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NOMENCLATURE

» COP : Coefficient of performance ( dimensionless ).

® COPF,;m : Simulated coeflicient of performance ( dimensionless ) .
® COPFy : Theoretical coefficient of performance ( dimensionless ).
o E, : Actual electric power input.

® ¢: Percentage deviation between a listed value and a computed one ( dimensionless

).
» E.V.: Expansion valve.
e FR : Flow ratio (dimensionless).
* h; : Enthalpy of the saturated liquid exit from the condenser ( Kj/kg ).
® hg : Enthalpy of the saturated vapour outlet from the evaporator ( Kj/kg ).

® hy : Enthalpy of saturated vapour outlet from the generator ( Kj/kg ).

e H.: Cooling load ( kw ).
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Vit

o 1, : Siolar power input ( kw ).

® I, : Fossil fuel input ( kw ).

o I: Solar energy ( 24).

* m: mass flow rate of water through collector loop ( g/s ).

* Myp : Mass flow rate of the solution from the absorber to the generator ( kg/s ) .
. A{RF_ : Mass flow rate of the solution recirculaied around the absorber ( kg/s ).
¢ P.R.V.: Pressure reducing valve

o Q,: Heat removed fron;x the refrigerated space ( kw ).

: Heat supplied to the generator { kw ).

e O, : Rate of heat rejection from the condenser ( kw ) .

. Cj, : Rate of heat absorption in the evaporator ( kw ).

o O, : Rate of heat addition in the generator { kw ).

* REf: Reflux ratio (dimensionless).

® T; : Temperature of the water outlet from collectors ( °C ).

¢ T : Temperature of the water inlet to collectors  °C ).

® T3 : Temperature of the water outlet from the concentrator (°C).

® Tii: Temperature of water outlet from the generator ( °C').

o T, : Temperature of the solution outlet from generator ( °C').
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® Ty : The temperature of the solution outlet from the absorber { °C ) .

¢ T; : Temperature of of the refrigerant inlet to condenser { °C ).

¢ T : Temperature of cooling water inlet to condenser ( °C ).

® Ts : Temperature of the refrigerant out from the condenser ( °C' ).

® T5: Temperature of the refrigerant out from the evaporator ( °C ).

¢ Tiy : Temperature of cooling water out from the absorber ( °C' ).

o Ty3 : Temperature of cooling water inlet to the absorber ( °C').

¢ Ty : Temperature of the solution out from the pressure reducing valve (°C) .
e T, : Absorber tcmpcra.turc (°C).

® Tum : Ambient temperature ( °C )

o T.: Condenser temperature ( °C').

o T, : Evaporator temperature ( °C' ).

e T, : Generator temperature ( °C' )

o Ty : Refrigerated space temperature ( °C' ).

® T,1 : Refrigerated space temperature at the first position ( °C ).

o Ty;: Refrigerated space temperature at the second position ( °C ).
o V: wind velocity (m/s) .

e W, : Energy given to the compressor ( kw ).

vil
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& wy @ Mass flow rate of the solution out from the absorber ( kg/s ).
o wy : Mass flow rate of the strong solution out from the generator ( kg/s ).

 w,: Mass flow rate of the refrigerant out from the generator ( kg/s ).

e X : Concentration of lithium bromide in the solution of LiBr - H;0 (dimensionless

).
e X, : Concentration of the solution leaving the absorber (dimensionless ) .

e X, : Concentration of the strong solution leaving the generator ( dimensionless ).

® Xy : Concentration of the solution inlet to the generator ( dimensionless ) .
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ABSTRACT

This thesis presents the results of an experimental and a computer simulation study
of an absorption refrigeration cycle. The unit used in the experimental part consists of
three flat plate collectors and a concentrator whick was used in part of the rescarch. The
solution pair sclected for this research is water-lithium bromide H,0-LiBr for its sim-
plicity and case of handling. For the simulation part of the rescarch a pelynomial model
with three independent variables was used to predict the temperatures of the various
components of the unit, and masses and energy balances of each component of the unit.
The results of the experimental research and those produced by the computer model
are compared with each other. The simulation results are found to be very close to the
experimental ones, as the average percentage deviation between the COP, and CO Py,

was 0.031. Also in this research the effects of the solar energy, the generator temperature,

the evaporator temperature, the absorber temperature, the condenser temperature, and
the mass flow rate of water in the collectors loop on the caefficients of performance are
investigated. When the concentrator was made part of the experimental sei- up an in-
crease in the generator inlet t:mpératuxc of an average of about 6 °C resulted which lead
to about an increase of an average of 6.0% in the coefficient of performance. However,

experimental results utilizing a concentrator shows a good achievement in COP, as the

_maximum COP recorded was 0.83.The performance curves obtained from the simulation

programme shows the importance of the absorber, and the condenser temperatures for

their ability to be controlled and for their direct effect on COP.

)
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Chapter 1
INTRODUCTION

1.1 General

>

Refrigeration has become an 1m;> ortant supporting technology in the life of people.

It is necessary for the preservation of food and medicine, for creating and maintaining
comfortable space for people to work in and to live in, and for industrial and surgical
processes. Refrigeration is the process of removing heat from cold spaces and dumping
it in hot space. Such a process does not occur naturally, otherwise the second law of

thermodynamics is violated. It needs power to make it possible,

This power could be either mechanical or thermal. .Both of these forms of energy
usually come from fossil fuels. These fuels arc being depleted continuously and there is
no known way of replenishing them at the rate they are being consumed. The energy

resources of the world are limited and the demand for these resources is increasing con-

tinuously.

The world energy consumption is likely to double by the year 2020 and triple by the
year 2060, [1). The fossil fuel supply alone will not be adequate to meet the demand.
The futurc supply of energy will rely more and more on nuclear fission and coal, [1].
But, even these resources will not be cheap and may not be available to poor coun-

tries. In addition, the burning of coal creates the problems of air pollution and acid rain.



The nuclcaf energy is having problems of safety. The other sources which do not have
any of these problems are renewable energy sources, such as solar energy, wind energy
and geothermal energy.Most of these renewable energy sources are available o rich and
poor countries. For example most of the Arab countries enjoy some of the maximum
solar radiation intensitics in the world since most of them lie around ihc sunny belt of
the earth. The total number of sunshine hours in these countries is about 3000 hours

of sunshinc and the average solar radiation intensity in these countries is about 500 Z.[]

The energy consumption ia the Arab world as is the case in the rest of the world will
Increase with time, {2]. Under these conditions it is necessary that every possible source

of energy must be developed to respond as quickly as possible to this gro.wing demand.

Jordan is one of these poor countries which lack'adequate conventional energy sources.
The energy billis becoming a heavy burden on the Jordanian economy to the extent that
in 1982 oil imports exceeded 110 % of the exports of Jordan which is also equal to 13 %
of the gross national product of the country, [3). It is expected that in the year 2000 the
energy bill may exceed 20 % of the GNP, [3]. The bright side for Jordan of this 1ssue,

1soded ssayl Jo Be) - ueplor Jo AJseAIuN Jo AkelqIT - pRARSSY SIUDIY [V

howcvér, 15 the abundance of solar energy over all of its tersitory. Jordan has an excellent
annual mean solar radiation of 5.5 to 6.0 kwh per m? per day compared to that of Europe

and most of north America which is about 3.5 kwh per m? per day, [3].

Activities in the utilization of renewable energy resources have been reviewed by Audi
and Al-Sa'ad, [4]. These started early in the seventies and included solar collectors, de-
salination, solar heating of houses, and analysis of solar radiation in Jordan. The current

research focuses on the use of solar energy in absorption cooling, It is an addition to the

activities of the utilization of solar encrgy 1n Jordan.
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.

The remainder of this chapter focuses on surveying the literature to indicate activities of

this nature in the world, and an oﬁtﬁﬁc of theses.

1.2 Literature Review

1.2.1 Historical notes:

Although the vapor compression refrigeration cycle iz more popular today, the first
attempt of engineers at mechanical refrigeration considered the absorption refrigeration
cycle. It was first patented m the USA in 1860 by the French engineer who had worked
with absorption refrigeration since 1824. It is believed that the first use of this cycle was
in the making of ice during the civil war in the USA,

Soon after that, however, the compression refrigeration cycle was developed and started
to replace the absorption cycle since it 15 more compact and it has high coeficient of per-
formance. But, the absorption cycle remained in demand for places with no electricity

because the vapor compression cycle required clectric power to drive its compressor.

Recently, the interest in refrigeration and air conditioning by the absorption cycle
became great because of the high cost of conventional energy and in some cases because
of the unavailability of such. sources.

The original absorption refrigeration cycle used low level energy such as by burning kero-
sine to operate it. The recent interest in such cycles focuses on the use of solar energy in

operating such cycle.



A review paper on solar air conditioning was written by Kaushik et. al, [12]. In this
paper the anthors promote the use of open cycle cooling systems against the traditional
closed systems on the basis of studies done by others which show that the performance
of the former is better than that of the latter, in addition to being less expensive and
simpler in technology. Kaushik also studied both theoretically and experimentally the
technical feasibility of these systems.

In a traditional closed cycle the system is bulky because of the separate use of the con-
denser used to condenae the vapor of high temperature and pressure. On the other hand,

the open cycle shown in Figure 1.1 has the following advantages;

1. In an open system the solar collector and the regenerator are one which makes the

system more compact and efficient.

2

In such system the regeneration temperature is much lower for starting the evap-
oration and absorption processes. Thus less energy is needed to operate such a

system, therefore, the coeflicient of performance is better for such systems.

3. The strong solution of the cycle can be stored at atmospheric pressure while in the

closed cycle large container are required for storing the selution.

1.2.86 Solar air conditioners

Solar houses and spaces had been constructed to demonstrate and develop the use of

solar energy in the cooling of building.
In a solar housc that has been tested, Ward ct. al [13] describe the design and the con-
struction of a solar heating and cooling project for a 140 m? house in Colorado, USA.

They also include a cost analysis of the solar energy project under consideration The
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design calls for the use of 4,0 ~ LiBr absorption system powered by a flat plate col-
lector with an area of 71.3 m?, and a storage capacity of 1131 gallon. Such a system
would provide two thirds of the house heating and cooling loads at a total installed cost

of about 6000 US dollars in 1975.

Two other solar house projects in the United States of America were built in
Florida. The first one is the cooling of a welcome station using H,0 — LiBr system
with hot water heating, [14]. It has a total floor area of about 300 m®. The capacity
of the chiller is 25 tons of refrigeration and the storage is 10000 gallon which were used
to provide the thermal energy needed during the short cloudy periods. It was projected

~ that the system would provide 88 percent of the cooling load of the station.

The other Florida solar house project is a large scale application undertaken by
Parker et. al, [15]. They designed and built a solar cooling and hot water service supply
systemn for an elementary school building of 6000 =2, in Florida of the USA. The collec-
tor area for this project 18 1730 m? and the storage capacity is 230 m®, The project was
designed to provide 70 % of the cooling load and 90 percent of the service water load.

The expected COP of the system was 0.72.

In Australia an office Buﬂding of 300 m? is cooled by solar.This project was under-
taken by Langridge, [16], using H;0 — LiBr working pairs. The outstanding features of
this project is the use of concentrators fabricated of plastic. The capacity of the system
is 10 tons of refrigeration supported by a collector area of 148 m?. The performance was
reported on the basis of 10 minutes readings. The thermal COP of the chiller was 0.5 and

that of the system during three month period in summer had an average of 0.35. The

description of a complete system comprised of heating, cooling, and domestic hot water

10
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supply of an office building in New Mexico was uﬁdertaken by Diameond et. al, [17]. The
iotal floor area was 2370 square meters which used 626 square meters of flat-plate solar
collectors. The storage volume consisted of two tanks of a total capacity of 30000 gallon.
The total capacity of the machine of this project 1s 155 ton, but the chiller capacity is 50

tons. The project was built at the New Mexico State University.

More recent projects of cooling houses by solar energy are designed, built and
tesied in Saudi Arabia, [18], and Kuwait, {19]. The house in Kuwait was upgraded in
1985. Its floor area is 230 m?. It has a cooling load of 5 tons of refrigeration, which
required 81.2 m? flat plate collectors with a storage tank capacity of 7.5 m®. The absorp-
tion system is of the H;0 — LiBr type. The test results show an average COP of 0.5.
The house built in Saudi Arabia 1s an extended laboratory with a floor area of 64 m3. It
has a cooling capacity of 3.5 tons and a collector area of 58 m? with a storage capacity
of 12 m®. The coefficient of performance of this system was 0.5 during a test period of

six months.

1.2.7 Effect of components and parameters

The effect of the condenser and generator temperatures on the performance of an in-
termittent aqua-ammonia solar refrigerator was analytically investigated by El-Shaarawi
et. al, [20, 21). The intermittent cycle is shown in Figure 1.2. It is mainly designed
to collect the intermittent solar energy when it is available and use it for refrigeration
when 1t is not available such as at night. This cycle consists of two major parts: the
gencrator - absorber - rectifier part and the condenser-evaporator part. The two ma-

jor operations are regencration and refrigeration. The first part consists of heating the

refrigerant-absorbent solution to drive off the refrigerant, while in the second part the

11
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refrigerant is condensed and the refrigeration occurs when the liquid refrigerant vapornzes

in the evaporatoer, thus producing the cooling effect.

12
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The study focused on constant temperature operation. The results show that
as the temperature of the condenser is decreased, or increasing the maximum generator
temperature, this produces an increase in the effective cooling of the system by reducing
the evaporator temperature. Also, for a specified generator temperature the COP of the
cycle increases with a decrease in the condenser temperature. However, this relationship
1s not linear. For every generator temperature there is an optimum condenser tempera-

ture beyond which the COP decrease from that optimum at that pair of temperatures.

14
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The major advantages of the intermitient system are its simplicity, its low cost,
and its capability of operation at low temperatures.
Nevertheless, the generator and the condenser temperatures are not the only parameters
which affect the performance of the refrigeration cycle. In an analytical study by Laz-
zarine et. al, [22)], using H,O — LiBr pair, they state that not only the temperatures
of the condenser, the generator, the evaporator and the absorber, but also cooling water
temperature has a direct effect on the COP of the cycle.
For example, at a generater temperature of 80 °C and an cvaporator temperature of
4 °C the COP of the cycle is 0.73 while this COP increase to 0.8 when the absorber
temperature drops from 35 °C to 30 °C. Alsa, for the effect of the cvaporator it 1a seen
than when the temperature of the evaporator drops from 6 °C' to 4 °C, the COP drops
from 0.76 to 0.73 while the generator, absorber, and condenser temperatures were kept
at 80 °C, 35 °C, and 35 °C, respectively.
As an illustration of the effect of the cooling water temperature of the condenser and the
absorber it is noted that when such temperature 13 30 °C’ and the generator temperature
15 91 °C the COP was determined to be 0.70. The COP was also 0.70 when the cooling

water temperature was 35 °C’ and the generator temperature was 105 °C'.[22]

Similar study focusing on the design of an absorption solar refrigeration system
was performed by Ibrahim et. al, [23]. In this study the authors presented a detailed
design procedure an performance analysis of an aqua-ammonia system. The results of

| their work show that the performance depends mainly on the start up conditions, namely,
the generator, evaporator, and condenser temperatures. In their conclusion they state
that the generator temperature is the major factor influcncing the performance. How-

ever, the production of a high temperature for the generator cannot be achieved with flat

plate collectors. Economic consideration limit the cost of the system to produce higher

15
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temperatures.

In another research Audi and Hammad, [24], conducted an experimental investi-
gation on a low cost solar H,0 — Lt Br cooling systern. The study includes the thermody-
namic analysis of the system and the effect of generator temperature, the solar intensity,
and the evaporator temperature on the COP of the system. In that rescarch the start
up temperature of the generator was 87 °C. The maximmm hourly COP of this research

was 0,75,

A similar research was conducted in Nigeria by Ajakaiye, [25]. In this research
the details of the manufacturing of the components of the system using as much as pos-
sible materials available in Nigeria are described. The cycle is based on a H,0 — LiBr
working pair. The paper indicates that a maximmum equilibriurn temperature of 92 °C

was achieved .

Elsa et, al |, [26], study experimentally the effect of absorber reflux on the perfor-

mance of a water-lithium bromide absorption cooler.

The reflux ratio is defined by the following equation

Mgr
REF = 1.2
Mig (1.2)

where REF is the reflux ratio, Mpp is the mass flow rate of solution recirculated around
the abgorber and Mg is the mass flow rate of the solution from the absorber to the
generator.

However, as the reflux ratio increases the temperature and the concentration of the so-
lution entering the absorber decreases;the decrease in the solution temperature has a

positive eftect on the COP , whereas the decrease in concentration for the solution enter-

16

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



ing the absorber has a negative effect on the COP.The interaction of the concentration
effect and the temperature effect gives the optimum value for the reflux ratio on the

coefficient of performance.However the reflux ratio can be used to decrease both the tem-

perature and the concentration in the generator of an absorption cooler.

1.2.8 Second law analysis

The survey thus far focused on first law analysis on the solar refrigeration systems.
Some second law studies have been published. For example, Anand et, al [27], made a
second law analysis of a sclar powered abzorption cooling systems, they identified four
main causes of irreversibility in such systems. Thesc are (1) heat transfer among the
components and their surroundings through a finite temperature difference, {2) mixing
of two fluids at different temperatures, (3) mixing of two fluids at different concentra-
tions, and (4) unrestrained expansion during the throttling process.

For example, in case of single effect the irreversibilities are estimated to be 175.4 .fi'y',
which yields a COP value of 0.83.However, second-order effect yields an additional irre-
versibilities of 125.0 2% which combine with single cffect irreversibilities to reduce the
value of COP from 0.83 to 0.719 .This is primary due to an increase in generaior and
absorber irreversibilities.

Another research dealing with system inefficiencies has been carried out by Bremner et,
al, [28]. They state that due to high operating temperatures of absorption chillers , solar
cooling systerns have exhibited low efficiencies .The major reason for this low efficiencies
1s the heat losses from system Ioop piping . Another source of systemn inefficiencies is
the thermal capacity of the pipe and fluid which requires a large amount of encrgy to
increase the initial fluid temperatures to the system operating temperatures, These two

system effects can total over 13 percent of the collected solar energy in a typical system.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



1.2.9 The coeflicient of performance

It should be noted that there are absorption refrigeration systems which are designed

to use various energy inputs. In parlicular, solar energy, fossil fuel and electrical energy.
Curran, [29], proposes a general expression for the definition of the coefficient of perfor-

mance of refrigeration as follows.

_ H, .
copP= (H,+H,+E,) ' (1.3)

where H,, Hs, H;, E, are the cooling load, the solar power input, the fossil fue.l input,

and the actual eclectic power input, respectively.

However, in this research no fossil fuel nor eclectic power heating were used. The

total energy input is limited to solar energy in a continuous mode.

1.3 Objectives of the Research

This research focuses on the study of the a lecally manufacinred solar absorption
cooling system using H,0 — LsBr working pair. The study uses a computer simulation
model in which the parameters of the model were determined. The solar source used as
the only energy source for the generator of the system was real solar energy (no solar
radiation simulator was used).

It is also conducted to determine the optimurn operating conditions of the physical sys-
tem under local climate.
As part of the objective it was planned to study the effect of adding a concentrator to

the solar collection flat plates.

18
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The thesis includes the description and the analysis of the system, the expen-
mental set-up and procedures, and the results of the research and the discussion of these

results with the main conclusions and recommendations.

19
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Chapter 2

SYSTEM’S DESCRIPTION AND
ANALYSIS

2.1 General

In this chapter of the thesis, the absorption refrigeration cycle is introduced and the
application of solar energy to power this cycle is also described. Then, thermodynamic
analysis of parts of the cycle is employed to define the experimental and theoretical co-
efficients of performance of the cycle,

This chapter also includes the mathematical and thermodynamic bases of the computer
simulation program and a 'dcscription. of the simulation program which was developed

and used in this research.

2.2 The Absorption Refrigeration Cycle

As mentioned in chapter 1, the absorptibn refrigeration cycle was conceived long time
ago. It was also shown that a number of working fluid pairs have been tested and ana-
lyzed. However, in this section we will focus on the water-lithium bromide (HyO — LiBr)
pair which was used in this rescarch.

Figure 2.1 is a schematic of the apparatus which is used to discuss the various processes,

Thermal encrgy is supplicd to the gencrator to help release the refrigerant, water, from

21
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the saturated solution of H;O — LiBr. The concentrated (strong) solution is returned to
the absorber.

Water vapor leaves the generator at relatively high pressure and high temperature. It
passes through the condenser to release some of its thermal energy before it expands
through an expansion valve which leads to the evaporator. The evaporator 1s in the
refrigerated space. The refrigerant collects heat from that space and as a result it evap-
orates. In the absorber the concentrated solution of H;0 — LiBr has great afimty for

water, thus it absorbs the incoming vapor easily.

22
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As so0n as the colutron becomes saturated it 1s pumped to the generator and the cycle
13 repeated.
In comparing this cycle with a classical vapor compression c¢ycle, one can see that this
cycle has two pressure ends as in the vapor pressure cycle. However, in the vapor com-
pression cycle the compressor raises the pressure of the working fluid and the expansion
valve reduces it, but in the absorption refrigeration cycle both the generator and the
absorber do the work of the compressor.
As mentioned above, the external source of energy is supplied to the generator. However,
heat 15 rejected in the condenser in an attempt to cool the working fluid as much as it
is posaible before 1t goes into the evaporator, and in the absorber because the process of
water absorption by lithium bromide is an exothermal process.
It 15 seen also that there is energy spent in operating a pump to help circulate the solu-
tion pair from the absorber to the generator and back. However, f.his energy is too small
compared with the major supply of energy in the thermal form to the generater.
The coefficient of performance of such a cycle is in the range from 0 .6 to about 0.8 ,[7].
This cycle has been modified in a number of ways to improve performance. An
additional heat exchanger (some authors call it a solution heat exchanger) is used in the
cycle to benefit fram the heat in the solution returned from the generator to the absorber
to preheat the saturated solution that enters the generator. Such an arrangement is
shown in Figure 2.2. The same figure shows an accumulator that collects the liquid from
the condenser and controlled release of this liquid is allowed to enter the expansion valve.
This arrangement has two aa_imntages: (a) it helps provide the needed cooling load, and

(b) it prevents uncondensed vapor from entering the expansion valve.

24
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A major modification of the cycle is shown in Figure 2.3. This figure shows that
two generators instead of one are used. The cycle is generally known as the double effect
refrigeration absorption cycle since the traditional generator given a partially strong so-
lution to a second generator. In this generator the vapor which is liberated in the first
generator passes through it and rejects part of its heat before it goes to the condenser.
The vapor is augmented by the vapor released in the second generator. The strong so-
lution from the second generator goes to the absorber. This modification improvements
increase the coeflicient of performance to about double that of the single effect ;zystcm

\[30].
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An improvement of the COP is an obvious advantage of this cycle regards the drop
m COP asg the temperature of the generator increases which is needed to make possible
the double effect scheme. Another disadvantage is the capital cost of installing a second

generator and its associated heat exchangers and other equipment.

Another major modification of the original cycle is the so called two stage vapor
absorption refrigeration system, shown in Figure 2.4, [6]. The evaporator of the first stage
is used to cool the absorber of the sccond stage, lowers the temperature in the evapo-
rator, and thus improving the absorptivity of the solution, thus the COP is improved (
as is shown in section 2.4 below.) However, this combination results in a lower overall
coefficient of performance. But, the major advantages are lower temperature in the sec-

ond evaporator, and possible elimination or reduction in size (and cost) of a cooling tower.
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2.3 The Solar Powered Cycle

As noted above, the input energy in an absorption refrigeration cycle is a low level
(about 90 °C) heat source. This qualifies it for operation using a solar source. In fact,
most of current research in this area focuscs on using solar energy for this purpose.
Figure 2.5 shows a a schematic of H;0 — LiBr cycle operated directly by solar energy.

- But, such a cycle is dependent on the available solar radiation which varies during the
day time. A better arrangement is to have an intermediate storage of thermal encrgy.

If this is thg case, a steady cooling effect could be produced during longer hours of the day.

In a practical application of this cycle such as in cooling a house, Figure 2.6, a

storage tank is provided to solve the transient problem of the solar system.

When a double effect solar operated system is used the arrangement 15 shown
in Figure 2.3. It is shown that all solar energy is supplied to the first generator. The
second generator receives Leat from the condensing vapor only. However, the two stage
cycle needs two solar collecting systems, as shown in Figure 2.4, because the stages are
nearly independent of each other. The first stage helps to lower the temperature in the
evaporator of the second stage. The two stages are indgpcndcnt as far as the working
pairs are considered. This makes this approach applicable to different working pairs. One
pair could be used in the first stage, but a different one is used in the second stage. This

approach may be needed in order to optimize the utilization of solar energy.
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where Q, 18 the heat supplied to the generator during the time of the removal of Q..
Both, Q, and Q, were calculated using direct measurements of temperatures, mass flow

rates, concentration and equilibrium diagrams.

The theoretical coeflicient of performance, COF,;, was computed on the basis of a Carnot

cyele efficiencies. Thus,

T, (T — T)
COPp, — _*f» 9 “4/ 2.3

where T,, T,, T, and T, are the temperatures of the evaporator, generator, absorber, and
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condenser, respectively.

This relationship was nsed in computing CO P,y of the cycle using the measured temper-

atures for all the runs.

The compuler simulation program was based on constants computed from the

experimental temperatures. Therefore, when the COP,;,,s were computed very small

errors were observed between experimental and simulated values.

2.5 Computer Simulation Model

The core of the computcrl simulation program is based of the following basis. (a)
The temperatures of the compnlncnts of the cycle were computed using a multi-variable
polynomial of the second degree and experimental data to determine its coefficients, (b)
the computation of the various enthalpies of the refrigerant and carrier were done by
simulating the concentration charts by equations, and (c) the use of the energy (the First
law of thermodynamics ) and the mass balances of the components and the cycle as a
whole. All of these are shown in the flow chart figure 2.1.

Furthermore, the analysis is based on the assumption of steady states conditions. This

15 a normal approximation as outline in reference [27].
2.6.1 The multi-variable polynomial

The computation of the temperature of the various components of the refrigeration

cycle was computed by using the following multi-variable polynomial. This is based on
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similar work by [31].

f(z,9,2) = aatarz’+asz+a;p’+agy
+as 23t ogztarsy+tagyztagrz
tapzy’+tayslytapyrtapilytansis
+r.115.:2:-f-au;zyz+a,,7::°yz+au.ry’z+alg:x:[,f.z:2
tap iyl ztay iy tapsytz?tag slyis?

2

+ag. z? y2 + a3 y’ P G35 z?

(2.4)

where the {(x,y,3) stands for any desired temperature or concentration of the refrigerant
in the carrter. The variables x, y, and z represent the measured temperatures. The co-
eficients @, to 635 were determined for cach of the variables used, such as the generator

temperature, the evaporator temperature, etc.

These and other cocflicients for various simulation equations are given below.

2.5.2 The enthalpies

_ The first law (energy balance) application for each of the compoenents of the system
was used for the simulation program,
Consider the diagram Figure 2.1, States from 1 to 14 are marked on the diagram. For
example, state 515 the inlet to the condenser and state 6 is the outlet from the condenser.
Starting arbitrarily from state 6, the enthalpy, kg, is given by the following relationship,

as suggested by Stocker,[31].

he=h(Te)=A+BT.+CT? (2.5)
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where A, B, and C are constants determined from the enthalpy tables of satumtcci water,
hy is the enthalpy of saturated water, in K j/kg. The temperature of the condenser is T,
in °C.

The range of temperature used to compute these constants is from 20 to 40 °C. These
constants are given as follows.

A=0.1534285

B=4.1956286

C'=-0.000257

By using the above equation and the constants as computed above, the deviation between

the listed values and the computed ones is given by the following equation

_ Lssted value —Computed value
€= Listed value (2:6)

Where ¢ 1s the deviation.
The maximume using the above mentioned equation is equal to 0.0065695.

The enthalpy at the exit of the evaporatar, hg, 1s given by the following relation.

hy=hy(T.)= A+ BT, +CT? 2.7)

where A, 13 the enthalpy of saturated vapor at 'thc evaporator iemperature, T,. The range
of temperatures covered is from 10 to 20 °C.

By using the above equation and the constants as computed above, the maximume is
equal to D.0085695.

The values of the constant for this state are as follows.

A=2501.2114

B=1.8614288

C'=-0.00071429

By using the above equation and the constants as computed above, the maximum value
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of €15 equal to 0.0171429.

hy=h(T))=A+BT,+CT] (2.8)

where A, is the enthalpy of saturated vapor at the generator temperature, T,

The range of temperature covered by this equation is from 65 to 85 °C.

A=2533.9966

B=0.97901595

C=0.00493525

By using the above cquation and the constants as computed above, the maximum ¢ is
equal to 0.038.

These enthalpies, namely, h¢, hg, and hy are for pure water, they were produced using
stcam tables d;\ta. They arc used in the compu‘ta.tion of C_}y, Q., Q,, and Q.-

The enthalpies of the solution of the refrigerant and the carrier (H,0 — LiBr') at states

9, and {0 are obtained from the following correlation equation,{32].

4 4 4
A=) A, X"+1Y B, X"+ Y C X" (2.9)
[ - °

where the constants of this equation are as given as follows:

Ap=-2024.33 B,=18.2829 Co=-3.7008214 ¢-2
A;=163.309 B;=-1.1601757  (,=2.8877666 ¢-3
A,=-4.88161 B,=3.248041¢-2  C,=-8.1313015e-5

A3=6.302048¢-2  B,;=-4,034184e-4 C5=9.9116628¢-T
Ay=-2.913705¢-4  B,=18520569¢-8 C,=-4.4441207c-9
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2.5.3 The concentrations

The solution concentration, X,is defined as the ratio of the mass of lithium bromide to
the mass of the solution of lithium bromide and water. The concentration at state 1013

a function of T, and T, which are determined by the multi-variable polynomial described

above.

XID = f(Tap Tz) (2.10)

The constants of the polynomial are given below. .
ap=116.0094 |
3,=5.989273e-3
a,=-5.64888

a3 =7.356093e-2
6y=-4.52056
a,=0.3013122
ay6=-3.962865
610=-3.962865
a1,=-1.902175¢-3

a;4=6.375824¢-6

The coefficients which are not listed above came out to be zeros.

The results obtained by using the above simulation equation incur a maximum ¢ of
abont 0.1 when compared with the values obtained from the ASHRAE concentration

charts,[32].
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The concentration at state 8, Xy, is given by the following relation.

Xs = [(T,, T2). (2.11)

The following constants of this simulation equation are obtained as above.
ao=73.80188

6:=1.626778¢-2

a;=-.4533701

a3 =-0.0628527

a,=1.888133

a7,=-4.177556¢-3

ayp=-1.556-189e-4

ay,=-1.014846¢-3

34=2.38657Te-5

The coefficients which are not listed came out to be zeroes.

The results obtained by using the above simulation equation incur a maximum e of
ahout 0.02 when compared with the values obtained from the ASHRAE concentration

charts,[32).

2.5.4 The temperatures

Finally, the temperatures at the different stations shown in Figure 2.4 are given be-
low as function of the other temperatures shown on the right hand sides of each of the
rclations. The constants for cach of them are listed below it and the maximum deviation
between the predicted and the measured values are also given.

The temperature T} is given as follows.
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The constants which are not listed are came out to be zeroes.

The maximum ¢ as defined above 1s 0.02335521

Ty, = f(T%) (2.14)

The coefficients of the simulation equation a‘rc as follows.
ap=-7.11547

ay= -5.913395¢-3

6;=1,515793

The coefficients which are not listed are came out to be zeroes.

The maxirmm € as defined above 0.03869401

To= f(Ty) | (2.15)

The cocflicients of the simulation equation are as follows.
ap=-305.0764

a1=-0.2514568

a;=19.0156

The maximum ¢ as defined above 15 0.024

Tg = TQ = I(Tlh Tg' TQJ'TG) (2.16)
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The coefficients are as given in the following list.

a,=1.480396¢-3
a;=-9,155625¢-2
a;=25.53702
a3;=1.026961e-6
as=1.082603¢-4
ag=-4.197122e-7
as=-4.442692¢-7
a,=-1.36604
ag=3.447401¢-2
Gy=-3.309341¢-5
a,p=2.285551e-2
a41=0,3355862
2,7=5.231531¢-9
ay3=2.941949¢-8

The maximum ¢ as defined above 18 0.0943297.

The coefficients of the simulation equation are as follows.

ag="7.730901e-3
a;=2.126066¢-3
6,=-0.2174519

" a,=-1.023291¢-6
24=-6.861522¢-5
ag= 9.977443¢-8
as=2.720824¢-4
a»=1.113278

a3 =9.920663e-4
a,=8.00873¢-6
a190=-1.674268¢-2
a,;=-7.790711¢-3
0,3=-4.10151¢-8
ay4=-5.681425¢-8

The maximmm ¢ as defined above 1s 0.02475498.

a,,=-0.2164692
015'—"-7.863919&7
ay5=1.814134¢-2
a;7=1.13424¢-3
a;3=-3.496564¢c-4
#19=-9.796914e-5
a55=-7.193353¢-7
a4,=3.805049¢-5
G33=-1.125733¢-6
023=-1.6106258-7
ag4=-5.044495¢-3

a35=-4.932626¢-11

az5=4.745068¢-4

Tb = j(T‘ln V; Tum)

G14=-7.207324¢-4
a,5;=2.893643¢-7
0162-1.653157C'2
ay7=-2.683336¢-4
a13=-9.403046e-4
ay;5=9.597479¢-5
(130:5.9'189596-7
a3, =7.067726¢c-6
Gaq —=-2.800056e-5
3=5.902527e-T
G34=4.124185¢-4
Qq5=-1.331292¢-9
dy6=1.491459¢-5
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Ty = f.(Tm)

The coefficients are as follows.

ap=-87.16022

4,=-0.2135133

4;=9.793026

The coeflicients which are not listed are came out to be zeroes.

The maximum ¢ as defined above is 0.01307686.

Te=Ts = f(Ty3 T13, Ts)

The coefficients are as follows.

ap=-310.7623
a;=26.6129
a;=-46.66857

43=-9.282749¢-2

a4=11.29931

ar;=1.428847

a1p=-1.015186¢-2

a,;=-0.7357491

G24=4.528354¢-3

The coeflicient which are not‘h'sted are came out to be zeroes.

The maximum ¢ as defined above is 0.01425491.

T, =Tg= I(TGJ Ta)

The coeffictents which are not listed are came out to be zeroes.

The maximum ¢ as defined above 13 0,1806475

43

(2.18)

(2.19)

(2.20)

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



T = f(Thw) (2.22)

The coefhicients are as follows.

ay;=-19.28651

a;=-6.097654¢-2

a,=3.330784

The coefficients which are not listed are came out to be zeroes.

The maximum ¢ as dehned above 13 0.109668

Ty = f(Ts) (2-23)
The coeficients are as follows.
ag=-305.0764
a,=-0.2514568

a;=19.0156

The coefficient which are not listed are came out to be zerces.

The Vma.:u'mum € 15 0.09831

T, = f(Tha, Ty, Tho, T5) (2.24)

The coefficients are as follows.

45

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



ag=-8.944960¢-4
a,;=-6.94931
a;=9.940824
a;=-9.674193¢-7
a4=-5.245602¢-5
a;—8.629876c-7
g —=-2.868026¢-5
ay=1.457952
ag=1.371843¢-2
89=5.067452¢-5
 Gy0=-1.36T146¢-2
a;,=4.616344¢-2
ay7=-8.674862¢-8
a,3=-2.482312¢-7

614=0.6447095
a;5=4.816122¢-6
315=UIU78114
a;7=1.184138¢-2
a13=2.721636¢-4
2,5=3.626276c-3
a30=4.258723¢-4
a;,=-2.452765¢-3
G32=3.731384¢-6
G;3=8.458794¢-6
G34=-5.016348¢-3
G15=-5.393854¢-9
G3=6.96089Te-3

The maximum € 1s 0.01280713.

2.5.5 Mass and energy balances

The equations for the mass {continuity), and energy balances (first law) based on the
simulated and experimental results are computed by using the following equations. The

subscripts refer to states shown on apparatus layout, Figure 2.1.
Total mass balance equation of the generaior:

(2.25)

Wy + Wy = Wy

where ty is the mass flow rate of the solution from the absorber to the generator in
K g/s, i, is the mass flow rate of the strong solution from the generator to the absorber

in Kg/s, and 14 is the mass flow ratc in K g/s of the refrigerant from the generator to

condenser.

The LiBr balance on the generator is as follows:

46
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l.l.)‘g,r Xq = u}g Xg (2.26)

where Xy is the concentration of lithium bromide in the H;0 — LiBr solution inlet to
generator, and X 1s the concentration of lithium bromide in the strong solution leaving
the generator. Th; concentration of lithium bromide in the refrigerant leaving the gen-
erator 1§ zero.

Energy balance on the generator:

The rate of heat addition in the generator Qg, which 13 the energy input to the cycle is

given by the following equation.

Yy = tirg hy+ tirg by — thg hy (2.27)

where k4 is the enthalpy in Kj/kg of the refrigerant leaving the generator, g is the
enthalpy in Kj/kg of the strong solution leaving the generator, and hy is the enthalpy
of the solution entering the generator in Kj/kg.

All of these enthalpies are computed using the above simulation equation for the simula-
tion program.

The rate of heat rejection out of the condenser, @, is given by the following equation:

Q. = vig( by — ho) (2.28)

where hg is the enthalpy in Kj/kg of the refrigerant leaving the condenser, w, and hy

arc defined after equations 2.5, 2.25 and 2.27

The rate of heat absorption in the evaporator, @,, is given by the following equa-

tion:
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Q. = wy (hg — hy) (2.29)

where hg is the enthalpy in K j/kg of the refrigerant leaving the evaporator, hg and wy

are defined after equations 2.7, 2.5, and 2.27.
The rate of heat rejection by the absorber, C:),, , has the following equation:

Qo = trg ko + tig he — tiry hy (2.30)

where all the terms of this equation are as defined before.

2.5.6 The coeflicients of performance

Using the defimition of the coefficient of performance, and the parameters which are de-
hned above and computed by the simulation program, the coefficient of perfermance is
computed using equation 2.2

However, the theoretical or Carnot coefficient of performance, COP,y, as defined above

,equation 2.3,1s used in computing the experimental and the simulated COF,, ,[6, 27].

2.6 The Computer code

The simulation code is written in BASIC and it consists of three major subprograms:

(a) the main scction which accepts the input data for the computation of the cocfficicnts

and the error of all the simulation equation, (b) the section which calculates the simula-

tion results on the basis of the computed variables, and (c) the section which calculates
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The third section of the program computes(programme B.3) is shown in appendix B
of the thesis. It accepts as input the temperatures, and computes the concentrations, the

mass flow rates, the enthalpies, the heat interaction, and the coefficients of performance.

The input temperature range for the simulation program for the various components
are as follows.
Solar intensity radiation in Wh/m? range: 114.5 - 307.6
Wind velocity in m/s range : 0.6 - 4.8
Gencrator temperature range in °C: 67.1 - 4.8
Condenser temperature range in °C: 26.0 - 36.4
Evaporator temperature range 1n °C'; 12.1 - 17.2
Absorber temperature range in °C: 32.1 - 46.2
Ambient temperature range in °C: 26.0 - 31.3
Inlet temperature of water entering the collectors range in °C': 40.3 - 68
The xcfrigcratcd space temperature range in °C': 17.6 - 28.0
Temperature of cooling water range in °C': 18.9- 23.1

All of these ranges are based on the collected data.
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Chapter 3

EXPERIMENTAL SET-UP AND
PROCEDURE

3.1 Apparatus

In this section a brief description of all components of the apparatus used in ex-
tracling data. The experimental set-up ,shown in figure 3.1,was installed on the roof
of the laboratories of the Department of Mechanical Engineering of the Univeraity of
Jordan.The experimental apparatus shown in figure 3.1 was already designed .However,
some modifications were necessary .These includes the addition of a concentrator and the

refrigeration box. The components of the apparatus are described as follows:

3.1.1 Collectors

Three standard flat plate collectors which are connected in series ,the dimension for
each collector are as follows:
Depth = 14 cm
Length=173 cm
Width=73 cm
Atea=1.28 m?
Weight=35 kg

Fluid hold-up volume= 2.25 liters

53
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3.1.5 The evaporator

The evaporator is the part of the system which 1s responsible for the cooling effects.
The refrigerant coming from the expansion valve has to be evaporated extracting it's

latent heat of evaporation from the space to be cooled .The cvaporator is an air-cooled

type with finned tubes diameter of 1 cm

3.1.6  The refrigerated space

The space to be refrigerated is made of wood it consists of two concentric boxes the
mner box has the following dimensions: Length = 40 cm.
Width=45 cm
Height= 100 cm,
while the outer box has the following dimensions:
length=50 cm width=55cm height=110cm Inside the inner box exist two holes with
a space between them of 10 cm. These holes are made so as to record the average

refrigerated space temperature

3.1.7 The concentrator

The parabolic concentrator 1s made of stainless steel with a dimension of 100 ¢m
length and 62 cm width.
The receiver area has the dimensions of 100 ¢cm length and 55 cm width.
The concentrator is covered with a good reflective surface which is chosen to be alu-
minium foil. The tube enclosed by the concentrator is painted with black, and enveloped

by a transparent glass tube so as to minimized convection losses.
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3.2 Instrumentation

In this section the instruments used during data collection are to be discussed .
There are many measuring parameters as follows:

(1) Temperatures:

The temperatures at different desired positions in the circuit were measured using ther-
maocoaples read by multichannel digital meter.Mercury thermometers were also used.

The microprooessor thermometers have the following specifications: Type : Ten input

thermometers of type 6200

Reading rate : 4 per second.

Working ambient temperature : - 5 to +40 °C.

The thermocouples used are copper- constantant type.
(2) Solar energy:

The solar energy was measured using a solar integrator with the following specifications

Type : CC10
Temperature range : + 5 to +40 °C.

Irradiation range : 0 to 999.9 ¢ 3 Wh/m?

(3)Volume flow rate:The volumetric flow rate of the water through collector loop was
measured using a standard rotary flow meter meanwhile, the volume flow rate of the
cooling water was measured using a baker and a stop watch.

(4)Wind velocity:The wind velocity was measured using wind anemometer with the fol-
lowing specifications:
Type: Edra Five Digital,

Range : 0.3 - 30 m/s.
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Accuracy ; + 0.01 to - 0.01,

Overall dimensions: 220 mm * 130 mm * 210 mm.

Total weight : 2.5 kg.

3.3 Preparation of Apparatus

In preparation of the apparatus , the following steps were followed:
(a) For the fear that any leak exiat,a test was done by operating the system and checking
all parts of the system. (b) The concentrator-tube was painted black.It wa.s enclosed in
a transparent-cylindrical glass to minimize the losses of convection.
(¢) The system is then insulated with rock wool.
(d) Using an evacuation pump for a period 4 hours, the whole system was evacuated.
(¢) An amount of 10 kg of LiBr was mixed with 10 liters of water in order to charge the
absorption system. The mixture is then poured in the absorber.

(f) The thermocouples are connected at the desired positions.

3.4 Preparation for Collection of Data

The preparation for collection of data consists of the following:
(1) The glass cover of the collectors and concentrator pipe were cleaned.
(2) The reflecting surface of the concentrator was cleaned.
(3) The thermocouples are connected with the microprocessors.
(4) The solar integrator is placed and connected with an electric source.Also the wind
anemometer is connected with an electric source.

(5) The solution and the water pump are connected with electric source.
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3.5 Data Collected

The data collected are done throughout the following precedure: (1) The water pump

15 first connected with electiric current.

(1) The air relief valve which is located at the side of the collectors is opened s0 as to
relcase the air accumulated. This step was done for every reading during the operating
period.

(iii) Watching the temperature of the water inlet to the generator as the temperature
reaches more than 80°C'; the collecting of data begins.

(iv) Then the solution pump is connected to electric current, and the cooling water is
connected to the circuit waiting for the first reading after a minimmm time of quarter an
hour so as to read steady conditions.

(v) The cooling water flow rate is to be fixed during the whole day.

(vi) After taking the first data, the mass flow rate of the water through collector loop 1s
changed waiting for the second reading.

(vii) For every quarter an hour, the temperatures at the required positions are recorded.
(viii) when the inlet generator temperature decreases below 80 °C' the collection of data
1s stopped.

The data collected are shown in appendix A from this thesis 1in i;ablcs A.1 through table
A.9. The temperatures mentioned in the tables are defined in the nomenclature, and
shown in Figure 2.1 in chapter 2.

The apparatus also shown 1n Rgure 2.2.
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Chapter 4

RESULTS AND DISCUSSION

4.1 Introduction -

The data collected experimentally for this research are given in Tables A-1to A-9 of
,appendix A. This data was used in the computations of results presented and discussed in
this chapter. Also, the same data was used in calculating the parameters of the simnlation

equations which were used in the computer simulation part of this research.

The next section of the chapter explains the method and procedure of the reduc-
tion of the data. The results obtained consist of the following: (a) the variation with
time of the solar energy, the generator inlet temperature, the generator temperature,
the condenser temperature, the evaporator temperature, the absorber temperature, and
the refrigerated space temperature during all the test periods; (b) the variation of the
experimental coefficient of performance (COP) with the same parameters as in (a); (¢)
then the results are compared with the published results of other researchers; and (d) the
performance curves of the simulation study. These are presented and discussed in details

in the next sections.

65

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



4.2 Reduction of Data

The first step in the data reduction is the computation of the various heat transfers
in the components of the system. These consist of the heat transfer to the generator, ng,
the heat from the condenser, Q_, the heat transfer in the evaporator, Q,, and the heat
removed from the absorber, Cja. These were computed using the measured temperatures,
namely, the generator temperature, T, the condenser temperature, T;, the evaporator
temperature, T, and the abserber temperature T),; and the constant mass flow rate of
the solution, More details of how these quantities were computed using equations 2.27
through 2.30. After that, all the coefficients of performance for the experimental, simu-
lated and theoretical parts of the rescarch were computed aa given by equations 2.4 and
2.5. As an illustration of the computational procedures the data collected on the first of
Septemnber 1990 for the case when the following data are given:

The generator temperature:

T,=76.0 °C, from Table A.2

The condenser temperature:

T.=29.1 °C', from Table A.2

The evaporator temperature:

T.=14.7 °C, from Table A.2

The absorber temperature:

T.=39.2 °C, from Table A.2

As aresult of entering these temperature in equations 2,12 and 2,13, the following con-
cenirailons were obiained.

The concentration of solution leaving the absorber:
X4=51.9%

The concentration of the solution leaving the generator and entering the absorber:
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Xo=61.9%

The constant mass flow rate of the solution:

wy=0.078 kg/s, constant throughout the experiment.

The mass flow rate of the solution leaving the generator is obtained by a mass balance
of lithium bromide about the generator, equation 2.28.

w,=0.06324 kg /s.

The mass of the refrigerant is obtained by a total mass balance about the generator,
equation 2.27 .

w4=0.0123 kg/s.

The enthalpy of the solution entering the generator is obtained using equation 2.11.

hy =74.48 Kj/kg.

The enthalpy of the strong solution leaving the generator is obtained using equation 2.11

hy=158.87 Kj/kg.

The enthalpy of the refrigerant leaving the generator is computed using equation 2.10 .
ha=2636.9 Kj/kg

The enthalpy of the refrigerant leaving the condenser is computed using equation 2.7 .
he=122.0277 Kj/kg.

The enthalpy of the refrigerant leaving the evaporator is cbtained using equation 2.9 .
hs=2528.39 Kj/kg

The rate of heat transfer to the generator is given by cquation 2.29 .

0,=36.745 Kw. '

The rate of heat transfer from the absorber 15 computed using equation 2.29.
Q,=29.49 Kw

Then,
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The experimental coefficient of performance COP 1s calculated using equation 2.4:
COP = 0.802699.
The theoretical coefficient of performance is computed using equation 2.5 :
COP,;, = 2.1069.
This sample results are represented in temperature- pressure-concentration diagram see
figure 4.0. From this figure, we can notice that we have two cycles, The refrigeration
cycle 1-2-3-4, and the solution cycle 1-2-5-6.
The procedure followed in getting the results is shown in figure 4.1 which is the flow
chart of program B.3 in Appendix B of this chapter. The results of these and all other

computations using the remainder of the data are given in Tables 4.1 through 4.9.
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Table (4.1): Experimental Results

Day:29-8-1990

(with concentrator) / temperatures in °C

Time | Ty 1. T. T, | COP | COPy
1130 | 80.2 | 29.5 | 16 | 353 ]0.819 [ 272
11:45 | 79.1 | 28.1 | 15.9 | 35.9 | 0.823 | 2.91
12:00 | 81.9 | 30.5 | 16.2 [ 35.4 | 0.817 | 2.61
12:15 | 82.0 | 30.0 | 16.8 | 35.0 | 0.819 | 2.91
12:30 | 80 [3l.5]16.1 {41.0 | 0.789 | 2.07
12:45 | 78.2 | 31.6 | 15.1 | 40.1 | 0.788 | 1.89
1:00 [ 78.5 [ 31.5 | 15.0 1 40.0 { 0.790 | 191
1:15 | 77 |31.9}1149139.5|0.788 | 1.82
1:30 1 76.3 | 30.0 | 14.4 [ 38.5 | 0.801 | 2.00
1:45 | 76.0 [ 31.1 [ 14.1 [ 39.0 | 0.792 | 1.79
2:00 | 76.5 | 31.8 | 14.9 [ 39.3 | 0.789 | 181
515 | 73.4 | 32.1 | 14.8 [ 39.0 | 0.782 | 1.65
2:30 | 71.3 1 329 (145 | 38.6 [ 0.772 | 1.48
2:45 | 69.8 | 33.2 | 14.3 | 38.9 | 0.756 | 1.37

Table (4.2): Experimental Results

Day:1-9-1990

(with concentrator) / temperatures in °C

Time | T, g T, T COP | COPy
11:30 { 76.0 | 20.1 | 14.7 | 39.2 | 0.803 2.11
11:45 { 75.8 1 29.6 | 13.1 | 39.5 | 0.795 1.81
12:00 | 84.1 } 26.1 ] 17.1 | 40.0 | 0.830 4.49
12:15 |1 73.1 {32.1 | 13.5 | 36.3 | 0.766 1.47
12:30 | 83.3 [ 26.0 | 16.9 | 37.0 | 0.830 4.20
12:45 | 82.9 {1 26.8 | 16.5 | 37.4 | 0.825 3.63
1:00 | 81.9 | 27.2 { 16.0 | 38.3 | 0.822 3.24
1:15 1 80.1 | 28.0 | 15.5 | 38.5 | 0.815 2.73
1:30 | 79.0 1 28.3 | 15.2 | 38.5 | 0.813 2.54
1:45 | 78.6 | 29.0 { 14.1 | 38.2 | 0.807 2.20
2:00176.3(29.5]13.0 39508049 1.89
2:15 [ 75.1 {294 ]13.3 | 40.0 | 0.796 1.82
2:30 | 73.1 { 30.0 | 13.4 | 41.0 | 0.785 1.65
2:45 | 72.4 | 32.5 { 13.2 1 41.0 } 0.740 1.35
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Table (4.3): Experimental Results

Day:2-9-1990

(with concentrator) / temperatures in °C

Time | 1 T. 1. T, | COP | COP,
11:30 | 77.4 | 32.1 | 14.9 | 39.5 | 0.789 1.81
11:45 | 78.0 1 30.4 | 15.0 | 39.0 | 0.799 2.08
12:00 [ 78.9 1 28.3 { 16.4 | 35.3 | 0.820 2.97
12:15 {-79.1 | 27.7 | 16.1 | 37.2 | 0.827 3.35
12:30 | 80.2 | 27.9 | 16.9 | 33.1 | 0.832 3.58
12:45 | 79.0 | 27.8 | 17.1 | 32.1 | 0.824 3.01
1:.00 | 79.9 | 28.0 | 16.8 | 34.2 | 0.830 3.52
1:15 1 78.8 [ 28.7 | 15.2 | 38.2 | 0.811 2.46
1:30 1 77.3 1 33.0 | 14.7 { 39.9 | 0.783 1.68
1:45 [ 75.1 | 32.8 | 14.5 | 40.0 | 0.773 1.58
2:00173.2 328|144 | 40.2 | 0.760 1.48
2:15 1 72.3 1 33.2 | 14.1 | 40.5 | 0.746 1.38
2:30 | 72.1 | 32.6 | 14.0 | 41.0 § 0.740 1.39

Table (4.4): Experimental Results

Day:3-9-1990

(with concentrator) / temperatures in °C

Time | T, | 7. | T. | Ja | COP | COPy
11:30 | 78.2 | 28.2 | 15.8 | 35.2 | 0.824 | 2.85
11:45 | 78.1 | 31.1 | 14.8 | 39.9 | 0.790 | 192
12:00 | 80.4 | 20.0 | 15.4 | 37.1 | 0.820 | 2.69
12:15 | 802 | 29.1 | 154 | 37.0 | 0.815 | 2.60
12:30 | 79.2 | 28.1 | 15.9 | 35.1 | 0.825 | 2.97
12:45 | 76.1 | 32.9 | 14.2 | 41.3 [ 0.762 | 1.53
1.00 | 70.7 | 30.1 | 15.2 | 39.5 | 0.762 | 1.54
1.15 | 78.1 | 28.6 | 15.8 | 36.2 | 0.820 | 2.69
1:30 | 77.2 | 3L.7 | 14.7 | 40.6 | 0.780 | 1.77
145 | 76.3 | 92.8 | 14.5 | 41.2 | 0.765 | 158
2:00 | 76.1 | 32.9 | 14.2 | 41.3 | 0.762 | 1.5
5.5 | 75.2 | 32.1 | 13.8 | 415 | 0.720 | 1.31
2:30 | 70.1 | 33.1 | 13.4 [41.8 | 0.673 | 1.20
2:45 332 | 132 | 42.0 | 0522 | 105

67.1
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Table (4.5): Experimental Results

Day:4-9-1990

(with concentrator) / temperatures in °C

73

Time | T, T, 1. T. | COP | COPLy
11:30 | 78.1 [ 29.0 | 14.6 | 38.5 | 0.808 2.25
11:45 | 77.4 | 29.5 | 14.5 | 39.0 | 0.802 2.10
12:00 ) 77.3 |1 30.0  14.0 | 39.2 | 0.798 1.95
12:15 | 82.1 {276 | 15.1 | 37.4 | 0.815 2.65
12:30 | 81.1 { 28.9 | 14.7 ] 38.2 | 0.812 2.53
12:45 | 79.3 | 27.2 | 15.5 | 36.5 | 0.825 3.00
1:00 | 77.0 1 27.6 | 15.1 | 37.4 | 0.808 2.25
1:15 | 77.3 1 30.0 | 14.0 ] 39.2 | 0.798 1.95
1:30 1 75.2 | 31.1 | 14.5 | 39.4 | 0.788 1.78
1:45 | 74.2 | 31.2 | 14.3 | 39.6 | 0.783 1.69
2:00 | 73.2 1324 | 14.0 | 40.0 | 0.T66 1.50
2:15 [ 73.2 1 32.6 | 13.8 | 40.5 | 0.761 1.49
2:30 1 72.1 1327 13.5]41.2 | 0.732 1.34
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Table (4.6): Experimental Results

Day:8-9-1990

(without concentrator) / temperatures in °C

Time | T, T. 1. T, | COP | COP
11:15 | 78.2 | 30.0 | 14.3 1 37.0 | 0.811 | 2.15
11:30 | 77.3 | 31.3 | 13.8 } 40.9 | 0.777 | 1.70
11:45 | 78.5 | 30.0 | 14.5 | 38.2 | 0.805 | 2.13
12:00 | 76.5 | 32.0 | 13.6 | 40.0 | 0.796 | 1.63
12:15 | 76.9 [ 31.9 [ 13.7 | 40.6 | 0.776 | 1.634
12:30 { 76.4 | 32.3 | 13.6 | 40.5 | 0.773 | 1.58
12451 75 |33.2(13.5 [41.210.752 | 14l
100 [ 74 |33.7|13.2{42.2,0714 128
1:15 [ 73.9 1 33.0 | 129 { 424 [ 0.710 | 1.29
1:30 [ 735 [ 34.1 | 12.7 [ 43.7 ] 0613 | 115
1:45 173.2 [ 34.1 | 12,5 | 44.2 1 0.529 | 1.10

Table (4.7): Experimental Results

Day:9-8-1990

(without concentrator) / temperatures in °C

Time | T, T, 1. T, | COP | COPu
11:15 1 75.3 | 33.8 15.0 37.0 | 0.795 1.68
11:30 | 77 | 31.8 14.8 36.9 | 0.804 1.94
11:45 | 77.3 { 31.0 15.0 36.3 ; 0.810 2.11
12:00 § 76.7 | 32.0 15.0 37.1 | 0.802 1.92
12:15 | 756.0 | 33.8 14.5 J8.0 | 0.788 1.58
12:30 | 76.3 | 33.9 14.9 37.8 | 0.793 1.67
12:45 | 75.7 | 33.3 14.7 J7.4 {0.795 1.70
1:00 | 74.3 1344 | 14.14.2 | 389 [ 0.775 1.44
1:15 1 73.1 [ 34.8 14.0 39.0 | 0.765 1.36
1:30 | 724 | 35.1 13.7 39.4 ] 0.750 | . 1.28
1:45 | 68.4 | 35.4 13.0 39.6 | 0.672 1.08
2:00 | 67.3 | 36.0 12.7 40.1 | 0.553 0.98
2:15 1 67.3 | 36.0 12.7 40.1 | 0.553 0.98
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Table (4.8): Experimental Results

Day:10-9-1990

(without concentrator) / temperafures in °C

Time | T, | & | L. | Z= | COP [COPa
11:30 | 72.9 | 34.3 | 14.8 | 37.2 [ 0.784 | 152
11:45 [ 736 | 34 |15.0 | 37.0]0.790 1.60
12:00 { 77.2 | 32.2 | 16.0 | 35.4 | 0.810 2.13
12:15 | 74.6 [ 33.6 | 15.1 | 36.6 | 0.796 1.70
12:30 | 76.7 | 33.0 | 15.4 | 36.0 | 0.805 1.91
12:45 | 77.4 | 31.6 | 16.2 | 35.0 | 0.813 2.27
1:00 [ 75.3 | 33.2 | 15.2 | 36.4 | 0.800 1.79
1:15 | 72.4 [ 34.5 | 14.3 | 37.4 | 0.778 1.44
1:30 | 71.2 [ 35.8 | 14.0 | 37.8 | 0.761 1.28
1:45 | 70.4 | 35.4 { 13.8 | 38.0 | 0.752 1.25
2:00 [ 69.2 | 36.4 { 13.5 | 38.5 | 0.715 1.12

Table (4.9): Experimental Results

Day:11-9-1990

(without concentrator) / temperatures in °C

Time | T, 1. 1. Ta COP | COP,
11:15 | 77.0 | 29.9 | 17.1 | 37.5 | 0.806 2.54
11:30 { 77.1 | 20.3 | 17.2 | 35.6 [ 0.819 2.84
11:45 | 78.0 | 30.1 | 17.0 | 38.2 | 0.823 2.46
12:00 [ 76.1 | 30.4 | 16.9 | 40.1 [ 0.794 2.22
12:15 | 75.2 | 31.0 | 16.8 | 41.8- | 0.775 1.96
12:30 | 72.4 1 32.1 | 16.2 | 42,5 [ 0.735 1.58
12:45 | 72.1 | 33.0 | 15.0 | 43.10 | 0.681 1.35
1.00 | 75.0 | 31.8 | 16.6 | 42.0 | 0.765 | 1.807
1:15 | 73.4 1 32.8 | 15.6 | 41.5 | 0.729 1.50
1:30 | 71.2 1 33.5 | 14.8 | 45.1 0.34 1.17
1:45 | 70.1 | 34.1 { 14.2 | 46.2 0.33 1.16
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The results based of the simulated temperatures were computed using the same
procedure and equations as those presented above for the experimental part of the re-
search. These temperatures and the corresponding coeflicients of performance are given

in Tables 4.10 through 4.19 in the following pages.
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Table (4.10): Simulation Results

Day:29-8-1990

(with concentrator) / temperatures in °C

Time | T, | T, | T | Js ] COP
11:30 | 78.0 | 28.0 | 15.8 | 35.0 | 0.826
11:45 | 79.4 | 26.5 | 16.4 | 35.7 | 0.828
12:00 | 79.3 | 20.7 | 15.6 | 37.5 | 0.811
12:15 | 794 | 24.2 | 16.1 | 36.6 | 0.830
12:30 | 79.1 | 28.6 | 15.7 | 37.2 | 0.816
12:45 | 79.9 | 30.9 | 155 | 37.6 | 0.807
1:00 | 78.3 | 31.0 | 15.1 | 38.1 | 0.802
1:15 | 76.9 | 30.0 | 15.0 | 38.1 | 0.805
1:30 | 76.8 | 30.1 | 14.0 | 38.4 | 0.802
1:45 | 76.8 | 31.1 [ 144 | 38.9 | 0.794
2:00 | 75.0 | 3L.7 | 14.2 | 39.2 | 0.187
2:15 | 74.8 | 32.0 | 14.1 | 39.4 | 0.782
3:30 | 74.1 | 32.1 | 14.2 | 30.4 | 0.78
9:45 | 73.2 | 32.8 | 14.4 | 40.2 | 0.760

Table (4.11): Simulation Resulis

Day:1-9-1990

(with concentrator) / temperatures in °C -

Time | T, 1. 1. 7. | COP
11:30 | 79.3 | 31.4 | 14.1 | 39.7 | 0.792
11:45 | 77.6 | 30.7 | 14.3 | 40.0 | 0.790
12:00 | 75.5 | 26.0 | 14.4 | 34.9 | 0.837
12:15 | 76.5 [ 31.8 | 14.1 | 39.6 | 0.785
12:30 [ 77.6 | 30.0 | 14.2 | 39.5 [ 0.796
12:45 | 77.4 | 30.6 | 14.0 |.39.6 | 0.790
1:00 | 76.8 1 29.9 | 14.2 | 39.4 | 0.800
1:15 { 76.7 [ 31.2 | 14.1 [ 39.5 | 0.789
1:30 [ 76.5 [ 31.8 1 14.2 [ 39.4 | 0.786
1:45 | 76.4 | 31.7 { 14.5 | 39.1 | 0.790
2:00 ] 76.4 { 32.0 | 14.4 | 39.1 | 0.790
2:15 [ 76.3 | 32.1 | 14.7 | 38.8 | 0.791
2:30 | 77.3 [ 33.0 ) 14.7 | 39.9 § 0.783
2:45 | 72.1 | 32.6 { 14.0 | 41.0 | 0.740
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Table (4.12): Simulation Results

Day:2-9-1990

(with concentrator) / temperatures in °C

Time

Ty

1.

T,

T,

COP

11:30

78.9

27.9

15.8

32.1

0.833

11:45

78.1

3.1

14.8

39.9

0.790

12:00

81.0

26.3

14.2

40.7

0.811

12:15

78.2

27.2

14.3

40.0

0.810

12:30

79.0

28.5

14.1

39.7

0.804

12:45

81.2

29.2

14.3

39.4

0.804

1:00

80.2

27.4

15.9

37.3

0.820

1:15

79.7

32.0

15.1

38.2

0.802

1:30

78.5

30.7

15.1

38.1

0.804

1:45

774

31.1

15.2

38.1

0.800

2:00

76.3

31.8

15.0

38.3

0.795

2:15

76.1

32.9

14.2

41.3

0.762

2:30

2.4

35.1

13.7

39.4

0.750

2:45

72.1

32.6

14.0

41.0

0.74

Table (4.13): Simulation Results

Day:3-9-1990

(with concentrator) / temperatures in °C

Time | T, | 2. | 1. T. | COP
11:30 | 77.6 | 28.1 | 15.8 35.1 0.825
11-45 | 78.7 | 31.7 | 15.1 | 35.939.0 | 0.796
12:00 | 80.7 | 31.3 | 15.0 38.6 0.802
12:15 | 79.3 | 32.0 | 14.9 | 38.7 | 0.798
12:30 | 80.3 | 30.8 | 15.0 | 38.4 | 0.804
12:45 | 79.7 | 31.6 | 14.8 | 38.6 | 0.800
1:00 | 77.8 | 30.9 | 15.0 | 385 | 0.799
1:15 | 75.0 | 31.9 | 145 | 38.9 | 0.789
1:30 | 74.8 | 32.1 | 145 | 38.9 | 0.786
145 | 74.9 | 32.0 | 143 | 39.1 | 0.785
7.00 | 73.6 | 32.2 | 14.2 | 39.3 | 0.780
2:15 | 72.4 | 32,5 | 13.2 41.0 0.740
7:30 | 72.1 | 32.6 | 14.0 | 41.0 | 0.740
245 | 73.0 | 33.0 | 120 | 42.4 [0.710
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Table (4.14): Simulation Results

(wit.h concentrator) / temperatures in °C

 Day:4-9-1990

Time

1

Ie

7,

1q

COP

11:30

78.5

27.1

15.2

36.1

0.827

11:45

76.8

31.3

15.0

38.6

0.796

12:00

77.4

31.5

14.8

38.6

0.797

12:15

80.9

31.3

14.6

38.7

0.802

12:30

80.9

30.3

14.9

38.4

0.804

12:45

79.9

27.8

15.9

37.2

0.820

1:00

79.0

30.3

15.5

37.6

0.808

1:15

75.2

30.9

15.1

38.1

0.804

1:30

79.0

29.0

15.5

37.5

0.813

1:45

78.1

30.0

15.2

38.0

0.806

2:00

79.5

32.1

14.3

39.2

0.785

2:15

77.2

31.7

14.7

40.6

0.780

2:30

75.2

J2.1

13.8

41.5

0.720
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~ Table (4.15): Simulation Results

Day:8-9-1990

(without concentrator) / temperatures in °C

Time | 1, 1. 1. T, | COP
11:15 | 74.1 | 30.0 | 16.3 | 38.2 ; 0.804
11:30 | 74.7 | 31.8 | 15.0 | 38.3 | 0.792
11:45 | 76.0 | 31.9 { 14.9 | 38.6 | 0.792
12:00 | 76.1 { 32.0 | 14.9 | 38.5 | 0.793
12:15 [ 76.7 | 31.9 | 14.9 | 38.7 | 0.794
12:30 | 75.3 | 32.2 | 14.9 | 38.5 [ 0.780
12:45 [ 73.2 | 32.8 | 14.4 | 40.2 | 0.760
1:00 { 72.4 [ 35.1 | 13.7 { 39.4 | 0.750
1:15 | 72.1 | 32.6 | 14.0 | 41.0 | 0.740
1:30 | 75.1 } 32.1 | 13.8 | 41.5 | 0.720
1:45 | 75.0 | 33.2 | 13.5 | 41.2 | 0.750

Table (4.16): Simulation Results

Day:9-9-1990

(without concentrator) / temperatures in °C

Time | T, | 1¢ 1. T, | COP
11:15 { 74.7 1 31.0 | 17.0 ] 36.0 | 0.810
11:30 | 77.8 | 32.0 | 15.5 | 38.3 | 0.798
£1:45 | 80.0 | 32.0 | 15.0 | 38.3 | 0.796
12:00 | 76.9 | 31.5 | 14.8 | 38.6 | 0.795
12:15 | 75.8 | 31.8 | 14.6 | 38.8 { 0.790
12:30 | 76.1 | 30.1 | 15.1 | 38.3 | 0.800
12:45 | 75.9 [ 31.6 | 14.65 | 38.7 | 0.792
1:00 | 75.8 | 31.7 | 14.6 | 38.8 | 0.750
1:15 | 74.9 $ 32.0 | 14.4 | 39.0 | 0.785
1:30 [ 74.4 | 31.4 | 14.8 | 38.7 [ 0.790
1:45 | 76.1 | 32.9 | 14.2 | 41.3 | 0.762
2:00 | 72.4 |1 35.1 | 13.7 | 39.4 ] 0.750
215 | 72.1 | 32.6 | 14.0 | 41.0 [ 0.740
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Table (4.17): Simulation Results

Day:10-9-1990

(without concentrator) / temperatures in °C

Time | T, T. 1. T, | COP
11:30 | 70.2 | 31.6 | 18.0 | 35.0 | 0.807
11:45 | 75.1 [ 31.8 [ 17.5 1 37.1 | 0.812
12:00 | 77.3 [ 33.1 [ 17.2 | 37.6 | 0.800
12:15 1 76.7 | 33.2 | 16.4 | 37.3 | 0.790
12:30 § 77.7 [ 33.0 | 15.3 { 37.1 | 0.802
12:45 { 78.0 [ 32.0 [ 14.6 | 37.9 | 0.800
1:00 } 77.5 323 |14.2 [ 376 | 0.790
1:15175.1 1316 | 14.2 | 384 | 0.796
130 1 75.9 1 31.9 | 14.2 | 38.6 | 0.791
"1:45 1 73.2132.8 | 14.4 | 40.2 | 0.7603
2:.00 § 72.4 | 35.1 | 13.7 | 39.4 | 0.750

Table (4.18): Simulation Results

Day:11-6-1990

(without concentrator) / temperatures in °C

Time | T, T. T. Ta COP
11:15 | 75.3 | 29.3 ] 16.6 { 35.6 | 0.819
11:30 | 78.0 | 31.3 | 15.8 | 38.2 | 0.801
11:45 | 77.9 [31.2 | 15.2 1 38.4 { 0.800
12:00 | 77.23 | 32.0 | 14.7 { 38.7 | 0.790
12:15 | 76.2 | 31.7 | 14.8 | 38.8 | 0.780
12:30 | 75.4 {31.7|14.7 | 38.9 | 0.782
12:45 | 75.2 {31.7 | 14.8 | 38.8 | 0.7699
1:00 | 75.1 {32.2 | 14.7 | 38.8 | 0.760
1:15 | 74.2 1324|146 | 38.9 | 0.753
1:30 | 72.3 | 33.3 | 14.2 | 40.5 | 0.746
1:45 | 75.2 | 32.1 { 13.8 [ 41.5 | 0.720
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The deviation of the simulated coefficient of performance with respect to the
experimental value was computed using equation 8 of chapter 2.

The results of computing the deviation of the remainder of the other results are given in

Tables 4.19 and 4.20.
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Table (4.19):Deviations

(Days with concentrator)

state

29-8
€

1-9 2-9

€

3-9 4-9

€ €

8.5e-3

1.3e-2 | 5.5¢-2 | 1.2e-3 { 2.3e-2

6.0e-3

6.de-3 | 1.1e0-2 | 7.6e-3 | T.de-3

7.0e-3

7.9e-3 | 1.1e-2 | 2.1e-2 | 1.5e-3

1.3e-2

25e-2 | 2.1e-2 | 2.1e-2 | 1.7e-2

J.4e-2

4.1e-2 | 34e-2 | 2.5e-2 | 8.7e-3

2.4e-2

40e-2 | 2.4e-2 [ 5.1e-2 | 1.5e-2

1.6e-2

2.6e-2 | 1.0e-2 | 5.0e-2 | 1.2e-4

col=—a|l | o] | 2l BO] =

2.2e-2

3.1e-2 | 1.2¢-2 | 3.8¢-2 | 2.0e-2

Lie]

1.8e-3

98e-2 | 2.6e-2 | 7.8¢-3 | 3.1e-2

[y
<o

2.7e-3

9.1e-2 | 3.5e-2 | 2.6e-2 | 2.9e-2

-
(==

2e-3

19e-2 | 4.6e-2 | 2.4e-2 | 2.4e-2

p—
3]

J.8e-4

6.3e-3 | 2.1e-2 | 2.7e-2 | 2.4e-2

-y
(]

9.3e-3

2.5e-3 | l.4e-2 Oe-2 | L.Ge-2

fo—y
'

57e-3

de-4

3.6e-1

Table (4.20):Deviations

days without concentrator

state

8-9 9-9
€ €

10-9 11-9
€ €

01 | 8.2e-3 | 1.8e-2

2.8e-2 | 1.6e-2

02 | 2.0e-2 | 7.5e-3

1.5e-2 | 2.2e-2

03 | 1.6e-2 | 1.7e-2

1.3e-2 | 2.8e-2

04 | 3.9¢-3 | 9.1e-3

4.0e-3 | 6.2e-4

05 | 2.3e-2 | 2.5¢-3

3.6e-3 | 2.2e-2

06 | 2.2e-2 | 8.5e-3

1.6e-2 | 6.9e-2

07 | 1.1e-2 | 3.3e-3

6.2e-4 | 1.de-1

-08 | 4.8e-2 | 1.9e-2

23e-2 | 3.0e-2

09 | 4.1e-2 | 3.0e-2

3.8¢-2 | 6.9e-2

10 | 1.5e-1 { 5.3e-2

1.1e-2 | 1.20

11 | 3.0e-1 | 1.2e-1

4.7e-2

12

2.6e-1

13

2.5e-1
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4.3 Variation of Test Parameters with Time

In this section, the variation of the various parameters of the test are discussed as they
varied with the time of the day of test. These parameters are the solar radiation energy,

the inlet generator temperature, the temperatures of the components of the system.

4.3.1  Solar energy

Jordan is a rich country in solar radiation as mentioned in section 1.1 especially
during summer months, All experimcntal data for this research were collected at the
cnd of August and the beginning of September. An example of the variation of the
solar radiation energy with tﬁnc of the day is shown in Figures 4.2 and 4.3. Figure

4.2 shows that the solar energy collected during the first test period, namely, at 11:30
was 209.32% then it increased to a maximum of 240 vk at 12:30 and dropped to the
minimum of the day of 173 2} at 2:30 p.m , it is seen that the maximum energy for a
penod for all days of test occurred during the period between 12:00 and 12:45 pm. The
absolute maximum for the solar energy collected during a periad of 15 minutes during
the days of the test was 307.6 Wh/m?. Other figures showing the variation of the solar

energy during the test periods are given in Figures C.1 and C.2
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The solar energy collected by three flat plate collector with and without a concentrator
as described in chapter 3 was the only source of energy input into the generator. The
solar intensity affected directly the inlet generator temperature which affects directly
the generator temperature and the the performance of the unit, The dependence of the

performance of the system on solar radiation energy is discussed in section 4.3.

4.3.2 Inlet generator temperature

The inlet gencrator temperature is determined by the solar collector system and
weather of the day. Also, in this research two cases were considered. The first case 1s
the one when the flat plate collectors were augmented by a concentrator, the second case
excludes the use of the concentrator. More details about the solar radiation collection
system is included in chapter 3. Figures 4.4 and 4.5 are examples of the variation of
the inlet generator temperature with time of the day. Figure 4.4 shows the effect of the
concentrator on the variation of the temperature in comparison with Figure 4.5 which
excludes the use of t;hc concentrator, As mentioned in chapter 3, this temperature was
used to determine the beginning of the test period as it reaches 80 °C. This is confirmed
as the minimum temperature for a meaningful use of solar energy in absorption refrig-
eration, [22, 27]. Moreover, the performance of the absorption refrigeration system has
found to depend mainly on this temperature, [18, 22]. The two figures show that the
maximum inlet generator temperature occurs during the same period of maximum solar
energy collected, namely, the period 12:00 to 12:45. The maximum temperature shown
by Figure 4.4 15 95 °C while that of Figure 4.5 15 80 °C. These temperatures show that
the concentrator helps to increase the generator temperature by about 6 %. Other figures
showing the variation of the generator inlet temperature with time of the day with the

use of the concentrator and without its use are given in Appendix C, Figures C3 and c4.
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4,3.3 Other cycle temperatures

~ In this section, the variation of the temperatures of the generator, the condenser, the
evaporator, the absorber, and the refrigerated space with time of the day are considered.
These terperatures are presented for the two teat modes: with and without the addition
of the concentrater.
The temperature of the generator refers to the temperature of the refrigerant leaving the
generator. Figures 4.6 and 4.7 show the variation of this temperature with time. Figure
4.6 shows that at the beginning of the test period this temperature was 80 “C; it reached
a maximum of 84 ©C at the same period of maximum generator inlet temperature, i.c
between 12:00 and 12:45, it then dropped to a minimum temperature of 70 °C' at the end
of operation period. For the case when the concentrator was not used, figure 4.7, these
temperatures were 75 °C, 76 °C, and 68 °C, respectively. In this case, the percentage
contribution of the concentrator is about 10 %.Other figures showing the variation of

space temperature with time of the day are listed in Appendix C in figures C5 and C8.
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On the other hand, the variation of condenser temperature with time of the day
depends on three main factors: (a) The temperature of the refrigerant entering the con-
denser, (b) the difference between the inlet and the outlet temperatures of the cooling
water , (¢) the ambient temperature and wind sﬁeed. These factors were observed to
influence the vanation of the condenser temperature by the fact that the refrigerant leav-
ing the regenerator is exposed to ambient air before it enters the condenser itself. In the
condenser, the exchange with the tap water produces the maximmm heat removal fram
the refrigerant. Moreover, the condenser itself was exposed tﬁ ambicnt air which helped
in the rate of cooling of the refrigerant. As noted before, the most important factor is
the cooling water temperature since it affects mainly the condenser temperature. As
an illustration of the variation of the temperature of the condenser, Figures 4.8 and 4.9
show the data for two cases of concentrator use or its absence. Figure 4.8 shows that
the beginning temperature of the condenser is 29.5 °C for a difference between the inlet
and the outlet cooling water of 4.2 °C while at the end of the test run the condenser
temperature was 32 °C' with a difference between inlet and outlet of cooling water of 2.0
°C.

From figure 4.9, 1t is seen that the test beginning temperature of the condenser was 32 °C
with a difference between inlet and outlet of cooling water of 3.1 °C while the tempera-
ture of the condenser at the end of operation is 36 °C with a difference between the inlet
and outlet temperatures of cooling water of 1.1 °C. Other figures shows this variation

are listed in Appcndix ¢ through figures C7 and C8.
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The variation of the refrigerated space temperature with time of the day depends
on four factors: (a) the starting refrigerated space temperature, (b) the temperature of
the refrigerant leaving the evaporator, (¢) the operating period, and (d) the value of the
coefficient of performance which explained in more details in section 4.4.

From figure 4.12, the case of the presence of the concentrator, the initial refrigerated
space temperature is 28.3 °C with cvapor#tor temperature of 16 °C' while the mininmm
refrigerated space temperature is 17.5 °C at the end of the operating period, between
11:30 a.m to 2:45 pm. The other case, figure 4.13, shows that the starting refrigerated
space temperature is 26.2°C with initial evaporator temperature of 14.3°C while the min-
imum refrigerated space temperature 1s 20°C' at an evaporator temperature of 12.5°C at
the end of the operating period, from 11:15 am to 1:45 pm. It can be shown that the
minimum temperature attained is lower than in the case without the use of the concen-
trator. The reason for this behaviour, is that the operating period which has the lower
limit of 80 °C inlet generator temperature is higher in the case of the concentrator than
the other case.Other figures which show the variation of space temperature with time are
shown in appendix C figures C11 and C12.

The average length of test run for the days when the concentrators was used is 3.4 hours,
while that for the days without concentrator is 2.63 hours. The gave an additional test
time of 0.78 hours.

The last factor, the value of the cocficient of performance of the system, as expected
affects mainly the refrigerated space: as the COP increases, the temperature of the refrig-
erated space drops. It is shown elsewhere in this chapler, section 4.3, that the COP was

higher in the case of use of the concentrator than that without the use of the concentrator.

94

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



1so0e@ SS9yl Jo BIue) - ueplor Jo AlsiBAIUN JO AkeiqiT - paABSaY SIYDIY |1V

"USJUa3 INOUY |4 T, £°g2 = "duey eonds |ofyjul

Q 862792 = -dwsy jus|quo *fiop ey} u| Jnoy
Y¥{A *dusy eonds 3o UG|ID|IDA : £ a1nB |4

C 0= WBupu )* Jmoy
=°rl 8L°EL Tl a3l 221 atl mw.m_o“

T

ds

!
3]

a
&

[ =]
gl
0) *e.njoJedsey ©oD

/

i
¢

14

*UBDUQD Wy M *0,£'82 = "dwey ecnds D[} Uy
S,68°62 = "dusy jus|quo *fiop sy} u| Jnoy
UM "dusy eopds Jo UQ|IDIIDA : Z|'p aJnf4

¢ 0 - }BILe 3 Jnoy
ot w'rt el el v-- "3 m2l (121

M




The absorber temperature ,on the other hand,is affected by many factors:(a) the

temperature of the refrigerant coming from the evaporator,(b)the difference between inlet
and outlet of cooling water tcmpcratun.;,and (c)the temperature of the strong solution
coming from the generator .

For example,figures 4.14 and 4.15 shows the variation of the absorber temperature with
time in the day for the two cases.Figure 4.14 shows the variation of absorber temperature
with time for the case with the concentrator, The initial absorber temperature is 35.3
°C with an imtial evaporator temperature of 16°C ,difference between inlet and ontlet
of cooling water of 4.2°C and a temperature of strong solution entering the absorber
of 43°C while the maximum of T, is 43 °C at 12:30 with T, of 16.1°C’' and strong s0-
Iution temperature is 44°C' and a difference between inlet and outlet of cooling water
of 2.8 °C' .At the end of operating period the absorber temperature is 38.9°C with T,
of 14.3°C, a strong solution temperature of 43.9°C and a difference of 2 °C between
inlet and outlet of cooling water. The variation of abserber temperature of the non con-
centrator case 1s shown in figure 4.17 .However ,at the begin of the operating period,the
absorber temperature 1s 37.0°C’ with an initial evaporator temperature of 14. 3°C' ,strong
solution temperature of 50°C' and a difference between inlet and outlet of cooling water
of 3.7°C.The maximum absorber temperature is 44.5°C with evaporator temperature of
13.6°C , strong solution temperature of 49.8°C and a difference between inlet and outlet

of cooling water of 2°C.The end absorber temperature is 40°C' with evaporator temper-

ature of 12.5°C strong solution temperature of 48.5°C' and a difference in cooling water

temperature of 1.7°C.Other figures which show the vanation of absorber temperature

with time are shown in appendix C , figures C13 and C14.
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The variation of the above mentioned temperatures with time is shown in figure 4.16.
From this figure we can see that the highest of all of these temperatures, as expected,
is the generator temperature, 7. The lowest temperature of the cycle is that of the
evaporator, T,, and intermediate temperatures are the absorber temperature, T, and

the condenser temperature, 7.
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4.4 Variation of COP

In this section, the variations of the experimental coefficients of performance, COP’s,

with other test parameters are discussed. These parameters include the solar energy, the

inlet generator temperature, the mass flow rate of the water through the collector loop,

the gencrator temperature, the condenser tempecrature, the evaporator temperature and

the absorber temperature.

4.4.1 Solar energy

Figure 4.17 and 4.18 show the variation of the experimental coefficient of performance,

COP,, and the theorctical cocflicient of perfarmance, CO Py, with solar energy, these fig-

ures show that as the solar energy increases both COP’s increase. This is s0 because an

increase in solar energy leads to an increase in the generator temperature, this increases
the amount of refrigerant leaving the generator; thus the cooling capacity increases which
tends to increase the COP value.(18, 4]. As an illustration figure 4.17 shows that the max-
imum value of COP, is 0.83 and the maximum value of COFyy attained is 2.9. This took
place at a a solar energy of 240 wh/m? using the concentrator. Without using the con-
centrater, figure 4.18, shows that the maxinmum COP, is 0.81 and the maximum €0 Ry,
is 2.6 This again illustrates the significance of the use of the concentrator. In consider-
_ing all the test runs for the case of using the concentrator and the case without using
it the two averages of COP, were found to be equal 0.79 and 0.745, respectively. This
shows that the increase in the COP as a result of adding the concentrator is about 6.0

%. Other figures which show this variationare gshown in appendix C, figures C15 and C16.
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4.4,2 Generator inlet temperature

Figures 4.19 and 4.20 show the variation of the COP with generator inlet temperature.
For the first case, figure 4.19 shows that as this temperature increases the value of COP,
increases. For example, at a maxinmm temperature of 95°C the COP, 15 0.83 while at
a temperature of 80°C' the COP is.79 . Again, figure 4.20 shews that the maximum
temperature attained is 87°C with a COP, of 0.80, However,the reasen for the differ-
ences between the maximmum gencrator inlet temperature for the two cases is according
to the presence of the concentrator and the maxiumum solar energy recorded during the
two days,250 ¥} for the first case and 229.4%% for the other day.It is known also that
as the generator inlet temperature increases it means more refrigerant released from the
solution which means that high COP occur;[18, 22, 4]

Other figures which show the variation of inlet generator temperature with COP are

shown in appendix C,figures C17 and C18.
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44,0 Mass flow rate of water

The effect of mass flow rate of water thronghout the collectors loop on the value of
COP 1is studied .Figures 4.21 and 4.22 show this variation .From the two figures we can
see that the maximum COP recorded is at a flow rate of 30 g/s. Actually ,through tl‘lc
results obtained , the maximurn COP recorded for all days lie between 20 g/s and 30 g/s
.The explanation for this behaviour is that as the flow rate decreases it means that the
timne allowed for t};c water 50 a3 to get get more energy from the sun is increased. This in-
crease means that we have high inlet generator temperature which , consequently increase
the value of COP recorded. The other figures show the variation of mass flow rate of

the water through collector loop with COP are shown in appendix C, figures C19 and C20.
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4.4.4 Other cycle temperatures

Throughout the rest of this section ,we are going to discuss the effect of components
temperatures naimly,the generator temperature,the condenser femperaturc,thc evapora-
tor temperature and the absorber temperature on the value of COP.

As the generator temperature which is the temperature of the refrigerant leaving the
generator increases this means that the concentration of the strong solution leaving the
generator increase. However,the increase of the concentration of the strong solution has
its negative effect on the value of COP.The explanation of this behaviour can be notice
if we look at equations 28,27 and 31 of chapter 2.Equation 28 shows that we have a
decrease of the flow rate of the strong solution;this decrease tends to increase ,according
to mass balance equation 27 of chapter 2,the mass flow rate of the refrigerant leaving the
generator so the COP value increase according to equation 31 and 5 of chapter 2.figures
4.23 and 4.24 shows this variation .Other figures which show this variation are listed in

appendix C, hgures C21 and C22.
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At last the variation of the absorber temperature with the coefficients of performance
are shown if figures 4.29 and 4.30.The absorber temperature has a negative effect on the
coefficient of performance since an increase in absorber temperature tends to increase the
concentration of the solation out from the absorber which has it's effect to decrease the
flow rate of the refrigerant out from the generator thus decrease the coefficients of per-

formance.Other figures show this variation are listed in appendix C, figures C27 and C28.
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A comparison between the present results obtained and those ebtained by other
researchers 1s presented. According to many researchers, the inlet generator temperature
is the predominant factor that affects the other temperatures which in turn affect the
the value of the coefficient of performance, [lé, 4]. But, the generator inlet temperature
is affected mainly by the available solar radiation energy as noted in section 4.2.1. Most
researchers used flat plate collectors but noted that desircd high temperatures can not
be obtained by such collectors, (23, 18]. Accordingly, a concentrator was used with the
flat plate collectors throughout this rescarch as higher COP are desired. In addition, the
climate of Jordan is known for its abundance with solar energy which helps achieve the
desired high temperatures, hence the high COP’s.

The average coefficient of performance recorded all the days using the concentrator was
0.789 and the maximum value of 0.83. For example by comparing the results of this
rescarch with those of Sayigh, [19), it can be seen from figure 4.31 that the range of the
generator inlet temperature of his results occur between 70°C and 87°C with a maximum
COP of 0.7, in comparison with the range of this research which covers the temperatures
from an initial lower limit of §0°C to a maximum limit of 95°C’ with a maximum COP
of 0.83. This shows that the COP obtained by this work increase by about 19 % from

that of Sayigh.
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4,5 IExperimental and Simulated COPs

In this scction, a comparison between experimental and compuler simulated coefh-
cients of performance (COPs) is discussed. From Tables 4.19 and 4.20 we can say that
‘the simulation results and the experimental results are very close to each others. From
tables 4.19 and 4.20 the average value of deviation, ¢, is about 0.031 which shows a good
agrécmcnt between the simulated and the experimental values of the COPs. This close
agreement between these values is also shown in Figures 4.32 and 4.33. These figures
show three general trends: (a) the close agreement between the experimental and the
simulated COPs is verified by the small value of the deviation, ¢, as has already been dis-
cussed above, (b) both COPs increase with dimensionless temperature difference which

15 defined as follows:

dimensionlesslemnp. dif ference = L-T. (4.1}

T,

where T, is the generator temperature, and T, is the condenser temperature.
and (c) the rate of increase of hoth COPs is greater in the case of the use of the concen-

trator than the case without the concentrator.
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Figure 4.34 shows an example of the close agreement between the COPs with respect
to the mass flow rate of water through the collector loop for all test runs. This fignre
also shows that the simulated COP is higher than the experimental COP for all the test
period. This puts the simulated values between the theoretical and experimental ones
although they are closer to the experimental values than the theoretical ones. Figure
4.35 also shows the agreement between the two COPs with respect to time of the day.
This shows that the relative relationship between the experimental and the simulated
values is independent of the these factors. Morcover, the simulated values as produced
by the computer program are good predictions of the results, as demonstrated by the

above comparisens.
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4.6 Performance curves

The experimental results of this research which are discussed above details the varia-
tion of the different parameters with COP. Unfortuently, we can not control the ambient
conditions, as for example, we cannot keep the ambient temperature fixed and study the
other variations with respect to this constant paramecter. In order to do s0, it is essential
to relate all the test parameters with each other . This connection needs actual data
which is difficult to obtain experimentally. Thus these were obtained from the various

test runs and the simulation program as discussed in chapter 2.

The performance curves discussed below are the curves which predict the perfor-
mance behaviour of an experimental set-up with the control of varying and fixing different
parameters.

The study of the behaviour of the coeflicient of performance by fixing the evaporator
temperature and varying the inlet generator temperature is first studied. Figure 4.36
shows this behaviour which is consistent with a similar work done by Sayigh,[19]. From‘
this figure we can see that for a fixed evaporator temperature, say 12°C, as the inlet
generator temperaturc increases the value of COP increase. For example, at an inlet
generator temperature of 80°C the COP equals 0.76 and for generator temperature of
85°C the COP equals 0.81, This shown an increase of about 7.0 %. This vﬁgurc also shows
that as the evaporator temperature increases the value of the coefficient of pcrfornla.n::c

increases. These results show consistency wilh our experimental results.
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As discussed by many tesearchers, the generator temperature is not the only factor
that affects the performance of the refrigeration cycle. The condenser, the evaporator
and the absorber temperatures also have direct effect on the COP of the cycle,[22]. How-
ever, as a result of this fact, the performance behaviour 1s noﬁr studied by: (a) fixing
the evaporator temperature and varying the condenser temperature and by (b) fixing
the evaporator and the condenser temperatures and varying the absorber temperature.
For case (a) we can notice from figure 4.37 that as the condenser temperature incrgascs
the coeflicient of performance increases. For cxample, from the fhigure 4.37, at evapora-
tor temperature of 12 °C, condenser temperature of 28°C, and absorber temperature of
30°C the coefficient of performance is 0.83; while for an evaporator temperature of 12°C,
condenser temperature of 34°C, and an absorber temperature of 30°C the coefficient of
performance 1s 0.80. Thus a decrease of condenser temperature of 6°C gives an increase
of coefficient of performance of 4%. For case (b) we see that as the absorber tempera-
ture increases the coefficient of performance decreases. For example, figure 4.37, when
tvaporétur temperature was 12 °C' ,condenser temperature was 34 °C, and absorber tem-
perature was 30 °C, the coeflicient of performance was 0.81; while when the the same
evaporator and condenser temperatures were maintained but the absorber temperature
mcreased to be 35 °C the cocfficient of performance was 0.79. The curve obtained here
is consistent with similar work don by Lazzarin et. al, [22].

The last study taking in to consideration the absorber and the condenser temperatures
as the parameters to be studicd and discussed with constant evaporator temperature of
12 °C. Figure 4.37 shows this variation. From this figure we can notice two behaviours:
(1) The decrease of coeflicient of performance with the increase in condenser temperature
and (11} the increase of the coefficient with the decrease in condenser femperature. For

the first case, (i), and from the figure, at a condenser temperature of 28°C, absorber tem-

perature of 40°C, and evaporator temperature of 12 °C), the coefficient of performance
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was 0.80; while for a condenser temperature of 34 °C, absorber temperature of 40°C and
evaporator temperature of 12 °C the coefhicient of performance was 0.75. This means
that a decrease in condenser temperature of 6°C' tends to gives an increase in coefficient
of performance of 6%. For the other case, from the same figure we can say that when
the condenser temperature was 28°C, absorber temperature 40°C, the coefficient of per-
formance was 0.8; while when the condenser temperature was 34 °C and the absorber

temperature was 40 °C the coefficient of performance was 0.75.

12
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Chapter 5

CONCLUSION AND
RECOMMENDATIONS

5.1 (General

This chapter contain the main conclusions which are obtained from experimental and
simulation results. The results which is obtained using a locally designed and manufac-
tured solar operated lithium bromide water absorption system tested in Arnman, Jordan

could be divided in to two parts: (a) results from experimental work, and (b) results

from simulation work.

5.2 Conclusions from Experimental
There are many conclusions which are extracted from experimental work:

1. The selected range for operation of the cycle shows good cocfficients of performance.
The selected range is based on the temperature of the water inlet to generator, the

lower limit for this terhperature was selected to be 80°C.Below this temperature,

the cycle 15 off.

2. the presence of the concentrator increase the temperature of the water entering the

generator by an additional 6°C.This tends to increase the value of the coefficient
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of performance by a factor of 6%.

3. The coefficient of performance calculated for all days show a good indicated value
in comparison to others; this because of climate of Jordan which is rich in solar
energy, and the presence of the concentrator enhance in increasing the COP value.
For exainple, the research results shows an increase of 13% of COP compared tb

Sayigh.

4. The influence of variation the flow rate of water through collector loop on the COP
is discussed. It is found that as the high COP occur at a low flow rate (20 g/s to
30 g/s). This is because the lower is the flow rate, the more is the time allowed for

the solution in the generator lto extract heat from water.

5, The influence of generator inlet temperature on COP shows that an increase in this

temperature tends to increase the value of COP which is consistent with previous

work done by many rescarchers.

6. The influence of generator temperature, condenser temperature, evaporator tem-
perature, and absorber temperature on COP were discussed. The generator and
the cvaporator temperatures have their positive effect on COP while the others

have their negative effect. These results are consistent with previous work.

5.3 Conclusions from Simulation
There are many cenclusions which concern with simulation, they are as follows:

1. The numerical computer simulation of the system based on the solution of simul-

taneous heat and mass balances equations is done.The simulation show a good
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agreement with the experimental case, this agreement can be shown 1n chapter 4

of this theses.

2. The simulation results insist on the importance of the inlet generator temperature
as a predeminant factor that affect first the components temperatures first and the

coefficient of performance next.

3. The influence of the generator, the condenser, the evaporator, and the absorber
temperatures on the coeflicient of performance was discussed. The results obtained

by simulation results are consistent with that obtained by experimental .

4, The performance curves as defined in chapter 4 of this thesis are important since
they predict the behaviour of the system under the conditions of fixing and varying
different parameters. However, Performance curves are obtained for the system
under test.These curves are extracted from the simulation programme. The per-
formance curves which arc obtained are consistent with other curves obtained by

many researchers .

5. The simulation results show that, not only the inlet generator and the evaporator
temperature affect the value of COP, but the condenser and the absorber tempera-
tures have their direct effect also.The condenser and the absorber temperatures are
an important factors which are to be taken into consideration during the operation
of the absorption cycle. Their ability to be controlled through varying the cooling

water temperature strengthen their importance,.
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5.4 Recommendations

Jordan considered as one of the poor countries which lack adequate conventional
energy sources.This highlight the urgent need for the country to develop and utilize it's
potential indigenous sonrces of energy in the most appropriate , efficient and accelerated
manner. Cooling utilizing solar energy, which is the interest of this research, is needed
most when the sunshine is strongest. This may be the primary motivating factor in the
cantinuing development of solar cooling systems. This rescarch deals with an absorption
cooling system which is tested in Amman, Jordan. According to present research results,
such systems achieve good coefficient of performance. This achievement due, mainly, to
the fact that Jordan is rich in solar energy.However, it is reccommended to focus on these

systems and began to utilize them. Such utilization will be most evident in rural areas.
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Day:29 -8-1990,with concentrator

initial space temp. = 28.3 °C

flow rate of cooling water = 0.053 1/s

143

Time m v 1 T3 111 1 T9 T‘g Tl 2 T[ 3 T5 Tc

mfs |mfs| 2 | °C | °C o¢ |°eCc |°oC|°C|°C]|°C
11:30 | 20 L2 {224.0 | 94.8 | 84.8 | 50.2 { 80.2 19.0 | 24.0 | 52.7 | 28.5
11:45 | 30 13 | 210.2 [ 95.7 | 82.1 | 51.3 { 79.1 | 18.5 24.6 | 52.9 | 28.1
12:00 | 35 13 [ 232.0 | 94.0 [ 81.3 | 50.1 | 81.0 20.0 | 24.1 { 52.9 | 30.5
12:15 | 40 24 | 240.4 | 95.3 | 87.0 [ 51.0 | 82.0 | 20.1 95.1 | 52.5 { 30.0
12:30 | 45 15 | 220.4 | 94.8 | 84.4 | 50.2 | 80.0 | 20.5 24.7 | 52.7 | 31.5
12:45 | 50 12 | 214.0 | 92.2 { 80.1 | 50.3 | 78.2 | 20.5 | 23.5 55.1 | 31.6
01:00 | 55 292 | 230.2 [ 94.8 { 80.5 [ 50.9 [ 78.5 | 20.5 | 23.8 54.1 t 31.5
01:15 | 60 18 121621914 |79.9 {514 |77.0213 23.7 | 56.4 | 3L.9
01:30 | 65 1.3 | 205.4 | 88.7 | 79.2 | 52.3 } 76.3 | 19.6 22.9 | 56.7 | 30.0
01:45{ 70 1.5 [ 200.2 | 85.3 | 78.1 54.0 | 76.0 | 20.5 | 23.7 | 58.9 | 31.1
02:00 | 75 12 | 2153 | 87.2 | 78.3 544 |76.5]21.6 24.0 1 57.9 | 31.8
02:15 | 80 1.2 | 2003 [ 84.2 [ 77.5 | 54.5 | 73.4 | 21.1 | 24.0 57.6 | 32.1
02:30 | 85 29 | 180.4 | 82.1 [ 76.2 | 54.3 | 71.3 [ 21.5 | 21.0 58.0 | 32.9
02:45 | 80 29 | 175.0 | 80.7 | 75.1 | 50.9 | 69.8 | 23.0 | 25.8 57.9 | 33.2
Time T. Ty Tiar Tho Ta Ta T Ts2 Tam T Ty
11:30 | 16.0 19.0 22.8 | 43.0 | 22.1 | 35.3 | 25.1 | 25.2 | 28.5 58.2 | 89.2
11:45 | 16.0 | 18.5 | 23.0 | 44.2 | 22.0 | 35.0 | 24.1 | 24.4 | 30.1 | 57.2 | 88.1
12:00 | 16.2 20.0 24.5 | 42.6 | 21.9 | 35.4 | 23.1 | 23.7 | 31.3 53.3 { 88.2
12:15 | 10.8 20.1 24.1 | 41.3 | 21.5 | 35.0 | 21.1 § 23.3 | 30.0 } 4.3 88.7
12.30 | 16.1 | 20.8 | 23.0 | 44.0 | 22.1 [ 43.0 | 21.9 | 21.7 [ 30.1 | 51.0 | 85.7
12.45 | 16.1 | 20.5 | 23.06 | 43.6 [ 23.0 | 40.1 | 21.8 | 21.3 | 20.6 | 58.3 | 87.2
01:00 | 15.0 | 20.5 | 22.5 | 44.0 | 22.8 [ 40.0 | 20.8 | 20.¢ | 28.9 | 57.0 | 88.1
01:15 | 14.9 21.3 23.0 | 45.3 | 23.6 | 39.5 | 19.9 19.7 | 20,1 | 48.2 { 85.3
01:30 | 14.4 10.6 21,0 | 40.1 | 22.8 | 38,5 | 19.0 | 19.5 | 30.1 41.2 | 82.2
01:45 | 14.1 20.5 22.1 | 43.6 [ 21.3 | 30.0 | 18.9 | 18.T | 30.2 | 43.5 80.3
02:00 | 14.9 21.0 23.4 | 45.1 | 22.7 | 39.3 | 18.6 | 18.5 | 20.0 | 43.9 79.1
02:15 [ 14.8 | 21.1.1 | 22.4 | 40.2 | 20.9 | 30.0 { 18.0 17.9 | 29.5 | 42.3 | 78.3
02:30 | 14.5 21.0 23.1 144.3 {20.7 | 38.6 | 17.1 | 18.0 | 28.9 44.2 | 75.2
02:45 | 14.3 23.0 24.0 | 43.9 ] 20.1 | 38.9-| 17.0 | 18.0 | 28.7 | 45.1 74.3
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Day:1-9-1990,with concentrator

initial space temp. = 28.7 °C

flow rate of cooling water = 0.054 /s

144

Time | m 1% 1 T | Tuw | Te T, | Tiz | Tha T T.
m/s [mfs | ¥ {°C | °C o¢ | °Cc |°C|°C|°C|°C
11:30 1 20 592 | 205.4 | 85.0 | 81.4 | 55.4 | 76.0 | 19.3 22.6 | 54.7 | 29.1
11:45 | 25 1.6 | 208.4 | 84.1 { 81.1 | 6.3 | 75.8 20.6 | 23.5 | 56.4 | 29.6
2001 30 | 2.3 | 264.3 | 95.0 | 86.1 } 46.2 | 84.1 18.3 | 22.1 1 58.3 | 26.0
12:15 } 35 28 | 202.3 | 84.0 | 80.9 | 55.4 | 73.1 | 21.0 24.4 | 54.6 | 32.1
12:30 1 40 | 1.0 | 240.2 | 93.0 [83.4|49.4 833 18.0 [ 21.9 | 55.1 | 26.0
12.45 | 45 | 1.2 | 250.4 | 92.0 [ 85.4 | 47.3 | 82.9 18.2 | 22.1 | 54.9 { 26.8
0100 | 50 | 0.8 [ 232.3[92.0]83.9|51.3 819 18.5 1 22.0 | 54.3 | 27.2
0I:15 1 55 1.3 | 228.0 | 90.0 | 84.9 | 47.2 | 80.1 19.0 | 23.0 | 55.3 | 28.0
01:30 | 60 | 1.4 [221.2]89.0[82.6]50.7|79.0 19.2  22.9 | 59.2 | 28.3
0145 | 65 | 1.0 | 215.3[87.082.1[53.3|78.6]|19.4 23.0 | 57.1 | 29.0
02:00 | 70 | 2.1 |210.2 (852 (820504763 19.4 [ 23.1 | 56.3 | 29.5
02:15 | 75 28 {205.3|84.1 [81.1]56.3]75.1 196 | 22.5 | 56.4 | 29.4
02:30 | 80 23 | 202.4 | 83.0]78.1(57.073.1]20.0 22.7 | 56.3 { 30.0
02:45 | 85 | 3.8 | 185.2 {80.0 [ 78.3 {56.2 | 72.4 21.3124.1 589|325
ab 2:continue
Time | T, Tia | The Tio Ty | T, T, T2 | Tom Ty T2
11:30 | 14.7 [ 19.3 | 22.0 | 45.1 | 20.9 39.2 | 26.0 | 26.9 | 29.8 | 53.1 | 80.3
11:45 | 13.1 | 20.6 | 23.1 | 45.3 | 20.4 ] 39.5 | 25.1 25.0 | 30.0 | 52.0 | 79.3
12:00 | 17.1 | 18.3 | 22.3 [ 40.3 | 22.3 | 40.0 | 25.4 25.3 1 29.6153.087.2
12:15 | 13.5 § 10.6 | 23.9 | 44.4 { 19.7 16.3 | 24.3 [ 24.1 | 30.0 | 49.0 | 7T7.2
12.30 | 16.9 | 21.0 | 25.1 | 44.8 | 22.5 | 37.0 23.9 1 23.0 { 30.5 | 45.0 | 88.0
12.45 | 16.6 | 19.2 | 23.1 [ 45.2 | 22.3 | 37.4 | 23.0 23.2 | 29.7 | 43.0 | 86.3
01:00 [ 16.0 | 19.0 |22.9 | 45.3 | 22.0 38.3 | 22.6 | 22.7 | 30.3 | 42.0 | 86.1
0115 | 16.5 | 10.0 | 22.0 | 44.9 | 22.4 [ 38.5 | 22.6 22.0 [ 29.0 | 41.5 | 84.0
0130 | 15.2 | 10.2 | 22.8 | 46.6 | 21.7 | 38.5 | 21.6 21.7 1 28.0 | 41.0 | 83.4
0145 | 14.1 | 19.3 [ 227|479 21.6 | 38.2 [21.1 | 21.0 28.4 | 40.5 | 81.3
02:00 | 13.0 [ 19.4 1 22.6 | 46.3 | 2L.3 305 | 21.0 | 20.5 | 27.0 { 40.3 | 80.2
02:15 | 13.3 | 19.6 | 21.1 | 45.3 | 204 40.0 | 20.0 | 19.5 | 27.1 | 41.4 | 79.3
02:30 | 13.4 [20.0 | 21.9 | 41.5 | 20.3 | 41.0 196 | 19.0 | 26.9 } 42.3 | 74.2
U245 | 13.2 [21.5 | 23.0 [ 42.7 [ 19.7 | 41.0 | 18.6 18.0 | 26.7 | 43.4 | 73.2
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Day:2 -9-1990,with concentrator

initial space temp. = 28.0 °C

flow rate of cooling water = 0.062 /s

Time | m Vv I T3 T‘u Tg T; le 2113 T5 n
m/s |m/s| 2 | °C | °C | °C °Cc |°C|°C|°C|°C
1130 | 20 | L9 | 209.3{91.2|78.9[51.3|77.4]21.9 240591 32.1
11:45 | 30 | 2.0 |211.3[95.4 ] 79.0 [ 51.4 [ 78.0 | 20.1 | 23.2 56.2 | 30.4
12:00 | 35 | 2.0 [217.27[92.5[79.9 [45.2 [78.9 119.8 |23.8 54.1 | 28.3
12:15 | 40 | 1.4 | 215.0 [ 94.0 [ 80.7 [ 47.3 | 79.1 | 18.9 | 22.7 56.1 | 27.7
1230 | 45 | 1.8 | 240.0 | 97.0 | 80.4 [ 46.4 [ 80.2 | 18.9 | 23.0 | 51.3 27.9
1545 | 50 | 1.6 | 230.0 | 95.1 | 79.3 |47.3 [79.0 [ 18.3 | 23.2 |51.2 } 27.8
01-:00 | 55 | 1.1 | 225.0 | 93.0 [ 80.0 | 44.4 | 79.9 | 18.6 | 22.9 | 524 28.0
0L:15] 60 | 3.1 | 215.0 | 92.0 [ 79.2 {50.9 {78.8 | 18.6 | 22.2 | 55.3 28.7
0130 | 65 | 1.2 | 205.4 | 89.0 [ 79.4 [ 54.3 [ 77.3 | 22.9 ) 24.9 | 58.1 33.0
01:45 | 70 | 1.4 | 205.2 | 85.0 | 79.9 [52.2 [ 75.1 | 22.1 } 24.9 | 50.1 | 32.8
02:00 | 75 | 1.6 | 188.1 [ 82.0 | 78.3 [50.3 [ 73.2 | 22.1 | 24.8 | 51.1 | 32.8
02:15 | 80 | 2.5 [175.1 | 8L.0 | 77.5 | 54.9 [ 72.3 ] 21.9 | 24.3 | 52.1 | 33.2
0230 85 | 3.0 | 173.8 | 80.0 [ 76.4 | 50.2 [ 72.1 | 21.0 | 23.0 ] 52.0 | 32.6

Table A.3:continued

Time T, T | Tie | Tho To | Ta Tn Te2 | Tam T T,
11:30 | 14.9 [ 21.9 | 23.9 | 44.3 | 22.1 { 39.5 | 26.3 26.6 | 29.8 | 60.7 | 82.0
11:45 | 15.0 [ 20.1 [ 23.0 { 45.4 | 22.0 { 39.0 | 25.1 25.0 [ 30.2 ] 59.2 | 84.4
12:00 [ 16.4 [ 19.8 | 23.0 [ 47.7 | 21.4 | 35.4 | 24.4 24.3 | 30.9 | 58.1 | 87.G
12:15 | 16.1 | 18.9 | 22.8 [ 49.2 | 21.9 | 37.2 | 23.9 23.3 | 30,9 ] 57.3 { 86.3
12.30 [ 16.9 | 18.2 | 21.5 | 45.3 | 20.9 | 33.1 23.0 [ 22.9 | 30.1 | 55.2 | 90.2
1245 | 17.1 | 18.3 | 22.0 | 44.2 [ 204 | 32.1 [ 22.9 | 22.7 | 28.1 63.2 1 89.0
01:00 | 16.8 | 19.6 | 22.9 [ 46.4 | 20.3 | 34.2 | 22.7 22.4 | 27.9 | 60.3 | 88.2
01:15 [ 15.2 1 18.6 | 21.3 | 47.3 | 22.0 | 38.2 22.0121.9 279 |58.2|853
01:30 [14.7 1 19.6 | 23.6 | 41.2 | 22.9 ;1 39.9 | 22.0 21.5|26.2 | 55.4 | 81.2
01:45 | 14.5 | 22.1 | 23.5 [ 40.1 [ 23.0 { 40.0 [ 21.9 | 21.0 25.3 | 52.1 | 80.3
02:00 | 14.4 1 21.9 ] 24.1 [ 40.0 | 23.1 | 40.2 | 21.5 | 21.0 27.1 | 51.0 | 79.1
02:15 | 14.1 | 22.1 | 232 [ 45.2123.2 | 40.5 | 20.4 | 20.3 | 26.3 50.1 | 75.1

02:30 | 14.0 | 21.0 | 23.0 [ 45.0 [ 22.9 [ 41.0 | 19.8 | 19.5 | 26.2 | 50.2 | 75.4
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Day:3-9-1990,with concentrator

initial space temp. = 28.5 °C

flow rate of cooling water = 0.053 1/s

146

Time | m |4 I Ty Tn Ty I, T2 Tia T; T.
m/s | m/s % o {ec |°C |°C|°C|°C]|°C|"°C
1130 | 20 | 2.4 | 2203914 |[79.2(49.1}782][19.0 22.3 | 52.3 | 28.2
11:45 | 30 | 2.7 | 213.0 [ 90.1 | 80.4 | 50.4 | 78.1 | 20.5 23.9 | 63.4 | 31.1
12:00 | 40 | 2.4 | 252.0 [ 97.0 | 83.1 | 50.3 | 80.4 | 19.7 22.3159.3 | 29.0
12:15 | 50 | 3.0 | 251.0 | 96.0 | 82.4 | 50.3 | 80.2 | 19.4 22.3160.1 |29.1
1230 | 60 | 2.3 |229.0 193.9|78.3[47.3|79.2|19.1 22.1 | 50.1 | 28.1
1245 | 65 | 2.7 | 200.0 | 85.4 | 78.3 [53.3|76.1 | 21.3 | 23.9 62.4 | 32.9
000 | 70 | 2.5 |238.0 {94.2|8L.9|50.4[79.9]202]23.6 62.3 | 30.1
01:15 | 75 | 2.6 | 217.0 { 90.5 | 79.0 [ 51.0 | 78.1 { 20.6 23.6 | 56.3 | 28.6
01:30 | 80 16 | 216.0 | 88.3 [ 80.0 | 50.3 | 77.2 | 20.5 | 22.4 | 60.3 3L.7
01:45 | 85 53 | 210.0 | 87.5 1 79.1 [ 53.4 | 76.3 | 22.0 | 24.1 | 59.4 32.8
02:00 | 90 | 2.1 |200.0 | 85.4 |78.3|53.3[76.1]223 24.9 { 624 | 32.9
02:165 | 95 | 2.4 | 100.0 | 84.8 | 77.4 | 54.3 | 75.2 | 22.6 | 24.3 62.1 | 34.0
02:30 | 95 1.8 | 165.0 | 82.2 | 75.3 [ 65.0 [ 70.1 [ 22.3 | 23.3 | 61.3 33.1
02:45 | 95 | 2.0 | 164.0 | 82.0 | 74.3 [ 55.2 [ 67.1 | 22.3 23.9 | 61.3 | 33.2
Table A.4:continued
Time | T, Tia | T | Tho Ty | 1o T, T | Tom | Th 't
11:30 [ 15.8 [ 19.0 [ 23.0 [ 50.3 | 21.6 | 35.2 { 26.1 | 26.0 | 27.6 | 53.2 | 85.2
11:45 | 14.8 [ 20.5 [ 22.8 | 46.1 [ 21.5 | 39.9 [ 25.0 | 25.1 [ 27.5 | 50.5 | 84.9
12:00 [ 15.4 | 18.7 | 22.0 | 50.0 | 22.2 | 37.1 | 24.1 | 23.9 [ 27.2 | §9.5 | 90.1
12:15 [ 15.4 | 19.1 | 23.1 | 49.3 | 22.1 | 37.0 ] 23.2 ] 23.3 | 27.2 { 52.1 | 90.3
12.30 [ 15.9 | 19.1 | 22.2 {50.2 | 21.5 | 35.1 | 22.7 | 22.5 | 28.1 | 63.4 | 88.7
12.45 [ 14.2 1 21.3 | 22.1 | 44.9 [ 26.0 | 41.3 | 22.1 | 21.9 | 27.8 | 60.2 | 80.0
01:00 | 15.2 [ 20.2 [ 22.9 | 48.2 | 21.3 { 39.5 [ 21.2 | 21.6 | 29.1 | 60.2 } 88.3
01:45 | 15.8 [ 19.7 1 22.3 [ 50.1 [ 20.6 [ 36.2 | 21.1 | 21.0 | 28.0 | 68.9 | 84.3
01:30 | 14.7 | 20.5 ] 22.5 { 45.1 ] 20.3 | 40.6 { 20.6 | 20.3 | 28.8 | 62.1 | 82.3
01:45 [ 14.5 [ 22.0 [ 23.4 [ 44.9 | 20.4 | 41.2 | 20.2 | 20.0 | 28.9 | 50.4 | 80.2
02:00 | 14.2 | 22.3 | 23.8 | 44.9 [ 21.0 | 41.3 | 19.2 [ 19.0 | 28.5 | 52.9 | 79.3
02:15 | 13.8 [ 22.6 | 23.7 [ 45.0 J 20.5 [ 41.5 | 18.8 [ 18.3 {27.4 | 50.2 | 77.3
02:30 [ 13.4 [22.3 (23.2[43.9 | 19.6 | 41.8 | 18.5 | 18.6 | 26.3 | 50.3 § 76.3
02:45 [13.2 (223 [ 23.5 | 43.9 ] 19.2 [ 42.0 [ 18.2 | 18.3 | 26.0 | 50.0 | 76.0
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ta c

Day:4-9-1990,with concentrator

initial space temp. = 28.8 °C

flow rate of cooling water = 0.067 1/s

Tmelm | V.| I | B |Ta| B | T | T2 |Te| T | I
m/s |m/s| 2 |c|°c|c|C|® €|°C|°C °C
11:30 | 20 2.1 | 233.0 [ 90.6 | 84.3 | 55.3 78.1 20.1 23.9 | 54.9 1 29.0
11:45 | 25 1.6 | 211.9 | 86.3 | 82.1 [ 5.1 774 19.8 22.4 | 51.7 | 29.5
12:00 | 30 96 | 214.1 | 87.0 [ 80.3 | 58.1 | 77.3 20.3 22.5 1 53.1 | 30.0
12:15 | 35 2.7 | 307.6|96.3 | 82.2 | 48.3 §82.1 18.8 23.0 | 62.3 | 27.6
12:30 | 40 21 | 283.0 | 93.8 | 85.1 54.3 | 81.1 19.7 22.0 | 54.1 | 28.9
12:45 | 45 1.3 | 219.0 | 88.0 | 80.3 | 46.1 79.3 18.1- | 22.0153.527.2
01:00 | 50 2.0 |219.0[87.0]81.4 483 77.0 18.8 23.9 | 52.8 | 27.6
01:15 | 535 18 | 224.0 | 86.3 | 80.3 {58.1 | 77.3 20.3 22.5 1 53.1 | 30.0
01:30 | 60 1.4 | 213.0 | 85.2 [ 79.4 | 59.3 75.2 20.3 29.5 | 52.0 | 31.1
01:45 | 65 1.2 [ 206.0 | 84.2 | 79.6 | 60.1 74.2 20.2 22.4 1 51.8 | 31.2
02:00 | 70 0.6 | 198.0 ] 82.1 | 79.1 | 62.1 73.2 211 23.3 1519324
02:15 ] 75 1.5 | 190.0 | 81.9 | 78.3 [ 60.1 | 73.2 21.0 23.0 | 50.6 | 32.6
02:30 | 80 23 | 185.0 | 80.8 | 77.3 | 59.4 { 72.1 21.9 23.0 | 50.0 | 32.7

Table A.5:continue

Time T, Ty | Tha Tio Ty | Ta T T2 | Tam T T;
1130 1 14.6 | 20.1 | 22.6 | 55.3 | 20.1 | 38.5 | 27.0 [ 26.9 | 28.0 | 49.3 | 85.3
1145 | 145 | 10.8 | 21.4 | 51.8 | 20.1 [ 39.0 [ 25.2 | 25.9 | 28.1 | 42.3 } 80.1
500 1 14.0 120.3 | 22.1 | 50.1 | 19.9 | 0.2 [ 24.3 [ 24.7 | 28.8 | 2.1 ) A2.1
12:15 | 15.1 | 18.8 | 21.9 | 56.7 | 18.3 | 37.4 j 23.4 | 24.0 [ 285 60.3 | 90.2
1230 1147 | 10.7 | 22.8 | 55.4 | 20.0 [ 38.2 [22.2 | 22.2 | 28.5 | 604 86.1
1245 | 155 [ 18.1 | 215 | 54.1 | 17.3 | 36.5 [ 21.2 | 21.4 | 28.8 | 55.2 83.9
0T:00 | 15.1 | 10.8 | 23.0 | 56.7 | 18.3 | 37.4 | 21.0 [ 21.0 | 20.1 } 50.1 | 84.4
0115 [ 140 | 203 | 22.1 | 50.2 | 16.9 | 39.2 [20.5 [ 20.7 | 28.7 | 52.1 | 82.9
5T:30 (145 | 203 [ 22.0 [ 49.3 | 19.3 | 39.4 | 20.3 | 20.7 | 30.1 [ 54.1 | 80.2

0L:45 | 14.3 | 20.2 { 21.9 [ 48.3 | 21.5 | 39.6 | 19.1 19.9 | 29.8 | 50.0 | 80.2

02:00 | 14.0 | 20.1 | 22.5 | 43.2 | 20.4 | 40.0 | 19.0 19.3 1 30.3 | 45.3 | 74.9

02:15 | 13.8 | 21.0 [ 22.6 [41.3 | 19.7 | 40.5 | 18.8 18.9 | 28.6 | 44.2 ] 76.3

02:30 | 13.6 | 21.0 [ 22.6 | 41.0 | 19.6 | 41.2 | 18.5 18.3 | 27.5 | 43.2 | 74.9
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;data

e

Day:8-9-1990,without concentrator

initial space temp. = 26.2 °C

flow rate of cooling water = 0.050 /s

148

Time | m
m/s

m/s

I

wh

Ty
°C

AR
°C

Ty
°C

I,
°C

T,
> C

°C

s | T
°C | °C

11:15

20

1.1

225.1

87.2

81.4

53.9

78.2

20.2

26.4

56.1 | 30.0

11:30

25

3.3

214.9

87.4

82.4

56.9

77.3

20.2

25.4

57.1 | 30.0

11:45

30

2.9

229.4

88.4

82.1

54.1

78.5

20.0

26.2

55.1 | 314

12:00

35

3.0

205.4

85.6

79.6

56.3

76.5

21.2

25.9

58.0 | 32.0

12:15

40

3.5

218.6

88.1

83.4

54.9

76.9

21.1

26.3

58.1 [ 3L.9

12:30

45

4.6

210.2

86.4

80.6

574

76.4

21.1

26.3

57.6 | 32.3

12:45

50

4.8

194.3

84.1

79.2

55.8

75.0

22.2

26.9

58.1 t 33.2

01:00

99

4.2

187.4

83.0

78.4

56.9

74.0

22.1

26.1

95.1 | 33.7

01:15

60

1.5

175.0

82.1

17.3

54.9

73.9

22.2

25.3

56.1 | 33.0

01:30

65

3.0

170.0

80.1

76.4

53.9

73.5

23.1

25.2

57.1 | 34.1

U1:45

70

4.2

173.1

80.0

76.1

58.9

73.2

23.2

25.2

58.1 | 34.1

Table A.6:continued

Timé

Tl:!' TH'

Tho

Ty

T,

Tu

To2

Tom

T

11:15

14.3

20.2 1249

50.0

17.4

37.0

25.2

25.0

26.3

57.2

11:30

13.8

20.2 | 24.0

51.0

17.9

40.9

244

24.6

26.5

54.7

11:45

14.5

20.0 | 23.6

-51.9

18.2

38.2

23.9

24.0

27.0

55.4

12:00

13.6

21.2 | 24.0

50.2

16.3

40.0

23.6

23.8

26.8

58.2

12:15

13.7

21.1 1248

50.1

17.9

40.6

23.0

22.5

26.6

57.2

12:30

13.6

21.0 | 24.0

49.8

17.2

44.5

22.8

23.0

26.0

ma

12:45

13.5

2221249

51.3

18.1

41.2

21.0

22.8

26.0

FENTH

01:00

13.2

22.1124.0

50.8

18.4

42.2

21.3

20.2

26.1

49.2

01:15

12.9

22,2 1239

49.5

18.6

42.4

21.0

20.9

26.1

50.2

01:30

12.7

23.1 | 24.9

47.5

17.6

43.7

22.2

19.2

26.0

50.6

01:45

12.5

20.2 | 24.9

48.5

15.7

40.2

20.0

20.0

25.0

50.1
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[able A.7T:data collected

Day:9-9-1990,without concentrator

initial space temp. = 27.6 °C

flow rate of cooling water = 0.056 1/s

Time { m v I T3 7111 Tg :Fg le" T13 T'a 11::
mfs |mfs| 2 [°c |°c|°C|°C|°C|°C]|°C]|"°C
1115 | 20 | 2.0 | 229.3[83.1 [77.3 ]49.3 [76.3 1227 26.1 | 55.1 | 33.8
1130 | 25 | 3.3 |257.5 |88.1 [79.8]49.8[77.0|21.1 264 52.1 | 31.8
1145 ] 30 | 3.2 {263.8 {90.0 [ 79.9[49.3 [77.3|20.1 | 26.3 52.1 | 31.0
12:00 | 35 | 2.2 | 248.2 {86.1 | 78.3 | 48.9 { 76.7 | 21.0 | 25.6 53.6 | 32.0
12:15 1 40 | 10 | 215.0 | 87.1 [ 77.0 [ 48.3 | 75.0 | 23.0 | 26.9 | 63.7 33.8
1530 45 | 0.8 | 240.U0 | 87.4 | 79.0 [49.0 | 76.3 | 22.3 | 27.4 | &4.1 33.9
1245 | 50 | 1.3 | 209.0 | 83.0 | 75.1 | 58.4 [ 75.7 | 22.9 | 25.1 | §7.2 33.3
0L:00 | 55 | 2.0 | 238.0 [86.4 | 78.1 [49.4 [ 74.3 122.1]25.7 | 84.7 34.4
0L:15 | 60 | 3.0 | 215.0 | 86.1 | 76.9 [50.4 | 73.1|22.3 |25.9 | 56.1 [34.8
0130 | 65 | 4.2 | 213.0 | 85.0 | 76.1 [ 59.2 [ 72.4 [ 23.1 | 25.8 | §6.9 | 35.1
01:45 | 70 | 3.8 | 210.0 | 84.0 | 75.3 | 60.4 | 68.4 | 22.0 | 25.7 | 55.3 35.4
02:00 | 75 | 3.7 | 198.2 | 78.0 | 74.1 | 56.4 [ 67.3 ] 23.9 | 25.5 | 57.3 | 36.0
U515 | 80 | 2.6 | 195.7 | 77.0 | 73.1 | 56.4 [ 67.3 | 23.9 | 256.0 | 58.1 j 36.1

I'able A.T:coptinued

Time | T, Tiv | Tie | Tho Ty | T, T T2 | Tam Ty
1115 | 15.0 | 22.1 | 24.9 | 46.3 | 18.1 [ 37.0 | 26.4 | 26.6 | 27.8 | 61.3
1130 | 14.8 | 21.1 | 24.1 | 50.4 | 17.8 [ 36.9 | 25.6 | 25.7 | 27.6 | Hh.1
11-45 | 15.0 | 20.1 | 23.9 [ 50.9 | 17.9 | 36.3 | 24.0 | 24.0 [ 28.2 ARTE
1500 | 16.0 | 210 | 24.3 | 54.3 | 18.5 | 37.1 | 23.9 | 23.0 | 8.3 550 |
12:15 | 14.5 | 23.0 | 25.0 | 42.3 [ 19.0 [ 38.0 | 23.6 | 23.0 | 27.1 | 50.1
1230 | 140 | 223 | 25.2 | 65L.7 | 18.1 | 37.8 | 23.0 | 22.8 | 29.0 | 52.3
1245 | 14.7 | 22.0 | 24.1 | 43.5 | 18.3 | 37.4 | 23.0 [ 22.5 | 28.1 | 53.2
01:00 | 14.2 1 22.1 | 24.4 | 51.2 | 182 [ 38.9 | 23.2 | 22.3 [ 28.5 [ 65.1
01:15 | 14.0 | 23.3 | 25.3 | 43.1 | 19.1 [ 39.0 | 23.9 | 24.0 | 27.5 [ 50.1
01:30 | 13.7 | 23.1 | 25.4 | 42.1 | 18.5 | 39.4 | 23.8 [ 23.9 { 27.0 | 50.3
01:45 | 13.0 | 23.0 | 25.5 [43.9 [ 18.4 [ 39.6 | 23.4 | 23.6 | 26.9 | 45.0
02:00 1 12.7 1 23.0 [25.3 | 44.1 | 18.4 | 40.1 | 23.2 [ 23.0 | 26.8 | 42.4
02:15 | 12.7 1 23.9 [245 | 43.9 [ 19.0 | 40.1 | 22.1 [ 23.1 | 26.7 | 43.0
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B:data ecte

Day:10-9-1990,without concentrator

initial space temp. = 29.0 °C

flow rate of cooling water = 0.056 1/s

150

Time | m

m/s

m/fs

1

wh

T
°C

Tu
°C

Ty
°C

Tiz
°C

Ths
°C

°C | °C

14:30

20

1.2

701.8

82.1

78.8

59.4

23.6

25.3

48.4 | 34.3

11:45

25

1.1

216.0

83.0

79.2

57.3

23.5

26.4

49.2 | 34.0

12:00

30

0.6

243.5

89.4

81.3

47.2

21.1

25.4

54.2 | 32.2

12:15

35

0.4

219.2

85.2

79.7

53.4

23.0

26.1

51.2 | 33.6

12:30

40

L.2

2334

80.6

80.2

49.4

23.1

26.6

52.4 | 33.0

12:45

45

L5

264.0

80.0

82.1

43.4

21.1

25.1

50.2 | 3L.6

01:00

50

1.8

215.2

87.6

80.3

51.6

23.1

26.4

50.4 | 33.2

01:15

55

14

186.0

80.6

77.5

60.3

23.1

25.1

49.4 | 34.5

01:30

60

21

141.3

80.4

76.9

61.1

22.9

24.1

51.7 | 35.8

01:45

65

2.6

117.0

80.0

76.3

538.4

22.9

23.3

53.4 | 35.4

02:00

70

2.0

114.5

79.0

75.3

59.4

22.9

23.3

53.2 | 36.4

02:15

75

2.0

114.5

79.0

75.3

59.4

23.9

24.3

53.2 | 36.4

Table A.8:continued

Time

Tl:!' TH'

Tho

Ty

T,

Ts 1

Ta 2

Tam

T

11:30

14.8

23.6 | 244

49.7

17.8

37.2

27.9

28.0

29.5

60.1

11:45

15.0

23.5 | 25.7

52.1

17.2

37.0

26.9

27.2

29.9

60.2

12:00

16.0

21.1 | 24.3

53.3

19.8

35.4

26.2

26.0

29.6

Ao

12:15

15.1

23.0 | 25.9

54.9

18.4

36.6

25.4

25.0

29.6

n7 2

4

12.30

15.4

23.1]26.1

54.0

20.2

36.0

25.2

25.

29.8

58.2

12.45

16.2

21.1 } 23.1

52.4

20.1

35.0

24.6

24.0

29.3

59.2

01:00

15.2

23.1 1253

55.0

18.9

36.2

23.4

24.0

29.2

58.4

01:15

14.3

23.1 | 25.3

46.1

15.6

37.4

23.6

24.0

29.0

57.5

01:30

14.0

22.9 | 23.9

44.3

15.0

37.8

24.0

24.0

28.9

55.2

01:45

13.8

21.9 { 22.9

43.1

14.4

38.0

24.0

24.2

28.8

54.1

02:00

13.5

23.9 | 24.3

42.1

14.2

38.5

24.0

24.0

28.7

53.1
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wat

Day:11 -9-1990,without concentrator

initial space temp. = 28.5 °C

flow rate of cooling water = 0.053 1/s

1151 .

Time | m

m/s

m/s

I

wh

T3
°C

n,
°C

To
°C

Tiz
°cC

°C

°C | °C

11:15

20

1.2

5290

88.1

80.4

96.1

19.2

23.1

49.9 | 20.9

11:30

25

2.4

242.0

89.1

82.1

52.3

19.1

23.3

49.3 | 29.3

11:45

30

2.2

243.2

90.0

83.9

53.2

20.2

23.3

47.1 | 30.1

12:00

35

34

186.9

86.4

80.1

55.2

20.9

24.0

46.1 | 30.4

12:15

40

3.0

186.4

85.3

80.3

55.7

20.9

23.8

45.1 1 31.0

12:30

45

3.9

141.0

82.2

78.7

57.4

21.2

23.1

45.1 | 32.1

12:45

50

3.9

130.2

80.4

76.3

60.6

22.0

23.5

449 | 33.0

01:00

53

2.0

145.3

84.5

79.4

56.6

21.1

23.7

44.2 | 31.8

01:15

60

0.9

140.4

81.6

76.6

60.3

22.3

23.6

43.4 | 32.8

01:30

65

1.2

125.2

80.0

76.2

61.4

22.1

24.3

48.1 | 33.5

0l1:45

70

3.3

115.3

7.0

74.2

62.1

23.1

25.1

45.1 | 34.1

abl

Time

Tyy | The

Tho

Ta

Tt!

Tam

Ti

11:15

17.1

19.2 | 23.0

57.3

21.0

37.5

26.1

26.2

28.8

69.0

11:30

17.2

19.1 } 23.1

58.1

20.4

35.6

25.1

25.0

28.6

68.1

11:45

17.0

20.2 | 22.1

55.9

22.0

38.2

24.6

24.2

28.5

67.2

12:00

16.9

209} 23.5

55.2

22.0

40.1

23.9

23.6

274

6 4

12:15

16.8

20.9 | 23.5

49.3

23.6

4]1.8

224

22.6

28.1

!'Ql

LLEM

12:30

16.2

21.2 | 23.0

50.3

23.4

42.5

22.2

22.6

27.3

576 |

12:45

15.0

21.0 | 23.5

49.3

22.3

43.1

24.9

21.9

27.2

55.4

01:00

16.6

21.1]23.1

50.9

234

42.0

24.1

24.4

27.1

52.4

01:15

15.6

22.3 |1 23.8

50.2

21.2

41.5

24.0

24.0

28.2

46.2

01:30

14.8

22.1 | 23.3

50.1

22.1

45.1

23.3

23.9

28.1

43.2

01:45

14.2

23.1 ] 241

48.9

23.0

46.2

21.3

23.9

27.3

44 .0
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PROGRAMME B.1

11S00_ S1S8Y L JO JBe) - Ueplor JO AYSBAIUN JO Akld!T - poARSSY SIYDIY |1V



20 REH titft [ HAIN PROGRAMME ) PRRARRATARERRREIRRERERRRERSS
25 REM +tttt  PREPARED BY : BEEEEEEERAIRAREERRELRRREANREL
1

30 BER #xatr M, TARAWNER EERRERRRERREARAERARASTRRIRERS

40 REM I T2 2223 2223228223 8122222 2 Rt nsvRtsNsas s

60 DIK I{114),¥(114),2{114),F(114),6(27,27),J0{27,1} R(114) ,R1(114)

65 DIN M1(114),H2{114) M3({114) K4(104},H5{114), H6{114) HT(114) HB(114) KI(114) K
16{114) L1 (114}, F1{114}) K19(114}

66 DIN H1Z(114) M13{114),H14(104) HIo(114) H16{104) HIT{1L4}, H18(1124} H20{1)4} H
21{114)

67 DIM N22[114),M23(114),H24(114),H25{ 14}, H25(114) F1A(114),F2{124]),FI(114),Fi{
114},F5(i14)

70 FOR I=1 TO 114

80 INPUT*inter the value of x,x=":I(I)

90 iXPUT*inter the véiue of y,y=":Y(I)

100 IXPUT*inter the value of z,2=";Z(1)

110 INPUT*inter the value of f,f=";F{I)

126 LET 51=S1+({X{I)*2).

130 LET 52=52+(Y(I)*2)

140 LET 53:=53+(Y(I)}

150 LET S4=54+{X{I})

160 LET S5=85+{Z(I] 2}

170 LET 56=56+({2(1))
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180 LET S7=ST+(I{I}*1(I})

190 LET 59=59+(1{I}¢2(I}}

200 LET $8:584(Y{I)*2(1))

210 LET 510=5104(X(I)*¥{I)"2)

220 LET SI1=S11+((X(I}*2)*¥(I})

230 LET S12:512+{(¥{1)*2)*2(1))

240 LET S13=S13+{{2(1)*2)*1(I))

250 LET SH4=S14+({X(1)*2)¢2(1))

260 LET S15=514+(Z(1)"20X(1))

270 LET 516:516+{X(I)¢¥(I)42(I))

280 LET SI7=S174 (X(I)"200(1}*3(1})
290 LET SI8=S18+{X{I}*¥(1)"2¢3(I})
300 LET S19=Si%+(X(I1)*T(I)*3(1)"2)
310 LET $20:520+(X{1)*2#¥(1)*202(I})
320 LET 521:521+(X{1)"2*Y(1)45(1)*2)
330 LET $22:822+(X(1)*Y{1}*2:2(1)"2)
340 LET $23:523+(X(1)* 200{I)"2¢35(1)°2)
350 LET S24=524+(X(1)21¥(I}"2)

360 LET 525:525+(Y[1)*212(1)"2)

370 LET §26=526+(X(1)"213(1)*2)

380 LET 527:52T+{1{1)"4)

390 LET $28:$28+(X(I)"3)

400 LET 529:529+(1(1)"4)

410 LET S30=530+(T(1)"3)
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420 LET §31=8314(X(1)*3t(1))

430 LET §32=532¢+(X(1)*1(1}"3)

440 LET §33=533+ (X(I)3*Y(1)"322(I)*2)
150 LET $34=S344(X{1)°201(1)*3¢2{1)*3)
460 LET $35=835+{X(I)*3¢Y(1)*242(1}"3)
470 LET $36=536+ (X(1}*3tY(1) 2:2(1)"2)
$80 LET S372837+{X{1}*31Y{1)*343(1))
190 LET 5382538+ (X(1)*422{1)"3)

500 LET §39=53% {E{I)"3¢Z(1)"4)

310 LET S40=540+(X(1)*3+1(1)*2(1)"4)
520 LET S41=S41+{X(I}"42Y{1)"3¢2(1)*3)
§30 LET S$42=542+(X{I1}"3#¥(1)"442(1)*3)
540 LET S43:543+(I{I)°3tT{I)"MT{I)"4)
§50- LET S44=544¢(X(I) 201(I)*342(1}*4)
560 LET S45=545+(1(1)*3*Y(1}°2¢2{1)*4)
570 LET S46=5464(X(1)*1Y{1)* 113{1)*1)
580 LET S47=S47+(X(1)"4£Y(1)*422(1)*3)
590 LET S48=548+(X{1} 41Y(1)302(1)"4)
660 LET 549:5494 (X(I}*4#7{1)*412(1}*2)
610 LET 550=550i{I(I]‘!*Y[I)'E*Z(I}’i]
620 LET 551=551¢(X(1)"2tY(1)"4¢2(1)*4)
630 LET 552=852+ (I{I}*3tY{1}"422(I})"4)

640 LET S53=533+(I(I)"42X(I)"422(1})*4)
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650 LET S58=5544 (I(I)*4*1(I)"4)
660 LET 555=555+{T({I)"4*2({I])"4)

670 LET 556=5564(X(I)*42Z{I)"4)

680 LET $57=557+{X({I)"2*Y(I) 242{I}"4)

690 LET 558=558+(X[I)"34Y (I} 42Z{I))

700 LET 559=8539+(Z(I}"4)

710 EET 560=5604{Z(1}"3)

720 LET S61=S61+{I(I)*2*1{I}tZ(I)"4)

730 LET $62:562¢(¥(I)*2({1)*3)
740 LET S63:563+(Y(1}*3t3(I))

750 LET S64:564+ (1{T}4Y(1)"4)

760 LET 5652565+ (I{I}*2¢Y(1)*3)
770 LET 566556+ (X{I}*Y(I}"2*2{1))
780 LET S67=567+(1(1)* £2(I))

790 LET $68=368+(E(T}4Y(T1}22(1)°2)
800 LET 569=569+(X{I}*3+2(1))

810 LET §70=57%+(Y{I)"342(1}"2)
820 LET ST1=S71+({I{1)*2(1}"3)

830 LET §72:572+(X{I)*2+1(I)*3}
840 LET $73:573+{X(1)#%(1)°3)

850 LET ST4=ST4+{L(I)*28¥{1}+3(1))

860 LET S?S=S?5*(I(I)*T(I)*Z[I]‘Zi

870 LET S576=576+(I(I)"2tY{1]j"212(I)"1)

860 LET S77=877+(I{I}"2tY(I)t2(I}"2)
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890 LET $78=578+(X{I)tY(I)°2¢Z(1)"2)
900 LET §79=S79+(X{I)41{I)*3¢3(1))

910 LET S80=S80+(X(I}"3rY(I)tZ(1))

920 LET 581=581+(I(1})"2%Y(1)*4)

930 LET 382=332+(X{I)*31Y1(I}*3)

940 LET 583=S83+(I(I)"2#Y({I)*2¢Z{I]"2)
950 LET S84=584+(Y(1) 2¢Z{I}"3)

960 LET SB5=585+(X{1)*411({I))

970 LET S85=586+(X{I]*3t&(I))

980 LET S87=587+(X{I)"3t7{1}"2j

990 LET 588=586+(I(I)"1¢3{I))

1000 LET 589=589+(X{1)"4*Y(1}"2)

1010 LET 590=890+{X{I)*2(I)"4)

1020 LET S91=591+(¥{I)*4*Z({1}"3)

1030 LET 592=592+(K{I)"3t2{I}"2)

1640 LET 593=593+{X(I)¥Y(I)"3¢2(I}"*3)
1050 LET 594=594+ (X(I)*4*Y(1)"142{1)*4}
1060 LET 5952595¢(X(I} 3Y(1)°2tZ{I)"4)
1070 LET 566=596¢ {I{I)*1{1)*2(1}"3)
1080 LET 897=59M(X{I)*2+Z(I])"3)

1090 LET 595=598|[X(I]“3*Y[I)‘2'i(l]]
1100 LET 599=599+(X(I)*2t¥(I)*Z(1)"3)
1110 LET S100=S100+{X(I)*Y{1}"2¢2{I)"3)

1120 LET S101=S101+(X(I)-203{I)*31Z%(I})

1
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1130 LET 5102:5102¢{I(I)tY(I)*312(1)"2)
1140 LET S103=8103+{X(1)"2*¥(I)*2Z(1}*3}
1150 LET S104=S104+ (T(I)*¥(1)*2t3({1)*3)
1160 LET S105=S105#{X(I)"42Y(I)"2)

1170 LET 5106:5106+(1{1)*3*Y(1)*Z{1}"2)
1160 LET §107=S107+(I(I}*2+¥({1)"3¢2(1))
1150 LET S108:5108+ (T(I}t2(I)"4)

1200 LET 5109=5109+(¥{I}*3t2(1}"3)

1210 LET S110=S110¢{X{I)*1(1}*$23(1))
1220 LET S111=S111+(X{I}*4#¥(I)*2(})
1230 LEP S112:5112+(Y{I)*443(1)*4)

1240 LET S113=S113+¢(Y{1)*2¢3(I)*4)

1250 LET SI14=S114+(X{I)* $12(1)*2)

1260 LET S115:8115¢({1(1)°3tY(I)*3:2(I))
1270 LET S116=S116+ (X(I)*Y{I}2Z(I1}*4)
1260 LET S117:S1I7+{X{1}"21Y{1)* 412{1})
1290 LET 5118=5118+(X{I} 2¢Y{I)*3¢2(I)'2)
1300 LET S119=S119+(X{I)"21¥(1)*2¢2(1)"3)
1310 LET §120:5120+ (T{1)*Y(1)*3¢2(1)*2)
1320 LET S121:5121+((I)*3tY{1)*2¢3{1}"2)
1330 LET 5122:5122¢ (X(I}*243(1}"4)

1340 LET 5123:5123¢ (X{I)#Y{1)*3¢2(1)"3)
1350 LET §124=5124+(I(1)*3+¥{1)*2(1)*3)

1360 LET $125=51254({Y{I}"31Z{1)"4)
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1370 LET 5126=51264 (X{I)*Y(I}"4*2(1})"3)
1380 LET S127=S127+(X(1)"42Y¥ (1) 2¢2{I)"2)
1390 LET 5128=5128+(I{I}*Y{I)*2*Z({I)"4)
1400 LET 5129=5129¢(X{I)"2¢T({I}*Z(I)"4)
1410 LET SI3U=Sl30|[I{I]LZ‘Y{I]'i*Z(I}‘Z)
1420 LEY S131=5131+ (X(I}"42Y{I)"3+Z{I})
1430 LET $132=51324(I{1)*221(1}"4+2(I})
1440 LET 5133=5133+(X[I)*4t2(1})"2)

1450 LET Sl34=5134f[Y(I];J‘Z(I)‘Zl

1460 LET 5135=5135+{Y{I) 2tZ(1)"4)

1470 LET 5136=8136+(X(I)"3*Y({I)*3)

1480 LET S137=8137«{X(I)°3¢Z(1)"])

1490 LET S138=5138+(X(I}"2¢2({I})"1)

1500 LET S139=8139+(X{I)"2*1(1)"2*3(1)"*4)
1510 LET S140=5110+{X{I)"4*Y(I)*Z{1)"3)
1520 LET S141=5141+(I{I}"34¥(1)"3¢2{I])"3)
1530 EET S142=5142+(I(1})"4*2Y{1)}"2¢2(I}"3)
1540 LET S143=5M3+(I{I}"4¥(I)"3t2({i}"2)
1550 LET S144=3144#(X{1)°20Y(1)*302(1}*4)
1560 LET S145=5145+(X{I} 2¢Y(I)*422({1)*3)
1570 LET S146253146+ (T{I}*Y{1)"3tZ{I)"4)
1580 LET S147=5147+(X{I}"2¢Y(I1}"3Z(I))
1550 LET S146=S1484(X(1j°3tY{I)"4)

1600 LET 5149=S149+(X{I)"42Y{I}*3)

1610 LET 5150=5150+ (I(I)tY{I)"4*2({I)"2)
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1860 LET SI175=S175+{F{I)AL(I)*2*Y(I) 242(1}}
1870 LET S176=5176+ (F(I)rX(I}"2¢Y(I)tZ(1)"2}
1880 LET S177=8177+ (F(I)*X(1)*Y(1)°2*Z{1)"2)
1890 LET S178=S178+(E{I)+X(1)“2*1(I)*2*2(I)"2)
1966 LET 5179=Sl79+{F[I)*I(I]‘Z'Y(I)‘Z)

1910 LET $180=5180+(F(I)}*Y(1)"2%2({I}"2)

1920 LET S181=5181+({F(I)*X({1)"2*2(1)"2)

1930 5182=5182+{X(I)*Y{I)"243({1})"*2)

1940 REIT I

1950 LET Gil,1) = 114

1960 LET G{1,2)=S1: G(2,1)=51:6(3,3) = Sl

1970 LET 6(1,4}=52:G{4,1)=52:6(5,5) = §2
1960 LET G(I,S)=55:G{5,1]=S3
1990 LET G[1,3)=54:6{3,1)=54
2000 LET G{1,6)=55:6(6,1)=55:6(7,7) = &5

2010 LET G{1,7)=56:G(7,1}=36

2020 LET G{1,8)=57:G{6,1)=57:6(53,3)=57:6{3,5}=57

2030 LET G{1,9)=38:G{9,1)=58:6(5,7)=58:G(7,5)=58

2040 LET G{1,10)=59:G(10,1}=59:6{3,7}=5%:G(7,3)=59

2050 LET G{l,ll)=SlOiG(ll,l]=510;G(4,3)=510:G[3,4]=810:G(8,5}=510:G(5,8]=510
2060 LET G6({1,12)=511:6{12,1)=811:6{2,5)=511:G(5,2)=511:6(3,8)=511:G(8,3}=511
2070 LET G[i,13)=SIZ:G{I3,1)=512:G(4,7]=512:G(7,4j=512:G(5,9]=512:G(9,5]=512

2080 LET G(1,14)=513:6{14,1)=513:6(5,6)=513:6(6,5)=513:6(7,9)=513:6(9,7)=513

2090 LET G{1,15)=514:6(15,1)=514:G(3,10}=514:G(10,3)=514:G{7,2)=514:6(2,7}=514
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2100 LET G(1,16)=515:G(16,1)=515:6(6,3)=515:G(3,6)=515:G{7,10)=515:6(10,7)=S15
2110 LET 6(1,17)=516:6{17,1)=515:6(3,9}=516:6(9,3)=516:6(5,10)=516:6(10,5) =516:6
(7,8)=516:6(8,7)2516

2120 LET G{1,18):817:6(18,1)=517:6(2,9)=517:6(9,2)=517

2130 LET G{1,19)=518:6(10,4)=518:6(4,10)=518:6(19,1)=518:G(5,17)=518:6(17,5)=518
:6(3,13):518:6{13,3)=518

2140 LET G(1,20)2519:6(20,1)=519:6(5,16)=519:6(16,5)2519:G{17,7)=519:6(7,17) =519
2150 LET G{1,21)520:G{21,1)=520:6(3,19}=520:0(19,3)=520:G(25,7}=520:6(7,25)=520
:6(4,15)2520:G(15, 4}=520:6(2,13)=520:G{13,2}:52¢

2160 LET G{1,22)=521:6(22,1}=521:6{9,15)=821:6(15,9}521:6{10,17)=521:6(17,10}=$
21:6(27,5)=521:6(5,27)=521

2170 LET 6(20,3)521:6(3,20)=521:6(2,14}=521:6{14,2)=521

2180 LET G(1,23):522:6(23,1)522:6{1,16)=522:6(16,4)=522:6(9,17) =522:6(17,9) =522
:6(5,20):522:6{20,5) =522

2190 LET 6(3,26)2522:6126,3):522

2200 LET G(1,24)=523:6{24,1)=523:6(10,19)=523:6(19,10):523:6(13,15) =523:6(15, 1)
=sza:c(15,1iz=sza

2210 LET G(11,16):523:6(8,20)=523:G(20,8)= $23:0(9,18)=523:6{18,9)=523:G(2,26)=5

23:6(26,2)=823

- 2230 LET G{25,6)=523:6(6,25)=523:6(7,21)=523:6{21,7)=523:6(5,22)=523:6(22,5)=523
2240 LET G(23,3)=523:6(3,23)=523:6{17,17)=523
2250 LET 6[1,25)=524:6{25,1)=524:6(4,2)=524:G{2,4)=524:6(3,11)=524:6(11,3)=524:6

(5,12)2524:6(12,5)=52416(8,8) =524
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2660 LET 6{27,26)=557:6(26,27}=557

2670 LET 6(25,19)=558:6(19,25)=558:G(11,21)=558:G(21,11}=558
2680 LET G(6,6}=559

2690 LET 6{6,7)560:6(7,6}=560

2700 LET 6(22,5)=561:G(6,22)=561

2710 LET G(9,6)=562:6(6,9)=562:6{14,7)=562:6(7,14}562
2720 LET G{4,9)=563:6(9,)=563:6(5,13)=563:6(13,5):563
2730 LET G(4,11)=564:G(11,4)+564

2740 LET 6(4,12)=ss5:c{1z,4)=sas:é(11,a)=sss:c(s,111=sss
2750 LET 6(7,11}:566:6(11,7)=866:G(9,8)=566:6(8,9)=566
2760 LET G(4,13)=567:G{13,4}:567

2770 LET 6(3,14)=568:6{14,3}:568

2780 LET G{3,15)=569:6(15,3) =503

2790 LET G{4,14)= S70:G{14,4)=570:G(13,9)=570:G{9,13)=570:6(26,5)=570:6(5,26)=57

0
2800 LET G{6,10)=571:G(19,8)=571
2810 LET G(23,5)=572:G{5,25)=572

2620 LET G{7,16}=573:6{16,7}2873

2830 LET G(8,10)=574:G(10,8)=574:G(7,12)=574:6{12,7)=574:6{3,17)=574:G{17,3)=574

. i6(15,5)=574:6(5,13)=5T4

2840 LET G{10,9)=575:6(%,10)=575:6(8,6)=575:5(6,8)=575

2850 LET G(12,9}:876:G6(9,12)=576:G(10,11)=576:6(11,10)=576:G(8,17)=576:G(17,8)=S

76:6(5,18)=576:5(18,5)=576

2860 LET G[6,12)=577:G{12,6)=S77:6{15,8)=577:G(8,16)=577:6{7,18)=577:G(18,7)=577
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2670 LET G{11,6):576:G(6,11}=576:G(13,10)=578:6(10,13)=578:G(7,19)=578:6(19,7)=5
78

2880 LET 6(11,9)=579:6(9,11)=579:G(8,13)=579:6{13,8)=579:G(17,4)=579:6(4,17}=579
:6(5,19)=579:6(19,5)=579

2890 LET G(8,15)=580:6{15,8)=580:G(10,12)=580:6(12,10j:580:6(17,2)=580:6{2,17)=S
80:6(3,18)=580:6(18,3)580

2900 LET 6(11,11}=581:G{25,4)=581:G(4,25)=581

2910 LET G{11,12)= $82:6(12,11)=582

2920 LET G{14,12)=583:6(12,14)=583

2930 LET 6{2,16}:592:6(16,2)=892:G(15,10)=592:{10,15)=592:C(27,3)892:6(3,27) =5
92

2940 LET G{8,18)=398:6(18,8)=598:G{(15,11)=598:6(11,15)=598:6(17,12)=598:G(12,17)
=598:6(2,19):598:6{19,2):598:6(3,21)=598:6(21,3)=598:6(25,10) 2598:G(10, 25) =598
2950 LET 0{19,14}=593:c(14,191=593

2560 LET 6(27,22)=594:6(22,27) =594

2970 LET Gi24,16)=595:6(16,24)=595:6{27,23)595:6(23,27)=595

2980 LET G{6,17)=596:6(i7,6):596:6(14,10)=596:(10,14)=596:6(9,16)=596:G(16,9)=5
96:8[?,20]=596:G[20,7}=§;6

ATH0 BRT GUI0, iR =ARTHA0EE, 10 =3DRIRT, T30 0R(T, AT = 20T060 )5, k)= AT 1616, i5) =3
97

3000 LET 5[6,131=599:c{13,a}=599{c(14,15)=599:G(15.141=599

3010 LET 6(6,19)=5100:G{19,6)=5100:6{16,13)=5100:G{13,16)=5100:6{14,17)=5100:G{1
7,14)=5100:6(7,23}=5100:6{23,7) 25100

3020 LET 6(8,19)=5101:G(19,8)}=5101:G(12,13)=5101:6(13,12)=5101:6(5,21)=5101:6(21

,5)=5101
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3030 LET 6(19,9)=5102:6{9,19)=5102:G(14,11)=5102:G(11,14)=5102:G(17,13}=5102:G(1
3,17)=5102:G{8,26)=5102:6{26,8)=5102

3040 LET G{10,20)=5103:6(20,10}=5103:6(7,22)=5103:G(22,7)=5103:6(16,17)=5103:G(1
1,16)=5103:6{27,9)=5103:6(9,27}=5103

3050 LET 6(20,9}=5104:6(9,20)=5104:6(26,10}=5104:G(10,26)=5104

3060 LET G{12,12)=5105

3070 LET G(IZ2,i6)= 5108:G(15,12)=5106:G(18,10)=5106:G{10,18)=5106:G{17,15}=5106;
G{lS,17]=5106:Gi20,2]=5106:G(2.20)=5106:G[27,8)=5106:G(B,27]=5106:G[22,3]=5106:G
{3,22)=5106

3080 LET 6(11,17)=8107:6{17,11)=5107:6(4,18}=5107:G(18,4)=5107

3090 LET G(6,14)=5108:6{14,6)=5108

3100 LET G(14,13}=5109:G6(13,14)=5109:6(26,9)=5109:6(9,26}=5109

allo LET G(13,11]=5110:G(ll,13}=5110:Gi19,4]=5110:G[4,19]=8110

3120 LET G{12,15)=5111:G(15,12)=5111:6(18,2)=5111:G(2,18)=5111

3i30 LET 6(13,13]=8112

J140 LET G{14,14)=5113

3150 LET 6(15,15)=5114

3160 LET G{6,21}=5115:6(21,6}=5115:G(18,11)=5115:G(11,18}=5115:G6(19,12)=5115:6(1
2,19)=5115

3170 LET 6(20,6)=5116:6{6,20)=5116:G(14,16)=5116:G{16,14}=5116

3180 LET G(19,11)=5117:6{11,19}=5117:6{25,13)=5117:6(13,25)=5117

3190 LET G{13,18)=5118:G{18,13)=5118:G(4,22)=5118:6(22,4)=5118:6(20,11)=5118:G(1

1,20)=5118:6(8,23)=5118:G{23,8)=5118:6(19,17)=5118:6(17,19j=5218:6{24,5)=5118:G(

5,24)=5118:6(25,14)=5118:6(14,25)=5118:6(12,26}=5118:G(26,12)=5118:6{21,9)=5118:
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6(9,21)=5118
3200 LET G{6,21}:5119:6{21,6)=5119:6(22,9)=5119:G(9,22)=5119:G{18,14)=5119:G(14,
18)=5119:6(16,19)=5119:6 (19, 16) =5119:6{20, 17) =5115:6(17,20)=5119:6(23,10)=5119:6
(10,23)=5119:G(24,7)=5119:6(7,24) =5119:G(13,27) =5119:6(27,13)=5119: 6 (15, 26) =5119
:6(26,15)=5119
3210 LET G{4,20):5120:6(20,4)=5120:0(23,5)=5120:6(5,23)=5120
3220 LET 6{10,21)=5121:6(21,10)+5121:6(8,22)=5121:6{22,8)=5121: G(15,19) =5121:6(1
9,15)=5121:6{17,18)=5121:6{18,17)=5121:6{16,25)=5121:6(25,16)=5121:6{12,20)=512]
:6(20,12)=5121 |
3230 LET G6(16,16)=5122
3240 LET 6(13,20)25123:6{20,13)=5123:6(9,23)=5123:6{23,9}=5123:6{26,17)=5123:6(1
7,26)<5123
3250 LET G{16,18}=5124:6(18,15)=5124:6(15,20)=5124:G(20,15)=5124:6{22,10)25124:G
(10,22)=8124:6{27,17)=5124:6(17,27)=5124 |
3260 LET G{26,14):5125:6{14,26)=5125
3270 LET G6(23,13)=5126:6{13,23)=5126:6(26,19)=5126:6(19, 26) =5126
3280 LET G{15,21j=5127:G(21,15)=8127:6(12,22}=5127:6{22,12}=5127:6(24,2) =5127:6(
2, 04)75EETA{18, 18] =B LAT a0 (2T, 25) =51 2T 6{25, 278157
3290 LET G{14,20)=5128:6{20,14)=5128:6(23,6):5128:6(6,23)=5128:G(26, 16)=5128:6{
16,26}:5128
3300 LET 6(20,16)=5129:6(16,20)=5129:G(27,14)=5129:6{14,27)=5129
3310 LET 6(13,21):5130:6(21,13):S130:6{24, 4)=5130:6(4,24)=5130: (26, 25)=5130:G (2
5,26)=5130:G{11,23)=5130:6¢23, 11)=5130:6(19,19)=5130

3320 LEY G(21,12)=5131:6(12,21)=5131:6(25,18)=5131:6(18,25}=5131
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3330 LET G(21,4):5132:G(4,213=51% .
3340 LET 6{27,2):5133:6{2,27}=5133

3350 LET G{26,4)=5134:G(4,26)=5]134

3360 LET G{6,26):5135:6(26,6)25135

3370 LET G(8,25)=8136:6(25,8)=5136

3386 LET G{10,27)=5137:G{27,10)=5137:G{16,15)5137:6(15,16)=5137

3390 LET 6{6,27)=5138:6(27,6)=5138

3400 LET G(16,23):5139:6(23,16)=5139:6{14,22) £5135:6{22, 14) :5139: (20,20} =5139:C
(24,6):5139:6(6,24)=5139

3410 LET G(15,22)-5140:6(22,15)-5140:6(27, 18)-5140:6{18, 27):5140

3420 LET 6(24,17)=5141:6(17,24) =5141:6(23,18)=5141:G(18, 23} =5141:G(22,19) =§141:6
(19,22)5141:6(21,20)=5141:6{20,21)=5141

3430 LET G(24,15)=5142:6(15,24)=5142:6{27,21)=5142:G(21,27) =§142:G(22, 18) =5 142:G
(18,22}=5142

3440 LET G(21,18)=5143:6{18,21)=5143:6(24,12) :5143:6{12,24) =5143:6(25, 22) =§143:G
(22,25)=5143

3450 LET G{26,22):5144:6(22,26)=5144:6(24,14)=5144:6(14,24) 5144

3460 LET 6(26,21)5145:6(21,26) =5145:6(24,13) =S145:6(13,24) *5145:6(23,19) =5 145+
(19,23):8145
3480 LET 6{25,9)=5147:6{9,25)=5147

3490 LEY G({25,11}=5148:G{11,25)=5148

3500 LET G(25,12)=5149:6{12,25)=5149

3510 LEF G{26,1132315006{1),261=3150:0(23,4)=315016 {4, 231=215012{19, 13)= 2156142
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3,19)=8150 }

3520 LET 6(27,12j=8151:6(12,27)=5151:6{22,2)=5151:G(2,22)=5151:6{1B,15)=5151:G{1

5,18)=5151

3530 LET G(21,2)=5152:6(2,21)=5152:G(25,15)=5152:C(15,25)=5152:6(12,18)=5152:6(1

8,12)=5152

3540 LET G(24,11)=5153:6{11,24)=8153:6(25,23)=5153:6(23,25)=5153:G(19,21)=5153:6

(21,19):5153

3550 LET G(23,26]=5154:6(26,23)=5154

3560 G(14,8)=5162:6(8,14)=5182

3570 LET J1(1,1):5155
35680 LET J1(2,1)=5156
3590 LET J1(3,1)=5157
3600 LET J1(4,1)-5156
3610 LET J1(5,1)=3159
3620 LET J1{6,1):5160
3630 LET J1(7,1)5161
3640 LET J1(8,1):5162
3650 LET J1{9,1)25153
3660 LET JE(10,1)=5161
376 LRT Ji{11,1)=31¢3
3680 LET J1(12,1)=5166
3690 LET J1(13,1):5167
3700 LET J1{14,1):5168
3710 LET J1(15,1)25169

3720 LET J1{16,1)=5170
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3130 LET J1(17,1)=5171
3740 LET J1(18,1)=5172
3750 LET J1{19,1)=5173
3760 LET J1{20,1)=5174
3770 LET J1(21,1)=5175
3780 LET J1(22,1):5176
3790 LET J1(23,1):5177
3800 LET J1{24,1):5178
3810 LET J1{25,1}25179
3820 LET J1{26,1)25180
3630 LET J1(27,1)5181
3840 LPRIRT

3850 LPEIKT

3860 LPRINT CHR§(15)"BEGIK OF DATA®:iPRINT CHRS(1S)

3670 LBRINT® .

3980 LPRINT CHR${14}"PREPARED BY TARAWNEH H.*:LPRINT CHA${14)
3890 LPRIET® H4e088 80000 ssttataststetatstestsiteesssssss

3900 LPRINT TAB{6)" X-DATA®;TAB(20)*Y-DATA®;TAB(36)"Z-DATA" ;2B (50} "F-DATA"
3910 LPRIET TAB(5)* C";TAB{20)* C";TAG(36)}* C":TAB(S0)* C*

KL A T RR— .
3930 FOR H=1 70 114

3940 LPRINT TAB(6);X{N);TAB(20);Y(R);TAB{36):2(N); TAB(50):F{¥)

3950 KEXT &
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3960 LPRIHT = m e oo m e e e e :
3970 LEBINT" BEGIN OF THE PEOCEDURE {LEAST SQUARE ) *

3980 EPRIRT frermmmmem e e '
3990 LPRINT

4000 LPARIRT

4010 LPAINT

L s

4030 LPRINT

4040 LPRINT ® A2t tatad et enddbaaad eat i handRatd s ed b e s ehaa et bt satnenants o

105G LPRIFT* ¢t the gauss elimination method £
4060 LPRIKT* 1+ FOR SIMULTAREQUS LINEAR ALGEBRAIC EQUATIOS t
1070 LPRINT® ¢ GUASS.BAS te

1080 LPRINT™ ttntt bttt i thaat it da b akkioReadtad et anntist bt thedssdasress

4090 LPRIKT® HATH PROGRAM '
1100 LPBIHT'HM:H“!!!HHttl“ltl“tt“itililll“i““liilNHlMHHH"
1110 ¥=27

4120 DI AW, N+1),B(N,H+1) KPIVAOW(N,2) KPIVCOL(H,2) 51 (K)

1130 FOR K1 10 N

4140 LPRINT:LPRINT"EQUATION";%:LPRIKT

1150 FOR J=1 10 ¥

4160 LFRINT®  COBFFICTERT(*;K;",*J:*)=*:8(K,J)

4170 B(K,J}=G(K,J)

1180 BEIT J

4150 B(K,H+1)=J1(E,1)

1200 LPRINT:LPRIET*  COHSTART Y= B{E i)
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4540 LPRINT S420a0 a0ttt bad st aa i bt bt tatdtRaRanddatitsasaneaseee
4450 FOR k=1 TC N

1160 'APPLY COMPLETE PIVOTING STATEGY

4470 HAXIPIVOT=ABS(A(K,E))

4480 FPIVCOL(K,1)=R:EPIVROW{R,b2)=K

4490 RPIVCOL{K, I)=K: HPIVCOL(K,2)=k

1500 FOR I=K TO ¥

4510 {OR J:k TO ¥

1520 IF HaXPIVOT }=ABS(A{I,J)) GOTO 4380

4530 HAXPIVOT=ABS(A(1,J))

1540 WPIVEON{X,1}=R: RPIVROW(K,2}=I

1550 HPIVCOL{K,I]=E:HPIVCOL{K,2)=J'

1560 NEXT J:HiEXT I

4570 IF HaXPIVOT)=EPS GOTG 4590

1580 LPRINT®FIVOT ELEMENT SHALLER THAR;EPS;*.MATRIX MAY BE SIKGULAR.":G0TO 4880
4590 IF REIVROW(K,2)=K GOTO 4670

4600 IF 02§="1* CR G2§="y" THEN LPRINT"pivoting rovs:*

4510 IF Q2§="Y" GR (2§="y" THEX LPRIKT "INTERGHANGE ROVS®:;NPIVAOK(K,2):® AKD":L
1620 FOR J = K T0 BC

4630 SWAP AtHPIVBOH(K,zj,JJ,A(R,J]

1640 HEXT J

4050 DET=DET(-1)

1660 IF Q2§="Y* O Q2$="y* THEN GOSUB 6336
4670 IF RPIVCOL(X,2}=K GOTQ 4750

1680 IF Q2§="Y" OR 02§="y" THEW LPRINT*PIVOTING COLUMES:®
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4210 KEIT K

1220 ¥C=H¢]

4230 LFRINT

1210 £EPS=.00091

4250 LPRINT CHR${12)
4260 DET=!
-4270 FOR E=1 TO K
1280 FOR J=1 TO HC
4250 a(K,Jj=B(8,J)
4306 KEXT J: KEIT &

15310 LPRIKT:LPRIET

4320 LPEIHT'!lttlillll!llt!iiittlli!!llttlllltttiiitlltltlit!!liliiilliilitltl'

1336 LPBIET"AUGHERTED KATRIX:®

1340 GOSUB 8330

1350 LERINT: INPUT "IS THE AUGHENTED MATRIX CORRECT(Y/N}":0$:LPRINT
4360 IF Q§="1* OR Q§="y* THEN 4430 |

1370 LPRINT *GiVE THE POSITION OF THE ELEMERT T0 BE CORRECTED:*:LPRINT
4360 IFPUT* ROV KUMBER*;RROW:INPUT" COULUMN EUMBER";KCOL

1350 LPRINT:INPUT * CORRECT VALUE OF THE ELEMENT® ;B (HROW, HCOL):LPRINT
4400 GOTO 4250

410

4420 "BEGIRIKG OF THE GAUSS ELIMINATION PROCEDURE

4430 IKPUT"DO YOU WANT T0 SEE STEP BY STEP RESULT{Y/H)":02$:LPRINT
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4690 IF 02§="Y" On (2§="y" TOEW LPRINT °lnterghange columns °;NPIVCOL{K,2);"and"
H
4700 FOR I=1 TO &
4710 SHaP A{I,REIVCOL(K,2)},4{I.R)
4720 HEIT I
4730 DET=DET4{-1}
4740 IF 028="Y" OR QZ§="y" THEN GOSUB 6536
4750 IF =4 THEN GCTO 4860
4760 IF 02§="1" OR Q2§="y" THEE LPRINT "PERFORN ELIKIHATION:*
4770 FOR I= £+ SO N
4780 IF Q2§="1" 08 02¢$="y" TAEN LPRINT"DIVIDE RQH *:K:“BY *:A(K,K}
4750 IF 02§="1" O (23="y" THEHlLFRIHT'HULTIPﬂI ROV *;K;"BY";A(I,K);"AlD SUBTRAC
T FROH Rbu':i

4800 HULT=-A(I,R)7A(R,K}

1620 A(I,J)=A(1,J)+RULT*A(L,J)

4830 KEIT J

4840 IF 02§="Y" OR (2§="y" THEN GOSUB 6536
1850 HEIT f

1850 REXT X

1870 'APPLY THE BACK-SUESTITUTION FORHGLAS

4680 BANK=E-1 :LPRINT*RANE =*;RARE:HME=K-RaNR
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1890 IF BANR=N THEK XI(H) = A(N,N+1) / AN, ¥} :HCOURT=N-1:G0T0 4940
1360 LPRINT* THE PROGRAM SETS®:NHR:® URKROWN(S) T0 UNITY,"
4910 LPRINT®AND REDUCES TRE PROBLEN TO FINDING OTHER ':HAHK;'UHKHOHH(S].'
4920 FOR JJ=1 TO HHR :X1{K+1-JJ) = D1:NEXT J
4930 HCOUNT =RANK
4340 FOR I=KCOUNT TO 1 STEP -1
4950 SUH=0 |
1960 FOR J =1+ 70 ¥
1970 SUM =SUH +A{I,J} * X1({J)
4980 NEiT J
1990 XI{1) = (A{I,K+1) -SUM) /4{I.Ij
5000 NEXT I |
s010
5020 ' INTERCHANGE THE ORDER OF THE UKKHGHNS TO CORRECT FOR THE COLUMK PIYOTING
SE36 FOR R=H 70 1 STEP -]
5040 SWaP X1{NPIVCOL{K,2)] , KI{NPIVCOL(R,1}}
5050 NEXT X
5060
5070 * EVALUATE THE DETERKINANT OF THE HATRIX
5080 FOR I=1 70 ¥
5090 DET=DETtA{I,I)
5160 XEXT I
5110 LpglyT':s:nai:nxuiin::::t:itnztttaii:tntttta111:1:1:11::111:3:txtttttt:'

5120 LPRIBT:LPRINT *RESULTS BY BACK SUBSTITUTION:®:LPRINT
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5130 FOR J=1 TOQ N
5140 LERINT "I1{":]1;") =1
5150 HEXT J

5160 LPRINT:LPRINT*VALUZ OF DETEAMINANT=*;DET:LPRINT

S170 LPRINT 104200 0dtataat ket bidta st b bdd e300 dadtRbenttdatsiniteddsttiss”

S180 LPRINT 44t tats tidsinnb et et e N Raa et et i et aettdtdnaniedadtatsdtitissne

6076 LFRIHT:LPRIHT *DO YOU WAKT TO REPETE THE CALCOLATIOKS ®:LPRINT*WITH WINOR C
HAKGES T0 THE COEFICIENTS{Y/H)";:INPUT ¥$

6086 IF V§ = "1* Ok V§ ="y" THEN 6096 ELSE 6106

6096 CLS :GOTG 4250

6106 LPRINT:IKFUT "DO YOU WAKT TO RESET ALL THE COEFICIENTS(Y/H)* ;18

li6 IF W§ =*Y" OR W§ ="y" THEK 6126 ELSE 6156

6126 LPRINT :INFUT *IS THE KEW SET OF TRE SAHE ORDER AS THE PRAEVIOUS SET";hus
0136 IF Wkg="il* OR WV$="u" THEN LPRINT CHR$(12):RUN 70

6146 CLS : GOTO 4110

6156 LPRIKT* THE RESIDUALS"

6166 LPRINT® !

0176 FOR Jz=1 70 114
6186 M1{J2)=(X{J2)"2}
6196 H2(J2)={X(J2}}
6216 Hi({JZ)={Y¥{J2})
6226 W5{J2)=[2(32)"2)
6230 M6{J2)=(Z(J2))

6146 WI(J2]=(112)+¥(J2)
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6256 #5{J2)={1(Jz)2{32))

6265 H9(J2)=(X{J2)#2(J2}))

6276 K10{J2) =(X(J2)*Y(J2)"2)

6266 M11{J2)={1(J2)"24Y(J2))

6296 HI2{J2)={T({J2)*2¢2(J2))

6306 HI3{J2)=(5{J2)"2tY(J2))

6316 K14(J2}=(1{J2)*2¢2(J2))

6326 KI5(J2}=(2(d2)"2tX(J2))

6336 H16(J2)=(X{J2)*1{J2)*2(J2))

6346 H17(J2)=(X{J2}* 2t (12)12{J2))

6356 H18{J2)=(1(J2)11(J2} 2t3(J2))

6365 H19(J2) ={X{J2)27{J2)t2(d2)"2}

6376 K20{J2) ={k(J2)'21Y(J2)"2¢2(J2))

6385 K2l {J2) ={R{J2)"217{J2)*2(J2)"2)

6396 K2 (J2) =(X(J2)}*1(J2) 2¢3{J2)"2)

6406 H23(J2) ={X{J2)*2¢Y(J2)*212{J2)"2)

6416 W24{J2)  =[X{J2)*20¥{J2)"2)

6426 H25(J2)=(1{J2)*212{2)"2)

6136 N26{J2)= [1{J2)°247(J2}°2)

6446 F1(J2)=TL(1)+X1{2)#H1(J2)+11{3)0U2{J2} +51(4)tH3(J2) +X1(5)1H4{J2) +X1{6)tH
5{J2) +11(7)*H6(J2)1X1{8)tHT(J2) +X1(9)tKG(I2)+X1(10)HG{I2}+XI{11}H10{J2)
6456 F2{J2}=X1{12)*HE1{J2)+T1[13)tH12(J2)+X1 (14)2HE3{J2) (X1 (15)tH14({J2)+XI(16)1H
15(32) 1X1{17)tH16(J2)

6457 F3{J2) =X1{1B)*HiT(J2) +X1{19)4HIL(J2) ¢K1(20)HH19{J2)

6438 F4({J2) =I1(26)*H25(J2) +X1{2T)*K26({J2)+X1(21}tH20(J2)+11(22) H2l[J2}4X1(23)
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£Y22{J2)

6459 F5{J2)=X1{21)tK23{J2) +X1(25]tH24{J2)

6460 F1A[J2)=r2(J2) +F1{J2)+FI{J2)+F4{J2}+ F5 (J2)

6476 R{J2)=(F1A{J2)-F{J2})

6477 B1{J2)=(R(J2)/F{J2))

6486 LPRINT TaB(2)* F-EIPER.";TAB{15)"F-APPROI. " ;TAB(30) "RESIDUALS : TAB{45) erro
r

6496 LPRIRT Ereatte s ea e aent e dad LEREERRRERRR b iagRpRehhbtnnsssddnasss
6506 LERIHT TA{2):F{J2);TAB(15);F1A(J2);TAB(30);R{J2) ; 24B(45) R {J2)
6308 NZXT J2

6526 END

8536 *arixerbitbReaaRIRTY SUBZOUTINE 1: LPRIKT TAE BATRIXt#tasasxasraas
6546 '

6556 FOR Ra=l 70 #

6566 LPRINT

6576 FOR J =1 70 ¥C
6385 LFRINT A(K4&,J),
6596 NEXT J:LPRIKT: WEXT Ka: LERINT
G616 LPRINT t44 et e et nhaad ket hnt ottt bbddasdaddiitiatedattsdtanttin”

6626 RETURN
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PROGRAMME B.2

1s00e@ Sisayl JO BIus) - ueplor Jo AlSIBAIUN JO AkeiqiT - PaABSaY SIYDIY |1V



10 REH 24240000800 basata et e d naad t R AR ANERRERANARERORSRERERLERELS
20 REM 4211 COMPUTER SIMULATION PROGRAMME tRRtRAtREaLEELLY
30 BEW tett FOR AF ABSORPTION COOLIKG L EREREREER2N
10 REH tiex URIT FRRRTEEISIRTILL]

SO REM ttxdistdistedbisttdbdzasspddttatbettibbirddobadttntdbtitant

60 IKPUT"IKTER KGHBER OF EQUATIONS, H=";H

62 DIH Fli(E},FlZ(E],FlS[Hi,Fl4(H},FlS(H),Fi6(H},FI?(H),FIB(H),Fl?(H},FZU(H],FZl
(Hi,FZZ{H],FZ3(H],F24{H},F25fH],FZB(HI;FZT[H],FZB(H},F29{H],F30[H],FIDG[H)

70 DI¥  TeG(Kj, K1{K), XIZ(N) WL1(N} W2(N} W3(N) HL{N) BZ(N), B3(N},B6(N) HT(N)

BO DIN BE{N},H5(K),GG{N), OC{u},QE{R),QA{X), COP{N), ALLL(N), A222(N), BL{N), B2{H),C2
{N),AH{5] ,BR(S),CH{5),COOL{N), AB(R), ABL(H), CI(K), COPI({N), A1T7(27),AL8(27}

100 DIN C{K},M{¥j, I1{X) F(R),Bi27), TL(H},T2(N),T3(8), V(K), TA (N}, T22(R)

110 DIK T4(H),75(K),T6(H),T7({N},T8(H),TI(N} TLO(K),CC2(N}, T21{}K)

120 DIY Tli[H},TlZlH],TlJ(H],TiJ{H],TiS[Hl,TlB[H},TlT(H],TlB(N]

130 DIX AL{27),A2{27),a3(27},44{27),a5(27},46{27),AT(27},48(27),T19(H}

110 DIN A%{27),~10{27),a00{27),a12(27),A03i27},A14127},A15(27},416(27)

150 Al{1)=.016407:A1(2}=1.915229E-03:41(3)=.1938627

160 Al{i}=-i.921775E-07:A1i55=-510237463'05:A1[6]=5.426629E-06

i70 A1(7)=.0002885514%:41(8)=5.22605E-03:41{9)=2.497522E-062 :AL(10)=2.555058E-06
180 Alill]=.000044062893:A1[12]=*7.32469£-95:Al[l3]=-3.252101E-09

190 Al{14}=-6.750652E-09:A1{15)=-3.534779E-05: A1 (16)=.,00000004939239¢

200 Al(l7}=6.1267633-05:aliIB]=.06000052345953:AI[19)=-5.331174E-06

210 Al(20]=6.855275E-08:Al(21}=1.380144E-08:A1(22}='2i376168E-09

220 Al{23}=1.69540E-08:41(24)=-9.11154E-11:A1{25]=2,120453E-07
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230 Al(26)=7.557136E-11:A1(27)=1,720681E-07

240 AZ{l]f2.709701E-0{:A%l2]=-9.158729E-04:A2{3l=l.1{9078
250 FOR P=1 T0 24

260 a2(P+3)=0

276 NEXT P

280 A3(1}=1.480396E-03:43(2)=-9.155625E-02:43{3}25,53702:43(4}=1.026961E-06

28l LPRIAT "---mmmmmmee o e e o .
282 LPRINT® --=---- { Dal: = =199 ) 0 eeeee-e-- .
263 LPRIT® ----  CONCERTRATOR: (_COVERED)  ==--=---- '
284 LPEIHT® --rom-mmmmmem e et e e .
285 LPRINT" —--mmmmem e e et raes .

290 A3{5)=1.082603E-04:A3(5)=-4,197122E-07:43(7}=-4. §42652E-07

300 A3(Bj=-1.366634: A3{9)=3.447401E-02:43{10)=-3.309341E-05:A3{11)=2.285551E-02

310 A3i12}=.33533028:43(13)=5.231531E-09:43{14)=2.941949E-03

329 A3(15)=-.2166692:A3(161=-7.863G19E-07:43(17)=1.814133E-02

330 A3{18)=1.134242E-03:43(19)=-3.196564E-04:43(20)=-3.796914E-05
330 A3{21)=-7.193353E-G7:43(22)=3,805649E-05:43(23)=-1.125733E-06
350 A3(24)=-1.610625E-07: A3({25)=-5.644495E-03:43(25)=-1.932626E-11
360 A3{27j=4.745068E-04

370 A4(13=-305.0764:a4{2}=-.2514568:44{3}=19.0156

380 FOR L=1 10 24

390 A4(L+3)=0

100 FEIT L

110 A5{1)=-7.11547:45{2)=-5,913395E-03:A5{3)=1,515793
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120 FOR H<1 T0 24

130 45(K+3)=0

140 IEIT K

150 A5{1):6.184519:46{2)=-1.286086E-02:45(3)=1.227925

160 FOR K=1 TO 24

170 A6{K+3)=0

480 KEXT K

190 A7{1)=-,522492:47{2)=-1.43909E-03:47{3)=. 9918674

500 FOR E=1 70 24

S10 A7{k+3)=0

520 NEIT K

530 A8{1)=7.730901E-03:48{2)=2.126066E-02:A8{3)=-.20745194 :aB{4])=-1.023291E-06
540 48{5)=-6.861322F-05:46(6]=9.9T7443E-06:48(7)=2,729824E-04: A6(8)=1. 1132768
550 48{9)=9.520663E-04:48{10)=8.00873E-06:A8{11)=-1.674268E-02:48(12)=-7.790TL IE
-03
560 A8{13)=-1.10151E-08:48{14}=-5.6814252-08:48{15)=-7,207324E-04
570 48{16)<2.853643E-07:AB([17)=-1,653157E-02:A8{18) =-2.663336E-04
580 48(19)=-9.403046E-04:48{20)=9. 597479E-05:48{21) 5. 948959E-07
590 48(22)=7.067726E-06:A8(23)=-2.600056E-05:48{24)=5.902527E-07
600 A8{25)=4.124i85E-04:A8{26)=-1.331292E-09:48{27) =1. 491459E-05
610 BZH STATION 9

620 a9{1}=-310.7623; A9{2]=26.61§9 :49{3)=-16.66857:49{4}=-9.282749E-02

630 A9(5)=11.295314:49(6)=1.426847H:A9{11)=-1,015186E-02:45(12)=-.735749]

640 A9(25)=4.528354E-03
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690 BEH STATION 10

700 Al0{1)=-9.963664:410{2)=-2.853189E-02:410{3)=1.691408

710 FOR B=1 10 24

720 ALO(R+3):0:ALET 4

130 AN(1)=. 11204712411 (2)=.289657:411(3)=-8.34578T: A1 (4)=-. 57424418

T40 Al1{5)=14.484658:A11(8)=-.1673715:411(12)=1.920528E-02

760 ALL{12)=-1.237774E-02:411(25)=2.057495E-06

810 REif STATION 12

820 AN2(1)=35.427744:412{2)=-.1207374:A12(3)=-3.611674:A02(4)=-. 1975564

630 Al2(5)=3.686181:412(8)=,2630354:A12{11}=2.085709E-04:A12{12)=-9.721334E-03
840 Al2{25}=3.893525E-04

650 BEH STATION 13

560 313(11565.5535:513i'}=2.266305E-02:Al3i3)=-2.979104:313i43=2.6860073~02
670 513(5}=-5.9404§7:513{Bj=.1202973:Al3tlli=1.9606755-03:513[IZ}=-6.40484E-04
830 Al3{251=-2.79013iE-05

830 REH STATION 14

500 ali{1)2-5.944969E-04:414(2}=-6.94991:A14{2)=9. 9408248 : 14 (4) =-9.674193E-07
910 Ad4(5)=-5.245602E-05 :A14(6)=0.6298768-G7 :414(7)=-2.668926E-05 :A14(8)=1.45
1452

520 Al4{9}=1.371843E-02:414(10) =5,067452E-05: A14(11)=-1.367146E-02: 414{12)=4.6
16344E-02

930 Ali(13]=-8.6?48625-08:A14{14i=-2.182312E-07:A14[15]=.6447095ﬂ
940 A14(16)=4.816122E-06:A14(17j=-.10781148:414(18)=1,184138E-02

950 AM[19)=2.721636E-04: A)4{20)=3.626276E-03 :A14(21)=4.256723E-04
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960 A14(22;=-z.4527555-03;51i(231=3.731384£~05:514124}=a.456794z-os
970 Al4(25)=-5.016348E-03:414{26)=-5.393894E-09:414 (27} =6.960897E-03
980 Al5{1) 2-19.28551:415(2)=-6.097654E-02:A15(3}=3.3307844

990 AL6{1)=-57.16022:A16{2)=-.21351330:416{3}=9.793026%

1000 F0B 1=1 70 ¥

1010 INPUT*HASS FLOW RATE THROUGA COLLECTERS,(RG/S)*:;M(I}

1026 1HPUT* TENP. GF WATEK IKLET TO CGLLECTERS,{C)*;C{I)

1030 INPUT*SOLAR INTEUSITY RADIATION (DT),{¥R/4M2)":11{I)

1040 IHPOT® WIRD VELOCITE, (M/S):¥{I)

1050 INFT* AHBIENT TEMP. , {C)":T4{I)

1050 INPUT" TCP. OF COOLING WATER T. { € 1*;T22(I;

1052 FOR J=1 10 27:B{J)=al{J) 83T J:TL{I)=IL{i):T2i T} =H(1):T3{1)=C{I}
1054 GOSUB 1660:T4(1}=F(1)

1069 FOR J=1 T0 27:3iJ)=aZ{J}:HEXT J:71{1)=T4{1):12{13=0:T3{1)=0

1070 GOSUB 1669:TS{1}=T4(I)

1085 FOR J=1 T0 27:3(J)=AS{J):HEXT JeTI(T}=T5(1):12{1)=0:T3(1)=0:G0SUB 1660:76(I
bF D

1090 T7{I1)=T5{I)-Ta{I1}:IF I=1 THEK GOTO 1110 ELSZ  GOTO 1100

- 1106 T6{I)=T20{I-1}: GOTO 1120

1110 INPUT*IKITiAL TEMP. OF ABSORBER®; T3(I)

1120 FOR J=1 T0 27:B{J)=A4(J}:HEIT J:T1{T1)=T8(1):T2{1j=0:13{i}+6:G0SUB 1660:T9(I
JF(1)

1130 FOR J=1 TO 27:B(J)=A3{J):HERT J:T1{Ii= {TS(1)}-T6(1)) :T2{I)=T8(1):13(I}=T9(
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1):GOSUB 1660:TI0(T)=F(1)

1140 FOR §=1 T0 27:B{N}=A8(H):UETT R:TL(I}=T10{I):T2{1)=V(I):T3{I)=TA(I):GOSUB 1
660:T11(1)=F{I})

1150 FOR J=1 T0 27:B(J)=AL6(J):NEXT J:T1(1)=T22(1}:T2(1)=0:T3(1)=0:605UB 1660:T1
Z{Ij=F{I} :IF I=1 THEN GOTO 1152 ELSE GOTO 1160

1152 IRPUT"IKITIAL TEHP. GF CGKGENSER *:T13(1):GOTO 1180

1160 FOR J=1 10 27:B(J)=49(J):5EIT JeTI(I)=112(1)-T22(1):12(1)=T11(1):C0SOB 1660
(TI3(I)=F(1)

1180 ir I=1 THEK 0GOT0 1210 ELSE GOTO 1190

1190 FOR J=1 TO 27 :3(J)=al1{Jj:NELT JLIL(D)=TI3(1):T2{1)=T17(1-1) : T3{1}=0:C0503

1660:T16[1)=F(I)

1200 GOTO 1240

1210 GOTd 1225

1225 FOR J=1 T0 £7:B{J)=ALi{Jj:HEXT JeTI{I)=TI3{1): INPUT" IKITIAL SPACE TEMP.*:T
2(13:T3{1)=0:605UB 1660:T16{Ij=F(I):60TO 1235

1235 1F 1=1 THEN GOTO 1236 ELSE GOTO 1240

1236 GOTO 1240 |

1240 FOR J=1 10 ZT:B(J]=RIZIJJQHEIT SITL{I)=T15(1) T2 (1j=Ta(1): T3(1)=0:C0SUR 166
0:T17(Ij=r{l)

1250 FOB J=1 %0 Z7:3(J)=Al5{3):REXT J:T1{I}= T22{1§:T2{1)=0:T3({1)=0:G0SUB 1650:T
9(I}=F(I}

1260 IF I-1 THER COTO 1290 ELSZ GOTO 1270

1270 FOR J=i TO 27:B{J)=A4(Jj:NEXT J:THI)=T8(1):T2{1}=0:T3(1)=0:C0SUB 1660:721
(I}=F(I)
1280 GOTO 1252

1290 FOR J=1 TO 27:B{J)=A4{J):HEXT JiT1(1}=33.3:T2{1)=0:T3{1)=0:6050B 1560:T21(I
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620 LPRINT TAB(7)"(RW)*;TAB(18)"(XW}*:TAB(28)"(X¥)";TAB(38})" (R¥]

630 LPRINT '----'--"-----------**""---"'-""'""'i ---------------

640 LPRINT TAB[SJ;QG(I];TAB(lﬁl:DC(I}:TAB(ZE):QE[I]:TAB[éBI:DA(I);TAB(53}:COP[I
}

650 REH LPRIRT F-----------semmmmmemmmooomomcomooomens
660  LPRINT TAB(lSi'COPI';TAB(Z&]'(TG-TC)[&C
o670 LERINT  TaB{la)* {( F )"

660 LPRIRT *---=-=-----------semmmmmmmomoemcoomo oo
690 LPRINT  Ta3(15] ;COPI{I) ;TaB{26);ABI{I)

TG0 LPRINTT----=e=rm-smmomomo-woemeommo oo oo oo osesom oo oo o oot s s s s
710 HEXT I

720 EWD

T30 FLL{T)=B{1)+B{Z)*TI{I) " 2+B{3)*T1{I}+B(4}2T2{1)"2

740 F12{I) =B{5)*T2{I)+B(6}*TI{I) 2+B(7)*TI(I)+B(BF+TI(I}¢T2{I})

758 FI3{I} =0(9j¥T2{11*T3{1) 310} TL{I)ATI(Ij+B{11)}2TI(I)*T2{I)"2

760 F14{i) =B{12)*T1{I)"2¢T2{I}+E{13)*T2{1)*2¢4T3{1)+B{14)*T2(I}*T3{1}"2

T0 FIS{I) =B(IS}eTI{I) 2¢T3{1)+B (1o tT1{I)+T3(I} 2+B{17)2TL{I}*T2{T1}*TI(I)

780 F16(I)=B{18)2TY(I)"2¢T2 (1) *THIF+B(19)#TL{1)T2(1)"2¢13(I)

790 F17(11=£(20]*T1(I]‘TZ(I]*TB(I]'Z*B[Z]]'Tl{l]‘Z*TZ(l]‘Z‘T3(I]

800 TEB[Ij=B{22)*TL{I}"2+T2{1)¢T(I) 2¢B(23)¢T1(I)2T2(1} 2#T3(1}"2

810 F19{I)=B{24)*T1(I)"24T2{1} 2:T3{I)*2+B(25)2T1({1} 2*T2(])"2

620 F20{I)=B(20)*T2{1) 2¢TI(1) 2¢B{27)2T1{I)"2¢TI(I)"2

830 FI}=FLI{1J+FI2(T)oFI3(T)+FLE{I}+FIS(1) ¢F16(I)+FLI{I1)+FIB(I)+F19(T}¢F20(I)

840 RETURN
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