORMANCE
@ DOT LOSS

XX

THOMAS K BUSCHULTE

EE EF EEEEEEEEEEEEEEEEEEEE RS

CHHHHHHHHHHHHHAHHEHHH AR A AR R R HHH AR R R
Ct4$$5TSSEETESEFES TS SETEEIPEEEEEEETEEETEEETEEPEEESEEEEESSE

Cs
Cs
Cs
C#
Cs
C#

UNIT CONVENTION

IN’THIS COMPONENT THE SI UNITS (MODIFIED)>
ARE APPLIED

LR RN



Cs
Cs
Cs
C#
Cs
Cs
Cs

TEMPERATURE ¢ FUNCTION > IN
TEMPERATURE IN & OUTPUT IN

SPECIFIC ENTHALPY IN
MASS FLOW RATE IN
ENERGY FLOW RATE IN
POWER IN

APPENDIX B.é&

DEG F

DEG C

KJ 7/ KG WATER
KG / HOUR

KJ / HOUR

KW = KJ / SEC

)
%
$
$
+
$
$

C3$$$3533333345$353$F5ES TS SHETEESTEEETTEEFETEFSESEETEEES
SUBROUTINE TYPE4é (TIME,XIN,OUT,T,DTDT,PAR,INFO)

EXTERNAL SuUB4é
IMPLICIT REAL (M)
IMPLICIT DOUBLE PRECISION (2)

DIMENSION XIN(5>, 0OUT(20>, INFOC(10>,

2X (2>, ZFVEC (2), ZWORK (19
COMMON / COM4é6 ~ MDC, TCI, MDE, TEI, TCOSET

COMMON / SIM / TIMEO,TFINAL,DELT
DATA LUNW / &6 / ETA / 0.92 /

IF (INFO(7).EQ.-1) THEN
INFOC&)=7
INFO(9)=0
CALL TYPECK ¢1,INF0,5,0,0)
TEO = TEI - 5.0
OUT (4) = TEO
CAPFAC = 1.0
OUT (19) = CAPFAC
END IF

CONTINUE

MDC = XIN (1)
TCI = XIN (20
MDE = XIN (3
TEI = XIN (4)
TCOSET = XIN (3

FIRST GUESSES FOR OUTLET TEMPERATURES

TEO = 0UT (4)
CAPFAC = OUT <19
ZX (1) = CAPFAC
2X (2 = TEO

TOL = 1.0E-03
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CALL HYBRD! (SUB44,2,ZX,ZFVEC,TOL,INFOMP,ZWORK,19)

——— ———————— 1 — ——— — 0% W ——— " — — — G —— - —— S " S T . T T W T T — N . S W S — . W= G — -

ASSIGNMENT OF THE OUTLET TEMPERATURES
RESULTS OF HYBRD1 CALL

———— —— - ———— — —— — S G G W VG — T — —— — — ——— —————— - ———" O — — ——— - ——— - —_————— — —_ ——t——

CAPFAC = ZX (1)
TEO = ZX (2)
TCO = TCOSET

—————— - ———. W — ——— - — - — . - - —— —— - G - S - — . G G- - - ——- - — " — —" " - —

IF (INFOMP.NE.1)> THEN
WRITE (LUNW,*)> - #x%x TYPE4é ERROR MESSAGE :°
WRITE (LUNW,*)

1 ’ MINPACK ROUTINE HYBRD1 INDICATES’
WRITE (LUNW,*) ~ UNSUCCESSFUL CALCULATION !~
WRITE (LUNW,%*) - INFO =" ,INFO

END IF

IF (TIME.GE.TFINAL)> THEN
DTC = TCO - TCI
IF (DTC.LT.3.00.0R.DTC.GT.11.00)> THEN
WRITE (LUNW,#*) ‘ xx% TYPE4é ERROR MESSAGE :~
WRITE (LUNW,*)

1 ‘ TEMPERATURE RISE AT CONDENSER’
WRITE (LUNW,*)> - oUT OF RANGE !~
WRITE C(LUNW,*) ~ DELTA T COND =",DTC
END IF
C ———————————————————————————————————————————————————————————
DTE = TElI - TEO
IF (DTE.LT.S5.00.0R.DTC.GT.11.00)> THEN
WRITE (LUNW,%) ‘ =#%* TYPE46 ERROR MESSAGE :-
WRITE (LUNW,*)
i ’ TEMPERATURE RISE AT EVAPORATOR’
WRITE C(LUNW,*)> ~ OUT OF RANGE !“
WRITE C(LUNW,*) ~ DELTA T EVAP =’ ,DTE
END IF
C ___________________________________________________________
80 DEG F < T COND OUT < 165 DEG F
[ o o o o e e et e e e S e s i e o e S e o St o S St S O e o e
IF (TCO.LT.26.7.0R.TCO.GT.73.%) THEN
WRITE (LUNW,%*) - x¥x TYPE44 ERROR MESSAGE :°
WRITE C(LUNW, %)
1 ’ OUTLET TEMPERATURE AT CONDENSER-
WRITE (LUNW,#*) - OUT OF RANGE !~“
WRITE C(LUNW,®) - T COND OQUT =" ,TCO
END IF
[ e e e e e e e e e i 7 i S S £ . S 2 S S S o

40 DEG F < T EVAP OUT < 110 DEG F
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C ___________________________________________________________
IF (TEO.LT.4.4.0R.TEQ.GT.43.3) THEN
WRITE (LUNW,#*®) ‘ *x% TYPE4é ERROR MESSAGE :-
WRITE (LUNW, %)
1 ‘ OUTLET TEMPERATURE AT EVAPORATORS
WRITE (LUNW,*) “ OUT OF RANGE !~
WRITE C(LUNW,*) “ T EVAP OUT =,TEOD
END IF
END IF
G e e e e e e e ———
c CALCULATE COP, PELT AND GDLOSS
o o e e e e e e e e o
COoP = FCT46 (TDEGF(TCO)>,TDEGF(TEOQ),1)
PELT = CAPFAC * FCT4é (TDEGF(TCO) ,TDEGF(TEM ,2)
QDLOSS = PELT * (1.0-ET&)
e o e e o e e e e e o o i
c ASSIGN OUTPUTS
C ———————————————————————————————————————————————————————————
ouT (1) = MDC
ouT 2> = TCO
ouT (3> = MDE
ouT (4> = TEO
ouT (3 = PELT
ouT (&> = COP
ouT (7> = QDLOSS
OuT (19)= CAPFAC
RETURN
[ o o o o o e e e e e o e e e e e e e e e . e . e e
c END OF TYPE4é
[ == o e e e e e e e e o e e o e e
END

CEXREERREEEEEEEEEEEEEEREEEXEXEEEEXERE L L XX EEEEXE XX XS XXX S XX XER IR SR

Cx *
C# SUBROUTINE SUB4é *
C* *
Cx IS CALLED BY THE MINPACK ROUTINE HYBRDI *
Cx *

CREEREEEEEEEREEEEEEEEEEEEEEZEEEZESEEEEEZEEREEEEEERELEXE XXX XX FE KX XXX
SUBROUTINE SUB4é (NDUM,ZX,ZFVEC, IFLAG)
IMPLICIT REAL (M)
DOUBLE PRECISION ZX(¢2), ZFVEC(2)
COMMON / COM4é ~/ MDC, TCI, MDE, TEI, TCOSET
DATA CPH20 / 4.19 / ETA / 0.92 /

C ___________________________________________________________
TCO = TCOSET
CAPFAC = ZX (1)
TEO = ZX (2)
TCOF = TDEGF (TCQ
TEOF = TDEGF (TEQ)
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PELT = FCT4é (TCOF,TEOF,2>
C ___________________________________________________________
c CONVERT PELT FROM KJ/S TO KJ/HOUR
C ___________________________________________________________

PELT = PELT * 3400.

CoP = FCT4&4 (TCOF,TEOF,1)

GDE = CPH20 * MDE * (TEl - TED)

QaDC = CPH20 * MDC =% (TCO - TCI»

PELBAR = ETA * PELT * CAPFAC

ZFVEC (1) = GDE - QDC + PELBAR

ZFVEC (2) = @GDC - ¢ PELT * COP * CAPFAC >

RETURN
B ___________________________________________________________
C END OF SUB4é
C ___________________________________________________________

END
CEEEEEEERERFEEEERREEEEEEFEEEERFEEE RS EEEEREREEREEERREREERRERR
C* : *
C# REAL FUNCTION FCT4é *
C* *
Cx CALCULATES : *
C* 2 %
C* FCT4&é = C1 + C2 % TCO + C3 = TCO + C4 * TEQ *
C* 2 *
C* + Co # TEO + Cé * TCO * TEO *
Cx *
Cs TCO, TEO IN DEGREE FAHRENHEIT ! *
C* *
C* INFO =1 : CALCULATE C O P ®
C* 2 @ CALCULATE *
C= ELECTRIC POWER CONSUMPTION *
C* . *
CEEEEREREREREERERREEREEEEFEEEEEEEEEEXEXEEEEREEEEXEXEREEZXERE

REAL FUNCTION FCT46 (TCO,TEO,IOPT)
DIMENSION COEFF (é6,2)

C ___________________________________________________________

c COEFFICIENTS FOR THE COP

C ———————————————————————————————————————————————————————————
DATA COEFF / 2.789E-01 , -3.341E-03 , 8.025E-05
1 1.30567E-01 , 1.S58E-06 , -7.0858E-04 ,

C ___________________________________________________________

c COEFFICIENTS FOR THE ELECTRIC POWER CONSUMPTION

c PELT IN KW !

C ———————————————————————————————————————————————————————————
2 4.9140E+01 , -2.2372E-01 , 2.095E-04 ,
3 -2.3797E-01 , 2.174E-04 , 4.9423E-03 /

C ___________________________________________________________

FCT4é = COEFF (1,10PT)
i + ((TCO*COEFF(3,10PT))+COEFF(2,I0PT))*TCO
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2 + ((TEO*COEFF(S,I0PT)>>+COEFF(4,I0PT>)*TEO
3 + COEFF(&,10PT)*TCO*TED
RETURN
C ___________________________________________________________
Cc END OF FCT4é
C ___________________________________________________________
END
CEEEEEEREEEEEEEEEEEEE LR EEE R AR X R R EE XX LR R R AR EE XA EEXEXRE R ERRH
Cx *
C* REAL FUNCTION TDEGF *
C* *
C* CALCULATES T IN DEG F AS A FUNCTION OF T IN DEG C =
C= *

CHREXEREREEEEERER IR EEREEEE R LR R R LR R R LR AR R R R R L XXX
REAL FUNCTION TDEGF (TDEGC)>

[l = m m m m e e
TDEGF = ( TDEGC # 1.8 > + 32.0
RETURN
S o e o e e e e e S o e e
c END OF TDEGF
G o e e e e i e e
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C ___________________________________________________________
IF (TEQ.LT.4.4.0R.TEO.GT.42.3> THEN
WRITE (LUNW,%*) - xx%% TYPE446 ERROR MESSAGE :°
WRITE (LUNW,*)
i ’ OUTLET TEMPERATURE AT EVAPORATOR’
WRITE <(LUNW,*)> - OUT OF RANGE !'“
WRITE (LUNW,*> “ T EVAP OUT =,TED
END IF
END IF
C ___________________________________________________________
C CALCULATE COP, PELT AND QGDLOSS
C ___________________________________________________________
CoP = FCT4é (TDEGF(TCO),,TDEGF(TEO)>,1)
PELT = CAPFAC * FCT4é (TDEGF(TCO),TDEGF(TEQ),2)
@DLOSS = PELT # (1.0-ETé&D
C ___________________________________________________________
c ASSIGN QUTPUTS
C ___________________________________________________________
outT (1> = MDC
auT <2 = TCO
OuUT (3> = MDE
ouT <4>) = TEO
OUT (5> = PELT
OuUT <(é> = COP
ouUT (7> = QDLOSS
auT <(19)= CAPFAC
RETURN
e e e e e e e e e —————— — ———— —————— ——————
C END OF TYPE4é
C ___________________________________________________________
END
CEEEEREEREEREEFEEEEEEEFEEREEEEFEREREEEEREEFREEEERERREXEEX XX K ER
Cx *
C#* SUBROUTINE SuUB4é *
C* *
C# IS CALLED BY THE MINPACK ROUTINE HYBRDI *
Cx *
CHREXEEERXEEREEREEEEEXEFEEEREEEEEE SRR EEREREEEREREREBEE R R ERRE RS

SUBROUTINE SUB4é (NDUM,ZX,ZFVEC, IFLAG)
IMPLICIT REAL (M)

DOUBLE PRECISION 2ZX(2), ZFVEC(2)

COMMON ~ COM4sé ~ MDC, TCI, MDE, TEI, TCOSET
DATA CPH20 ~ 4.19 / ETA 7/ 0.92 /

o e e e e e e e e e e e e e e
TCO = TCOSET
CAPFAC = ZX (1)
TEO = ZX (2)
TCOF = TDEGF (TCO)
TEOF = TDEGF (TEM
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PELT = FCT46 (TCOF,TEOF,2?
C ___________________________________________________________
c CONVERT PELT FROM KJ/S TO KJ/HOUR
C ___________________________________________________________

PELT = PELT % 3&00.

COP = FCT4& (TCOF,TEQF,1)

GDE = CPH20 * MDE * (TEI - TEQ>

QDC = CPH20 * MDC * (TCO - TCI)

PELBAR = ETA % PELT * CAPFAC

ZFVEC (1> = QDE - QDC + PELBAR

ZFVEC (2) = @QDC - ¢ PELT #* COP * CAPFAC »

RETURN
C ___________________________________________________________
C END OF SUB4é
C ___________________________________________________________

END
CEEXREEEEEXEEEEEEEEEEEEEEEEEEXERE XX EREEER XXX XX XEEX XX R XXX XXX
Cx *
Cx REAL FUNCTION FCT4é *
C* *
C* CALCULATES : *
C* 2 *
C# FCT46 = C1 + C2 #* TCO + C3 # TCO + C4 * TEOQ *
C* 2 *
C# + CS * TEO + Cé * TCO * TEQ *
Cx *
C* TCO, TEO IN DEGREE FAHRENHEIT ! *
C% *
C# INFO =1 : CALCULATE C O P *
Cx 2 1 CALCULATE *
Cx ELECTRIC POWER CONSUMPTION *
Cx* %

CHEEXREEEEXREXEEERKRERIIREIEIR I NI IR NI EER KR IIWENEENNRREWEXERRE®RE

REAL FUNCTION FCT46 (TCO,TEOQ,IOPT)
DIMENSION COEFF (é,2)

C ___________________________________________________________

c COEFFICIENTS FOR THE COP

o e e e e e e e e e e e e e e e e e o e e e e o o e e et e e o e e o o e
DATA COEFF / 2.789E-01 , -3.341E-03 , 8.025E-05 ,
1 1.30567E-01 , 1.S8E-06 , -7.0858E-04 ,

C ___________________________________________________________

= COEFFICIENTS FOR THE ELECTRIC POWER CONSUMPTION

C PELT IN KW !

C ___________________________________________________________

- 2 4.9140E+01 , -2.2372E-01 , 2.095E-04 ,
3 -2.3797E-01 , 2.176E-04 , 4.9423E-03 /

T
FCT46 =  COEFF ¢1,I0PT)

1 + ((TCO*COEFF(3,I0PT)>)>+COEFF(2,I0PT))>*TCO
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2 .+ ((TEO*COEFF(3,I0PT))+COEFF(4,I0PT))»*TEQO

3 + COEFF(&,I0PT)*TCO*TEQ

RETURN
C ___________________________________________________________
c END OF FCT44
e e e

END
CEEEEEEREEREEREEEEREEEEEEEEEFREE R EFEFEEE SRR EEREERERREEERRER R
C* *
C* REAL FUNCTION TDEGF *
C* *
C* CALCULATES T IN DEG F AS A FUNCTION OF T IN DEG C =
C» *

CREXREEEEREEEXER XXX XXX R RN R XXX F XXX EEEX RN EERR XXX EEXER XXX
REAL FUNCTION TDEGF (TDEGC)

o e o e e e e o e o e o
TDEGF = ( TDEGC * 1.8 ) + 32.0
RETURN
Cmm e e e ———— e ———
c END OF TDEGF
G e e e e e e e e e e e e e e e e e e
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CHEXFEEXEEERRFRREREXERREXEXERRRXRXXX XX XAXXRLRFXERRXXRAREXERARRRRRFREREXH

Cx=
C*
Cx
(R
Cx

TRNSYS COMPONENT 44 > VAPOR COMPRESSION CHILLER <

& W ok &k K

CREXRREEEXRXERERREEXEREREXEERXRXEEEXFXREEREXXRXEALEXEXXERRLXXXHXEREREXRRRERF

C¥%
C4
C4
4
cx

CHLLLLLLLLLSLLLLL LS LLLLLLLLLLLLLL LSS LSS

CHAALLLLLLLL LS LLLLLLLLLLLLLLLS LS LS LS LS L e

%
, %
VERSION : 10-16-1984 # 1 %
%

%

NN NN

~

HAALALLLL LTS LL LS LLLLLSLLL LS LLLLS S,

UPDATED VERSION

KRLLLSLLLLLLLLLLLLLLLLLLLLALLLST,

“
A

“

CHERHHBRHHHHBHRHHRHBHEHBERRHAHRHHAHHHRHH R R HHHBUHHERHAHEBHRHH AU BRI R R R

c#
C#
C#
c#
C#
c#
c#
C#
C#
C#
c#
C#
C#
C#
c#
C#
c#
C#
c#
C#
CH
C#
C#
C#
C#
C#
C#
C#
c#
C#
CH#
c#
C#

CHEHHERHRHBHHRHAHAHBHEHHHEHHHHHHAHE B HHH B U HHEH B HERHHU R HHH R BB B HBHBRRH A

THIS IS A MODEL OF A VAPOR COMPRESSION CHILLER

BASED ON AN CARNOT EFFICIENCY APPROACH

IDEAL T EVAP
COP R
EVAP T COND - T EVAP
IDEAL
COP = EFF % COP
EVAP EVAP
INPUTS 3

1 M DOT EVAP IN
2 T EVAP IN
3 T EVAP OUT SET

OUTPUTS 4 :

M DOT EVAP OUT
T EVAP OUT

P ELECTRIC

COP

B N -

PARAMETERS 2 :

)

T COND OUT SET
2 EFFICIENCY

PROGRAMED BY : THOMAS K BUSCHULTE

#

#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#



APPENDIX B.7

C43$$3333959339533333934399993339333999TIPIEPIPTFIIIEFEIITPE 339988

C% $
Cs UNIT CONVENTION $
Cs %
Cs IN THIS COMPONENT THE SI UNITS (MODIFIED) ARE APPLIED : $
Cs $
Cs TEMPERATURE IN & OUTPUT IN DEG C $
Cs TEMPERATURE INTERNAL IN K $
Cs SPECIFIC ENTHALPY IN KJ / KG DRY AIR $
Cs MASS FLOW RATE IN KG / HOUR $
C$ POWER IN KW= KJ / SEC %
Cs $

(R332 223333 2223322223322 32222322 22022 2322222 R AR bR R AR R R R0 2 22
SUBROUTINE TYPE44 (TIME,XIN,OUT,T,DTDT,PAR,INFO)
IMPLICIT REAL (M)
LOGICAL LOF
DIMENSION XIN(3), OUT(20), PAR <2), INFO(10)
COMMON / SIM  / TIMEO,TFINAL,DELT

DATA LUN / 6 / LOF / .TRUE. / PAMB / 101323.0 /
C-- _____ - - - = - -~ - - o - - o= - - = o -
c FIRST CALL OF SIMULATION
C___ J— - - - -

IF (INFOC?7).EQ.-1) THEN

INFO(6)=4
CALL TYPECK (1,INF0,3,2,0)

END IF
C _____________________________________________________________________
c SET INPUT VARIABLES AND PARAMETERS
C _____________________________________________________________________
1 CONTINUE

MDEVIN = XIN (1)

TEVIN = XIN (2) + 273.15

TEVSET = XIN (3) + 273.15

TCOSET = PAR (1) + 273.19

EFF = PAR (2)
C _____________________________________________________________________
c CALCULATE OUTLET STATE
C _____________________________________________________________________

MDEVOU = MDEVIN

TEVOUT = TEVSET

TC = TCOSET + 5.0

TE = TEVSET - 5.0
G e o e o e o e e o e
C COP BASED ON EVAPORATION ENERGY !
c IF EFF = 0.6, COP (335 DEG F) = 5.2 (RICHMOND ASSUMPTION)
c e e e o e e ————————————

COPID = TE / (TC - TE)

cop = EFF * COPID

WELT = MDEVOU * 4.19 * (TEVIN-TEVOUT) / COP
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PELT = WELT / 3600.0

- " - o o - —— - — T S - - > S " 2 O WD S W G Gs G = . G S S S WS G uw e " = S G T -~ -

- - - - - ——— — o - —— - . - > S —— - — - — = = S N G S S G - - - - W S S G S

ouT (1) = MDEVOU

ouT (2> = TEVOUT - 273.15
ouT (3> = PELT

0uT (4> = COP

RETURN

e e - e S = o o S - - S S S - Ga G- = - . T - G S I = o . G G i GE S N e G G G o O G G G e e S S

- - —— o - ———— — ——— - - —— — S o - S > S S G e G e S i G . S S S G S G S S S G S S = G5 S S = S G G . G SSe G S e
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CEEXRERXXREERRRREEEE XXX XXX XXX EXEREXEEXLRRXXEREXEERRREXRXRARERRXRRERRXXER

Cx
C*
C#*
Cx
Cx

TRNSYS COMPONENT 45 > PROPORTIONAL - INTEGRAL CONTROLLER <

* ok K Kk

*

IIITIIIIITIIILI LI LSS IILIILIIIIZILILIIIIILLIIL LSS LSS SR LS SRS LR L L ]

C4
Cx
cx
C4
C4

VERSION : 10-28-1984 # 1

CHAAS LS LLL LSS LLLLLLLL LA LLLL SIS LLSLLLLIT

CHASLALLL LA LA AL LSS LA LLLLLLLLLLLLLLLL LI LSS AL LSS LSS LSS LLLLLSLL LA LT

LSS LLLALLLLLS LSS LS SLLLLL LSS LSS S
A A

™~

AL UPDATED VERSION A
A A
A A
A A

CHHHBHHBHHBBHARRHHEHHBBHRBHRHRHHBHAHEHERH AR R AR U B RH R R R R B HHRH RN R HERRHERY

C#
C#
CH
C#
C#
c#
C#
C#
C#
c#
CH
C#
CH
C#
CH#
C#
C#
C#
C#
C#
C#
C#
C#
c#
CH#
C#
c#
C#
CH
C#
C#
c#
CH#
C#

"VELOCITY FORM"

#

#

#

DELTA T #

u -u =K * ( ( EPS - EPS ) 4 e * EPS ) #
K K-1 K K-1 2 * TAUI K #
#

EPS =Y -Y #
K K SET #

#

U = PAR () #
0 #
#

Y = FUNCTION ¢ U > (BY OTHER TRNSYS COMPONENTS) #
K K-1 #
#

INPUTS 21 #
#

YK SYSTEM STATE AT TIME STEP K #

Y SET SYSTEM STATE SET POINT #

#

OUTPUTS 1: #
#

USER ==-==> UKMILI CONTROLLER ACTION AT TIME STEP K-1#
LIMITED BY UMIN AND UMAX #

STORAGE UKM!1 CONTROLLER ACTION AT TIME STEP K-1 #

#

#

#

#

#

#

#

#

PARAMETERS O

OF THE PI CONTROLLER :

EPSKM1 CONTROLLER ERROR AT TIME STEP K-1

UKLI CONTROLLER ACTION AT TIME STEP K
LIMITED BY UMIN AND UMAX

UK  CONTROLLER ACTION AT TIME STEP K

EPSK CONTROLLER ERROR AT TIME STEP K

Y SET SYSTEM STATE SET POINT



C#
C#
C#
C#
C#
C#
C#
C#
C#

APPENDIX B.8

#
K {CONTROLLER GAIN) #
TAUI (INTEGRATION TIME CONSTANT) [HOURS] #
U0 C(INITIAL CONTROLLER ACTION) #
UMIN (MINIMUM CONTROLLER ACTION) #
UMAX (MAXIMUM CONTROLLER ACTION) #
#
#
#
#

NS W -

PROGRAMED BY : THOMAS K BUSCHULTE

CHHHHHHBHHRBHHBHHHBHHHBHH U HHRHHBH BN RS H AU B R BB H AR HE R R R R H BB HH R

SUBROUTINE TYPE45 <(TIME,XIN,OUT,T,DTDT,PAR,INFO)
IMPLICIT REAL (KD

DIMENSION XIN(2), OUT(20), PAR(3), INFO{10)
COMMON / SIM / TIMEO, TFINAL, DELT

CONTINUE

YK = XIN (1)
YSET = XIN (2)
K = PAR (1)
TAUI = PAR (2)
uo = PAR (3)
UMIN = PAR (4)
UMaX = PAR (5

- ———— - —— - - —— =" —— -~ - — = —— - T > Ve S = G S W G . o G G T G - - - S T . S - - - - - " " - - .-

- - - S = = . G S S S S G S G G G S G G G S G e G GE G S G S G G U U G G S G S S - S - — - -

IF (INFO(7).EQ.-1) THEN

INFO(4) = 1
INFO(S) = 7
CALL TYPECK (1,INF0,2,5,0)
UK = U0
UKLT = UK
UKMI = UD
UKMILI = UKM1
EPSK = 0.0
EPSKM1 = 0.0
IF CUK.GT.UMAX) THEN
UKLI = UMAX
UKLIM1 = UMAX
END IF
IF (UK.LT.UMIN) THEN
UKLT = UMIN
UKLIMI = UMIN
END IF
ELSE

REASSIGN THE VALUES OF TIME STEP K - 1
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IF (INFO(7).EQG.0) THEN
ouT (1) = 0UT (4)

ouT (2) = OUT (5
OuT (3) = 0UT (&)
END IF

- - ———— -~ - - - -~ - - — -~~~ —————— ———— = T " - = " e G - - ———— - - o o o=

- - - —— - —— = —— - - — - " S S G S " G G e - - G T S S G - ———— - = = = - G - ———— o -

UKMILI = OUT (1)
UKMI = OUT (2)
EPSKM1 = OUT (3)

- —— —— - - - - S — - o U G e S S - G S G G S S S - G G S G > G - = - = - - = = e S = = S . " G G= G= Gu S o -
o — - — - - - G~ S S o - - - . > S S G = = G S G- - T T S S " - S N G e W - " - S S - o - -
- — - — — ———— o " . - - ——— - - = = . S - - " = . - S = S " S T T S S G S S = G G G G - S S - - - - S~ G S - -

UK = UKMI + K * ((EPSK - EPSKM1) + (DELT * EPSK)
1 / (2.0 % TAUIY)

UKLI = UK
IF (UK.GT.UMAX) UKLI = UMAX
IF (UK.LT.UMIN) UKLI =

END IF

- o o ——— — —— - - - ——— - " G S S —— = - - - - - ——— " " - - " - - - T - - - - . ————— - t— —-

ouT (1) = UKMILI
OUT (2) = UKMI
OUT (3) = EPSKM1
OUT (4) = UKLI
OUT (5) = UK
ouT (6> = EPSK
ouT (7> = YSET
RETURN

- — — — o ———— — — - - - S— - — = - T —— - - — T~ — - o - - — —— " - - - - -~ - -~ ——_—— - -~ -
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CREXRREEEXERRERFEERRRREEEREEEERENEXEEXEE XX XXX XEXEXXXXXXRRXERERRRXERERRNER

Cx *
Cx *
Cx TRNSYS COMPONENT 43 » LOAD < *
C# *
C* *

CHREFEREREEEREREREHRREEXRRRRERRERERRRRRRRRRERRRERERRFRRRRRRERRREERRXRRRRR
CHALLLLLLLLLLLLLLLLLLLLLLLLLLLLLLSLLLILe VLS LS LLLLLL LS LLLLLLLLLLLILLLL AL S,

C4 LA “
c4 F A UPDATED VERSION A
CA VERSION : 10-30-1984 #1 XL % “
C4 A A
w4 A %

CHAL LS LA LA LA L LS LLLLLLLLLALLLLLLSLLSLL, LS LSS S LS LSS LS L LSS AL AL LLLILLLL LT
CHHHBHHHHHRHBHBBHAHHHHBRHHRHBHERBH BB HBBH R HHHBRH B BHHBHHBHHH BRI RH R R

CH - #
c# THIS IS A SIMPLE MODEL OF A FIXED LOAD #
C# #
C# INPUTS 3 : #
C# #
c# 1 M DOT AIR IN #
CH# 2 T AIR IN #
C# 3 W AIR IN #
CH #
C# OUTPUTS 5 : #
C# #
C# 1 M DOT AIR OUT #
C# 2 T AIR OUT #
C# 3 W AIR OUT #
C# 4 SENSIBLE LOAD #
C# 3 LATENT LOAD #
cH #
C# PARAMETERS 2 : #
c# #
c# 1 T OUT SET #
CH# 2 W SET OUT #
c# #
C# PROGRAMED BY : THOMAS K BUSCHULTE #
C# #

CHHHHHHHHHHAHHEHH BB AR HABRRRHHBRH AR HHRH R R B R HH AR R HHHHRHHH IR HHH AR
C433$$34395354353$35F553FFF33 IS 5T FSIIEFSIIIIIIITI3333839988

Cs $
Cs UNIT CONVENTION $
Cs $
Cs IN THIS COMPONENT THE SI UNITS (MODIFIED) ARE APPLIED : $
Cs $
Cs TEMPERATURE IN & OUTPUT IN DEG C 4
Cs TEMPERATURE INTERNAL IN K $
C$ SPECIFIC ENTHALPY IN KJ / KG DRY AIR %
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C$ MASS FLOW RATE IN KG / HOUR $
c$ $
C$3$93933933953533593535533553539339335339353593349353853358498498448954

SUBROUTINE TYPE43 (TIME,XIN,OUT,T,DTDT,PAR, INFO)

IMPLICIT REAL (M)

LOGICAL LOF

DIMENSION XIN¢3), OUT(20), PAR ¢2), INFO(10)

COMMON / SIM  / TIMEO,TFINAL,DELT

DATA LUN / 6 7/ LOF / .TRUE. / PAMB / 101325.0 /
C ______________________ R
c FIRST CALL OF SIMULATION
C___ ______ - — ——— — — o S8 S S S S o S TR P S S T ST S D Tt S A A8 o e S
IF (INFO(7).E@.-1) THEN
INFO(6)=5
CALL TYPECK (1,INF0,3,2,0)
END IF
C ---------------------------------------------------------------------
C SET INPUT VARIABLES AND PARAMETERS
C _____________________________________________________________________
1 CONT INUE
MDAIN = XIN ¢1)
TAIN = XIN (2) + 273.15
WAIN = XIN ¢3)
TAOUT = PAR (1) + 273.15
WAOUT = PAR (2)
cce WRITE ¢3,%) / LOAD : MDAIN =/,MDAIN,’ TAIN =*,TAIN
cce WRITE (3,%) “ LOAD : WAIN =’ ,WAIN
C _____________________________________________________________________
C CALCULATE OUTLET STATE
C _____________________________________________________________________
MDAOUT = MDAIN
HAIN = HATAWA (TAIN,WAIN,3,.TRUE.)
HAIWAD = HATAWA (TAIN,WAOUT,3,.TRUE.)
HAOUT = HATAWA (TAOUT,WAOUT,3,.TRUE.)
GDLAT = MDAIN * (HAIWAO - HAIN) / 3400.0
@DSENS = MDAIN * (HAOUT - HAIWAD) / 3600.0
C_.... _________ -
c ASSIGN OUTPUTS
C _____________________________________________________________________
OUT (1) = MDAOUT
OUT ¢2) = TAOUT - 273.15
OUT ¢3) = WAOUT
OUT (4) = GDSENS
OUT ¢5) = GDLAT
RETURN
C _____________________________________________________________________
C END OF TYPE43
C _____________________________________________________________________



APPENDIX C
*BHEHE 12 - 17 - B4 HHHHHHHHHHRHBHHHBHABHABRHBRHRRHBHEHBHHBHHB R B R HE *
TRNSYS DECK > HVAC SYSTEM, SCIENCE MUSEUM OF VIRGINIA (

OUTPUT COMPONENTS ARE NOT INCLUDED

&* K ok K Xk
*® K ok kK Xk

*BHHHBHHRHAHBHRHAHBHHHRERHR AR HRH R AR R AR R RHHH R B RHH B H R BB HH B R R R >
*

WIDTH 72
*

CONSTANTS 18
TST = 0.0
TEND = 100.0
DTI =1/ 40
TRON = TEN
TOFF = TEN + DTI
PRON = TST
DTPR = 50.0
DPLO = 120 = DTI
MDC = 23.76E+03
MDH = 15.48E+03
TCI = 12.78
THI = 40.0
UAH = 40430.
uac = B1400.
MDG = 70356.
EHR = 0.85
TAI = 21.10
WAl = (.0143
TST SIMULATION START TIME
TEND SIMULATION END TIME
DTI TIME STEP

TRON TRACE START TIME

TOFF TRACE END TIME

PRON PRINTER ON TIME

DTPR PRINT TIME STEP

DPLO PLOT TIME STEP

MDC MASS FLOW RATE COOLER , LIQUID ¢ H20 )

TCI TEMPERATURE OF THE COOLER, LIQUID AT INLET < H20 )
MDH MASS FLOW RATE HEATER, LIQUID ¢ H20 )

THI TEMPERATURE OF THE HEATER, LIQUID AT INLET ¢ H20 )
UAH UA OF SOLUTION HEATER

UAC UA OF SOLUTION COOLER

MDG MASS FLOW RATE OF GLYCOL IN HEAT RECUPERATION LOOP
EHR EFFECIENCY OF HEAT RECOVERY LOOP HX

TAI AIR INTAKE TEMPERATURE

WAI AIR INTAKE HUMIDITY RATIO

WO ok K ok K ok W ok N ok K ok Nk kK ok N kK



*
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SIMULATION TST TEND  DTI

TOLERANCES 0.0000000001 0.00001
INTEGRATION CONVERGENCE
LIMITS 500 10 499

MAX ITER MAX WARN TRACE START

UNIT DIRECTORY

UNIT TYPE COMMENT

DESORBER CYCLE (REGENERATOR)

Mook e ok Ok ok ok K ok K Ok K ok K ok N ok K ok K ok K ok K ok N ok Kk ok X ok K ok K ok K ok K ok K ok K

10 48 SPRAY CHAMBER  REGENERATOR, DESORBER
11 47 suMpP OF THE REGENERATOR

12 5 HEATEXCHANGER  SOLUTION HEATER

14 11 FLOW DIVERTER VALVE FOR HEATING WATER
15 11 TEE-PIECE FOR HEATING WATER

16 5 HEATEXCHANGER  EXHAUST AIR HEATER

17 5 HEATEXCHANGER  EXHAUST AIR COOLER

ABSORBER CYCLE (CONDITIONER)

20 48 SPRAY CHAMBER  CONDITIONER, ABSORBER

21 47 SUMP OF THE CONDITIONER

22 9 HEATEXCHANGER  SOLUTION COOLER

24 11 FLOW DIVERTER VALVE FOR COOLING WATER

23 11 TEE-PIECE FOR COOLING WATER

26 45 PI CONTROLLER CONTR. SUMP DIVERTER VALVE
27 3 HEATEXCHANGER  SOLUTION INTERCHANGER

HEAT PUMP, CHILLER AND AUXILLIARY EQUIPMENT

30 44 HEAT PUMP

32 43 PI1 CONTROLLER  CONTR. VALVE 34

33 44 CHILLER (AT 55 DEG F)

34 11 FLOW DIVERTER VALVE HP / CHILLER DIVERTION

35 11 TEE-PIECE HP / CHILLER TEE-PIECE
EVAPORATOR SIDE

FANS, AIRMIXERS

44 41 RETURN FAN

45 42 SUPPLY AIR MIXER

46 41 SUPPLY FAN

47 42 CONDITIONER AIR MIXER



*x ok K kK

* W

48 41 CONDITIONER FAN
49 41 REGENERATOR FAN
50 43 LOAD

UNIT 16 TYPE 5 EXHAUST AIR HEATER

PARAMETERS 4

4 EHR 3 2

MODE EFFECT FLUID HOT FLUID COLD
INPUTS 6

17,4 0,0 0,0 49,2 49,1 49,3
T HOT IN MD HOT IN  CONC HOT IN T COLD IN
CONC COLD IN

37.2 , MDG , 0.30 , 27.6 ,
0.0093

UNIT 10 TYPE 48 SPRAYCHAMBER ( REGENERATOR )
PARAMETERS 1

1

MODE

INPUTS &

12,5 12,4 12,6 16,5 16,4 16,6

MDSI TSI X181 MDAI

wal

32.04E403 44,72 , 0.305 , 9972.0 ,
0.0093

UNIT 11 TYPE 47 SUMP OF REGENERATOR (10)

PARAMETERS 1
27.2

VOLUME FLOW RATE OUT

INPUTS 9

10,1 10,2 10,3 27,5 27,4 27,6 0,0 0,0 0,0
MDSOL1 IN TSOL1IN XI1S0L1IN MDSOL2IN
X1SOL2IN MDH20IN TH20IN GAMMA
32.04E+03  40.4 , 0.306 , 0.6 ,
0.285 , 0.0 , 20,0 , 0.0418

DERIVATIVES 3

APPENDIX

MD COLD IN

9972.0 ,

TSOLZIN

31.1
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2336.0 , 718.6 , -145.834E+03
M SOL INIT M SALT INIT @ SOL INIT

UNIT 14 TYPE 11 FLOW DIVERTER, VALVE FOR HEATING WATER
PARAMETERS 1

2
MODE

INPUTS 3

30,2 30,1 0,0

T IN M DOT IN GAMMA
THI , MDH , 1.0

- — - ———— - - - - = = — e S " S - — G = S o e S G S G M - G - —— e - G S S - o S5 T o - " —

UNIT 12 TYPE 5 HEATEXCHANGER ¢ SOLUTION HEATER )
PARAMETERS 4

2 UAH 9 1
MODE ua FLUID HOT FLUID COLD
INPUTS 6

14,3 14,4 0,0 11,3 11,2 11,4
T HOT IN MD HOT IN  CONC HOT IN T COLD IN  MD COLD IN
CONC COLD IN

THI , MDH , 0.0 , 39.1 , 32.04E+403
0.305

UNIT 15 TYPE 11 TEE - PIECE, HEATING WATER

PARAMETERS 1
1

MODE

INPUTS 4

14,1 14,2 12,1 12,2

TINI MDOT IN1 T IN2 M DOT IN 2
40.0 , 0.0 , 51.67 , MDH

- —— o ————— -~ ———— - - - — . - ——— - - — = o - - - - = - S - - ————. —

UNIT 17 TYPE O EXHAUST AIR COOLER

PARAMETERS 4

4 EHR 2 3

MODE EFFECT FLUID HOT  FLUID COLD
INPUTS ¢

10,5 10,4 10,6 14,1 16,2 16,3 ,
T HOT IN MD HOT IN  CONC HOT IN T COLD IN  MD COLD IN
CONC COLD IN

43.9 , 9972.0 , 0.023 , 34,3 , MDG ,
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UNIT 20 TYPE 48 SPRAYCHAMBER <( CONDITIONER )

PARAMETERS 1

2

MODE

INPUTS 6

22,2 22,1 22,3 48,1 48,2 48,3

MDSI TS1 X181 MDAl TAl
WAl

32.27E+03 , 18.0 , 0.285 , 24.12E+03 , 25.0 ,
0.0118

———— o 2 - —— S - G S T o - - ——— 0o o5 - e S - - _ — S S S - — - - - -

UNIT 21 TYPE 47 SUMP OF CONDITIONER (20)
PARAMETERS 1

27.2

VOLUME FLOW RATE OUT

INPUTS ¢

20,1 20,2 20,3 27,2 27,1 27,3 0,0 0,0 26,1
MDSOLIIN  TSOL1IN X1S0L1IN MDSOL2IN TSOL2IN
XISOL2IN MDH20 IN TH20IN GAMMA

32.5E+03 22.9 , 0.284 , 1980.0 , 30.9 ,
0.305 , 0.0 , 20.0 , 0.063

DERIVATIVES 3
2367.0 673.0 , -243,500E+03
M SOL INIT M SALT INIT @ SOL INIT

- ——————— —— —_" T ——————————_——— —— — — —— — — ————— — ———— " o= ————————— - —— T_" — —— —— ——— - —— -

UNIT 24 TYPE 11 FLOW DIVERTER, VALVE FOR COOLING WATER

PARAMETERS 1

2

MODE

INPUTS 3

35,1 35,2 0,0

TIN M DOT IN GAMMA

TCI , MDC , 1.0

- o ————— - —— - — - —— - — —— — — " —— — — ————— - - ———— o - - — - - - - S - - - - o=
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UNIT 22 TYPE 5 HEATEXCHANGER ¢ SOLUTION COOLER )
PARAMETERS 4

2 uAaC 1 4
MODE UA FLUID HOT FLUID COLD
INPUTS 6

21,3 21,2 21,4 24,3 24,4 0,0

T HOT IN MD HOT IN  CONC HOT IN T COLD IN  MD COLD IN
CONC COLD IN '

23.6 , 32.22E403 , 0.285 , TCI , MDC

0.0

UNIT 25 TYPE 11 TEE - PIECE, HEATING WATER
PARAMETERS 1
1

MODE

INPUTS 4

24,1 24,2 22,4 22,5

TIN 1 MDOT IN1 T IN2 M DOT IN 2
TCI 0.0 , 18.33 , MDC

UNIT 26 TYPE 45 Pl CONTROLLER CONTROLS SOLUTION DIVERTER
VALVE AS A FUNCTION OF
THE SUMP LEVEL (= VOLUME)

PARAMETERS 5

0.10 0.5 0.063 0.0 0.1

K - GAIN TaU 1 uo U MIN U MAX
INPUTS 2

21,5 0,0

SUMP VOL.  SETPOINT

2.0 , 2.0

- ——— ———— — = S - " > S - - S ——— - ———— — -t — - o " - - - . " " - G o - G o= G -

UNIT 27 TYPE S5 SOLUTION HEATEXCHANGER
PARAMETERS 4

2 5688.0 1 1
MODE ua FLUID HOT FLUID COLD
INPUTS 6

11,3 11,1 11,4 21,3 21,1 21,4

T HOT IN MD HOT IN  CONC HOT IN T COLD IN  MD COLD IN
CONC COLD IN

39.1 , 1980.0 , 0.285 , 23.4 , 2140.0 ,
0.305



- - - s S o e o - - — - - S - ———— o -

UNIT 32 TYPE 45 Pl CONTROLLER CONTROLS VALVE 34
AS A FUNCTION OF

APPENDIX C

THE HP EVAPORATOR LEAVING TEMP

PARAMETERS 5

0.02 0.01 0.318 0.0

K - GAIN TAU I uo U MIN
INPUTS 2

30,4 0,0

T COND OUT  SETPOINT

TCI , TCl

1
u

0
MAX

UNIT 34 TYPE 11 FLOW DIVERTER, HP EVAPORATOR / CHILLER DIVERTER

PARAMETERS 1

2

MODE

INPUTS 3

25,1 0,0 32,1

T IN M DOT IN GAMMA
18.33 , MDC , 0.318

UNIT 30 TYPE 46 HEAT PUMP

PARAMETERS 0

INPUTS 5

0,0 15,1 34,2 34,1 0,0

M DOT COND T INCOND M DOT EVAP T IN EVAP
MDH , 51.67 , 16195.0 , 18.33 ,

UNIT 33 TYPE 44 CHILLER
PARAMETERS 2

35.0 0.4

T CO OUT SET EFFECT.

INPUTS 3

34,4 34,3 0,0

M DOT EVIN T EV IN T EV OUT SET
7570.0 , 18.33 , TCI

T OUT COND SET
THI



APPENDIX C

UNIT 35 TYPE 11 TEE - PIECE, HP EVAPORATOR / CHILLER TEE-PIECE -
PARAMETERS 1
1

MODE

INPUTS 4

30,4 30,3 33,2 33,1

TINI MDOT INI1 T IN2 M DOT IN 2
12.78 , 16195.0 , 12.78 , 7570.0

UNIT 45 TYPE 42 SUPPLY AIR MIXER
PARAMETERS 0

INPUTS 6

20,4 20,5 20,6 0,0 44,2 44,3

M DOTAIRINI T AIR IN1 W AIR IN1 MDOTAIRINZ T AIR IN 2
W AIR IN 2

24120.0 ,  18.89 , 0.0061 55393.0 26.61
0.00929

——————— 1 ——— = T ——— S S S - - - G S S G U S SN € G G I T S S G AT T S S . T S S o > Gar Wo -

UNIT 46 TYPE 41 SUPPLY FAN
PARAMETERS 1

33.0

P ELT [KWI

INPUTS 3

45,1 45,2 45,3

M DOT AIR IN T AIR IN W AIR IN
79513.0 ,  26.44 , 0.00861

——— - — -~ — — = T = S W G S S S G W G GE S GRS GAN G S I I SN G0 G SUR G G SN NS GES A P SN GES 0P GUR GHR GEN I GNP SN SR G SN GE Gem S GE W WGP G e o Se

UNIT 47 TYPE 42 CONDITIONER AIR MIXER
PARAMETERS 0

INPUTS 6

0,0 0,0 0,0 0,0 44,2 44,3

M DOTAIRINI T AIR IN1 W AIR IN 1 MDOTAIRINZ T AIR IN 2
W AIR IN 2

12060.0 ,  TAI , wal , 12040.0 26.61
0.00929

UNIT 48 TYPE 41 CONDITIONER FAN
PARAMETERS 1

7.9

P ELT C[KWI
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INPUTS 3

47,1 47,2 47,3

M DOT AIR IN T AIR IN W AIR IN
24120.0 ,  25.00 , 0.0118

- - - — - - = = - . S - S G S G G G G T = Cw G G W - - = = S T S - G - - S " S e . G o = o

UNIT 49 TYPE 41 REGENERATOR FAN
PARAMETERS 1

2.9

P ELT [KWI

INPUTS 3

0,0 44,2 44,3

M DOT AIR IN T AIR IN W AIR IN
9970.0 , 26.60 , 0.00929

UNIT 50 TYPE 43 LOAD OF BUILDING

PARAMETERS 2

25.0 0.0093

T ROOM SET W ROOM SET
INPUTS 3

46,1 46,2 46,3
M DOT AIR IN T AIR IN W AIR IN
79513.0 , 19.28 , 0.00861

UNIT 44 TYPE 41 RETURN FAN
PARAMETERS 1

23.0

P ELT [KWI

INPUTS 3

0,0 50,2 50,3

M DOT AIR IN T AIR IN W AIR IN
77475.0 ,  25.61 , 0.00929

——— - -~ —— = - G T S S e . G - G G S S G G S e S S I G S S . I I G G G S e G G S Su e S S S G - -
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C***********************************************************

C* *
Cx *
C* FINITE STEP INTEGRATION MODEL *
C* *
C* BY : THOMAS KARL BUSCHULTE *
Cx *
C* MINPACK ROUTINES NECCESSARY : LMDIF1, DPMPAR *
C* *
C#* THE ROUTINES GETINT, GTREAL, YESNG AND PLTDOT *
C* ARE PART OF THE PSYCHCHART PLOT PROGRAM "PSYCHY" =
Cx *

CHREXEEEEXEEERE XA REXEEEERELEERXE XXX RR X XXX XXX XXX XXX XXX XXX RER
CHAAAS AL LSS LS LSS LLLL LS LA s VLSS LSS AT LA LS LLLSL LT AL oL e

cx Y AV A A
cx A UPDATED VERSION 7
C% VERSION : 0%-28-1984 # 1 X X 7
cx A “
Cx YA A A

A e A A S SLS
PROGRAM MAIN
IMPLICIT LOGICAL (L)
INTEGER LUNW, LUNR, LUNP, LUNF
COMMON / LUNITS / LUNR,LUNW,LUNP,LUNF,LOF
CALL FSIP ¢.FALSE.,LERROR,LEXIT)

VAL AL LSS S SIS ST T oS e

STOP

END

BLOCK DATA
CREXREXEEEEEEEEEEEEREEEEEFEAEEEEEF XA EEFEEEEFERFEEREREEXR R R R XXX
Cx *
C* BLOCK DATA *
C* %

CHEEEEEEREXEERRE R AR R EE R AR EE X R AR RRERXR R R XXX RS
IMPLICIT LOGICAL (L)
IMPLICIT REAL (M)
IMPLICIT DOUBLE PRECISION (2O
INTEGER LUND
REAL LEWIS
COMMON ~ SOLIN ~ MDSI,Q@DSI,TSI,XISI,WSI,MDSALT
COMMON / AIRIN ~/ MDAI,QDAI ,TAI WAl
COMMON / CONTRL / DAREA,LEWIS,IOPT,LUND,NPRINT,NSTEP,

1 NCALL,IVIOL ,LPLO,LPRINT,LDEBUG
DATA MDSI / 8.95 / TSI ~ 17.94 / XISI / 0.285 /
DATA MDAl / 6.70 / TAl / 23.00 7 WAl ~/ 0.0118 7
DATA NPRINT ~/ 0 / NSTEP / 250 / LEWIS / 0.868 /
DATA LDEBUG / .TRUE. / LUND / 3 / I0PT / 1 /
e e e e e e e e e e e e e e e e
c END OF BLOCK DATA



END

APPENDIX

SUBROUTINE FSIP (LPLOT,LERROR,LEXIT)
CRERREEEEEEEXEREREEEEXXEEREXEELXEERREER XL LR XXX EREXEXRRREERRXRE

Cx
C* SUBROUTINE FSIP
Cx

Cx* LPLOT LOGICAL "PLOT DESIRED" FLAG
Cx LERROR LOGICAL "ERROR DETECTED" FLAG
Cx* LEXIT LOGICAL "EXIT DESIRED" FLAG
C*

D

* kK ok K ¥ K %

CREXRXEREEEEEEEXEEEREEERREEXR XXX EELXE XXX XX EXXEXRRE XXX R XXX KX X%
IMPLICIT LOGICAL <L)
IMPLICIT REAL (M)

IMPLICIT DOUBLE

EXTERNAL HMEXCH,

PRECISION <2Z)
CAaLL48

INTEGER LUNW, LUNR, LUNP, LUNF, LUND

DIMENSION 2ZX(2),

ZXSAVE (2), ZFVEC(2), IWORK(2),

1 ZWORK(16)
REAL LEWIS

DOUBLE PRECISION DPMPAR
CHARACTER%75 CHDUM

COMMON / LUNITS /
COMMON ~ SOLIN 7
COMMON / AIRIN /
COMMON ~ SOLOUT /
COMMON / AIROUT /
COMMON ~ CONTRL 7

LUNR , LUNW , LUNP , LUNF , LOF
MDSI ,@DSI,TSI,XISI ,WSI ,MDSALT

MDAI ,GDAI , TAI ,WAl

TS0, XISO, WSO

TAO, WAD

DAREA ,LEWIS, 10PT,LUND ,NPRINT ,NSTEP,
NCALL ,IVIOL,LPLO,LPRINT,LDEBUG

DATA TAOG / 18.89 / WADG / 0.0061 /
DATA TSOG / 23.18 / XIS0G / 0.2838 /
DATA AREA / 22.0 / PAMB / 101325.0 /
DATA IWORK / 2%0 / ZWORK / 14%0.0 /
C ___________________________________________________________
c INITIAL WELCOME
C ___________________________________________________________
CALL PRISIP ¢1,1,1,CHDUM)
CcALL PRISIP ¢2,1,1,CHDUM)
CALL PRISIP (3,7,38,CHDUM)
CALL PRISIP ¢2,1,1,CHDUM)
C ———————————————————————————————————————————————————————————
c INPUT OF INLET STATES
C ———————————————————————————————————————————————————————————

100 CONT INUE

CALL PRISIP ¢1,1,1,CHDUM)
CALL PRISIP ¢3,3,20,CHDUM)
CALL PRISIP ¢1,1,1,CHDUM)
WRITE (LUNW,110) MDSI

110 FORMAT ¢/ [/,F7.2,7 1%)

CALL GTREAL (MDSI,

0.0,10000.0,.FALSE., .TRUE.,LBACK,



200

210

300

210

400

410

a00

510

600

&10

APPENDIX

LEXIT?
IF (LEXIT) GOTO 9999
IF (LBACK) GOTO 100
CONT INUE
CALL PRISIP ¢1,1,1,CHDUM)
CcALL PRISIP ¢3,3,21,CHDUM)
CALL PRISIP ¢1,1,1,CHDUM)
WRITE (LUNW,210) TSI
FORMAT ¢’ [‘,F4.2,7 1)
cALL GTREAL ¢TsS1,0.0,200.0,.TRUE.,.TRUE.,LBACK,LEXIT)
IF (LEXIT) GOTO 9999
IF (LBACK) GOTO 100
CONTINUE
CALL PRISIP ¢1,1,1,CHDUM)
CALL PRISIP ¢3,3,22,CHDUM)
CALL PRISIP ¢1,1,1,CHDUM)
WRITE (LUNW,310) XISI
FORMAT ¢’ [/,Fé.3,7 1°)
CALL GTREAL ¢XISI,0.0,0.80,.TRUE.,.TRUE.,LBACK,LEXIT)
IF (LEXIT) GOTO 9999
IF (LBACK) GOTO 200
CONT INUE
CALL PRISIP ¢1,1,1,CHDUM)
CALL PRISIP (¢3,3,23,CHDUM)
CALL PRISIP ¢1,1,1,CHDUM)
WRITE (LUNW,410) MDAI
FORMAT ¢/ [7,F7.2,7 1)
CcALL GTREAL ¢MDAI,0.0,10000.0,.FALSE.,.TRUE.,LBACK,
LEXIT)
IF (LEXIT)> GOTO 9999
IF (LBACK) GOTO 300
CONT INUE
CALL PRISIP ¢1,1,1,CHDUM)
CALL PRISIP (3,3,24,CHDUM)
CALL PRISIP ¢1,1,1,CHDUM)
WRITE (LUNW,S510) TAI
FORMAT ¢ [/,Fé.2,° 17)
CALL GTREAL ¢TAI,0.0,100.0,.TRUE.,.TRUE.,LBACK,LEXIT)
IF (LEXIT) GOTO 9999
IF (LBACK) GOTO 400
CONT INUE
CALL PRISIP <1,1,1,CHDUM)
cALL PRISIP ¢3,3,25,CHDUM)
CALL PRISIP ¢1,1,1,CHDUM)
WRITE (LUNW,&10) WAI
FORMAT (< [’,F7.4,° 1)
CALL GTREAL (WAl,0.0,0.1,.TRUE.,.TRUE.,LBACK,LEXIT)
IF (LEXIT) GOTO 9999
IF (LBACK)> GOTOD 500

D
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INEXT = 2

GOTO 3000
C ___________________________________________________________
c INPUT OF THE WAY OF INTEGRATION
o o o o o o e e e e e e e e e e e e e e o e e o e S o o o e e

700 CONTINUE
CALL PRISIP (1,1,1,CHDUM)
CALL PRISIP (3,3,34,CHDUM)
CALL PRISIP (3,2,35,CHDUM)
CALL PRISIP (3,2,36,CHDUM)
CaLL PRISIP (1,1,1,CHDUM)
WRITE (LUNW,710) IO0PT

710 FORMAT (7 [7,12,7 17)
CALL GETINT (<IOPT,1,2,.TRUE.,.TRUE.,LBACK,LEXIT)
IF (LEXIT> GOTO 92999
IF (LBACK)> GOTO &00
IF ¢(IOPT.EQ.1) THEN

1000 CONTINUE
CALL PRISIP ¢1,1,1,CHDUM)
CALL PRISIP (3,3,26,CHDUM)
CALL PRISIP ¢1,1,1,CHDUM)
WRITE ¢(LUNW,1010) TAOG
1010 FORMAT ¢/ [’,Fé.2,7 1)
CALL GTREAL ¢(TA0G,0.0,100.0,.TRUE.,.TRUE.,LBACK,LEXIT)
IF (LEXIT) GOTO 9999
IF (LBACK) GOTO 700
ZX (1) = TAOG
1100 CONTINUE
CALL PRISIP ¢1,1,1,CHDUM)
CALL PRISIP ¢3,3,27,CHDUM)
cALL PRISIP ¢1,1,1,CHDUM)
WRITE C(LUNW,1110) WAOG
1110 FORMAT ¢’ [7,F7.4,” 1°)
CALL GTREAL (WA0G,0.0,0.1,.TRUE.,.TRUE.,LBACK,LEXIT)
IF (LEXIT) GOTO 9999
IF (LBACK)> GOTO 1000
ZX (2) = WAODG

ELSE
(= ottt o o e 5 e e i
c INPUT OF THE GUESS OF THE SOLUTION QUTLET STATE
[ e e o o e e o e 1 0 i S e S 4 S R S S B e o i o e e e

1500 CONTINUE
caLL PRISIP ¢1,1,1,CHDUM)
CALL PRISIP ¢3,3,32,CHDUM)
caLL PRISIP ¢1,1,1,CHDUM)
WRITE ¢(LUNW,1010> TSOG



1400

2010

2100

2110

2200

2210

2300

1
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cALL GTREAL ¢TS0G,0.0,200.0,.TRUE.,.TRUE.,LBACK,LEXIT)
IF (LEXIT) GOTO 9999

IF (LBACK) GOTO 700

ZX ¢1) = TSOG

TS0 = TSOG

CONT INUE

cALL PRISIP ¢1,1,1,CHDUM)

CALL PRISIP ¢3,3,33,CHDUM)

CALL PRISIP ¢1,1,1,CHDUM)

WRITE (LUNW,1110) XISOG

cALL GTREAL (X1§80G6,0.0,0.8,.TRUE.,.TRUE.,LBACK,LEXIT)
IF (LEXIT) GOTO 9999

IF (LBACK) GOTO 1500

ZX (2) = XIS06

END IF
INEXT = 3
GOTO 3000

CONT INUE

CALL PRISIP ¢1,1,1,CHDUM)

CALL PRISIP (3,3,28,CHDUM)

CcALL PRISIP ¢1,1,1,CHDUM)

WRITE (LUNW,2010)> NSTEP

FORMAT (< [/,14,7 17)

CALL GETINT (NSTEP,0,100000,.TRUE.,.TRUE.,LBACK,LEXIT)

IF (LEXIT) GOTO 9999

IF (LBACK) GOTO 1100

CONT INUE

CALL PRISIP ¢1,1,1,CHDUM)

CALL PRISIP ¢3,3,31,CHDUM)

CALL PRISIP ¢1,1,1,CHDUM)

WRITE (LUNW,2110)> NPRINT

FORMAT (7 [/,16,7 17)

CALL GETINT <NPRINT,0,1000,.TRUE.,.TRUE.,LBACK,LEXIT)

IF (LEXIT)> GOTO 9999

IF (LBACK) GOTO 2000

CONTINUE

CALL PRISIP ¢1,1,1,CHDUM)

cALL PRISIP (3,3,29,CHDUM)

CALL PRISIP ¢1,1,1,CHDUM)

WRITE (LUNW,2210) AREA

FORMAT ¢/ [’,F10.4,7 1)

CALL GTREAL ¢(AREA,0.0,100000.0,.FALSE.,.TRUE.,LBACK,
LEXIT)

IF (LEXIT) GOTO 9999

IF (LBACK) GOTO 2100

CONT INUE



2310

3100

APPENDIX

CALL PRISIP ¢1,1,1,CHDUM)

CALL PRISIP ¢3,3,30,CHDUM)

CcALL PRISIP ¢1,1,1,CHDUM)

WRITE <(LUNW,2310) LEWIS

FORMAT (¢ [/,Fé.2,° 1°)

CcALL GTREAL ¢LEWIS,0.0,100000.0,.TRUE.,.TRUE.,LBACK,
LEXIT)

IF (LEXIT) GOTO 9999

IF (LBACK) GOTO 2200

INEXT = 4

GOTO 3000

CONT INUE
IADD = 0

IF (LPLOT) IADD = 1

CALL PRISIP ¢1,1,1,CHDUM)

CALL PRISIP ¢3,9,42,CHDUM)

CALL PRISIP ¢2,1,1,CHDUM)

cALL PRISIP ¢3,2,43+IADD,CHDUM)

CALL PRISIP ¢3,2,45,CHDUM)

CALL PRISIP (3,2,44,CHDUM)

CALL PRISIP ¢3,2,47,CHDUM)

CALL PRISIP ¢3,2,48,CHDUM)

CALL PRISIP ¢3,2,49+IADD,CHDUM)

CALL PRISIP ¢3,2,51,CHDUM)

CALL PRISIP ¢1,1,1,CHDUM)

WRITE (LUNW,3100) INEXT

FORMAT (< [ 7,11, 1)

CALL GETINT ¢INEXT,0,6,.TRUE.,.TRUE.,LBACK,LEXIT)
IF (LEXIT.OR.INEXT.EQ.0> RETURN

G0TO ¢100,700,2000,4000,5000,4000> INEXT

FAREA = AREA

NFSTEP = NSTEP

MDSALT = MDSI % XISI

WSI = WAPW (PWTSXI(TSI+273.15,XISI,LUND,LOF),PAME,
LUND, LOF)

MDSI * HSTSXI (TSI+273.15,XISI,LUND,LOF)

MDAI * HATAWA (TAI+273.15,WAI,LUND,LOF)

aDsI
GbAal

D
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LPLO = .FALSE.
LITERA = .FALSE.
LBOT = .FALSE.
LFIRST = .TRUE.
ICOUNT = 1
IF (IOPT.EQ.1)> THEN
ZX (1) = TAOG
ZX (2) = WADG

ELSE
ZX (1) = T&0G6
ZX (2) = XIS0G
END IF
ZXSAVE (1) = 2ZX (1)
ZXSAVE (2) = ZX (2)

————— —— o ———————— —— —— - — - (— {——— — " (— " —— —— — — ——— ——— i ——— S — - —" o~ ——_——— (— O {— " -~

4100 CONTINUE
NCaLL = O
IVIOL = 0
IF (AREA.LT.FAREA/S00) THEN
CalLL PRISIP (1,1,1,CHDUM)
CALL PRISIP (3,6,35,CHDUM?
CALL PRISIP (3,2,40,CHDUM)
CallL PRISIP (3,2,41,CHDUM)
CAaLL BEEP ()
AREA = FAREA
NSTEP = NFSTEP
GOTO 3000
END IF
IF (AREA.GT.FAREA) AREA = FAREA
NSTEFP = MAXD (NINT(FLOAT(NFSTEP)> = AREA / FAREA),
1 NFSTEP/10,100)
DAREA = AREA / NSTEP
ZX (1) = ZXSAVE (1)
ZX (2) = ZXSAVE (20

WRITE (3,%) ¢ szssssssssessssssssssssssssssessnanass’
1,782 sessszssass2es”

WRITE (3,#%) - CALL OF HMEXCH WITH AREA =‘,AREA,

1 ‘ NSTEP =’ ,NSTEP

WRITE (3,%) 7 :sssezssssssssesssasssssssssssssssnessy’
1,728’

CAaLL LMDIFY (HMEXCH,2,2,Z2X,ZFVEC,TOL,INFO, IWORK,

1 ZWORK,16)
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EVALUATE RESULTS
IF (INFO.EQ.-1) THEN
LFIRST = .TRUE.
IF (LITERA) THEN
IF (LBOT)> ICOUNT = ICOUNT * 2
IF (ICOUNT .GT.128) THEN
CALL PRISIP (1,1,1,CHDUM)
CALL PRISIP (3,6,55,CHDUM)
CALL PRISIP (3,2,40,CHDUM)
CALL PRISIP ¢3,2,41,CHDUM)
CALL BEEP ()
AREA = FAREA
NSTEP = NFSTEP
GOTO 3000
END IF
AREA = AREA * (1.500 %% (-1.00/FLOATCICOUNT?))
GOTO 4100
ELSE
CALL PRISIP ¢1,1,1,CHDUM)
CALL PRISIP (3,6,3%,CHDUM)
CALL PRISIP (3,2,40,CHDUM)
CALL PRISIP ¢3,2,41,CHDUM)
cALL PRISIP (1,1,1,CHDUM)
CALL PRISIP ¢3,3,54,CHDUM)
CALL PRISIP ¢1,1,1,CHDUM)
CALL YESNO <(LITERA,LBACK,LEXIT)
IF (LEXIT) RETURN
IF (LITERA) THEN
AREA = AREA % 0.4466666666666
GOTO 4100
ELSE
AREA = FAREA
NSTEP = NFSTEP
GOTO 3000
END IF
END IF
ELSE

————————— ——— t—t— —_———— —_———— —— T ———— ————— — — ) ———{——{— ——{— ——— ————t—— ———_—— {—— o

ZXSAVE (1) = ZX (1)
ZXSAVE (2) = ZX (2)
IF (.NOT.LBOT> LBOT = .TRUE.

QDAD = MDAI * HATAWA (TAO+273.15,WA0,LUND,LOF)
DRD = GDAO0 - GDAl
PMD = (WAO - WAI> * MDAI

IF (IOPT.EQ.1)> THEN
TAG = ZX (1)



APPENDIX D

WAD = ZX (2)
ELSE
TSO = 2X (1)
XIS0 = ZX (2)
WSO = WAPW (PWTSXI(TS0+273.15,XIS0,LUND,LOF)
1 ,PAMB , LUND ,LOF)
END IF

'IF (LFIRST)> THEN
LFIRST = .FALSE.
ELSE
IF (ICOUNT.GT.2> ICOUNT = ICOUNT / 2
END IF
IF (FAREA-AREA.LT.0.0001 *FAREA) THEN
WRITE (LUNW,*)> ° 7
WRITE (LUNW,*)
1 4 FINAL RESULT C(INFO =7,INF0,’ > :’
WRITE (LUNW,*%> 7~ TAO =",TA0,” WAD =" ,WA0
WRITE (LUNW,#*> 7 TSO =7,TS0,° WSO =-,WS0,
1 7 XISO0 =7,XIS0
WRITE (LUNW,=*> ‘ EXCHANGED MASS =7 ,DMD,
4 EXCHANGED TOTAL HEAT =’ ,DQD
IF (LITERA) CALL BEEP ()

—————— ———————— — —_—{——— S —-——— - —— — - —— - - —— - ———— —— Y — W — —— " —— —————— -

UPDATE GUESSES = RESULTS ?

CALL PRISIP (<1,1,1,CHDUM)
CaLL PRISIP (3,2,37,CHDUM?
CALL PRISIP (1,1,1,CHDUM)
CALL YESNO (LYES,LBACK,LEXIT)
IF (LEXIT)> RETURN

IF (LYES) THEN

UPDATE GUESSES = RESULTS !

—— o ———————— ——— - —— —_— S - —————— — ——— — G - G~ —_—— —— — —— G —— _— G o G " " ——— -

TAOG = TAD

WAOG = WAl

TSO0G = TSO

X1s0G = XIs0
END IF

AREA = FAREA
NSTEP = NFSTEP

GOTO 3000

AREA = AREA * (1.500 *x (1.00/FLOATC(ICOUNTY?)

——n ——— o——————{— — Y ——— — —— —— — - S —_————— T~ —— - S — - — S ———— G "~ ———— " ——— S

UPDATE GUESSES = RESULTS !
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TS0G = TSO
XIs0G = XISO
GOTO 4100
END IF
GOTO 3000
C ___________________________________________________________
c SINGLE INTEGRATION
(o e e et e o e e e e

S000 CONTINUE

DAREA = AREA / NSTEP

MDSALT = MDSI * XISI

WSI = WAPW (PWTSXI(TSI+273.15,XISI,LUND,LOF),PAMB,

1 LUND,LOF)

@DSI = MDSI * HSTSXI (TSI+273.15,XISI,LUND,LOF)

GDAI = MDAI * HATAWA (TAI+273.15,WAI,LUND,LOF)

IF (LPLOT) THEN
CALL PLTDOT (TAI,waAl,0,5,3,LERROR)
IF (LERROR) RETURN
CcALL PLTDOT ¢TSI ,WSI,0,3,3,LERROR)
IF (LERROR) RETURN

END IF
LPLO = LPLOT
NCALL = 0
CALL HMEXCH ¢2,2,2X,ZFVEC,IFLAG)
G0TO 3000
C ___________________________________________________________
c CALL OF LMDIF1 / TYPE48
C ———————————————————————————————————————————————————————————

46000 CONTINUE

46100 CONTINUE
CALL PRISIP ¢1,1,1,CHDUM)
CALL PRISIP (3,3,52,CHDUM)
CALL PRISIP <1,1,1,CHDUM)
WRITE (LUNW,4110) TAD

6110 FORMAT (¢ [/ ,F7.3,7 1%
CALL GTREAL ¢(TAO0,0.0,100.0,.TRUE.,.TRUE.,LBACK,LEXIT)
IF (LEXIT)> GOTO 9999
IF (LBACK)> GOTO 3000

46200 CONTINUE
cALL PRISIP ¢1,1,1,CHDUM)
CALL PRISIP ¢3,3,53,CHDUM)
CALL PRISIP ¢1,1,1,CHDUM)
WRITE ¢(LUNW,6210) WAOD

6210 FORMAT ¢’ [/,F9.6,7 1)
CALL GTREAL (WA0,0.0,0.1,.TRUE.,.TRUE.,LBACK,LEXIT)
IF (LEXIT) GOTO 9999
IF (LBACK) GOTO 4100
ZX (1) = 0.7
Z2X (2) = 0.7
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TOL = 1.0E-05
CALL LMDIF1 (CALL48,2,2,2X,ZFVEC,TOL,INFO, IWORK,
1 ZWORK , 16>
WRITE (LUNW,&800) 2ZX (1), ZX (2)

4800 FORMAT (‘0 RESULT : EFFHEAT =,Fé.4,

1 ‘ EFFMASS = ,Fé.4/)
GOTO 3000
7999 CONTINUE
RETURN
e o o e e e e o e e
c END OF FSIP
Gl o e e e e e e e e e e o o e e e e o
END

SUBROUTINE HMEXCH (NDUM1 ,NDUMZ2,2X,ZFVEC,IFLAG)
CHEXREREEREEEERERREERELRERREER XA REXRR LR RERAXER XX R XX RR %R

C# *
C* SUBROUTINE HMEXCH *
Cx *
C* IS CALLED BY THE MINPACK ROUTINE LMDIF1 *
C# *

CREXEREEEEEEEREEEEEEEEEEFEEXEEEREXEXEXREEEXRXERE XS EXEEEREXEXEREEXR

IMPLICIT  LOGICAL <L)
IMPLICIT  REAL (M)

IMPLICIT  DOUBLE PRECISION (2)

INTEGER LUNW, LUNR, LUNP, LUNF, LUND

REAL LEWIS

LOGICAL SUPSAT

CHARACTER%75 CHDUM

DIMENSION 2ZX(2), ZFVEC(2)

COMMON ~/ LUNITS / LUNR,LUNW,LUNP,LUNF,LOF

COMMON / SOLIN ~ MDSI,@DSI,TSI,XISI,WSI,MDSALT
COMMON / AIRIN / MDAI,@DAI,TAI,WAI

COMMON ~/ SOLOUT ~/ TS0,XIS0,WSO

COMMON ~/ AIROUT / TAO,WAO

COMMON / CONTRL ~/ DAREA,LEWIS,I0PT,LUND,NPRINT,NSTEP,

1 NCALL,IVIOL,LPLO,LPRINT,LDEBUG
DATA PAMB / 101325.0 / CPAIR / 1.0076 ~
1 NCaALL ~ 0 /7

NCALL = NCaLL + 1
IF (LDEBUG)> THEN
WRITE (LUNW,x*) * “
WRITE (LUNW,*) “ HMEXCH CALL #7,NCALL,” WITH :~
END IF
C ___________________________________________________________
c INITIAL CALCULATIONS
c IOPT = 1 ¢ START INTEGRATION AT SOLUTION INLET
c
c

GUESS AIR OUTLET

———————_——o— -~ ] ———— ———_— —— (- — —— — —_——— - - ——— " — - —— - - - —— - W——— — - — o~
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IF (IOPT.EQ.1)> THEN

TSO0L = TSI

XIs0L = XISI

WsOoL = W8I

TAO = ZX (1)

WAOD = ZX (2)

TAIR = TAOD

WAIR = WAO

QDAOG = MDAI * HATAWA (TAIR+273.13,WAIR,LUND,LOF)

ZMDSOL = MDSI

Z2aDs0L = @DsI

ZMDAIR = MDAI * (1.0 + WAIR)

2GDAIR = QDADG

FACTOR = 1.0

IF (LDEBUG> WRITE (LUNW,*> ‘ TAOG =" ,TA0,
1 ¢ WADG =7 ,WAD
ELSE

IOPT = 2 : START INTEGRATION AT AIR INLET
GUESS SOLUTION OUTLET

TS0 = ZX (1)
XISO = ZX (2)
WSO = WAPW (PWTSXI(TS0+273.15,X150,LUND,LOF)
1 , PAMB, LUND ,LOF)
TSOL = TSO
XISOL = XISO
WsoL = Wso
TAIR = TAI
WAIR = WAI
MDSOG = MDSALT ~/ XISOL
@DSOG = MDSOG * HSTSXI(TSOL+273.15,XISOL,LUND,LOF)
ZMDSOL = MDSOG
ZGDSOL = GDSOG
ZMDAIR = MDAI * (1.0 + WAID)
ZADAIR = GDAI
FACTOR = —-1.0
IF (LDEBUG) WRITE ¢(LUNW,%) * TS0G =-,TSOL,
1 4 WS06 =*,WSOL
END IF

- - ———— —- o —— ——— - ——— —— — o ———— - —" - {— — ———— {— ————— ————— ————— _ (———— — o~ ———— o o

IF (LPLO> THEN
IF ¢(IOPT.EQ.1)> THEN
CALL PLTDOT (TAIR,WAIR,0,2,3,LERROR)
ELSE
CALL PLTDOT (TSOL,WSOL,0,4,3,LERROR)
END IF
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IF (LERROR) RETURN
END IF

WRITE (3,%) ’° TSO ,TS0,’ TSI “,TSI,” NPRINT /,NPRINT
IF (NPRINT.GT.0)> THEN
TDS = (TSO - TSI) / FLOAT (NPRINT)
ELSE
TDS = TSO - TSI
END IF
TPLO = TSOL + (TDS * FACTOR)
WRITE (3,%) * TDS *,TDS,” TPLO ‘,TPLO

trirrrrorIIsIIIIGIIREGRIIRIROSRGOIIIRIGIIRBIGIIGIGIIORGIGIOINIGIGIIGIIIIIIN
START OF "STEP" SUMMATION LOOP
rrorrIosorrIIIIIIIRROIIGIIEGSIOIIIIGIOIIBIGIOIIGIIOIIRIINBiITIOIIGIIIIIIIG
LPRINT = LDEBUG
LFIRST = .TRUE.
DO 8000 N = | ,NSTEP
IF (NPRINT.EG.0)> THEN
LDEB = .FALSE.
ELSE
LDEB = (LPRINT.AND.(MOD(N,(NSTEP/NPRINT)) .EQ.0)>
END IF
e o e e e e e e o e e e e e e e e e o o e
EXCHANGED HEAT AND MASS FLOW RATES PER STEP
o o o o ot o e o i o o e e e i S o S e o e S

DELHA = HMASS (TSOL) * DAREA
IF (SUPSAT(TAIR+273.15,WAIR,PAMB,LUNW, .FALSE.))> THEN
IF (NCALL.GT.4) THEN
IFLAG = -1
RETURN
END IF
DELMDS = 0.0
DELGDS = DELHA * (LEWIS * CPAIR * (TAIR-TSOL)>)
IF (LPRINT.AND.LFIRSTY THEN
WRITE (LUNW,%) * ~
WRITE (LUNW,%) ‘ > SATURATION OF THE AIR < ~
WRITE (LUNW,%) * ~
LFIRST = .FALSE.

END IF
ELSE
DELMDS = DELHA * (WAIR - WSOL)
DELGDS = DELHA * (HWEVAP(TAIR+273.15,LUND,LOF>
1 * (WAIR-WSOL)
2 + LEWIS * CPAIR * (TAIR-TSOL))
END IF

ZMDSOL = ZMDSOL + (FACTOR * DELMDS)



6100
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ZGDSOL = Z@DSOL + (FACTOR * DELQGDS)
HSOL = z@GDSOL ~ ZMDSOL
XISOL = MDSALT ~/ ZMDSOL
TSOL = TSHSXI (HSOL,XISOL,LUND,LOF) - 273.15
WSOL = WAPW (PWTSXI(TSOL+273.15,XIS0L,LUND,LOF),
1 PAMB , LUND , LOF)
IF (IOPT.EQ@.1) THEN
WAIR = WAO + (ZMDSOL - MDSI) / MDAI
HAIR = (GDADOG + Z@DSOL - @DSI) / MDAI
ELSE
WAIR
HAIR
END IF
TAIR = TAHAWA (HAIR,WAIR,LUND,LOF) - 273.15
ZMDAIR = MDAI * ¢1.0 + WAIR)
ZGDAIR = MDAI * HAIR

WAl + (ZMDSOL - MDSOG) / MDAI
(QDAI + ZQDSOL - QDS0GY / MDAI

IF (LDEB)> THEN
WRITE (LUND,&100) TSOL,WSOL,XISOL,TARIR,WAIR
FORMAT (- TSOL:’,F7.2,” WSOL:”’,F8.5,

1 ’ XIs0L: ,F7.4/

2 ‘ TAIR:’,F7.2,7 WAIR:’ ,F8.5/)

IF ((LPLO).AND.
({IOPT.EQ.1.AND.((TSOL.GT.TPLO.AND.TDS.GT.0.0)

D

IDR.

(TSOL.LT.TPLO.AND.TDS.LT.0.02))

OR.

0OR.

(TSOL.GT.TPLO.AND.TDS.LT.0.02222)

1
2
3
4 (IOPT.EQ@.2.AND.C(TSOL.LT.TPLO.AND.TDS.GT.0.0)
S
6

THEN
CALL PLTDOT (TSOL,WSOL,0,4,1,LERROR)
IF (LERROR) RETURN
CALL PLTDOT (TAIR,WAIR,0,2,1,LERROR)
IF (LERROR) RETURN
TPLO = TPLO + (TDS * NINT(FACTOR))
END IF

IF ¢((TSOL.LT.10.0).0R.(TSOL.GT.120.0).0R.

1 (TARIR.LT.0.0).0R.CTAIR.6T.120.0).0R.
2 (WSOL.LT.0.0).0R.CWSOL.GT.0.1).0R.
3 (WAIR.LT.0.0).0R.(WAIR.GT.0.1>> THEN

IVIOL = IVIOL + 1
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IF ¢(IVIOL.EQ.2) IFLAG = -1

GOTO 9000
END IF
8000 CONTINUE
N N R R R R R R R E R R R
c END OF "STEP" SUMMATION LOOP
N N R R R R R R R R R R R R
C ___________________________________________________________
c "CURRENT" OUTLET STATES
C (AS RESULT OF THIS INTEGRATION)
C ___________________________________________________________
IF (IOPT.EQ@.1) THEN
TSO = TSOL
WSO = WSOL
X150 = XISsOL
ELSE
TAO = TAIR
WAD = WAIR
END IF
C ___________________________________________________________
C DOCUMENT FINAL RESULTS
C ___________________________________________________________
IF (LPRINT) THEN
IF (IOPT.ER.1)> THEN
WRITE (LUND,7100) TSOL,WSOL,XISOL,TAIR,WAIR,
1 TAl WAl
7100 FORMAT ¢ TSO :“,F7.2,’ WSO :’,F8.5,
1 ‘ X180:* ,F7.4/
2 s TAIC:’ ,F7.2,/ WAIC:’,F8.5/
3 ¢ TAl 1 ,F7.2,’ WAl :7,F8.5/)
ELSE
WRITE (LUND,7200) TSOL,WSOL,XISOL,TSI,WSI,
1 XI181,TAIR,WAIR
7200 FORMAT (¢ TSIC:,F7.2,’ WSIC:’,F8.5,
1 ¢+ XISIC:’,F7.4/
2 ¢ TSI :7,F7.2,’ WSI :/,F8.5,
3 ‘ XISl: 7 ,F7.4/
4 © TAD :’,F7.2,’ WAOD :‘,F8.5/)
END IF
END IF

2000 CONTINUE
IF (IOPT.EQ.1)> THEN
ZFVEC (1) ERRFU (TAI,TAIR,LUNW, .FALSE.?
ZFVEC (2) = ERRFU (WAI,WAIR,LUNW, .FALSE.)
ELSE
ZFVEC (1) = ERRFU (TSI,TSOL,LUNW, .FALSE.)
ZFVEC (2) = ERRFU (WSI ,WSOL,LUNW, .FALSE.>
END IF
IF (LPLO> THEN
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IF (IOPT.EQ.1)> THEN
CALL PLTDOT (TSOL,WSOL,0,4,3,LERROR)

ELSE
CALL PLTDOT (TAIR,WAIR,0,2,3,LERROR)
END IF
IF (LERROR) RETURN
END IF

2999 CONTINUE

RETURN

END
SUBROUTINE CaLL48 <(IDUMI1,IDUMZ,ZX,ZVEC,IFLAG)

CHREXRREXEEEREEREEEXEEREXEXEXEEXLXEEEXREXEXEEREXEEEIEHXXXX XXX XEXR

C*
Cx*
Cx
Cx
Cx*
Cx

SUBROUTINE CALL48

IS CALLED BY THE MINPACK ROUTINE LMDIF1
AND CaLLS THE TRNSYS MODEL TYPE48

* ok Kk ok XK %k

CEEEEEEEEXEEEEEEEEZEEEEEEEEEEEEEEEEEEEEXEEXXLEXEEERREFEXEREERE X

IMPLICIT LOGICAL <L)

IMPLICIT REAL (M)

IMPLICIT DOUBLE PRECISION (2)

DIMENSION 2X (2>, ZVEC (2), XIN (&), OUT <200,
1 PAR (4), INFO (10)

INTEGER  LUNW, LUNR, LUNP, LUNF

COMMON ~/ LUNITS / LUNR,LUNW,LUNP,LUNF,LOF
COMMON ~/ SOLIN ~ MDSI, @DSI, TSI, XISI, WSI, MDSALT
COMMON ~/ AIRIN ~/ MDAI, GDAI, TAI, WAI

COMMON ~/ SOLOUT / TS0, XISO, WSO

COMMON ~/ AIROUT / TAO, WAO

INFO (7> =0

XIN (1) = MDSI
XIN (2) = TSI
XIN (3> = XISI
XIN (4> = MDAl
XIN (5) = TAl
XIN (&) = WAl

P&AR (1> = 1.0
PAR (2) = ZX (1)
PAR (3) = 2ZX (2
PAR (4> = 11.0

WRITE (LUNW,*) ‘ CALL OF TYPE 48 WITH :

WRITE (LUNW,%) ‘ EFFHEAT =/,PAR(2),’ EFFMASS =/,
1 PAR(3)

cALL TYPE48 ¢1.0,XIN,OUT,T,DTDT,PAR, INFO)
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ZVEC (1) = ABS (0OUT(S) - TAD> / TAOD
ZUVEC (2) = ABS (OUT(&) - WAD) / WAO
RETURN

END
SUBROUTINE PRISIP (I0PT,IMESS,ITEXT,CHLIN)

CREXREEREEEEEEEXEEEEEZEXEEEEEXEREEAZEREEREEAEEEEXABEXEXREEXER X R XK XX

C*
C*
C*
C*
C*
C*
C*
Cx
C*
Cx»
Cx
C*
C*
C*
C*
Cx*

SUBROUTINE PRISIP

+ I0PT OPTION PARAMETER
= | PRINT FRAME LINE P e <
= 2 PRINT SPACE LINE > <
= 3 PRINT PREDEFINED TEXT > TEXT <
= 4 PRINT SUPPLIED TEXT > TEXT £

+ IMESS MESSAGE NUMBER

+ ITEXT TEXT NUMBER ( FOR PREDEFINED TEXT )

+ CHLIN CHARACTER STRING CONTAINING THE SUPPLIED
TEXT ¢( CHARACTER%*735 )

+ SPECIFY THESE ON CALLING

* ook K ok K ok K ok K ok K ok K ok X %

CEEEEEEEEEEEEEEEEXEEEEEEEXEELXEEREEEEREEEEEEEEEEREEXEEEEREERRE

C»
C*
Cx

*

PRISIP PRINTS ONE LINE AT A TIME ON THE SCREEN *
*

CEEEEEEEESEEREEEXFEEEEEEEEEEEFEEXEREXEEEEEEERXEZEEE R XX EREEESR

PARAMETER (IMMAX=10 , ITMAX=60)

IMPLICIT LOGICAL (L)

INTEGER LUNW, LUNR, LUNP, LUNF, LUND
CHARACTER#*#10 CHMESS (IMMAX)

CHARACTER%63 CHTEXT (ITMAXD

CHARACTER*73 CHLIN

COMMON / LUNITS / LUNR,LUNW,LUNP,LUNF,LOF

————— ————————————— {———_ — - — ——t—— —— ———— — t—— ——— . -~ - ——— o —_——— {—{— ——— —t—

DATA CHMESS (1) / ‘=== r s/
DATA CHMESS (2> / 7 HERV S
DATA CHMESS (3) / 7 INPUT : 7 /
DATA CHMESS (4) / “ HINT HER 4
DATA CHMESS (35> » “ ERROR : 7 /
DATA CHMESS (&) / “WARNING : 7 /
DATA CHMESS (7> / “WELCOME : ~ /
DATA CHMESS (8) / “BYE BYE : 7 ~
DATA CHMESS (%) / “ MENU R4
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DATA CHMESS (10> / ° s

— - - ——— — - —— - ———— - V= —— _— — - W — — —— - — - - — — — -~ — —— S — " - — - - — S - G~ ———

$/ __________________________________________ .",
si _____________________ I/

DATA CHTEXT ¢ 20 /7
$I ’/

DATA CHTEXT ¢ &) 7
e L T I e T L YL T
E 2P - Y - T4

DATA CHTEXT ¢ 11) /

% you must enter at least one character “/
DATA CHTEXT ¢ 12) /

% value out of range i
DATA CHTEXT ¢ 13> /

% Hit RETURN to continue i
DATA CHTEXT ¢ 20) /

%7 Solution mass flow rate at inlet v
DATA CHTEXT ¢ 21) 7

% Solution temperature at inlet i
DAaTAa CHTEXT ¢ 22> /

% Solution concentration at inlet v
DATA CHTEXT ¢ 23) /

$ Air mass flow rate at inlet s
DATA CHTEXT ( 24> /

$ Air temperature at inlet v
DATA CHTEXT ¢ 25 /

$ Air humidity ratio at inlet vl
DATA CHTEXT ( 2&8) /

% Air temperature at ocutlet (guess) v
DATA CHTEXT ( 27) /

$ Air humidity ratio at outlet (guess) ‘7
DATA CHTEXT ¢ 28> /

$ number of "integration" {(summation) steps “/
DATA CHTEXT ( 29) /

% total contact area in spray chamber i
DATA CHTEXT ¢ 30> 7

2 Lewis number ‘s
DATA CHTEXT ¢ 31> 7

$7 number of documentation print-cuts (plo’,

$/tted points) ‘7
DaTaA CHTEXT ¢ 32) 7

: Solution temperature at outlet {(guess) “/
DATA CHTEXT ¢ 33) /

% Solution concentration at outlet (guess) s
DATA CHTEXT ¢ 34) /

+ Which way do you want to integrate ? v

DATA CHTEXT ( 35 /
%7 i start at solution inlet (guess ai”,
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$‘r outlet states) o/
DATA CHTEXT ¢ 38) /7

3 2 start at air inlet (guess solutio’,

$’n outlet states) 4
DATA CHTEXT ( 37) /

*‘ Do you want to use these results as new’,

%’ guesses ? [Y/NI] 7
DATA CHTEXT ¢ 38) / -

$ to FSIP (Finite Step Integrati’,

% on Program) v
DATA CHTEXT ¢ 39) /

$ The integration hit a boundary ! s
DATA CHTEXT ( 40> /

: The result may be erroneous ! v
DATA CHTEXT ( 41) /

% Try new initial guesses . i
DATA CHTEXT ( 42> /

$ Options currently available : /
DATA CHTEXT ¢ 43) /

$7 1] EXIT from program ‘ v
DATA CHTEXT ¢ 44) /

% a Return to PSYCHY 7
DATA CHTEXT ¢ 45 /

% 1 Redefine inlet states s
DATA CHTEXT ¢ 46) /

% 2 Redefine guesses of outlet states “/
DATA CHTEXT ( 47) /

$ 3 Redefine integration parameters “/
DATA CHTEXT ( 48) /

% 4 Search for "exact" outlet states e
DATA CHTEXT ( 49) /

$ S Do a single integration e
DATA CHTEXT ¢ S0y /

% S5 Do a single integration and p”,

$’1ot the results 7
DATA CHTEXT ¢ 512 /7

0 & Call TYPE48 and search for th’,

$’e EFF parameters e
DATA CHTEXT ¢ 52) /7

% Air temperature at outlet e
DATA CHTEXT ( 353> 7/

% Air humidity ratio at outlet v
DATA CHTEXT ¢ 54) /

7 Do you want to continue (start iteratio’,

$'n) 7 [Y/N] /
DATA CHTEXT ¢ 55 /

k2 The iteration was not sucessful ! 7

WRITING OF THE LINE



100

150

200

250

300

350

APPENDIX

IF (I0PT.GT.4.0R.IOPT.LT.1)> RETURN

GOTO (100,200,300,400) IOPT

RETURN

CONT INUE

WRITE (LUNW,150)

FORMAT (7 >/ ,77¢/=7),7<’)

RETURN

CONT INUE

WRITE ¢(LUNW,250) CHMESS (2)

FORMAT (7 > “,810,86¢7 *),7¢%)

RETURN

CONTINUE

IF (IMESS.LT.1.0R.IMESS.GT.IMMAX) RETURN
IF ¢(ITEXT.LT.1.0R.ITEXT.GT.ITMAX)> RETURN
WRITE ¢(LUNW,350) CHMESS ¢(IMESS), CHTEXT (ITEXT)
FORMAT ¢’ > “,A10,Aé3,° <)

RETURN

CONTINUE

WRITE ¢LUNW,450) CHLIN

FORMAT ¢’ > <,A75,” <’)

RETURN

END
REAL FUNCTION HMASS (TAIR,TSOL,XISOL)

CHEEXEEEEREEEEEEEEXEEXEAEEREEEEESEEEEE R XXX EER R XXX EXXE XXX XXX XXX

C*
Cx*
Cx
C*
C*
Cx*
Cx
Cx*
C*

REAL FUNCTION HMASS

+

TAIR LOCAL AIR TEMPERATURE (DEG C)
TSOL LOCAL SOLUTION TEMPERATURE (DEG C)
XIisoL LOCAL SOLUTION CONCENTRATION

(KG SALT/KG SOLUTIOND

+ +

+ SPECIFY THESE ON CALLING

* K % K ok K %k Xk %

CEEXREXEXAXEXXERXEXEXRREERRRERERERERR XXX EHE 232323 % 2% %% %% %%

C*
C*
C*
Cx
C*

HMASS CALCULATES THE MASS TRANSFER COEFFICIENT AS

A FUNCTION OF AIR AND SOLUTION TEMPERATURE AND
SOLUTION CONCENTRATION

* ¥ %k Xk %

CHEXEEEEEEXEEEEEEXLEREEEREREEEEEEXR XXX XXX XXX REXEXREER XX EXR XXX

REAL MU
DATA GEARTH ~ 1.770 /

GEARTH = G *% 1 / 4 [M/S%%2]
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DATA CSUBD ~/ 0.83 /

e e e e e e e e e o e e e e e e e
c csuBD = C SUB D =*x 1 / 4
c DRAG COEFFICIENT OF A SPHERE FOR LAMINAR FLOW
C ___________________________________________________________
DATA DDROPL ~ 1.0E-04
C ___________________________________________________________
c DDROPL = D DROPLET [M1
c MEAN DIAMETER OF DROPLETS IN THE SPRAY
c (ASSUMPTIOND
[ o o e e e e o S o S e S B S e e o O o e S
DATA RHOEXP / 0.91666&7 /
C ———————————————————————————————————————————————————————————
c RHOEXP = 11 / 12
C EXPONENT
C ___________________________________________________________
c FUNCTIONS
C ___________________________________________________________
DIFFU (T) = (2186 + 14.85 * T) * 1.0E-08
RHO (T) = ((1.0E-05 * T) - 4.4407E-03) * T + 1.29064
ALPHA (T) = ((1.90478219E-10 * T) + 1.27142853E-07)
1 * T + 1.859524E-05
MU (T> = 4.,5833E-08 * T + 1.72E-05
C ___________________________________________________________
TMEAN = (TAIR + TSOL) / 2.0
HMASS = 2.0 ¥ RHO (TMEAN) #* DIFFU (TMEAN) / DDROPL
2 + 0.445 * LEWIS (TAIR,TSOL)> %% 0.333333
3 * RHO (TMEAND ** RHOEXP
4 * DSTSXI(TSOL+273.15,XIS0L,3,.FALSE.)
S ** 0.250
é * GEARTH * CSuUBD * DIFFU (TMEAN) ~
7 ( DDROPL *% 0.250
8 * MU (TMEAN) ** 0.166866667
14 * ALPHA (TMEAN) %% 0.333333 )
RETURN
C ___________________________________________________________
c END OF HMASS
[ e o e e i e 2 o o e e e 2 e e e e e e e e e e e e e o e
END

REAL FUNCTION LEWIS (TAIR,TSOL)
CREREEEEEEXEXEREEEEEEREXEREXEXREREELXXXEREXLEXXXXER XX XXX X KRR X

C* *
C= REAL FUNCTION LEWIS *
C* *
C= + TAIR LOCAL AIR TEMPERATURE (DEG C> *
C# + TSOL LOCAL SOLUTION TEMPERATURE (DEG O *
C* *

*

Cx + SPECIFY THESE ON CALLING
CREEXREEERERRRXRREERREREERERREEEXERREEEREELREEL XXX XX XXX XXX X%
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Cx *
Cx LEWIS CALCULATES THE LEWIS NUMBER AS *
C=x A FUNCTION OF AIR AND SOLUTION TEMPERATURE *
C* *

C % % % % % % 3 36 3 3 3% 3 3 3 I 3 3 3 3 3 I 3 I3 I I I B 3 3 I I 33 I I I I I I I I I H I I AW WKW N RN
TMEAN = (TAIR + TSOL) / 2.0
LEWIS = 0.8648 + 4.09471E-04 % TMEAN
IF (TMEAN.LT.-17.8.0R.TMEAN.GT.149.0) THEN
WRITE ¢3,%) * *
WRITE ¢3,%) ‘ >>> LEWIS FUNCTION OUT OF RANGE,~’
T MEAN =’ ,TMEAN

[y
L SN

WRITE (3,%)

END IF

RETURN
C ___________________________________________________________
C END OF LEWIS
G e e e e e e e e o e



