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ABSTRACT

COHMPUTER SIMULATION OF THE LONG-TERM
PERFORMANCE OF A SUMMER AIR CONDITIONING SYSTEM
WITH A MAN-MADE SEASONAL THERMAL ENERGY STORE

YILDIRIM, Murtaza
M. 5. In Mechanical Engineering
Supervisor: Prof. Dr. Mazhar UNSAL

February 1991, 97 Pages

Modelling and computer simulation of the long-term performance of
a summer air conditioning system with a man-made seasonal thermal
energy store 15 the subject of this investigation. The performance of twao
different models as hot and cold time active systems were investigated
for daily and seasonal storage. In both cases, winter air is the natural
source for cooling. For hot time active system, the cold storage tank is
cooled by low temperature atmospheric air via an air/water heat
exchanger and the air conditioning system condenser is cooled fully or
partially by the water in the cold storage tank during hot time when the
air t:u:snditio‘mng system 15 operational. In cold time active system, the air
canditioning system is operational at cold time. The condenser is cooled by
cold time atmospheric air. Water is cooled and stored during cold time.The
water is then circulated between the tank and fan-coils. The purpose of
this study is the estimation of the effect of systems components on the
coefficient of performance (COP) by an interactive computer program that
is prepared in the Fortran 77 language. Results of these two models are
compared with the results of a conventional system.

ey words: thermal storage, energy storage, thermal energy store,
cold storage, seasonal thermal energy store.
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OZET

SEZONLUK YAPAY ISIL ENERJI DEPOLAMALI YAZ KLiMA
SISTEMiNiN UZUN DONEM PERFORMANSI BILGISAYAR SIMULASYONU

YILDIRIM, Murtaza
Yilksek Lisans Tezi, Makina Mithendisligi Balimii
Tez Yineticisi: Prof. Dr. Mazhar UNSAL

Subat 1991, 97 Sayfa

Bu c¢alismadsa, sezonluk yapay 1811 enerji depolamaht yaz klima
sisteminin modellenmesi ve bilgisayar simulasyonu yapilarak sistemin
uzun donem performanst incelenmisgtir. Sicak veya soguk zamanlarda
sogutma unitesinin galistigr iki ayrm sistem modellenmistir. Modellerin
performanslan guanlik ve sezonluk depolama icin incelenmistir. Her iki
modelde de, soquk hava dogal soquk enerji kaynaq olarak kullamimaktadir.
Stcak zamanlarda ¢aligan modelde, soguk hava ile depodaki su sogutulmus
ve bu su klimamn gabistiqy zamanlarda klimamin kondanserinin tamamen
veya Kismen sogutulmasinda kullamlmistir. Diger modelde ize sogutma
unitesi soguk havada cahstinlarak depodaki su sogutulmusgtur. Boylece
kondanser dogrudan soguk hava ile sogutulmus oldu. Klimatize edilen ortam
ise, gerektiginde depodaki soguk su  depo ile Tan-koiller arasinda
dolagtirilarak sogutuldu. Bu galismada, Fortran 77 bilgisayar dilinde bir
program hazirlandy, ve bu program Kullamiarak, her iki modelin gerek
birbirleri ile gerekse klasik sistemle karsilastinimalarm lsil Verimlilik
Katsaplarnn (COPY yardimn ile yaptldi. Ayrica, her iki sistemin
elemaniarimn COP'lari Gzerine etkileri incelendi.

e
Anahtar kelimeler: 1s1l depolama, enerji'depolama, 1511 enerji depolama
soguk enerji depolama, sezonluk 1511 enerji depolama.
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CHAPTER 1

INTRODUCTION

Human beings have struggled to make their lives more comfortable,
through control of the immediate environment. Although  there is an
evidence of the use of evaporative effects and ice for cooling in very early
times, it was not until the middie of the ninetieth century that a practical
refrigerating machine was built. By the end of the ninetieth century the
concept of central heating was fairly well developed and early in the
twentieth century, cooling for comfort got its start. Develapments since
that time have been rapid.

Surmmer air conditioning applications increased in the last few
years in our country. A comfortable environment is now a necessity during
the summer thot days) season. Maintenance of a cool environment in the
warm maonths is important, not just for the comfort of the space
oceupants, but also for the utilization of human resources and for
productivity. The need for cooling is often extended beyond the summer
months with the ever increasing use of lights, machines, and eguipments
in buildings and heat transfer to spaces. It is not uncommon to find
nonresidential buildings requiring cooling for more than six months of a
year even in the cooler regions of the world [2].

& comfortable environment is now considered as necessity and many
modern processes and products need precise control of environmental
conditions. Almost all homes, offices, and industrial spaces must he
desighed vith a means of controlling the indoor environment throughout
the year.

High electrical energy derand by a summer air conditioning systems
creates a field to study for decreasing this high electrical energy
consurmption by using cold storage. All these considerations have placed
more emphasis on the design and the simulation of thermal environmential
systems.



Cooling  for human comfort, product development and  food
preservation etc. have been realized by mechanical or absarption
refrigeration systems. Such cooling can also be accomplished through the
long-term {seasonal} storage of winter coolness. For a given annual cooling
load ice production and storage requires the least volume, due to high
latent heat of ice. Cold energy storage medium selection will be dealed
within the another chapter.

Matural production of ice, cold water or snow in winter months and
thedr storage for summer usage are very old concepts. In the old region of
the woarld, ice was removed from the lakes and the rivers and was kept in
insulated storage for summer usage. In the arid region of lran, ice was
produced gradually in shallow ponds during clear winter night time [2] The

ce blocks were then removed and stored in a deep underground storage.
onow was kept for the summer usage in natural pits during old times in
Gaziantep by insulating its top surface. Snow was also stored in
kahramanmaras for making ice-cream.

seasonal storage of water chilled naturally during winter for
summer has recently received and renewed interest due to increases in
energy costs and need for air conditioning. This interest has motivated
technical studies on the feasibility of chilled water seasonal storage.

Most of the storage systems beings considered today are designed
for saving electricity. Several other concepts of seasonal cold storage
have been proposed. Heat pipe ice maker, the ice box, aguifer storage,
chilled water storage, underground storage with insulation and without
insulation are examples. All of these storage schemes are in the
developrnent stage and their costs and performance are siill uncertain.
Furthermore, these approaches are not equally suitable for all applications

[}

The purpose of this thesis is the thermal analysis of the long-term
performance of a summer air conditioning suste T with 8 man-made
seasonal thermal energy store (TES) by using the potential between hot and
cold time temperature difference. Two differ ‘nt models considered are
iNustrated in Figure 1.1
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Figure 1.1 Twao Different Arrangements for an Air Conditioning System
with A Thermal Energy Storage Tank :
a) Hot Time Active b) Cold Time Active

Figure 1.1 a and b show us the model systems as hot time active and
cold time active respectively. Winter air is the natural sources for storing
cold energy for the hot time active model. The heat exchanger shown in
Figure 1.1a cools water which is circulated with a pump when water
temperature is greater than the ocutgide air temperature. Water in the
storage tank is cooled by winter air and stored for use during the summer
by air conditioning system.



In the second model shown in Figure 1.1b winter air is directly used
for cooling the condenser of the chiller unit. Chiller unit is not functional
during hot times. water is cocled by the chiller unit when outside
temperature is low. Then, chilled water is circulated between fan-coils
and the storage tank when air conditioning is necessary.

fMathematical formulation of the {wo models are realized in Chapter
3 by using the effectiveness-NTU method and an energy balance equation.
The equations are then converted into dimensionless forms. The ordinary
differential equations are solved by using finite difference and Newton
methods,

The program developed is used to compute the temperatures of
system components, energy charged and discharged to the each component
of the system {evaporator, condenser, heat exchanger, fan-coil, storage
tank and air conditioned space).

Finally, the results of all calculations for temperature and energy
distribution and Coefficient of Perfarmance (COP) are given in graphical
form. Long-term performances of a summer air conditioning systems with
8 man-made seasonal thermal energy store are discussed for the two
models.



CHAPTER 2

LITERATURE SURVEY

D. L. Kirkpatrick, M. Masoera, A. Rable, C. E. Roedder, R. H. Socolow and
T. B. Taylor [1] studied seasonal storage of ice wusing an ice-pond. The ice
pond is a scheme of making ice in winter and storing it for use in summer.
A large excavated reservoir is filled with a snow/ice mixture during
winter by a show machine of the type used in ski resorts. At the end of
cold season the ice is covered with insulation. When cooling is needed,
chilled water is pumped from the pond and after being warmed by the load,
the water is returned to the pond.

¥With a stored cooling energy of 80000 kW¥hehin the COP of ice
making was 10.1. During the winter of 1980/81 the seasonal average COP
of ice making was only 5.9. The main ditfference between the two years
was the presence of the cover which inhibited the flow of fresh cold air to
the snow machine.

M. N. Bahadori [2] studied natural production, storage and utilization
of ice in deep ponds for summer air conditioning. A covered ice pond yas
analyzed for the gradual production, storage and utilization of ice for air
conditioning of a building with an annual cooling load demand of 1.2 Td.
¥Winter ambient air is blown into the pond for ice production, provided the
major source of coolness. The total heat gain by the ice pond was
estimated by a two-dimensional heat conduction analysis, employing a
finite difference technique.

in summer, or whenever cooling is needed, the water coming from
the air conditioning unit is circulated through the buried heat exchanger
pipes, melting the ice block from the bottom. The system considered in
their study fails to operate in area where the winter ambient air
temperature does not drop below 0OC.

LN



H. Akbari and A. Mertol [3] investigated the current and potential use
of the thermal energy storage systems for cooling commercial buildings. A
general overview of the technology is presented and the applicability and
the cost-effectiveness of this technology for both developed and
undeveloped countries are discussed.

In this article, the advantages and disadvantages of storage medias,
such as; chilled water, ice and phase change material and also advantages
and disadvantages of the operational strategy as full storage partial
storage and demand limited storage are discussed.

The cool storage is increasingly being used in developed countries
because of the current utilities rate structures and the additional
incentives offered by the utility companies to accelerate the penetration
of this technology. The number of cool storage installations in the U.S. has
been doubling each year. The penetration of the technology has been higher
in regions where a significant day and night time differential in the price
of electricity exists. Most thermal storage installations are chilled water
and ice storage systems.

E. L. Morofsky [4] studied an innovative seasonal ice storage
technology development. Through preliminary design, experiment and a
pilot study to detailed design of a demonstration project. Experiments and
field trials have developed a very efficient, fully automated ice formation,
storage and utilization system. The ice block is formed by freezing a large
number of thin water layers successively by introducing cold outside air
onto the water surface. Control is based on freezing degree minutes
accumulated by microprocessor. Major assumptions are that the designs
are reliable enough to replace part or all of the conventional chilling
capacity and that no additional maintenance or operational expenses are
required.

A. E. McGarity, D. L. Kirkpatrik and L. K. Norford (S] studied large-
scale seasonal ice storage cooling system using an ice pond has been
designed and built, and operated at a commercial office building complex in
Princeton, NJ. Ice is produced as artificial snow during winter using ski-
slop snow machines and naturally cold outside air. During the cooling

6



season, cold melt water is circulated through the cooling system of a three
office building. The annual coefficient of performance is 10, based on total
cooling energy delivered and total electricity consumed by snow machines
in the winter and by circulating pumps in the summer. By adding the
electricity consumed during the ice-making season for space heating,
lighting and instruments to the direct consumption, the annual overall COP
was about 8. '

C. E. Francis and R. T. Tamblyn [6] studied an annual cycle ice
production and storage system. The storage mass, located underground,
will support a parking lot. A frozen Earth Annual Storage lce System has
been developed and tested at an Illinois University. Annual storage ice
systems involve the use of cold winter air for the purpose of producing a
large amount of ice to be stored for use during the following surnmer. This
system has been been under development for three years and has gone
through nearly two years of testing. First year testing indicates that the
system operates reasonably close to projections, while optimization will
increase the COP substantially.

Based upon this work, this system will provide seasonal savings of
$51841 and a simple payback of 3.5 years. |t was assumed that land
adjacent to the building to be cooled wouid be available for the storage
mass and that a parking lot could be located on top; therefore, no charge
vwas made for the land nor do any of the calculated costs include parking
10t expenses.

C. W. Sohn and J. J. Tomlinson [7] studied duirnal ice storage cooling
systems in army Facilities. The US. Army's experience with duirnal ice
storage (DIS) cooling system is discussed. A few favorable characteristics
of an Army post for the application of storage cooling systems are
identified. DIS system designs must be based on reducing the entire post
peak demand as measured by the master meter rather than the peak demand
of an individual building, as in the case of a non-military commercial or
residential building. The building has a controlled occupancy schedule; 9:30
am. to 7:30 p.m. Monday through Saturday and 11:00 am. to 5:00 p.m. on
Sunday.



The water remains in the tanks at all times and is frozen and malted
by a glycol brine that flows through the spiral heat exchanger. Data were
collected at 10 minute intervals. An Army post is an excellent candidate
for storage cooling systems because of its sharp peak load characteristic.
A 900 ton-hr ice-in-tank DIS cooling system was successfully installed at

a post exchange building at Ft. Stewart, GA, to prove the effectiveness of
the DIS cooling systern in reducing the peak electrical demand by an Army
post.

M. Tran, J. F. Kreider, and P. Brothers ([8] investigated the
performance of several chilled water storage systems in commercial
buildings. Their study includes eight storage systems of four different
designs located in the US. and Canada. Storage effectiveness was
evaluated for each charging and discharging cycle and for several cycle per
site. In this test program, four types of anti-blending methods were
studied;

1. Matural stratification-relies on density difference to reduce
blending.
2. Diaphram-relies on a flexible barrier between the chilled water
beneath and the warmer water above to minimize blending.
. Empty tank- blending is reduced by never allowing warm water
and chilled water to coexist in the same tank.
4. Labyrith-blending is reduced by causing a long and circuitous flow
path to exist between the cold and warm parts of the storage
system.

el

The majority {six of eight) of the chilled water storage systems
tested were not operated according to the designer's intent. Reliance on a
manusl fine-tuning by system operators was widespread, resulting in
less-than-optimal performance. This is felt to be an important finding of
this test program.

F. K. Tackett [9] studied a HYAC system of a large office building,
which has integrated ice storage, heat recovery and cold air distribution.
After several design iterations, the team produced an HVAC scheme that
incorporated:

0



Partial fce Storage, Giycol chillers operate at night to make ice,
which is then used the nest day to provide a portion of the cooling. Shifting
to nighttirme chiller operation eliminates about 800 kW from the daytime
electric demand and saves an estimated §55000 each year in demand
charges. Overall the ice system added a net {$0.25 per m2) to the project’s
cost. However, it will save more than $0.19 per m2 each year resulting in a
simple payback of 11/3 years.

D. H. Spethmann [10] studied optimal control in cool storage. Many
electrical utilities are considered for promoting the use of cool storage,
to reduce peak detnand and to increase the use of off-peak electricity.
Building owners installing cool storage can reduce utility bills by shifting
electricity consumption away from expensive peak periods and into off-
peak periods when electricity costs and demand charges are lower. Data
coitected by EPRI indicate that many systems are operated at less than
obtainable efficiency because of the lack of proper controls. This led to
the development of an optimal controller for cool storage systems.

G. Meckler [11] studied cold air distribution option with ice storage.
Cold air/water HYAC systems (4.49C) have been developed for use with ice
thermal storage because (1) they require one-third to one-half as much
primary air when compared with {4.40C) all-air HVAC system, (2) they
control humidity and temperature separately and they can be applied in a
much broader range of facilities without overdrying the air and (3} they
are 1ower in both first cost and energy cost than all-air systems thus
making ice storage eguipmment a more practical option.

4.40C air/water YAY systerns compared with the following HYAC
system, in terms of electric demand, energy usage, energy cost and
first cost:

4.40C air/water VAY system with partial ice storage

4.49C air/water YAY system with full ice storage

4.4°9C all-air VAY system with partial ice storage

4.40C all-air VAV system with full ice storage

Conclusions include the following: (1) where there is only a srall
spread between the utility's day and night energy usage rates, a partial ice
storage air/water system can produce a lower annual energy cost than a



the most cost-effective of the five HYALC system compared, in each of four
utility rate scenarios.

B. Cordaillat and R. T. Tamblyn [12] describes a new office tower
vith thermal storage in Paris. |1 has the first commercial thermal storage
in Europe, and this facility was installed with savings in both initial and
operating costs.

D. L. Grumman and A. S. Butkus [13] studied ice storage application to
an |1linois hospital. An 8450 kwh ice storage system was designed and
installed in a northern 11linoig hospital as the best and the most cost
effective means of alleviating an existing cooling tower noise problem
over which litigation was threatened and an {llinois EPE complaint had
been lodged. Selection of the ice storage option followed an intensive
examination of numerous alternative methods to alleviate the problem.
The system has been in aperation since, not only solving the noise problem
but saving the hospital increasing amounts every year as electric rates
rise.

D. E. Knebel [14] studied the economics of harvesting thermal storage
system for a 240000 sq. ft. merchandise distribution center located in
Columbia. The reduction in electrical demand and economic benefits are
demonstrated.

Harvesting ice generators separate the function of making ice and
storing ice. The ice generator will operate as a chiller when water warmer
than 32 F is supplied to the plates. The chilled water is pumped from the
storage tank to the load and returned to the ice generator. & low head
recirculation pump is used to provide optimum flow over the heat
exchanger as required.

Ice thermal storage systems are an effective tool in a utility's load
management plan. By reducing installed refrigeration capacity, or ensuring
that eguipment does not run on peak.
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J. M. Ayres and H. Lau [15] studied the economics of ice starage
systems in a university engineering building. A conventional chilled water
plant with electric chillers and cooling tower was compared to an ice
storage system with submerged coil ice makers, screw compressors and
evaporative condenser under two operating modes. The analysis
demonstrated that the ice storage system with two compressors designed
for load leveling had the lowest life-cycle-cost worth. By investing
$314540 in the ice storage system, the on-peak demand was reduced by
252 kW and the annual electric cost by $16426. With the 20 years life of
the equipment, the university will save $221000.

E. |. Mackie [16] studied a thermal storage with a large volume
chilled water storage incorporated into the systems serving Rabson Square
and Courthouse in Vancouver. The chilled water storage facility is a 3300
m? atmaspheric pressure concrete tank which is used to reduced electrical
demand and to allow reduction of installed mechanical cooling capacity.
The tank design was based on a stratification principle developed in model
testing in a hydraulics laboratory. the tank is in operation and field resulls
indicate an installed cooling capacity which is more than adeguate to
handle the peak loading.

L. K. Rawlings [17] studied ice storage system optimization and
control strategies. lce storage systerns reduce the electrical dernand
charges resulting from air-conditioning. In & glycel-type ice storage
system, the sizing of the chiller and the ice tanks can be optimized
algebraically or by computer simulation programs. Low temperature air
systems can lower the cost of the primary fans and duckwork in the
cooling system. Brine type ice storage systems have the potential to
provide mechanical cooling for buildings with installed costs similar to
those of conventional systems, with lower operating costs due to these
systems demand reducing capabilities.

M. . Wildin and C. R. Truman [18] investigated the alternate methods
of water tank stratification in order to gain an understanding of the
factors that influence the thermal storage performance. Due to growing
interest in thermal storage for electrical load management, stratified

11



chilled water tanks are being more widely used for storage of cooling
capacity.

Rather than operate a water chiller to meet the cooling load as its
occurs, the chiller is operated either partially or solely during off-peak
hours, and the chilled water it produces is stored in tanks adjacent to or
under the building to be cooled. This water is used during on-peak hours,
either to supplement or to replace the chiller output.

The results indicate that chilled water tanks consistently stratify
well for a range of operating conditions, including normal design
conditions, even when an operating strategy that is obviously less than is
employed. Investment in thermal storage is always made in anticipation of
realizing lower electric utility costs.

W. P. McHMeil and J. D. Mathey [19] analyzed the performance of an ice
storage system. This particular installation is a full étm‘age system 100%
of the daily cooling requirements between 9:00 am. and 5:00 p.m. are
stored in the ice builders. An alternative cooling system analyzed for the
building for a basis of comparison which was & conventional chilled water
system, modeled using the tempersture bin method described in
ASHRAE{1983)

By eliminating any compressor contribution to the billing dermand,
the “idealized” case could be achieved. Cooling cost savings would increase
from 22% to S4%. in addition, the overall load factor increases to about
58%. (Compared to 35% for a conventional system).

C. E. Francis [20] studied the production of ice with long-term
storage. Cold air during winter is used for producing relatively large
amounts of ice in long-term underground storage. The stored cooling
capacity of the ice is recovered during the following summer. Initial
research indicates that, this type of system could provide summer air
conditioning, refrigeration or process cooling in regions the winter is
sufficiently cold and sufficient duration.
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T. & Gilbertson [21] studied the ice cools office-hotel compley. The
systemn is sized to operate over a seven day cycle. 1t is fully charged with
ice over the weekend. During the period of Monday through Thursday, ice is
made during of f-peak periods to replace partially what was melted during
the an-peak cooling period. The chiller do not operate hetween the hours of
11 arm. and 6 p.m. on week days per the utility company's time-of-day rate
requirements. During the hours, the entire cooling load is handled entirely
by the stored ice.

Eleven steel ice storage tanks were installed under the ramps in the
third {(lowest) parking level under the building. The ice storage system will
reduce peak building demand by 1700 k% by shifting much of the air
conditioning ton-hr generation to off-peak periods with their lower power
charges.

K. T. Tamblyn [22] studied the chilled water storage of a college.The
water storage option is likely to provide still better econarmic, however
and greater flexibility when linked to a central chilled water system. An
gxample to illustrate this point 15 the hypothetical Casey Stengel Institute
for Advanced Studies in Elocution.

when new buildings are added to a central chilled water loop it may
be cheaper in first cost to add full storage with chilled water to the new
buildings than to expand the chiller capacity at central plant. This
preserves the capacity of the distribution loop and central pumps while
reducing the glectric derand cost for chillers.

R. A Wistort and D. L. Murisso [23] studied the chilled water storage.
The project designed was a 500000 sg. ft. electronic assembly plant
having a fully air conditioned manufacturing plant, office, cafeteria etc.
with a minimum 350000 gal. water storage tank for fire protection water
storage. The calculated pesk load of 1360 tons occurred at approximately
400 pan.

The chiller are activated to charge the storage tank for the next
day's usage. Tha basic promise herein is that the thermal storage tank
wnum be charged with chilled water during of f-peak and partial peak hours

13



only. The chiller would not be allowed to run during on-peak periods.
Chilled water required during the on-peak periods would be drawn only
fram the tank. That has a significant economic justification.

0. P. Gatley [24] studied the cooling thermal storage. Buildings with
load profiles conductive to thermal storage. Office buildings are excellent
candidates. They have low cooling requirements in the morning followed by
8 high peak around 3:00 p.m. and have an afternoon period of four or five
hours with very high loads and a morning period of four or five hours with
medium to low loads.

Hotels are not generally good candidates for full storage because of
24 hours cooling loads and a long peak cooling loads demand extending
from approximately 10100 arm. to 8:00 pmThey can be candidates for
partial storage.

Edison Electric Institute [25] designed an ice storage systern for
innovative bank for savings at Livermore facility. The refrigeration plant
operation is completely automatic. Electronic time controls allow the
plant to operate, at maximum, eighteen hours a day during off-peak and
mid-peak hours of 6:00 pin. to 12:00 noon, Sunday night through Friday
marning.

The chilled water is system is an open tank, flat plate ice builder. A
bypass valve is provided across the chilled water supply and return lines
ta limit the temperature difference on the ice bank to & F or lessThe
system 15 not using any more energy than would be expected using
conventional cooling equipment.

T. W. Brady [25] made a thermal storage for the Merchandise Mart
building in Chicago, Hlinois. The thermal storage system may be the
world's largest ice thermal storage system. It is capable of produce in
2200000 pounds of ice each day. Ice thermal storage systems make ice at
night, the ice helps to cool the water for air conditioning in the building
HVAC system during the peak demand hours.
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ingtantaneous cooling needed during peak hours comes from paraliel
evaporators working with two screw compressors functioning as standard
chillers.

ice thermal storage systems are an effective means of shifting
cooling loads from on-peak to off-peak electrical periods, thereby saving
operating costs. First costs are comparable or less than the costs of
conventional systems when properly designed.

D. A. Knebel and S. Houston [27] retrofitted @ thermal storage system
to the Fort Worth's Wartington Hotel, with 525000 sq. ft. of air conditioned
space. The ariginal cooling system consisted of three 400 HP open screw
compressor heat-pump chiller packages and seven direct expansion 30000
1b ice on pipe thermal storage tanks. The heat pump chillers were to
operate in several modes.

Mode 1- direct chilling; the chiller directly served the building load.

Mode 2- heat recovery; when building cooling was needed, the chiller
meet the cooling load directly. ¥hen heating was needed, it
would be rejected from the condenser into the building
heating loop.

Mode 3- ice storage; one compressar would operate at night to
charge the ice on the pipe thermal energy storage system
while the other two compressors met direct building load.

The actual building electrical peak demand during the on-peak period
was, 1880 kW the partial thermal storage system effectively reduced the
peak by 604 k'w from the pre-storage level of 2484 kW.

By removing all chiller compressors, icemaker compressors cooling
tower and condenser, water pumps from the operating during the on-peak
period, it was determined that the building electrical demand could be
reduced to 1101 kW,
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CHAPTER 3

MODELLING OF AN AIR COMDITIONING SYSTEM
WITH AND WITHOUT & THERMAL ENERGY STORE

A brief description of the models for summer air conditioning with a
man-made seasonal or daily thermal energy store was given in Chapter 1.
This chapter includes a description of the processes in the two models
considering different working strategies. The probrlem formulation to be
given later will be based on the description given in this chapter
Formulation will be obtained for two different models with four different
wirking strategies.

Two different models considered are hot and cold time active
systems. Four different working strategies considered are conventional,
full and partial storage for a hot time active system and full storage far a
cold time active model.

First Law of Thermodynamics is used to derive energy balance
equations for each component of the systems under study. Effectiveness-
MTU method is used for heat exchangers. Finite differences and Newton's
method are used to solve the ordinary differential equatians.

3.1 HOT TIME ACTIVE AIR CONDITIONING 5YSTEM WITH 4 THERMAL
EMERGY STORAGE TANK

3

o

ystem Description

w

A& conventional air conditioning systetn, shown in Figure 3.1, has a
cooling tower, a chiller unit and fan-coils. Chiller unit is composed of a
condenser, a compressor and an evaporator. The cooling water of the
condenser is cooled by a cooling tower, at hot times when the chiller unit
i5 operational.

16



An air conditioning system with a thermal energy storage tank is
shown in Figure 3.2, 1t has an extra storage tank between the chiller unit
and heat exchanger. An air/water heat exchanger is used inplace of a
cooling tower. This systemn dissipates heal from condenser to a sink’ that
has a lower temperature than temperature of cooling tower water in a
conventional system. The low temperature at the storage tank is obtained
by circulating condenser water to a heat exchanger when the outside air
temperature is lower than the water temperature. Working part of the
system is schematically demonstrated with @ dashed line box. The cold
water is stored in an insulated storage tank. The stored coldness is used
for cooling the condenser at hot time when air conditioning is needed. The
other part of the system works when air conditioning is necessary and is
shoyen by a full line box.
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Figure 3.1 A Conventional &ir Conditioning System
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3.1.2 Formulation for a Conventional Air Conditioning System:

First Law of Thermodynamics, LMTD and effectiveness-NTU methods
are used for modelling of the system. Energy balance equation is applied
Tfocally for each component of the system.

The haat losses from pipes which are used for connecting the
components of the system are assumed to be negligible.

The system understudy is shown in Figure 3.1. Operation of the
comnpressor  is controlled by a temperature sepnsor located in the air
conditioned space.

Energy balance equations for each component of the system are
obtained by using the effectiveness-NTU method as follows [30].

For the fan-coil unit in the air conditioned space:

X Tt'-T":a'i
whete
Crain = m':p)min {3.1.2.3)
K= 1 if CortTr = CpuTy (3.1.2.4)
}{ = ([:n‘,in.’”:n',ag{}ﬂ; ]f Epl"‘&Tl" > ':p'.'.,féTw (3. ]25:‘
For the evaporator of the chiller unit:
e = (eCrnin el Tyeo T (3.1.2.6)
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Figure 3.3 A Typical Fan-Coil Unit

For the compressar of the chiller unit:

{h
ah g A t _____________________
|

Th

Sink

Condenser

1

]

]

]

1

ol -, l
TN, ' W7 Expantion Yalve

7\ W LA Compressor :}:I“*—

&, -

i

o’ i

!

i

I

!

1

Evapotator
) e o { _____________________
Source Tl E o Control Yelume

Figure 3.4 Schematics of a Refrigeration Cycle

—
Al
)
-

Or=Dh+W or D=0+ W




The coefficient of performance, COP is [33];

Ox(energy sought)
wienergy that costs)

Cop=

= C!E - l = ]
D,c—l:!.-_. Q-zl"":!e_ 1 Tc-‘iTe" 1

(3.1.28)

The following equation is used for calculating COP of system

For condenser of the chiller unit:

g = ~{eCrmin)elTa-Te) (3.1.2.10)
Enerqy balance equation for the air conditioned space is:
i
A
5
':’ioad
Figure 35 Schematics of an Air Conditioned Space
gz O + Qg (Z.12.11)
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dly
Lhe = 13‘r'|‘-"’r“:~pt'd_tr + o1l (3.1.

Equations given above are converted to dimensionless forms by using
the following parameters.

- T;I‘f'f (3.1.2.13)
q = Q/UANeTine and W = W/UA)GTing (3.1.2.14)
t .
=57 {3.1.2.159)

Equations 3.1.2.1 to 3.1.2.12 now become:

For a fan-coit unit:

MecOe = fr i : {%.1.2.16)

= }‘;_;t‘ (3.1.2.17)
where

¥=1 if Colity = Cpylid {(3.1.2.18)

¥ = (Crnin/ Craxcdfe 11 Codr > Lpwdihy {3.1.2.19)

Far the evaporator of the chilier unit:

Re foMeTe = dwo—tbe 13.1.2.20)

For the compressor of the chiller unit:

PPy
Tl
———
2
3%
—
——

Je=Qa t W




cop=%.__ B

W ot

pet

For the condenser of the chiller unit:

Re follete = ~(ha=hed = dotha

Energy balance equation for the air conditioned space:

qd = S, 54 Ofe
dr

where Nfc, Me, No, Fefc, Ecfc, and 5 are defined as follows:

Nee = Uadie/elhinlte
M = UAde/elminle
M. = UA)A2Cminle
Re o = UA)o/UA),
Fe R U"':'*:'fc"; U!"'}":'c

5 =k /A 24

and the multiplication factor §¢ is defined as follows:
&y=1 if w0
§1=0 if w=0

whera w is the dimensioniess compressor work.
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Equation 3.1.2.17 will be solved for ., and substituted into
equation 3.1.2.20 in order 1o eliminate #,, from the problem. The heat load
af air conditioned space, gy, is equal to the heat of the evaporator, d.. Q.
will be replaced by gy, in equation 3.1.2.16. . from equation 3.1.2.16, will
be substituted into equation 3.1.2.20, and the following expression will be
obtained.

The following i5 obtained when equation 3.1.2.21 is solved for g. and
substituted into equations of 3.1.2.22, 3.1.2.2d and 3.1.2.31.

fat 1

W = W — 21232
o P Toyler 1 (3.1232)
Stir o, ,
qd = + s1{ge—w) {(3.1.233)
dt
E(%"‘:‘V:‘ = =i . (3 1 23‘4:’
where

E= Ee’fcme"'( 1 —ﬂ'fc:x)Nﬂ;: ':3 i 235)

The following is obtained by solving equations 3.1.2.34, 3.1.2.27 and
3.1.2.21 for de, ¢, and ge respectively are inserting resulting expressions
into equation 3.1.2.22.

¢F"R{q|:'w}+1
RofeNoGethat 1 -yt —R +Rw+ 1)

Qe=* = fwy (3.1.2.36)

A second order palynomial
solved for q,. This polynomial is a function of §,y, ¢, dw, N and B,

[
L |

is obtained when equation 3.1.2.36 is
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Equation 3.1.2.36 may be expressed a

30,7 +bs+C = 0 (3.1.2.37)
whers

8 = RofllotyR (3.1.2.38)

b= 0.5t -yl - 20R W -y-Re el + Ry fi) (3.1.2.39)

C = WIR(y-R)-wlhat 1 -yl -y B +f) (3.1.2.40)

The solution of equation 3.1.2.37 is given by following formula.

L2 142

a,;=-9+{tgl -¢ (3.1.2.41)
al al ‘
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Formulation Tor a Hot Time Active Air Conditioning
System With a Thermal Energy Store.

3.1.3.1 Formulation for Full Storage:

A hot time active air conditioning system with a thermal energy
storage tank ig illustrated in Figure 3.2. Components in this system were
previously explained. Full storage is explained at this section.

wWhat is meant by full storage is; cooling of the condenser by water
stored in the cold energy in tank during all times, when air conditioning is
necessary.

Equations will be derived for extra parts of the system (heat
exchanger, storage tank) for madelling of a hot time active air
conditioning system with a thermal energy store.

For the heat exchanger:

Upe = (¢ ':rnin )he {T-.,,{ —Ta)
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Figure 3.6 A Typical Heat Exchanger
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Energy balance equation for the storage tank is:

Uz = Ustlhe
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Dimensioniess forms of equations 3.1.2.1, 3.1.3.2 and 3133 are as
follows:

For the heat exchanger:

Fhe feliheThe = fw §a (3.1.3.4)

Energy balance equations for the storage tank is:

Oz = Getlhe = Qet*iis (3139
d‘ v
Qs = F'—:?' + Rfe z{pw-is) (3.1.3.6)

where Fre o, Ree 5, Nhe, and P are defined as follows:

Fre,fo = Udde/ Ud e

,..-..
Lo
T
.\J
S

Rfc s = UA:‘S,‘"UA)f,:

e
.l
[
i}
L

Mhe =UAke/ #CrainJhe {(3.1.2.9)
P = puVuly/UAY24 (3.1.3.10)

Condenser of chiller unit is not cooled directly by the outside air
temperature in this model. It is cooled by water that must have a lower
ternperature than the outside temperature during air condition is
operational. This is very important for full storage in order to cool

condenser by a sink that has a lower temperature.
Effectiveness-NTU method is reapplied to the condenser;

Oy = ~{eCrindel{Tow—Te) (31311



The difference between equations 3.1.2.10 and 3.1.3.11 is that T, and it is
replaced by T, The dimensionless form of this equation is as follows:

Re follelle = ~{hwte) = fo—tbw (3.1.3.12)

flovw, the equation 3.1.3.12 is solved for ¢, and eguation 3.1.2.36 is
rewritten by substituting ¢-, from eguation 3.1.3.12 to obtained the
following.

pr-R{Ge-wi+ 1
Rt:ft: NC: Gty t 1 —“"‘:‘t‘r"EQg"'RW*‘ i :‘

Qe=W = By

o~
ol
-
i
.
0
o

The following second order polynomial expression is obtained when
equation 3.1.3.12 is solved for Qe

80:2+00:+C = 0 (3.1.3.14)

The solution is given by equation 3.1.3.15.

qﬁ_EJ(E
“ & |la

L 1/2

} —E} (3.1.3.15)
a.

3, b, and ¢ are now given by:

a= Rc}chg"ﬂfE (3 ] 3 1 E‘)
b= 0.5+ 1-plde + 2R+ 1)-wi{R, roNe-RED) {3.1.3.17)
C = WIR(y—[ - w (e + 1 =ybr—y+ by + ) (3.1.3.18)

Equation 3.1.3.6 will be written considering heat transferred to the
storage tank.
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10c —82 (he = Pg:jtlli + Bfo .'s‘illl'w‘ -lif;:) {3.1.3.19)
aT

(=2

t: 15 the dimensionless temperature of surroundings, of the space
occupied by the storage tank.

6y and & are defined as follows:

5' =1 it W EQ
LY =0 if w=0
and
faz1 when Ta¢ Ty
fiz=0 when Tax Ty

3.1.3.2 Formulation for Partial Storage:

system for partial storage is illustrated in Figure 3.8. Partial
storage is defined as a combination of & conventional air conditioning
system and a thermal energy storage [26] This model is suitable for
followings: a) a thermal energy storage system retrofitted to an old
conventional air conditioning system and b} when space is restricted for a
full storage.

Therefore, after a certain time, water gets a higher temperature
than outside air temperature, due to a small storage tank. So that,
condenser is cooled by the water until it reaches to outside air
temperature, after that, it is cooled directly by air, in partial storage
rodel.

For partial storage; eguations of conventional air conditioning and
thermal energy storage systems are combined with a check such as;

system is thermal energy storage when T, < T,
system is conventional aircond.  when T, 2 T,

2
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Figure 3.8 A Partial Storage Model

3.2 COLD TIME ACTIVE AIR CONDITIONING SYSTEM WITH
A THERMAL ENERGY STORAGE TANK

3.2.1 System Description:

Second model illustrated in Figure 3.9, is for cooling the condenser
by & sink that has a lower temperature than the outside air temperature
when a conventional air conditioning is necessary. This system is
composed of a chiller unit, a storage tank, and fan-coil units. There is ho
heat exchanger in this system. The differences between these hot and cold
time active models are the place of the storage tank and working time of
the chiller unit. Storage tank is placed between heat exchanger and storage
tank in hot time active system. But, it is placed between chiller unit and
fan-coil units in cold time active system [7], [9].
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Figure 3.9 A Cold Time Active Model

]
WO



Cold air is also used as a cold energy source. Temperature difference
petwean hot and cold time iz wanted to be useful in two models. But,
natural cold energy is not stored ina storage tank in this system. Cold air
is directly used to cool the condenser when the chiller unit is operational
tat night or winter). The chiller is activated to charge the storage tank for
hot time's usage during cold time. The chiller is not be allowed to run
during on-peak period. Because the thermal storage thank is charged with
chilled water during off-peak time [23] The working part of the system
during cold time is schematically demonstrated with a dashed line box.
Then, the chilled water is stored into an insulated tank for using at hot
time [S]. The chilled water storage tank must has a volume that can store
eniough energy to keep air conditioned space between comfort temperature
zone. Because, when air conditioning is necessary, the chilled water is
circulated between the storage tank and fan-coilz as demonstrated in
Figure 2.9 with a full line box.

5.2.2 Formulation for a Cold Time Active Air Conditioning System
¥ith a Thermal Energy Store

For mathematical modelling of the cold time active air conditioning
system with thermal energy store, same theoretical methods are used for
hot time active model would be also used. They are energy balance
gquation, LMTD and «-NTU methods.

The energy balance equation for each compaonent of cold time active
madel by using effectiveness NTU method are also written as follows.

For the fan-coil units in the air conditioned spac

(e = @Cmin el Tr—Towi) (322.11
oo = - Lvoz T (3.2.2.2)
X Tr-Twi
wheare
Conin = MCpJmin (32273



and

il
e

if CprdsTr = CpwhTw

-
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Y, =
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Conind Crnac e 1F CordTe > CpwdTw

For the evaporator of the chiller unit:

e = eCppin )e'::T*.m -Te )

For the compressaor of the chiller unit:

Je 0 _ 1 _ 1
"!"'f‘ UC"UE' Dgn‘i‘:!e—l T.;-'"Tg—l
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Far the condenser of the chiller unit:

D,:: =& Ernin ;lc (Ta -T;::)

Energy balance equation for the storage tank is:
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Enerqy balance squation for air conditioned space is:

e,
sl
I3
R
L

St

—~~—~
(o]
P&
[ O
n
Lo

[
o
P
=l
S

i
[N
i’\.:l
o

-
[
P
M
]

g’



(i = f'r'lrEprQ‘j-‘;—r + o1 lfe (32213

Equations given above are converted into the dimensioniess forms
using the parameters in equations 3.1.2.13, 31214 and 3.1.2.1% as
follows:

Far the fan-coil;

———
»
b
k>
I
‘"

fo;ﬂfc = e i
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where
W= if I:'prdqj,. = Ep“.-dltl-.,\.. (3.2.2.18)
% = (Conind Cona e 11 Cortdy >Cp iy (22217)

For the evaporator of the chiller unit:
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Fe ,f-:.N-:-Qe = oo {(3.2.

For the compressor of the chiller unit:
Qo= Qe + W (3.2.2.19)
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For the condenser of the chiller unit:
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Energy balance equation for the storage tank in dimensionless form:

Dy

Ge=p_ =+ Ree s{fw—gs) (3.2.2.22)
T
q'_.-, = qu + l:!e (32.223)

For the air conditioned space energy balance equation is:

dip .
Oy = ‘:,—r;—" + By ifc (3.2224)
T

whare 5, P, Rfc, s, Nc, Mfc, Rc, fo, Re, fc, Ne are defined previously, in the
part of hot time active system. '

The following energy halance equation is obtained for the storage
tank when it iz written by considering the working conditions of fan-coil
and chiller unit.

81 qf::: - que = P%ﬁ'-’- Efﬂ,i(‘ihﬁ"_ibs) (32 225)
T

61, and &z in equations 3.2.2.24 and 3.2.2.25 are defined as follows:
for &y

5= 1
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Tr' < Trn-‘in ﬁnd Tr' 4 Tr

where Tipmaee and Temin are  maximum and

temperature range.
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Equation 2.2.2 14 will be solved for 4,4 and substituted into equation
2.15 in order to eliminate $; from the problem. 4, from equation

2215 will be substitute into equation 2.2.2.18. Finally, the following
expression will be obtained for ¢, is obtained.
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@ = by —NroQscl 1 -Here)-Re fellade {

and equations 3.2.2.21 and 3.2.2.19 are solved for ¢. and ¢, respectively,
they are;

te = ha + Ro fellote (3.2.227)
q.:a = q,::—",s"f' ‘:,322.26:'

The following COP equation is obtained, when ¢, ¢, and q, are
substituted into equation 3.2.2.20.

rop = 92 o QoY
-'-'w.t' '-'t'v."
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The following second order polynomial expression is obtained when
equation 3.2.2.29 15 solved in terms of Q..

ag.2+bg,+c =0 (3.2.2.30)

The solution is given by equation 3.26.

a, b, care now given by



8 = Ry folle+yRe foMe (3.2232)
b = OS[gy+ 1=y +yHse{ ] "xiifc;)Qfg"g‘{Ee‘.nge (4
~y~W{Rq follc~iRe folle)] (3.2.233)
o = —wify+ 1wl e 3+ wNe O -2er JP-v)0%
+Re folleW2ly-fi) (3.2.234)

33 CALCULATION OF THE OVERALL HEAT TRANSFER COEFFICIENT
OF THE STORAGE TANK

Construction of the storage tank for storing cold energy by water is
illustrated in Figure 3.10. The tank which is a regtangular prismatic is
insutated with glass waool and it would be placed open to the outside air or
buried underground by <oil. Especially for seasonal storage, tank is
zometimes placed under the parking lot of building [8]. So that, model can
be applicable with a less placement arranged for the system.
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Figure 3.10 A Typical Storage Tank

The overall heat transfer coefficient
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where &g 15 the tolal outside surface area of the storage tank as;

Ast = 2{agbstbgyCaytooiazy)

and s, bet, and cet are the dimensions of the storage tank.
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5.4  SELECTIOM OF THE STORAGE MATERIAL

Two storage concepts standpoised to help level thth‘h’ demand and
save money for customers and utilities alike: fce and water The technigue
for ysing each is somewhat different. Which iz likely to dominate on the
other in the long run and what are the characteristics of each?

It is early to announce a winner but, if the number of active
proroters is @ factor, ice will easily win over water. With no champion for
chilted water storage, but many motivated manufacturers trying to sell ice
storage, the latter is lable to dominate future designs. Water storage has
greater flexibility for storing waste heat, so there is potential for future
development. Meanwhile, both systems fulfill the national purpose of
energy optimization, so competition will be healthy for each [32]

It a temperature change, | kg of water tur‘ 4186 J for every
degree C of temperature change. In a phase change, 1 kg of water stores
335 kJ in changing from 1 kg at 09C Yiquid to 1 L.g at 00C solid when
changing water from a liquid to gas 1 kg of liguid storez 2.44 MJ in
changing to a gas at atmospheric pressur

o

l'[l

Thus, steamn is not a practical storage medium because of the huge
volumes tnvolved, but water remains practical in changing temperature or
changing phase to ice.

The current arqurrmnf s over which is better for storage, water
with a temperature changes ce. There is no clear-cut answer. The merit
of water is that storage can be accomplished with existing water chilling
equipment simply by adding a large water volume to the system.

The merits of ice are; it takes up less volume than water and it is
rif it iz a new construction project. Thus it depends an what's being
ne arguiment us mj by those with a vested interest in water chiller is
Lhat it takes more energy to make ice than it does to chill water. This isn't
necessarily true since it depends on the refrigeration technigue used. If
the same systems are used, it takes more energy to make ice to cool air to
129C than it does to chill water to cool air to 130C. It also takes more
energy to boil refrigerant in a direct system to cool air to 139C [28],
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wWater is also a the cheapest and available refrigerant, it isnt
dangerous for surrounding.

Finally, water is selected as a storage material of cold energy
in the storage tank and it is also used as & carrier of energy between
evaporator and fan-coil units.



CHAPTER 4

DESCRIPTION OF THE COMPUTER PROGRANM

An interactive computer program is developed to analyze the long-
term performance of a summer air conditioning system with a man-made
zeasonal thermal energy store (TES). This program is named as "COLD"
Flowchart and listing of the program are given in Appendix 1. The program
is applicable for both conventional air conditioning system and air
conditioning system with thermal energy store. If the program is wanted
to be run for air conditioning system with and without thermal energy
store, the type of storage must be defined as whether daily [7] or seasonal
(1], [4] storage. At both cases working strategies must be defined as hot or
cold time active. Hot and cold times are summer and winter respectively
for seasonal storage. They are taken as day and night for daily storage.
That conditions are schematically illustrated in Figure 4.1.

Four types of inputs must be entered to run this program. They can
be classified as, variable inputs given from computer terminal, fixed and
variable inputs in data files. Las tgpv is fised inputs in the program. Lists
of the inputs are given as follows according to their classifications.

1. Yariable inputs given from terminal:

- Type of storage as seasonal or daily, SO

- Type of model as cold or hot time active, NDY

- Type of working strategies, as conventional, full or partial
starage, [TAC

- Mumber of year for seasonal or day for daily storage to get
perindic results, Nr

- Print hour for seasonal storage, TIPR

2. Yariable inputs in data file:
- Condenser capacity , O,
- Yolume of storage tank, A, B, C

L
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- Heat exchanger capacity, Ope
- Evaporator capacity , Q,
- Fan-coil capacity , Us

EOLD

1

1

AIR-CONDITIONING SYSTEM

—

DAILY SEASONAL
STORAGE STORAGE

AIR-CONDITIONING SYSTEM CONYENTIONAL
WITH THERMAL ENERGY STORE
DAILY SEASONAL
STORAGE STORAGE
~ COLD TIME
NIGHT
L ™ otve [ LYINTERp
ol DAY fpd HOTTIME  fuged SUMMER]
ACTI¥E
S—
FULL STORAGE PARTIAL STORAGE
Figure 4.1 Main structure of the COLD program

3. Fixed inputs in data files:
- Compressor vork, W
- Highest and lowest cooling capacity of compressor, Uy, tn
- Highest and lowest cooling temperature of compressor, Ty, Ty
- Condensing temperature of chitler unit, Ty
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- Input and the output fluid temperature of fan-coil, Tg, Tre

- Dimensions of air conditioned space, Ay, B, G

- Input and the output fluid temperature of evaporator, Tei, Teo

- Input and the output fluid temperature of condenser, Tg, Teo

- Heat transfer coefficient of insulation material for storage
tank, k

- Thickness of the insulation material,

- Initial water temperature in the tank, Tw

- Initial room temperature of the air conditioned space, Tr

- Magimum and minimum limits of comfort temperature range for
room, Tmax, Tmin

- Dimensionless coefficient of COP, B and y

- Canstant soil temperature, Tinf

- Time increment, &t

- Cooling load distribution of the air conditioned space, (iad

- Qutside air temperature in Gaziantep, Ta

4. Fixed inputs in the program:

- Specific heat capacity of air, Cpair

- Density of air, pair

- Specific heat capacity of water, Cpw

- Density of water, pair

- Volume flowrate of air, Vair

- Mass flowrate of water, mw

- Upper and lower time limits for the compressor
work at winter time ( hour of year's), TIM1,TIN2

- Upper and lower temperature limits for water
stored in the tank, TEM1, TEM2

Technical data for all components of the models are given as
variable and fixed inputs in data files. They are taken from manufacturer's
catalogues [31]. Hourly cooling load distribution of the air conditioned
space is assumed to be Knowen. And it is constant for all dag'that makes the
results to be pericdic. The metsorological data for hourly ambient air
temperature for Gaziantep given by Ref [32] are available in data files. It is
also constant for more than one year. Cooling load has hourly and monthly
variation but no daily variation.
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The program has two subroutines as OCONT and INPT 1. Subprogram
OCOMT 15 used to solve equation 3.24 that is a second arder polynomial
equation. Other subprogram (NPT is used to convert the inputs into
dimensioniess inputs as M, P, 5, &v elc. by using their equations in Chapter

P

Al inputs are converted to dimensionless form by 51_1t1prngram
IMPT 1. After taking dimensionless inputs the ordinary differential
gquations given in Chapter 3 are solved by Finite Difference and Mewton's
methods. Such as results are made to be periodic and temperature at the
and of each fime increment for water and room is faken as an initial
temperature for the following time increment. Energy output from the
condenser is computed when room tempersture passes the magimum Hmit
through decreasing to minimum limit of comfort range. Energy of the heat
exchanger is computed when ambient air temperature is lower then water
termperature. Finally water and room temperature and COF of the model
selected are computed as a function of cooling load, condenser, heat
exchanger energy. The list of results computed by simulated program
"COLD" i= given below

tll
ll

S, Outputs computed by program COLD:
- Evaporator energy, O,
- Condenser energy, O,
- Heat exchanger energy, Uhe
- Fan-cail energy, Os.
- Condenser temperature, T,
- Evaporator temperature, T,
- Fan-coil temperature, Ty,
- ¥Water temperature in the storage tank, T,,
- Tempearature of air conditioned space, T,
- Coefficient of Performance of the selected model, COF

The results for different variable inputs are given in graphical form
and discussed in the following chapter,



CHAPTER S

RESULTS AND DISCUSSION

Results from the analysis of the summer air conditioning s43te
with a man-made seasonal thermal energy store are given in Chapter 3 for
different models. The models were used to develop an interactive computer
program "COLD" to estimate the coefficient of performance (COP) of these
systems and effects of the system components on thew COP. The
coefficient of performance is the ratio of evaporator enerqu to total
energy demand of a system. The demands are for the compressor, pumps,
heat exchanger, and the fan-coils.

Results presented in this part are obtained for both daily and
] :z:ttsrage. Dutputs include results for the conventional, Tull and

time active :3g§ivmu haw heen studied. | nn»fant mpuie given in Table 5.1
and variable inputs given in Table 5.2 and 5.3 were used for all cazes.

[ and y which are coefficients of COP of the used chiller unit are
abtained as 0.183 and 1.04 respectively with the help of the thecnical data
of the chiller unit [31]. They are constants for all computations of daily
and ceasonal storage.

The surrounding temperature Ts for the tank is taken as the outside
air temperature for daily storage. The difference between results for
water temperature of a buried tank under the soil with a constant
temppramrp and an unburied tank is negligibly small as shown in Figure
3.1.2. & large tank 1= necessary for seasonal storage. A large tank has big
enerqy loss due to a large surface area. The tank is assumed to be placed
underground with insulation and the surrounding temperature is assumed
to be constant during seasonal storage.



Table 5.1 Constant tnputs for the Air Conditioning System

with and without TES

Compressar wark
Highest Cooling Capacity of the Compressor
Lowest Cooling Capacity of the Compressor

Highest Cooling Temperature of the Compressor
Lowest Cooling Tempersture of the Compressor

Condensing Terperature of the Chiller Unit
Input Fluid Temperature of the Fan-coil
Dutput Fluid Temperature of the Fan-coil
Soit Temperature

Dimensions of Air the Conditioned Space

Time increment

Inlet Water Temperature to the Evaporator
Design Roorm Temperature

Design Evaporator Temperature

input Fluid Temperature of the Evaporator
Output Fluid Temperature of the Evaporator
Input Fluid Temperature of the Condenser
DOutput Fluid Temperature of the Condenser
Heat Transfer Coefficient of

~the Insulation Material

Thickness of the Insulation Material
Initial Water Temperature to
the Storage Tank
Initial Room Temperature
Maximurm Limit of the Comfort Temperature
Minimum Limit of the Comfort Temperature

Upper and Layeer Time Limits for the Compressor

wWaort at Winter Time { hour of year's)

Upper and Lower Temperature Limits for Water

Staored in the Tank
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W= 10.0 KW
By, = 293 kW
Iy = 9.8 kW
T]h = 5.00C
Ty =-35.00C
Tp = 25.00C
Ts = 10.00C
Tiy = 22.00C
Tins = 15.00C
Ay = 200 m
B = 200m
Cr = Z0m

At = 600 sec.
T = 10.09C

T, =2200C

Te = 0.0°C

Tei = 10.00C

Teo = H.OOC

Tei = 200 C-'C
Ten = 10.00C

kw

Kine = 0L035 -T:‘E

L¥inzz 0.10m

T, = 12.00C
Tr = 29.00C

TH1=6000 hr
TIM2=3040 hr

TEM1= -20.08C
TEMZ= -10.00C



Table 5.2 Changed Capacities of the System Components

Murnber of
Capacity 1ty . RN .
Increarnent U k) Qheﬂ ) l"!f.;- L) D‘ (ki)
1 S0 1.8 40 40
2 100 36 80 50
3 150 5.4 120 120
Table 5.2 Changed VYolumes of the Thermal Energy Storage Tank
Volurae of the Storage Tank (m®)
Nurrber of Daily Storage Seazonal Shorage
Yelurne for Might and Day Time | for Summer Time | for Winter Time
Increament Active System Active Systern | Active System
1 24 120 512
2 36 210 720
3 43 336 300

Periodic solutions ywere obtained by using Finite difference for daily
storage with a sixty second time interval, and twelve days total time span.
For seasonal storage, the time interval was sixty second and the time span
was four years.

Results are depicted in three graphs for each cases of  daily and
seasonal storage. These are graphs for temperature distribution versus
time, energy distribution versus time, and COP variation with the
different component sizes. The capacity of each component was altered
one at a time in order to investigate effects of capacity changes on the
COP of the systems. '



5.1 Discussion of Results for Daily Storage:

Results for daily storage (full and partial} of a hot time active
system, a cold time active system and a conventional system are given in
graphical form in Figures 513 to 5.1.14 . Thesze results were obtained
using inputs given in Tables 5.1, 5.2 and 5.2

Results for daily storage were obtained with the temperature and
cooling load distributions given in Figure 5.1.1. As seen from Figures 5.1.7
and 5.1.9; the heat exchanger starts to cool the water stored in the tank
when the water temperature is greater than the amtntent air temperature.
The compressor starts functioning when the room temperature is greater
than the maximumn limit of the comfort temperature range. It stops when
the room temperature falls below than the minimum limit.

Energy distribution graphs of all 54 termns show the times, when the
compressor of the chiller unit and heat exchanger is functional or not, and
charge and discharge times of the :s:torag, tank.

Condenser temnperature plotted is egual to the ambient air
temperature for conventional and night time active systermsz, when the
compressor is not functionsl. 1t is equal to the temperature of water
stored in the tank for full and partial storage systems.

Room temperature plotted, is the last temperature obtained when
the air conditioning is needed for all system, if the compressor is not
funictional. Temperatures of the evaporator and fan-coil are egual to Ty

which is used to convert the equations into dimensioniess forms. Tye i3
given as 159C in Tablae 5.1

Full storage air conditioning system with thermal enerqgy store has a
lawer COP than the conventional air conditioning system as seen in Figures
915, 5.1.8, 5.0.01 and 5.1.14. This is because water stored in the tank

reaches temperature higher than the ambient air temperature. This can be
created by a small tank or a small heat exchanger. When the water reaches

g temperature higher than the ambient temperature, the condenser of the
chiller unit is cooled directly by ambient air. This iz named as “partial
storage”. COP of the partial storage system is greater than the COP of the
full storage snd conventional systems. The highest COP is obtained by a
right time active systerm. The limited working time interval at night as
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seen in Figure 5113 is to be eight hours. It is seen that the room
temperature reaches to the comfortable temperature range by the night
time active system.

Effect of condenser size on the COP of conventional sir conditioning
system is Targe while effects of the evaporator size is low as shown in
Figure 5.1.5

Effects of heat eschanger, condenser and fan-coil sizes on the COP
of full and partial storage systems are high. Effect of the storage tank
volume 15 negligibly small as shown in Figure 5.1.8 and 5.1.11.

It is seen in Figure 5.1.14 that, the condenser size and the
evaporator size are important for the night time active system, while
increasing the fan-coil size has a negative effect on the COP. Because,
chilled water is circulated between the fan-coil and the storage tank.

COP of the night time active system has a greater value than COP of
the partial storage system. COP of the conventional system is greater than
LOP of the Tull storage air conditioning system. But it 15 lower than COP of
the partial storage system. COP of the full storage system becaormes
greater than the COP of the conventional system when capacities of the
heat exchanger and storage tank are increasing.



Poad(icny 40 1

Terap () 5 4 ,.'*H ."";'._“_A

& N &
-.__:' o ", - -"‘-’..-'9"

= L b :1:7.,
20 S i
)2 3,
¢
e L 7 <
‘~J ';..{ “
i LS - S PSP % -
S ] #- Temperaturs
g =8
@, = Laad
5 1 {""!"‘-
D — -ttt -+ + +——F

g 10 12 14 & 18 0 22 24 2 4 &

Doy tirmetChe)

Figure 5.1.1 Daily Highest Temperature Distribution on August 2,1955
and Assumed Cooling Load Yariation

TempiC) 40 7

#- BURIED
= UNBURIED

It +
20—ttt ————+
21 12 14 e 12 20 22 24 2 4 &

DaytirneChe}

Figure 5.1.2 Temperatures Comparison Between Buried and Unburied Tank



Tempil) &0 1

¢ a2 .‘-u‘.._ |

¢
& g |
K 2 :
l -] '}::'-..ts \ & . &
s ., - - - o P )
?-._._. o ‘00 H. .._.ﬁ._._-_._._!_g_;;_a_g_! Condenzar Temp
(A

D W Fo -Cail Temp.
o1 m’ ~-.0-0-0-0  0-0-0-0-0-0-0-0 Fancel Temy
n, - vl B- Roorn Temp.

‘O~ Evaporator Temp.

Draytirelhr )

Figure 1.2 Temperature Distribution of a Conventional
Afr Conditiening System

Geon (k')

0 oE2 M 2 4 =)

Daytirnehe)

Figure 5.1.4 Energy Distribution of a Conventional
Air Conditioning System

49



Ternp (C)

“#- COP Cond.
2= COP Fan-Coil
B rop Evap.

. T
———
..—-‘T:g::-—ﬁ—’_d:: —
254 B "
g
20 + —
1 2 Z

Nurnber of Capacity Increament

Figure 5.1.5 Components Effects of a Conventional
Air Conditioning System on (ts COP

[
@

I g

E &

i T Y W W hAd
500y & A—~AA-A—-A-h—-A—h—k

& S N,
B _HpBO o B-g-p-g-A-H-2-5-8-5-0-0-0-E
ey -GG

8 10 12 14 16 18 20 22 24 2 4 &
Daytirme(hr)

#- Cond. Temp.
"= Evap. Temp.
‘8- Fan-Coil Temp.
‘O- Yater Temp.
A~ Roorn Ternp.

Figure 5.1.6 Temperature Distribution of an Air Conditioning System
with a Thermal Energy Storage (Full Storage)




Qw40 1 .
-
ST o
2
5 n o
£ H B #H ¥
Wt [ Ry
] HE d H O BB
b a8 B H H ¢
B HHdHROHH
e i H HBR BN q
e “ 4 4 ¢
T H HH AN HANRHK
3 H B BB U RBREBR D
i 5;,::,-;5;
2041 H HHROBERAES
] 4 t 4 {3
i HRBRAHNHH Q[
15 - ki aﬁja,‘:‘:i,';:a
o £ Hd BB B Bddnoid g
o U A BB O H B
EEERRIELLE
10 + HARO AR AR N
‘!;:J;:Ig:(
EEEREREERERER B ohe
H : e
Had Qg BB HHEH
= 1 A ? 4
- ‘BREERERFRERER B
# # ¢
HoRAadBARHA Y Qeond.
U P HOUHAHAH AN
Fol ) R L B ) = £
8 10 12 14 16 18 20 22 24 2 4 &
Daytime(hr)

Figure 5.1.7 Enerqy Distribution of an Air Conditioning System
with @ Thermal Energy Store (Full Storage)

COP 3001

275 ¢
a
; e .
250 + e e— - COP Vol
it —0 :
& " Py & | COF Heat-Ex.
505 ] B- COP Cond.
‘0- COP Evp.
&~ COP Fan-Coil
2.04a + 1
{ 2 3

Nurnber of Capacity increament

Figure 5.1.3 Components Effects of an Air Conditioning System with
a Thermal Energy Etj » on Its COP (Full Storage)



Temp{C) 50+

45 ¢ rx-”‘"’\

. v o '
et L ‘\ l"..
35 4 / u,cxf”wu_n /

mvg O

o7 D} D"D’u -“1‘-; -D"U
25 L'I‘D‘ ‘-‘ \‘% D-D-D-B%D—D‘E-D‘D
it T ; = w,..

bt "'."‘ a-. '.:)-0 :" Sl == = ".' = “.
15800 o o ng\“;fl " lm.fl N-E-N-N-N--E

3, - l‘

10 ¢ - Ot

5 4

0 -

g2 10 12 14 16 18 20 22 24 2 4 &
Daytime(hr)

¥ Cond. Temyp.
‘O~ Evap. Temp.
B- Fan-Coil Temp.
O~ water Temp.

4~ Room Temp.

Figure 5.1.9 Temperature Distribution of an Air Conditioning System
with a Thermal Energy Storage (Partial Storage)

Qikw) 40 7

8 10 12 14 16 18 20 22 24 2 4 &
Day timelhr)

Geond.
e

Figure 5.1.10 Energy Distribution of an Air Conditioning System
with a Thermal Energy Store (Partial Storage)

£hn
]



cop

Figure 5.1.11 Components Effects of an Air Conditioning System with

Tetnp (L) 45

z00
B
i |
.,ﬂ"-___.——-—_'_
275 et o o
O -
N Tt
g
2350 1 *- COF Yol
= COP Heat-Ex.
& COP Cond.
T~ COP Evp.
& COP Fan-Coil
2100 + {
1 z z

Number of Capacity Inereament

a Thermal Energy Store (Partial Storage) on Its COP

&,
0 L S RPe o
* N e B ot WY Y
= b el s !'
o res k“
s ™
30 # *e., j
o o. .0 0-~-p-p-0-0-0-0-0-0-0-0-0
“1 o - Cond. Tem
1 L -8 ) o . ond. Temp.
15 =000 O B O = GO DD e e .. -
[ - OOt Bag 00 G- Evap. Temp.
a-B- a..
10 B B o
B YWater Ternp.
=
N T Room Temp.
0
g {0 12 14 16 18 20 22 24 2 4 &
Daytimelhr)

Figure 5.1.

12 Temperature Distribution of an Air Conditioning System

with Thermal Energy Storage (Night Time Active)

n
o



QW) S50 1

45 1
40 1
T
P2
4
30* 4 4
1
3 .
- ’ 1 8B
234 o R A
¢ 1
HBHANRY,
P M |
20 ¢ BERERER I
¢ 1 4 7
HANBHHNHRD
= F A3 BB U HH
131 TEERREEY
L
v FHRAOAH
4 4 ¢ é [l
[ i 1 ? 7, -
1 2 D -]
10+ HERHHHBREDR A4 QF an-Coil
¢ [ i .
B RHAdRH AN AR
= # ¢ I £ d m_.
9 9 B OHAadBHEDRE Ueond.
!:rasln:g:i:ﬂ:
o BB EREBBEAB AL D

o

01z

-y
s
=
[x2]
o
[
[
]
ta
r‘-

Dray timelhr)

Figure 5.1.13 Energy Distribution of an Air Conditioning System
vwith Thermal Energy Store (Hight Time Active)
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5.2 Discussion of Results for Seasonal Storage:
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Fesults for seasonal storage of all cases (conventional, full and
partial storage of hot time active system and cold time active system) are
also given in the graphical forms of monthly temperature and energy
distribution and COP variation of the system with different component
capacities.

Monthly cooling foad variation is assumed for four months which are
Jdune, July, August and September. Because, it is not uncommon to find
nonresidential buildings requiring for more than si¥ months of the year
even in the cooler region of the world [2] 1t is assumed that cooling loads
have no daily variation. Their hourly variation are shown in Figure 5.2.2 for
four months. Figure 5.2.1 shows the yearly outside ambient air
temperature for Gaziantep on 1985 [32].

The inputs used for daily storage were also used for seasonal
starage, but only the capacity of the tank is increased to a large volume.
Because, the effect of the tank volume on COP of the seasohal ztc:'aqp
systems is more important than the daily storage system. The effects o

the other component capacities on COP of the systems are gener: Hg same
for daily and seasonal storage systems for all caszes as n Figures
9.25, 5.28, 3.211 and 5214 But, seasonal storage has a greater COP
value than the COF of daily storage for all cases. The difference between
two COP values is created by the ambient temperature change far the
constant conling load distributions. Because, ambient air has a constant
and high temperature distribution during total time span of daily storage.
But, hourly ambient temperatures of a year are used for seasonal storage

{32].
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Terperature and the energy of the system components are plotted
Tor the four months. But, monthly water temperature distribution for one
year is plotted. Because, water is cooled by an air/water type heat
gxchanger when the water temperature is greater than the ambient air
temperature 1n the summer time active system. Water is cooled by the
chitler unit during cold times for summer usage, with the winter time
active system. Working duration of the chiller unit during winter is given
in Table 3.1 and zeen in Figure 5.2.12 and 5.2.13 a5 three months which are
Mairch, April and May. Time is started as hour from first day of July.

n
n



Manthly water temperature distributions of full and partial storage
af summer time active and winter time active systems show that water
freszes durmq winter months. To avoid freezing of water stored in the
tank, 23% {by mass) salt {MaCl} is added to obtain brine with a density of
1175 L.g,:m-, a specific heat of 3.33 kJ/kg?C and a freezing temperature of
-21.10C.

As sean in Figures 525, 528, 5211 and 2.2.14 COP of the winter
time actr»,f'e 5@_431&:7‘; has a greater va }ue than COP of the partial storage.
COP of the conventional system 15 higher than COP of the full storage and
lower than COF of the partial storage.

in this study, COP of the winter time active system was found as 5.2
with a limited chilled water temperature and warking time. But the COP

can increase to 7 or over by changing the capacities of the active
companents.

COP of full and partial storage of the summer time active systems
are already lower than the COP of the winter time active system.

(W]
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CHAPTER &
CORCLUSIONS

A thermal analysis and computer simulation of a summer air
conditioning system with a man-made seasonal thermal energy store are
presented in this study.

Alternative cooling systems with a thermal enerqy store are
thermally analysed for a con vpnfmnal building compared with a
conventional chilled water system. The conventional system was modelied
by using the ambient air as @ natural cold energy source.

This study includes two storage models. Each one has three working
strategies. These are full and partial storage for a  hot time active
, @ cold time active system and a conventional air conditioning

-
T
—
=

o

—

stem.
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sl
[} i‘l

This study shows that the most important component of an air
conditioning system with and without a thermal energy store is the
condenser of the chiller unit. Heat exchanger has a significant effect on
the COF of hot time active full and partial storage systems.

Hight time active system is the most suitable for daily storage. COP
of & night time active system is the highest and the room temperature by
this system is within the comfort temperature range.

Room temperature closest to the comfort range is obtained by the
partial storage summer time active system with seasonal storage. Effect
of the storage tank votume is on the COP important for seasonal storage
systems than the COP of daily storage due to long storage time of cold
energy.

Fan-coil is an important component than the volume and evaporator
for the full and partial storage systems. Fan-coil has a negative effect on

64



the COF of night time active systems with daily storage. But it has no
effect an the COP of winter time active system with seasonal storage.

Yolume of the storage tank has no significant effect on COP of an
conditioning system with a thermal energy store.

wWhen the COP of all systems are compared, the cold (winter/night)
tirne active system is the best.

COP of air conditioning system with and without thermal energy
store is & function of the condenser evaporator, heat exchanger and fan-
coil sizes. COP of a cold time active system is a function of only the
condenser and evaporator sizes.

m
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CHAPTER 7
RECOMMENDATIONS FOR FURTHER STUDY

The results presented in this study show the variation of COP with
the capacities of the evaporator, condenser, storage tank, heat exchanger
and fan-coil.

Effects of an air conditioning system components on the COP was
studied. A perfarmance of the systems studied in this investigation should
also be estimated considering a stratified storage tank and using
meteorological data for several years in order to obtain long-term
avaluation of performance predictions.

Calculated cooling load and tempersture instead of ambient
temperature for the space occupied by the storage tank should be used, if
the construction or the overall heat transfer coefficient of the walls are
Known.

Briefly, simulation must be realized. After the realization and
econoriic  analysis of the systems, this study needs experimental
verification, by retrofitting a thermal energy storage tank to a
conventional air conditioning system.
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FLOWCHARTS FOR SUBPROGRAMS OF INPT1 AND QCON1
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152 FIORMAT(® IF COMPRESSUR WURKS NN SUMMER TiMg EMTER 5%/
%t IF CUOYMPRLESSIOR WORKS OV WINTER TIME ENTER 10t/
%Y dAHAT IS THE TYPE OF alR CONDITIONING SYSTEM ASY/
% FOR AIx-CONDITIONING SYSTEM WITH NGO STURAGE 45X,
BVENTER =~=> 1 WITH 5%/ FUR ALR~COMNDITIONIMG SYSTEM WITH STuURAGe®
%LeO Ky *ENTER ~=> 219/ FOR AIR-CONOITIONING SYSTEM WITH PARTIALY,
% STURAGE EMTER - > 3'//* eMTER THE NUMBER OF YEARY/
%' ENMTER THE PRIMNT TIME FROM 1 TO 247%)
READIS %) NDYs ITACsNYTIPR
1003 wRITz{oex) * ERNTER THE WORK OF COMPRESSOR IN KW w=?2?
WRiITE(bgx) ENTER THE HIGHEST CUOLING CAPACITY UF COMPRESSOK!
AR IT el 6y k) AS GLH IN Ki QLH=??
AR 1T eloy) THTER THE LOWEST COOULING CAPACITY OF COMPRESSUP:!
AR LTl oy ) AS WLL IN K gli=2?
nRiTeloex) ENTER THE HIGHEST COOLING TeMPERATUKE OF (OMPRESSOR®
WRiTeluyx) AS TLL IM KgbLvIN TLLI=?2®
wRiToloe®) ENTER THE LUOWEST CDOLING TEMPERATURE OF COMPRESSHOK!?
WRITe{oy) AS TLZ IN KE&LVIN TLZ2=2Y
WAR 1Teloe) ENTER THE CUNDENSING TEMPERATURE UOF CHILLER UNIT?
WRITel o) &S5 TH IN KELVIN TH=?2?
WRITeloe®) ENTER THE COOLING CAPACITY UF FAN-CUOTLIN KW NF=2°
WRITE(G ) ENTER THT INPUT AND DUTPUT TEMPERATURE DF FAM-CUIL!
WRIT (o) Iiv KELVIMN TFI=?y AND TFU=21?
Wi Telbeex) ENTER THE TEMPERATURE OF SURRAUNDING IN K TiIMF=2?
WRITL o) ERTER THE DIMEMSIUNS OF AIR-CUNDIK}GNtD SPACE

- & & ®» & ® 4 & »w e e & u aq =
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P—l
Wwow
v @

-

133

WR iTeloyx
AR [Tl
WRIT (b ek
WRITu oy
WRITE(L )
WRITE(C )
WRITE(Le %)
WRITE Gy 3)
WRIT (o %)
ARITE(L %)
WRITE(6y::)
WRITE( oy )
ARITE (o)
WRITE(Ge =)
ARITEL 59 %)
WRITElDy %)
WRLITELGy =)
WR ITeloyx)
WR Tl o)
ARITE( Ly )

READ{34135,END=134)

ENTER

ENTER
ENTER
ENTER
ENTER
ENTER
ENTER

ENTER

ENTER

ENTER

ENTER
ENTER

- 4 & 85 e 8 6 @& 4 & e 4 & & & = 8 w a»

ENTER

FORMAT(10GF5.1)
VOL=A9x=BG%(3

iF(MT.EQ.Y)

ARITelTs133)
FORMAT(/22K9 *THE CHANGED INPUTS ARE:*/21X425('-1))

WRITr(Ts124)

124 FORMAT(/

137

80 FORMAT{//12Xytx

71

140

%'

%O

» e

L0 K/
%
%l
%/
%/
%
REWIND 2
KEAD(2y)

IFIMTeGT 1)

Me®/4RXy 35S

THT DIMENSTOUMNS UF S [R-CONDITIONcD SPACE *

AS AR=2 (IN Ma)y 0R=? (IM Maly (R=? (IN M, )¢
THE TiMe INCREAMENT IN SECOND DET=2*

THE DUTLST WATER TEMPERATURE IN € TwWN=2*

THE ROOM TEMPERATURE M € TR=2°

THE INLET WATER TEMPERATURE IN € TWi=2*

THE CODLING CAPACLTY OF EVAPORATOR IN Xw k=7t
THE INPUT AND OUTPUT TEMPERATURE OF EVAPORATOR!
IN KELVIN TEI=?, ANL TEg=2"

THE INPUT ARND DUTPUT TEMPERATURE UF CUMPRESSNK?
IN KELVIN TCI=?, AND TCO=2? :
HEAT TRAMS. COEFFe AND THICKNESS OF INSULATION?
FOR STORAGE TANK IN KW/M#=C K=? AND IN M. X=27
THE MAXIMUM  AND MINIMUM CONTROL TEMPERATURE!
DF THE AIR-CONDITIONED SPACE IN CELSIUS AS*

TMA AND TMI=?!

THE CJOLING CAPACLITY OF CONDENSER IN KW QC=?2"
THE DIMENSTIONS UOF STORAGE TAMNK °

AS AS=? (1IN Me)y BS=2 (IN M.)y CS=7 (IM M.)?
THE CODLING CAPACITY OF HEAT oXCHe IN KW yHE=?2?

ACT e A9 9BI9 Ly QHET »yWF o QE2UDSTOUOH TUI

G0 Tu 137

NDCT 9294899 C9VIOLyJHET 9 DF ¢ JF
THE COOUING CAPACITY
TH: DIMENSIUNS OF STORAGE TaNK AS*913Xe?AS
='9FT 634"

VULUME OF TAE STORAGE TANK [Se'9l2Xs'VOL="4FTa3,?
THe COOLING CEPACITY OF HEAT EXCHANGCER® 38Xg 'QHE=* 3FTe3y?
THe COULIMG CAPACITY OF FAN-COIL'914Xe'QFC=43F T34
THe COOLING CAPACITY OF EVEPUORATUR®H 12X ' Qi =*9FTes9' KW'/)

OF CUMDENSER®*412Xs* yC ='3F7.3,
="F7c3y
Me'/748Ke'CS ="3FTe3s" Mt/

Mty *
KiW?

KW?*

WO e WReQLHa QL L TLL e TLZyTH

ARITE(T,80)

¥21Xel26(*="
WRITe(Ts71
FORMAT(*
¥
"ETe3y!
ye

%
¥ e
el

¥
READ(2 %)

+
)37

} W3 QLH
THE WORK

THE HIGHEST COOLING CAPACITY OF COMPRESSDOR®'s7Xe*

Kwr/!
WLL=*9FT43,°*
COMPRESSOR TLL1="9FT743¢"°
THE LUAEST COOLING TEMPERATURE OF COMPRESSOR?',
TL2=*9FTe39"
THE CUMOTNSING TEMPERATURE UOF CHILLER UNIT®,
TH =*9FTe34"

®o+

THE LOWEST CUOLING CAPACITY OF COMPRESSOR
K */*

D TU L40

o
pxy

INPUT FOR THz SIMULATTIOUN 2 ¢ x + x4/

pQLLTLL2TLZ2,TH

OF COMPRESSUOR"923Xy* W =V 4FTa3y® Kt/
WlH="*,
97Xy
THE HIGHEST COULING TEMPERATURE OFr*,

Ke*/

Ke'//

Ket')

TFOe TFIsTINF 9AL9BLyCLeDETTWO
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140 READ(29%) TFOeTFIsTINFeALyBLyCLDETSTHWU
IF{MT«GTSLl) GD TO 141
WRITELTeT72) QFyTFOs TFI o TIMFe AL 9BLeCLyDETyTWO

72 FORMAT{' THE CDOLING CAPACITY OF 'FAN CDOIL®*914Xe*2F =" 9FT7e39" KW?

%/  THE INPUT AND QUTPUT TEMPERATURE OF FAN-LDILY
%Y TFI="3FT7e39? Co'/a4BXy'TFO="yFTa39" Cat//
%' THE TEMPERATURE OF SURRAJNDING®* 15Xy TINF="3ET 39! Ke'/

%' THE DIMENSIONS UF AIR-CUNOITIOMED SPLCE AST'44Xe*2R ='4F7.

Y Ma'"/48Xe"BR =" gFTa39® Mea'/48Xe'"CR ="3FTa3s’® Me'/
%  THE TIME INCREAMENT'926Xe " UET="yFTa2s" SECUND'Y//
%*  THE DUTLET WATER TEMPERATUREY 317Xy * THO=*9FTe3+* (&)
141 READ(29%) TRyTWIeTEISTED
IF(MTaGTL1) GD TO 142
WRITE(T+73) TRyTHTIHRESTEINTED
T35 FORMAT(* THE ROOM TEMPERATURE®$25XeY TR ='9FTe3s® Cu'/
%' THE TNLET WATER TEMPERATURE 9 18Xy " THI="9FTe3,* Ca'/

3

%' THE COJLING CAPACITY GF EVAPORATOR®912Xs'QE ='9FTa3s* KW'/

% THE INPUT & OUTPUT TEMPERATURE OF EVAPIORATNR®,
% Tel="9FT7e39® Ca?/4BXe'TED="9gFTu3¢" Co')
142 READ(Z29%) TCIeTCOCK g XXeTFUWeTFRyTHMA9TMI»ND
IF{MT«GTW1l) GO TO 143 )
WRITE(Ts74) QCTsTCLIsTCOrAG9BFeL Oy VUL CKeXX9yQHET

T4 FORMAT(/' THE CODLING CAPACITY OF CONDENSER"912Xe® JC ="9FT.3,

%t KAd*/* THE INPUT & DUTPUT TEMPERATURE OF EVAPORATOR®,
%Y. TUTI="9FTe39* Ce'/4B8Xe'TCI="9FTe3y* Lo/

%' THE DIMEMSIONS OF STORAGE TAMK AS*y13Xs'AS ="4FTe34 Met/

%48K9'BS =P 3F 7639 Me?'/48Xe'CS =%9FTe3¢® Me'/

B VULUME OF THE STORAGE TANK ISe" 912Xy 'VOL="9FTe3y" Muu3v/

%/' HEAT TRANS. COEFF. AND THICKNESS OF INSULATIOUN FOR THE',
%0 STURAGE TANK*/4BXs'K =T9FTebke® KW/MEC'/4BX9"X =%,FT43y"
%/* THE COOLING CAPACITY OF HEAT EXCHANGER® y8Xy tUHE=? oFT a3y "
WRITc{T475) TFWsTFR9TMASTM]

7S FORMAT(/* TYHE TNPUT WATER TEMPERATURE TO THE STOURAGE TANK
%ITW=T9FTe3y" Co'/ ,
%' THE INITIAL ROOM TEMPERATURET y16Xs*TFR="4ETe3,4' Cu'/
%' THE MAXIMUY :ND MINIMUM CONTROL TEMPERATURE OF THE AIR-?,
%TCONDITIONED /41Xy *SPACE TMAX=*yFTe34? Co'/
%4TXy ' TMIN= "9 F7434" Ca'//)

143 UAFC=QF/(TFD-TFI)
TOL=A{TCO~-TCI)/ALOGITCO/TLT)
UAC=CT/TDL
TRZ2=({TED-TEL I/ ALOG(TED/TET)
UAE=HE/TDZ
TD3=1«0
UAHE=QHET/TND3
U=_Cx/XxX
UAST=Ux2 0{ AFuBI¢AQ::CI+89%C9)/1000.0
GAMA=1404
BETA=D.183
FMAX={TY A+ 2734 15-TINFY/TINF
FMIN=(TU]I+273.15-TINF)/TINF
FAd={TFwe¢ 273+ L5~TINFV/TINF
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B85 FORVAT(14Xe*DIMENSIONLESS INPUTS FOR

153
i%6

154
157
1538

401
451

290
“ay

-

FW=(TFH*273.15~-TINF)/TIMNF
FR=(TFR+ 273+ 15-TINF)/TINF
FRP=FR

FHP=FW

X=1le

CALL INPTIA(WOyF sQHETH+UAFCTINF

e XeTHDgTRyTWI9 JE2TET S+ TEDY
BUAEQUACI AT yBTG 9y LOyUASTAUAHE 3 sSeDT e Ry NL 9P yRFLCS ¢ NHE
BHE SRECCYRHEFCIYRCFCoQFOeNFCIDL MWy MAYEPEWEFC 9y EHE 9EC)

t

s AL BLYCLyDET ¢ RNC T TLILTLAO

WRITel7+485) WeSoyNCyPyRFCSHRHEFCIRCFCyFiyBETAgRyFRyGAMAZNHE 40T

DO %451 (=124
READ(14%01) WLMIK)
FORMAT(25XyF5e0)

CONT INUE
READIL %) JAUL $NJIMyQIL QAU
READ(Gy15) (TA{T}ei=1e8T60)

FORMAT(5Xe12F5,2

00 291 T4=1e12

READ(89297) NIFD{I4)»AYADTI(I4)
FORMAT(I 39n5)

CONT ANUE

Ki=0

D0 180 12=1+12

ND=NQFDUI2)

DO 150 J=14+ND

U0 10 <=1424%

I=K1+X

FALT)=(TALL) +2T7315-TINF)/TINF
WLD=UWU

IF(I2es1) QLD=wJL
IF(YIZ24EQ2) LLD=Q2U

iFITZ2eEVe3e3Kel2eF53e12) QLI=WIN

CALCULATIONS: v/

E13XKe40( =)/ 8X,y" W =¥ 4 FBe5e"* S =V, F8.5/
28Xy NC =% yFBe59y?* P 2T 3F3e5, " RFCS=*'yFB.3/
oXy? RHEFL =" yFB8e5y? RCFC='yF8.5," FW ='3F35e5/
ZEX " BETA =* gF8e5,¢" R =?3yF3.54" FR  =',F8.5/
“3Xe?* GAMA =% yF8e3¢" NHE =%,F3.5," DT ='4,F8.5/)
IF{SDedele) GO TO 1004
KEWIND 1 ,
KEWIND & ¥
REWIND B
iF(ITAC.ERWL1) GO TO 153
IF(ITACEDS2) GO TJ 154
WRITE(T9155)
FORMAT(LOXy*THE TYPE OF THE AC SYSTEM 1S PARTIAL STDKAGE*)
GO Ty L5838
WRITE(T4156)
FORMATILUXy*THE TYPE OF THe AC SYSTEM IS MO STURAGE *)
GO TO 1546
WRITE(TL15T7)
FORMAT(LOX"THE TYPE OF THE AC SYSTEM IS FyLL STURAGE®)



aocCco o

WLICLY =L MO =QLD) /7 (QAUL=UAFCET INF)

150 CONTINUE
Kl1=K1+24

150 CONTINUE
IF(MNOY«EWe10) GO TO 5000
WRITE(Ty1010)

1010 FORYAT{/ 910X " SUMMER TIME ACTIVE AsCe SYSTE™M WITH TeceSe')
A=GAMAXR+RLCFLENC '
RW=2 ¢0%Ru=M ¢l D
WRB=WE(RCFCHNCE-R=BETA)

WHR= W= =R = (GAMA BETA)

DD 21% 1Y=1e¢NY

TIPRL=TIPR+1.

IF(IYelLTWMY) 5A TO 283

WRITE(T+28B2) IYsTIPR,TIPR1
282 FORMAT(/2Xs'/*466("=") 4" \"/

82X y? | RESULTS AT THE %49129%. YEAR ON LASTDAY OF FACHT'20Xe*i'/
82X ' | MONTH AT TIME INTe "9F5425" TO *yF5424925X9"1 "/
B2X9 " | "956( -}y *]|*/2Xe* ] MONTH TA QL Qk QC QHE TC*
&y TE iFl THW TR 1*/72Xe 179661 -")y"]")
283 KJi=0
WT=0,0

IF(IY«NELNY) GO TO 206
WRITE(T,203) 1Y
203 FORMAT(/ ? RESULT OF THE '"912¢"e YLAR®')
QHESM=0.0
GCSM=049
WwLOSS=0.0U
JSTR=0a.D
QE51=0.2 ‘ ‘
200 0O 210 "M0=1,12
WRITEloey®) MOy ®s MINTH?
ND=NOFD(MO)
IF{TIY«NELNY) GO TO 207
HRITE(7+282) NMDyMOyAYADI (M)

282 FORMAT(/? RESULTS AT THE '"9124" DAY DF *9122%s *ehabhye' MONTH®/
L TIME TA QL QE QC QHE TC TE *
By% TFI TW TR*)

23T T=0e0

WES=UeU
W2=0.0
IFIFRGT oFMAX) GO TO 41
IF(FR«LT «FMIN) GO TO 42

GO TO 42

41 KIM=4
GO TU 43

2 KIM=5

43 UD 220 NUOD=1,4ND
REWIND 1
U0 230 NHd=lec4
1=N+

LIR=KJI¢iNH

81



ITJK=KJI+NH
iF{l aFualeaVNDeNDODeRal) GO TY 79

9% D1=30.0
QL=QL1{TUK)
WCT=0eu
WEZ2=0a0

65 [F{KIM.EQe4) GO TD 60
51=040
WC=0.2
WE=D.0
GD TO o1

50 S1l=1.0
iIF{TITACEDQel) FW=FA(IJK)
IF(ITACEQe3sANDFHeGE-FA(IJKY) FW=FA(IJK)
CALL QULAFWyWsAYRWoWRByWWR yGAMA9FRIBETA9AS B, C
CALL QUINL(ASyBsCyuC)
GEU=yCl-H
WET=QCT+QC
JEL=QEL+QEQ
WE2=QE2+QEOD

51 IF(ITAC.EQ.Y) GO TO 151
iF{FHeLE«FaAl IJK)) GO TO 11
$2=1.0
GO TU L2

11 52=0.0
WJHE=0e0
GO TO 13

12 CALL QHEL(IJKeRHEFCyIIHEsFWFA9QHE)

13 CALL FWPLIDT 4P »S19yQCyS29yRFCSOHEsFueFHP)

151 CALL FRPLUOT ¢S 9SledsQC9QLsFRyFRP)
FR=FRP
FCON=Fu+QCxRCFC=NC
FW=FuwP
IF(FR.GELFMAX) GO TO 97
IF(FR.LE.FMIN) GO TO 98
GO0 TO 97

98 KIM=>
GO TO o8

T KIM=4

68 D1=D1+1.0
IFIAC6T 40.2) GO TO 76
G0 TG0 77

To YE4=QC-W
WGES=QES+#\E4
WESL1=0E51+JE4
QCSM=QCS M+ C
W2=Wi+W
G0 TO 78

TT QE4=0.0

76 QHESM=QAESM+ QHE
QLOSS=QLUSS*RFCS%FW
JSTR=JCSM-QE5-QLOSS

79 iF(D1.LTWDIY 50 TN 65

B2



79 IF{DleLT.DI) 50 TO 65
FAUS(TD+FALIJK)ISTINF 273,15
FHPJ=(1e O¢FWPY=TINF-273,.15
FRPJI=(1+0+FRPI=TIMNF-273.15
FCONU= (1 e0+FCOMIXTINF=273415
IFIJCeLELDD) GO TU 47
FEV=((FCON®1)/(H=BETAZ(QL - W) ¢GAMA) ) - 140
FFC=FR-NFC=(QC~W)
GO TU 48
47 FEV=0eU
FFC=0eU
48 FEVJI=(1lsD¢FEVIETINF~-2T73415
FECJ=(1le0+FFCI=TINF~-273415
QLU=UWLLIT I IK) =UAFC%T INF
GCU=QCHJAFCETINF
QEU=QE4«UAFC =T IMF
QHeJ=QHESUAFC&TINF
READ{14165) TIME, ZAMAN
166 FORMAT({2FS.1)
IF(NODeEWeNDeANDeIYe ENeNY e ANDSTIMELEQeTIPR) (O TO 102
LD TU 230 .
102 QLIJ=QLYI{TJX)=UFC=TINF
WRITE(T7966) AYADI(MO) oTA(TJK) yQLIUSQEUQCUyQHEU+FCONUyFEVUy
AFFCJyFWPUsFPY
6o FORMAT(ZXe'l " 9.692F5.198F6629" | ')
230 CONT INUE
T=Tect
KJI=KJi¢c2a
CONT iNUE
IF(W2eERa0e2) GO TU 211
COP=QE5/W2
WT=WT+W?
CP({MO)=CuP
GO TU 218
211 CP(MUY=D40
213 Q20U I)=QHESY
210 CONTiNuz
IF(IYeLTNY) 50 TQO 215
WARITE(T4797)
797 FORMAT{2Xe ]9 66(1=")y'|*y/
L2%Xy*l  UNITS JF HEAT & TEMPERATURE ARE KW & CELSIUS" 220X,}?
/72X \*y651'~1)
&e*/%/7" YeARLY DIMENSIDNLESS ENERGY BALAMNCE OF THE SYSTEM®*)
WARITE(Ty776) JHESMyQCSMeWESLsALOSSyWTeWSTR
776 FORMAT(3Xy* UHESM="9FB .3, ACSM=* gFB ¢34 * NESM=?4yFB843/
83X y? ALDSS=" gFHely? WT =t 3FB.34" WUSTR=*yFBe3)
WRITEC(T+1113) IY
1113 FORMAT(/* THE RESULTANT COP AT THE END OF EACH MONTH FOR *912,
&'e YEAR')
WRITE(T91112) (19CPUI)gI=14M0-1)
1112 FDORMAT(3(* ZOP(*4124')="4FTa4))
215 CNNTiINUF
MT=MT+1

o
N
<

83



MT=MT+1
, G0 TU 136
Ceoeseas CALCULATION OF THE COMPRESSUOR WORKS DURIMG WINTER SEASON

5000 WRLITE(Te3011)

3011 FORMATI/ 910X " WINTER TIME ACTIVE AsCoe SYSTEM WITH Tefe5e")
FWC=FR-QF/ (NFC=UAFC=TINF)
AA=GAMARR+RCFLENC
RiW=2 o 0&R%W+]1 4O
ARB=WH{RCFC*NCZ~R%=BETA)

WHR= WwWwsR={GAMA BETA)
WRITE#95AMAWREFLCYNESRCFC gNC
A=LAMASREFCH=NE #«RCFLaNC
BC=NFCxl 1.0-X%EF()
Bl=CAMAZ (2« DR EFCENES=W+1.0)
B2=W={RCFC#NC-BETAXREFC%NE)
Cl=WW&xAEFCRNER(GAMA~BETA)
DO 5215 1Y¥=1,4\NY
WTP=0a0
WES51=D4)
uEbl=0.3
WCSM=0.0
WLOSS5=0.0
WSTR=0.D
TIPRL=TIPR+1l.
KJI=0 ]
IF{TIY«NELNY) 30 TO 5206
, WRITE(T741282) 1YsTIPRSTIPR]
1282 FORMATL/ZXe"/® 4600 1=0)47\"/

E82Xy* | ReSULTS AT THE *¢124%e YEAR ON L*STDAY UF EACH"s14Xe'1"/
EZXy?l MONTH AT TIME INTe 'sF5e429" TO *'+F5e2519Xy "}/
82X 9" [ 9500 "-") 4| */2Xy"] MONTH TA QL QE QC QFC TC?
LA TE TW TR 1*/72Xe 179600 *)y*|")

L WRITE(745203) 1Y

C52033 FORMAT(// * RESULT OF THE '+124's YEAR')
5206 DO 5210 MD=1l,412
WRITE(Eex) MUs*s MUNTH®
ND=NOFDI{ 1MD)
IF(IYeNENY) GO TO 5207 :
ARITELT95282) NDgeMOyAYADI(MD)
5282 FODRMATL(/® RESULTS AT THE. *9124+" DAY 0OF *912¢%. "ei6y' MONTHY/
3 TIME TA QL QHE RE QF QC TCYy
& TE TW TR")
5207 T=0.0
WES5=0.0
REG=0.0
W2=De0
DO 5220 WOD=1+ND
REWIND 1
DD 5230 NH=1424
I=NA
IJK=KJI+¢NH
595 D2=1.0
QL=3L1(T 4K)

OO
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565

5505

5510

5515

5520
568

665

3595

3510

3515

3520

3568

1560

1559

560

561

5111

WL=QLY{TJK)

HCT=0.0

WEZ=0.0

IF(FRPLLTFR) GO TU 5505

IF{FRPL5E«FR)} GO TO 5510
IF(FRPoLT«FRAANDJFRPJLT«FMIN} GN TO 5520

GO TO 5515
IF(FRP.GTeFR.ANDLFRP(GT«FMAX) GO TO 5515
60 TO 5520
KIM=¢
6D TO 558
KIM=5
FR=FRP

IF(] aELel e ANDaNODsEQel e ANDeMUeEN el aANDLIYERWL) GO TO 579
NT=5
IFITITAC«EQe3+ANDSFiWeGELFWC) GO TU 1560
QHE=U. U
QC:DQO .
LF{FWPLT«FALTIJK)) GO TD 665
IF(FWP.LT«FW) GO Tu 3505
IF(FWPaGEeFA}) GO TO 3510
IF(FHUP LT e FWaANDeFWP oL Te~0s1215) GO TO 3520
GO T3 3515
IF(FAPeOTeFHaANDeFHP «GTs~00867T) GO TO 3515
GO TU 3%&90
MIM=4
GD TO 3%e8
MIM=5
FH=FuP '
IF(TUKeGTe6NUC e NDe I JK oL T e 8040 ANDJMIMaELJes) GU TD S6N
G0 TO 1559
NT=10
IF{KIM.EQas) GU TO 560
S$2=0.0
QC=0.0
QE=0.0
GD Ty 551
$2=1.,0
IF{ITAC.EQal) FW=FA{IJK)
CALL QU3ITJUCINTsALyRIWIWRByWWReFAyFrWealesAevBCeBLyDB2¢C1oUFCy

FUAMAGFReaBETAWAS e Bel )

CALL QUON2UASyBeCydC)
QEU=QC~W

QE=2C-4

QCT=QCT+wl .
QE1=QEL1+QEU

JEZ2=REZ+YEQ
IF(ITAC.EQ.1) GO TO 5151
iFIFReLTLFMIN) KIM=5
IF(KIM.NEe4) 50 TO S111
Sl=l.0

GI TU 512

51=040
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5111 51=0.0D
UFC=0e0
6O TO 513
512 IFLITACEQe3eANDoFW«GESFWC) GO TO 5RQ2
CALL QFC3(51 ¢yNFCyFRyFW4AFC)
GO TGO 513
5802 QFC=QC-W
513 CALL FuP3(OT yP9SLelFCyQHESS2 sRFCS9QECIFWeFWP)
5151 CALL FKP3(DT9SeSladedFCeWLyFRyFRP)
FCON=FAl I1JK) +QC=RCFCENC
D2=D2+1.0
IF(QC+G6T040) GO TJ 576
GO TO 577
ST JE4=QC-W
WJE5=UES+(QF 4
QES1=Rc51+QF4
JCSU=QC5SM+QC
WZ=We+n
G0 TU 578
577 QE4=0.0
578 QF6=WEo+QFC
WEGLL1=QES 1+ UFC
GJLOSS=QLOSS+RFCS%Fu
WSTR=QES-QES-QLOSS
IF(D2«LF.DI) 30 TO 565
579 FAU={1.0+4FA(IJK)I=TINF 273,15
FWPJ={1leO+FW)&TINF=-273.15
FRPJI=(1L.0+FRI&TINF-273.15
FCONU=(10+FCON)}#TINF-273.15
IF(QCeLE«0?) GO TO 547
FEV=((FZON+1)/ (WEBETA/(QC -W) +GAMA) )~140
GO TO 548
547 FEV=Ue0
FFC=0.0
QE4=0e0
544 FEVJ=(1le0+FEV)=TINF-273.15
FFCU={11.0+FFCI&TINF~273415
QCU=-1J%QC=UAFCxTINF
QFCU=0FC#UAFC®TINF
JEUz GE4=UAFL =T INF
JHEU=QHE=UAEC# TINF
READ(195166) TIMEZAMAN
166 FORMAT(2FS,.1)
IF(NODeFUeNDeANDeIYoeEQeNYsANDTIMESEQeTIPR) GO TU 5102
LD TU 523D
5102 QLLJ=QLL(IJX) =UAFCxTINF
HRITE(T9y5606) AYADIIMO) 9TA(LIJK) 9QLIU»QEUs QACU2QUFCU s FCONUy FEVU
R yFWPULFRPU
566 FORMAT(Z2Xy*'l * 30692FSelsTF6sde® ")
5230 CONTINUZ
T=Te+ o4
KJI=zKJiscn
S22y CONTINUE
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5220 CONTINUE
IF{IWZeEDDWT} GO TOUO 5211
COP=WES/H2
WTP=WTPeW2
COP3=Qcb /W2
CP(MOY=C0P
CP1IMD)=L0P3
G0 TO 5210
5211 CP{43)=D.D
GD TU 5210
5210 CONTINUE
IF(IYeLTW4NY) GO TO S215
WRITE(T741797)
1797 FORMATLIZX '] *960(*~") ] ty/
82Xl  JUNITS 3F HEAT & TEMPERATURE ARE Kl & CELSIUS"ylaXy'}?
8/2Xe '\ 60("-*)
&' /0 /7 YEARLY DIMENSIONLESS ENZRGY BALANCE OF THE SYSTEM?)
5112 WRITECT»T777) JCSMINESYUEOsWTP2QLOSS+WSTR
77T FORMAT(® QUSM="Y4FB8e¢39' QESM ="9FB8e39* NFCSM=',FE.3/
8% WT ="4F3433" QLOSS='9F83439" (QSTR ='4FB,.3})
WRITE(TST7113)
7113 FORMAT{/* THE RESULTANT COP AT THE &ND OF EACH MDNTH FOR®,Izy
%%e YEAR')
WRITE(T9T112) (T4CPCI)eI=1440-1)
7112 FORMAT({3(® COP{ 9129 )= yFTedr))
5215 CONTi1NUE
MT=MT+}
G0 7O 136

DALLY S5VORAGE P"RT

MT=1
1001 WRITE(He352)
35¢ FORMAT(/® IF THE COMPRESSOR WORKS AT DAY TIME"Y,
%5Xy ' ENTZER --> Sv/? IF THT CUMPRESSOR WIRKS AT NIGTH TIMg?',
%3X9*ENTER ~-> 10v//
%' WHAT IS THE TYPE OF AIK-CONDITIONING SYSTEM AS*/
%z FOR AIR-CONDITiONING SYSTEM WITH NO STURAGE *¢5Xy

ZYENTER ==> 1 WITH 5'/°" FOR AIR-COMODITIOMNING SYSTEM WITH STORAGE®
%2IXy *ENTER ~=> 21/¢ FOR AIR-CONDITIONING SYSTEM WITH PARTIAL®,

%* STORAGE ENTER - > 3%)
KEAD(59%) NDY,1TAC
GO TO 1002

1004 IF{"T«ClalsBdRaITACLGTS1) GO TO 2119
WRITE(T9720)

720 FORMAT(/5Xy* DISTRIBUTION OF DAILY OUTSIDE TEMPERATURE"®,
2% AND COOLING LDADI*/6X922{°% ")e' ON AUGUSTy 2 *,221%-%)/)
REWIND 1 )
DO o wL=le28
READ({19101) TIMI9ZAMAMSTALL) QML

101 FORMAT(2FSe142F8.6)
WRITE(TY62) TIM 3 ZAMANSTACLY QML

69 FOKMATALOX 9" TIM 2"sF5ecy? "3F5e2y"° T =*9yFTe3
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69 FORMAT(LUX 9 TIMT:®3F5429% $9F5,2,°
=1 C L= 9FTe3g® Kd®)
96 CONTINUE
2119 F({MTeGTLl) GO TQ 4198
LF(ITACCEQ.1) GO TU 1153
IF{ITAC.EQ.2) GO TU 1154
WRITE(Ty1155)

1155 FORMAT(/10Xs'-> THE TYPE OF THz AC SYSTTM IS PARTTAL STORAGE?')

GO TU 1158
1153 WRiTc(Tyl156])

11% FORMAT(/10Xe*~-> THE TYPE OF THe AC SYSTEM IS NO STORAGE

LD TU 1158
1154 WR.TE(T7411S57)

1157 FORVMAT(/LO0Xs'-> THE TYPE OF THE AC SYSTEM IS FULL STORAGE")

1158 1F{MDY«EGel0) GO TO 1119
WRITE(T743010)

301U FORMAT{LIUXy*'~-> DY TIME 2CTIVi Aele

ATGAMARZR+RCFCENC
Ril=2 o DuRukW+1 .0
WRB=W&IRCFCENC-REBETA)
WK WS RE(GAMA BETA)
IF{FreuToFMAX) GO TO 411
LF(FRLTLFMINY GO TO 421
G0 TU 421

41 NIM=4
GO0 TU 431

421 KIM=5

431 KJ=1

571 WEiL=0a0
W2=2.0
QC SM:On:‘
WGHESM=G 0
WL0S5=0e0
USTQ=003
KEWIND 1
IF(KJetEQdsNDY S0 TO 103
G0 TU 124

103 WRLTE(74952) KU

T ="9F7+3,

52 FORMATL//%/%459( ") 4'\"/*| . KESULTS OF f
L9129 %e DAY #dtix $93BXe* |0/ "469( ")/

LN Tivc QE QC AHE
et TW TR e/ 1 009( ")yt ")
124 i=1

10 READ(192521) TIMESZAMANST (T ) UML

2521 FORVMATI2FS5a142FPab)
FACII=MTACIY+2T2415~-TINFI/TINF
GL1IC1)I=IML/CUAFCE=TINF)
WL=QLLLT)
QCT=0.0
WE2=0e0

651 IF{KiM«EQs4) GO TO 601

38

TC T&

TFL

")

SYSTEM WITH T.E.Se')



651 1F(KIM.Ewe4) GO TO 601
S51=0.0
WJC=040
QE=O « 0
QHE=0.0
o0 TU 611

6Dl Sl=1la.0
IFIITAC.EQ.1) FW=F4Al])
IFEITACIERQe3 e ANDeFWeGELFALLY) FH=FaAlI)
CALL QUIIFWsWysAsRWeWRByWWR gGAMA» FReBETA9AS9B4C)
CALL QCINL(ASeBeCeiC)
WEC=qC~d
WET=GCTeQC
QEI=QELl+WEU
JEZ=uE2+EQ
FAL=FA(I)

611 IF(ITAC.ER.l) GO TO 1511
IF{Fr«LESFA(LIY) GO TO 111
52=1e0
60 TO 121

111 S52=04.0
GO YO 131

121 CALL QHELI(RHEFC O NHE gFoFAL ¢y JHE)

“131 CALL FWPLL(DTsPeS1yQC+S29RFLSyUHEYFALIFHyFWP)
FHWzFWP

1511 CALL FRPL{DOV9SeSledeQCsQLIFRyFRP)
FR=FRP
FCON=FW+QU=RCFL=NC
IF{FR+GELFMAX) GUJ TO 971
1F(FReLELFMIN) GU TO 981
G0 Tu 971

981 KIM=5
LD TU 681

G711 KIM=4

681 D=D¢l.0
IF(CGT«0.0) GO TU 761
60 YO 771

761 Wd&4=QC~-W
WES=YES+ijF 4
WC3V=QCSM+QC
W2=W2+W
GO T 781

771 WE4=0e0

781 QHESM=Q4ESM+QHE
WQLOSS=WLUOSS+RFCS={FW~-FALI))
WSTR=QCSM-QHESM QLOSS

7L IF(D.LT.01I) GO TQO 651
FAU=(1«2+FA(]))==TINF-273,15
FHPU={le O+FHWP}#TINF-273.15
FRPU=(LwO+FRPYHTINF~273415
FCONU=(1 «0+FCON)ETINF-273415
IF(QC«LE«DaD) GO TO 471
FEV={(FZON+L) /{W=BETA/Z(QC - W)Y +GAMAY ) ~1.0
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FEV={(FION*1)/ (UXBETA/(QL- WY +GAMAY ) -1.0
FFL=FR-NFC={QC~H)
G0 TU 481
4Tl FEV=(0.0
FFL=Ue0
48l FEVU=(1leO0+FEVI=HTINF-273415
FFCU={1ls O+FFC)&TINF-273,15
QLU=WQLICLYS=UAFCETINF
WOU=WCHUAFC«TINF
JEUz WQE4=UAFCxT INF
QHEU=QHE=UAFCE® T INF
IFIKJ«EQ«ND) GO TO 2021
GO TO 4511
202i WRITVE(Ty061) TIMEWZAMANYQEUs QCUsIHEU s FCONUFEVUsFFCUyFRPUyFRPU
661 FORMAT("] "oF 5422 ' *4F5e298FTals® ')
461l 1=1+]
IFITI4GE«25) GD 7D 201
G0 TO 101
201 KJ=KJ+l
COP=WES/ w2
JKd=KJ-1
iFIIKJWEWeND) GO TU 1021
60 TO 461 .
1021 WRITE(T797761) UQHESMeQUSMHQESsQLOSS ¢WeeUSTR
TT51 FORMAT(*] %9590 "),/ | THEe UNITS 0OF HEAT & TEMPERATURE?
8¢ ARE KWW & TELSIUS RESPECTIVELY* p3Xa {1/ '\ 909({ 1~ )41/
&/° DATLY DIMENSIOMLESS ENERGY BALANCE OF THE SYSTEM®/
ar GJHESM="9F10a4qe ! NCSM='4F10 44" RNESM=Y9F10e4/
8 QLUSS="9F10s4e? WT  =%94F10.4,"* ASTR=*4F10a4)
461 (PIKJI=CUP
IF(KJeGZe IND+1)) GO TN 511
60 TU 501
511 WRITE(Te2213)
213 FORMAT({/?® THE RESULTANT CQOP AT THE ©ND OF EACH DAY')
WRITE(T92212) (I-1,43CP(I)sI=24NDs¢1l)
2212 FORMAT{S{2Xe*COP( 9129 )="4FTe4})
MT=MT+1
o0 Tu 136
CoveoneesMIGTH TIME CALCULATION PART s evsensss
1119 IF{MTGT&Yl) GO TO 4119
WRITE(T,1011) .
101l FORMAT(1UXe*~-> NIGTH TIME ACTIVE Ae Co SYSTEM HITH TaeFEeSe?)
4119 FWL=FR-IF/INFLRUAFC%TINF)
FAC=0Ge003847
A=GAMALZREFCENE ¢RCFCENC
BC=NFC#x={1l+.0~-X%EF(C)
BlzGAMAX{2 4 DHJEFCHNESK+Y..0)
B2=Ha{ ROFCHNC-BETARREFCENE)
Cl=a=WaWsAcFC&NEX{GAMA~BETA)
=5 AMARR+RCFC=MNC
KW=2 e D:A2W+ 1.0
WR A=W (RCFCHNC~RHBETA)
WHR=WeWsk=(5AMA BETA)

oLy



WWR= WeWsRE (5AMA BETA)

KJ=1
1501 wE1=0e0

UES5=UeG

WNES6=0.0

W2=0.0

QCSM=0.0

QLUSS=0.+0

§STR=0.0

REWIND 1 ,

IF{KJetQsND) G0 TO 2103

GO TO <104
2103 WRITE(T+1521) KJ
1521 FORMATU//*/" 96207 *)19"\*/"|* 410Xy "3k RESULTS OF ¢

891l0%e DAY Zx51926Xe [/ 199620 ~")y 1}

3/°1 TIME WE QF QC TC TE®
L, T TR 177019620 =141}
2104 i=1

1i01 READ(L91151) TIMESZAMANSTA(T) QML
1150 FIRMAT(2FSel92FRe6)
FALII=(TACIY+2T3.15-TINF)/TINF
QL=QIML/(UAFCEHT IMNF)
1951 D=1.0
GCT=0.0
WE2=040
1651 IF{FRPLTF} GO TU 6505
IF(FRPGESFR) GO TU 6510
6505 IF(FRPeLTeFReANDSFRPLLTFMIN} GO TG 652N
GO TU 6515
6510 IF(FKP+GT«FR4ANDLFRP.GT.FMAX) GO TO 6515
GD TO 6320
6515 KIM=«
GD TU 58
6520 KIM=5
658 FR=FKP
3Iu=7.U
FAL=Fa(T)
IFITIMEeGEe23e¢UeGReTIMELLESSN) 6O TO 1601
pIB=beU
IF(IT2LEQa3 e ANDeFNeGELFWE) GO TO 21060
GO0 TO 2159
216U WT=1y
IF{KIMeEUWea) 30 TO 1601
2159 52=0.0
Uc=000
WE=0.D
#0 Tu 1511
1601 52=1.0
CALL QU3LINT yAAsRWaHRByWAR yFAL 3yFiWelWoAsBCsBLyB29Cl 9 WFC9yGAMAYFR,y
“BETA9yASyBeC) ‘
CALL QUINZ(ASYBeCoQC)H
QEG= Wl ~d
GE=3C~W
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QE=9C~w
WCT=QCTelC
QEL=WEL1+QEC
GEZ2=JEL+QEY .

1611 IF(ITAC.EQel} GO TU 2151
IF(KIMuNEL440) GO TO 1111
S1=140
GO TO 1121

1111 51=0.0
GFC=0eu
GO TO 1131

1021 iF(ITACEQe3cANDSFW«GT«FWC) GO TO 4811
CALL QFC3(S1yNFCeFReFWLQFC)
GJ TU 1131

491l 4FL=0.0
IFITIME LT 4230 eAMDTIME o GT e 6e0) QEQ=40

1131 CALL FWUP3I{DTsPeS1s0FCeSZeRFCSHNEQFALyFiH9FUWP)
FWU=F P
IF{ITACAEQe3 a AND e F e CT o FHC o AND s QLo GT oD W) WFCL=QC-W
IF{BIBeEN«Te0U) QFC=0.,0

2151 CALl FRP3(DT ¢SsSleleWFCyWULeyFRyFRP)
FCOM=FAU ) +QC*=RCFCxNC
D=D¢ LeU
IF(QC«06T 0D} GO TU 1761
o0 TO 1771

1761 WE4=yC-d
WES=QES+EY
JCSM=QCSM+ 0
W2=W2l+ii
GO TU L1781

1771 JE4=0.0

1781 QEo=WEL+YFC
WLUSS=QLUSS*RFLS=(FW~-FA(I))
JSTR=QES~Q5-2L 0SS

1791 IF{DeLE-OI} GJ TO 1651
FAU={1+0+FATI)}}=TINF-273.15
FAPJ=(le O+FHPI%=TINF-273,.15
FRPJ={1«0¢FRPI=TINF~2T73415
FCONU={1 «0+FCON)}=TINF-273.15
IFIQCe«LE«D«T) GO TO 1471
FEV=((FION+1}/{WBETA/(QC- W) +GAMA) ) ~140
GO TU 14861

1471 FEV=0.0
FF(=0.0

1481 FEVU=(l.0¢FEVI&TINF-273.15
FFCI={1leO¢FFCI=TINF-27315
QLU=QLLITI Y RUAFCETINF
WlU=-10%JC=UAFC=TINF
WFCJ=QFC=UARCETINF
QEU=UESGHUAFC =T INF
IF(KJeEQaND) GO TO 2102
GD TU <46l .

2102 wWRITE(TH1661) TTMELZAMANSQEI2QFCUsWCUsFCONUSYFEVUsFHPUFRPY



o

(el el el

2102 WRITE(Telb0l) TTHMELZAMANSQEUs QFCUsGUCU s FCUMUYFEVUFWPUFRPU
1661 FORMAT(®] *¢FCe29'="9F5.29TFTe2y" |')
2461 1=1+1
IF(TGEe25) GO TO 1201
GO Tu ilul
1201 KJI=KJdel
JKJI=KJI~-1
COP=(ES/W2
CIOP3=3c5/W2
iFIIKJEGND) GO TO 9102
60 TU 1461
FiNZ WRITE(TyTTTL) QUSMyQESYQES 929 WLOSSHQASTR
TTITL FORVAT(®|"4520" ")yt |v/] THE UNITS OF HEAT & TEMPERATURE®,
8 ARE KW & TELSTUS RESPe" 93X |/ '\ "462("* )y
LA DATLY DIMENSIONLESS ENERGY BALANCE OF THE SYSTEM'/
& WCSM="9F1le%y " NESM =" 9F 104,y QAFCSM="4Fl10.4/
& WT  ="+F10a4y"* QLOSS="3yF10e4y" QASTR ="4F10e4)
1461 CP(KJYI=C0P
CPLIKJ)I=COP3
IF{KJaGo e {ND+L )Y GO TD 2511

GO TU 1501

2511 WRITE(T792113)

2L13 FORMAT(/? THE RESULTANT COP AT THE SND OF EACH DAY/
816Ky "WRT DE WRT QFC*)

WRITE(Ty2112) (T—-1,CPUIY4CPLIT)1=24ND¢1)
2112 FDRMATE2(3X9s129%« DAY COP="9FTaby?' COP='3FTe4]))
MT=MT+}
GO Tu 136
134 570P
END

CALCULATIION OF THE ENERGY GIVEN FROM HEAT EXCHANGER T} STORAGE
SUBROUTINE QHEL{IJK9yRHEFCoNAE9FWFAuUHE)

VDIMENSION FALBT60)

REAL NHE

WHE= (1 I/ (RHEFCENHE Y Y= (FW--FA(TJK))

RETJRN

ML

CALCULATION UOF THE DIMENSIONLESS WATER TEMPERATURE IN STRe TANK

SUBRUUTINE FWPLIDT yP9S19QCeS2eRFCSeQHEyFAsFWFiWP)
FP=(DT/P)x(51%QC S2%=QHE-RFCS=FW)+FW

KETJRN

eNOD

CALCULATION OF THE HEAT DISSIPATTED FROM THE CUNDENSER
SIBROUTTINE QU TUKgNTyAA P HeWRByWAReFA yFiloiWe A9 BCsB1eB24CLl4UFC
e GAMAYFRyBETAPASB4C) :

DIMENSION FA{BTH0)
AS=4
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[aNal el

aNale'

Cooe

AS=A
IF(NTERQ.10) 30 TO BOD )
B=0e 5% (TA(LJIK) +140~-GAMAR(FR-QJFC®=BC)-31~82)
C= W{FA{TIJCI ¢l e0) tWH{GAMA-RBETA) {1 U+FR)*WHBC=(BFTA-GAMAYHQFCC1
GO TO 8921

800 AS=AA4
FA=FA{1JK)
BZ0e 5% {FW*Le 0~ G MAX(FR+FW)-WRB}
C=dWR-wx(FWtle O+ {BETA-GAMA) = (FR+10))

321 RETURN
ENU

CALCULATION OF THE DIMENSTONLESS WATER TEMPERATURE IN STRe TANK

SUSRUOUTINE FWP3(DT4P9SLledFCeS29eRFCSyQEQsF! s FHeFHP)
FHUP=(DT/P)={S1=QFC-S2%UEQ -RFCS=FW) +FW

RETURN

eND

CALCULAT ION OF THE COMDENSER ENERGY COEFFTCIENTS Ay By C

SUBRUITINE QCLUFWrydsAsRWIWRB g WHUR yGAMASFR¢yBETAJASsB4L)
AS=1

B=0e5%{Fu+le0-GiMAR(FR+RW)~WRB)

CoHAR~ W% (FH+1¢(BETA~-GAMA )L (FR¢1.0))

ENU

CALCULATION OF THE ENERGY GIVEN FROM HEAT EXCHANGER TD STORAGE

-

SULROUTINE QHELY{RHEFCoNHE yFlleF A4 QHE)
KEAL NHE

QHE= (1 0/(RHEFCENHE) )= (Fi- FA)

RETURN

ENU

CALCULATIDN UF THE DIMENSTIONLESS WATER TEMPERATUKE IN STR. TANK
SUBRUUTINE FWUPLI(DT4P9S19QCyS2yRFCSUHEGF g Fily FUWP)
FAP=(DT/P)=(S14QC S2%AHE-RFLSH(FUW-FA)) ¢F K

RETJRN

END

CALCULATION UF THE CHANGE IN ROOM TEMPERATURE

SUBRUOUTINE FRPLI(DTySeS1labe QL 9L +FRyFRP)

FRP=(DT/S)%(SL%(W QCI+QL)I+FR

RETJKN

eND

CALCULATION OF THE HEAT DISSIPATTED FRUOM THE CONDENSER

SUBIUUTINE QC3LINTyAAsRWeWRB yWHR ¢ FagFilpiy 29 RC 31 4B2+C19NFCy
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[N gl e

800

801

SUSROUTINE QCBl(NT,AAyRH.HRB,WNR,FA,FW,N,ﬂyBCvBl,BZoCI'QFC'

#GAMA sFReBETA945984C)

KEaL NCoNFC

iF(NT.a10) GO TD 800

AS=A

B=0e5%(~-A+1.0-G MAR(FR QFC%B(C)~-B1-B2)
C=-Ax({FA+1.0) ¢ W= (GAMA-BETA )= (Lo D+FRI+W=BEX(BETA GAMA)RQFCeCL
GO Ty 821

AS=4 4

FH=FA

B=0e5%(FH*1le 0-G ' MA{FR+RUW)-HWRB)
C=WAR=Wx (Fide L+ (BETA-GAMA)=(FR+1.0))
KRETUKN

END

CALCULATION OF THE ENERGY GIVEN FROM HEAT EXCHANGER TO STORAGE

SUBROUTTINE QFC3(SLINFLCyFReFW9QFC)
REAL NFZI

WFC=11J0/NFCI&(FR FW)
1IF{S1leEJe0eD) QFC=0.0

RETJRN

END

CALCULATION UF THE DIMENSTONLESS WATER TEMPERATURE IN STRe TAMK

SUBRUUTINE FWP31(DTsPe519QFC yS£eRFCSHQED yFA9FWyFWP)
FAP=(DT/PI={S1=QFC-S2%QEQ RFCSH(FW-FA))+FY

RETUKN

END

CALCULATION OF THE CHANGE IV R0O0OM TEMPERATURE

SUBROUTINE FRP3(DT2SeSleWeQFCeldL ¢FReFRP)
FRP=(DT/S)=(QL-S1=QFC)Y+FR

RETJRN

END



SUSPROGRAM ' INPT1*' FOR CALCULATION OF DIMENSIUNLESS INPUTS

SUBRUUTINE INPTLIWOsQF s QHETeUAFC s TINF9ALsBLYCLyDET,QLTHTCIHTCO
%aXeTHWOsTReyTWLeWE
ZTEL s TEUs UALYUACIAT9sBI9LIIUASTIUAHE sy 9S9DT e Ry
%UNC gP9RFCSoyNHEINE yREFC 9RHEFCoyRCFCyQFDyNFC DI oMWy MAG EPESEFC o EMESLECD)
REAL NCsNHE9NE gNFCoy MW yMAJMCPRyMCPASMLPW
LPAIR=1.0

ROAIK=1e2

CPW=3e333

MH=2e3

AMHE=QHET/0.9

ROW=1175.0

VAIR=12000,. ,

CMHE=VAIRZCPAIR=ROAIR/3600.,.

HE=UAHE/(MHE

tHE=le—=EXP{~HE)

DT=DET/(3600.0%24)

DI=3600.U/0ET

W=WO/ (UAFC=TINF)

QFD=WF/(UAFC=TINF)

MA=RUAIR=A{=3LxCL

MCPR=CPAIRZMA

S=MCPR/{UAFC:246,0%3600.0)

MCPH=MW=CPK

MCPA=MA%=CPAIR

EV=UAE/MCPW

EPEz]L e ~EXP{-EV)

NE=UAE/(EPE=MCPH)

FCO=UAFC/MCPW

cF{=1le-EXP(~-FCO)

WFC=UAFC/LEFCHMCPW)

REFC=UAFC/UAE '
R=REFCHNE# (1 J0-EFCEX)ENFC

RCFC=UAFC/UAC

UTID‘S.

MCPHC=QCT/OTIOD

CON=UAC/MCPHW

EC=la=cXP({-LON)

NC=UAC/ L EC=MCPW]

P=ROW%AD=BIRCICPW/ (UAFC%24.0%3600,0)
RFCS=UAST/UAEC .

RHEFC=UAFC/UAHE

NHE=ZUAHE/{EHES=CMHES=ANHE}

WRITE(TyT71) EPEGEFCEHEEC _
FORMAT{S5 Xy *EPE="9FTe3y"* EFC="9FTe3y* EHE="9FT7e3¢"* EC ="9FT7.3/}
RETURN

END

{



XN el el

29

28
27

24

26
25

SUBDROUTINE *QCONL?

CALCULATION OF THE HEAT DISSIPATTED FORM THE CONOENSER

SUBROUTINE QCONL{2¢4B,C,QC)
DEL=(Bx=B)/(AxA) (C/A)
IF{DEL«LTe0s0) DEL=0L0D
QCP=(~-10%8/A) +SYRT(DEL)
JON=(=10=B/A)-SQRT{DEL)

iFIQCPeGTe0e 0 ANDeQCNaGT20.0) (GO TO 29

6O TG 27
IFLABS(QCP}GT.2BSIQCNMNY) GO TO 28
QC=QCN

GO TU 25

QAC=QCP

IFIQCP.LT«0.0) GO TO 24

wC=QCP

63 TO 2%

IF(QCMNeLE«Oe Q) GO TO 26

LC=QCN

GO0 Tu 25

WRITE(Oyx) * BoXx ok ok %ok oS %X
KETURN

END
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