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The number of indoor swimming pools has increased rapidly in the last decade due to
the growing demand of sport activities by the society, looking for healthy lifestigle ha

its. Following this growing demandyost of the Spanish cities are promoting the-co
struction of sportsentreswhere all kinds of sports are practiced, including swimming.

The energy efficiency index (DEX) in Spainhas recorded a turning point in 2004
matchingwith the implementation othe Spaish Strategy of Energy Saving and iEff
ciency, which implicates more severequirements in energy efficiencyhe remark-

ble development of renewable energy in recent decades, has led Spain to inelude a r
quirement of minimum solar contribution order toheat the pool water.

Solar thermal energy has undoubtedly a huge future, but need to find new applications
to make itmore attractive for bothhe end user and engineeriogmpanies In Spain

many gstemand facilitiesdesignechowadays do nadim to saveenergy andgreserve

the environmentthey are planned tmeet the terms imposed by the new Technical
Building Code. This codés appliedto new buildings and rehabilitation of existing
buildings for any use where there is andad for hot wateor air conditioningin indoor

pools.

Along this document, a complete systanheat the pool water amdnditiontheair in a

pool enclosuren Spainwill be designed. A chiller with a heat recovery system and
systemthat dehumidifythe ar from the pol with the option of recovering energyrfo
heating purposes will be used instead a solar system as the Spanish regulations require
and itwill be shown that the energy input obtained from these systems is higher than the
one obtained through solar panels
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TERMS AND DEFINITIONS

HVAC: Heating, ventilation, and air conditioning

DHW: Domestic hot water

ASHRAE: American Society of Heating, Refrigerating and wnditioning Engineers
RITE: Spanishegulation forthermalinstallations irbuildings
CTE: TechnicaBuilding code

SHR Sensible heat ratio

AHU: Air Handling Unit

HAP: C a r 15 Hoanty &nalysis Program

Mca: Water colummneters (lbar= 10,2mca)

Mmca: Water colummmillimetres

EER: Energy Efficiency Ratio

SEER: Seasonal Energy Efficiency Ratio

F: heating effect

Q: heating energy

P: Mechanical power

& : mass flow

p: pressure

cp: Specific heat

T: Temperature



hc: ConvectiveHeat Transfer Coefficient
6: Volumeflow rate

}: Density

Ui: Heat transfer coefficient

S: Surface area

h: Enthalpy

t: Time

V: Volume

ci

o Evaporation energy loss

U,: Radiation energy loss

ci

- Convection energy loss
Ucong Conduction energy loss
0: StefanBoltzman constant
W: Humidity ratio

U Emissivity

4: Relativehumidity

I: vaporization latent heat



1.INTRODUCTION

This project aims to study and desitpe facilities needed taondition the mdoorair of

a pool enclosurein order to maintain its temperature, humidéiyd air movement at
optimumlevelsfor the usergomfort. The realization of this project is led tne desire

to improve the efficiency of systems in indoor pools due to the significant increase who
have suffered this type of facility painin recent years and tlznount ofenergy they
need.

In Spain theTechnical Building Codenforces the install@n of solar systems to heat
partially the pool water, for this reason, that kind of systems are usually included in
sport centre facilities.

That solution is usually planned to meet the terms, without seeking teesaxgy and
preserve the environmennstead of designing a system using éxesting installations
destined to other purposes that could improve the energy efficiency.

Table 1.1. Distribution of buildings energy consumption in three countrieq1]

Energy end uses USA (%) UK (%) Spain (%)
HVAC 48 55 52
Lighting 22 17 33
Equipment (appliances) 13 5 10
DHW 4 10 -
Food preparation 1 5 -
Refrigeration 3 5 -
Others 10 4 5

As theTable1.1shows, the HVAC plays a fundamental role in energy consumption in
Spanish buildings, so special attention must be paid to everything involving tisese sy
tems. Due to the huge amount of energy used by those systems, is espeerabyirigt

to find possible recovery features to take advantagleeoénergy released to the asno
phere.

A systemto heat the pool water and condition #iein the pool enclosure basedan
tonomousair handling units with the possibility of dehumidifizan and heat recovery

for pool areas, with #&ee coolingoptionusing 100% outside aiwill be developedin
addition it will be used a supporting system to recover the exhaust air from the chiller
that is used to climatized the building.



2. BACKGROUND

2.1  Dehumidification System
2.1.1 Air Conditioning Psychrometrics

In order to understand the operation of our dehumidification system, an approach to the
air conditioning psychrometrics theory will be done.

2111 Composition of dry and moist air

Accordingthe ASHRAE's 200%handbook threebasic definitions are used to describe
air undedifferentconditions[2]:

Atmospheric air has many gaseous compongims t r o g e n carbon dio
as well as water vapour and contaminants such as dust, pollen or smoke. This is the air
usedfor ventilation.

Dry air is atmospheric air withut water vapour and contaminanBy volume, dry air
containsapproximately78% nitrogen, 2% oxygen, and % of other gases. Dry air is
used as the referenceprychrometricgFigure 2.1)

Moist air is acombinationof dry air and water vapm. The amount of water in moist
air variesfrom zero, dry airto a maximunddined by thetemperature and pressure.

Xenon
0.000009%

Meaon
0.0018%

Hydrogen
0.00005%

Helium
0.0005%

krypton

U.% 1%
Carbon dioxide
0.038%

Argaon
0.83%

Figure 2.1. Dry Air Composition in Atmosphere



2.1.1.2 Psychrometric Chart

A psychrometric chart graphicalfyrovidesthe thermodynamiproperties of moisair
and the relationshipetween themlike dry bulb temperare, inverticallines wet bulb
temperatureand enthalpythelines slopingdownward to the rightdew point temper
ture thehorizortal lines, and relative humidity, the curvesvd@ propertiescan be @-
terminedwith any two of theothers

The ASHRAE psychrometric chart (Figure 2.2an be used to solve mostly everppr
cess problems with moist air.

ASHRAE PSYCHROMETRIC CHART NO.1
NCRNAL TEMPERATURS SEA LEVEL
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Figure 2.2.ASHRAE Psychrometric Chart

According to the ASHRAE Guidé¢he basigarameters relating the humidityat ce-
terminethe state or condition @he air at any particular time attee oneselow [2]:

- Humidity ratio W is defined as theelationbetweerthe mass of water vapo
andthe mass of dry air.
W = My /Mga 1)

- Specific humidity 2 is thefractionof the mass of watarapourin thetotal mass
of the moistin anair sample:
=My /(My + Mga)= W/(1 + W) 2

- Absolute humidity is thefraction of the mass of waterapourin thetotal vd-
ume ofanair sample
dv =My /V 3)



Saturation humidity ratio Ws(t, p) is the humidity ratio of moist air saturated
with respect to water at the sagwnditions oftemperatureand pressute

Degree of saturatione is the ratio of air humidity ratio W to humidity ratio Ws
of saturated moist aat the sameonditions oftemperatur@and pressure

e =W /W; 4)

Relative humidity @ is the ratio of the mole fraction of water vap,, in the

air to the molefraction of water vapour present in saturated Xjs in an air
sampleat the sameonditions oftemperatureand pressuteBasically relative
humidity is the ratio of the actual moisture content of the air to the maximum
possible quantity of moisture thédtte air could hveat the same temperatyso

if the relative humidity is 100%, the airégempletelysaturatedThe Figure 2.3
shows the representative lines of the relative humidity in the chart.

(=X IXs (5)
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Figure 2.3. Relative Humidty Linesin the Psychrometric Chart

Dew-point temperature Td is the temperature of moist air saturas¢dhe same
pressure p, with the same humidity rafig asthatof the given samplefanoist
air.

Wet-bulb temperature T* is a temperatureelatedwith the content omoisture

in the air, the temperature taken bycoveringthe thermometer with a wet wick

and measuring the reading as the water evaporates. Because of the cooling effect
of evaporationdry bulb temperature is always higher than dry temperature and
only is the samat saturdon. Wet bulb temperature on psychrometric chart is



symbolizedby lineswith a slopgrom the upper right of the chart down to the
lower left(Figure 24).
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Figure 2.4.Wet-Bulb Temperature ConstantLines in the Psychrometric Chart

- Dry Bulb Temperature is the temperature measure with a regular thermometer
It will be consideredhe temperature dhe airasthedry bulb temperaturdn
the psychrometric chart Depulb temperature undon thehorizontalaxis,
represented by vertical chart lingsgure 2.5).
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Figure 2.5.DryBulb Temperature ConstantLines in the Psychrometric Chart



2.1.2 Indoor Pool dehumidification

Humidity Onmdo ' " t utsm On icandomduce sdgerakdamagea pool k-
humidifier is not sized and installed propeiBeveral methods can be used to dehimid

fy an indoor poofacility, but the variable that most greatly impacts the operating cost is
theoutside weather. The main goal of any dehumidification system is to keep the indoor
air in the enclosure at the optimum conditions of temperature and hunidéysecond

goal s to achieve the previous one in the most effective way with the lowest cost. An
evaluation of the effectiveness of each method and an approach to the differemt humid
ty control systems and their associated purchase, installation and operation costs will b
dond3].

2121 Push-pull ventilation

SWIMMING POOL ROOM

-|EfL_T|IL"-.IG L i
Co ’—:
) 5 :> "KE?'
| L pd
OUTDOOR AIR
SUPPLY
EVAPORATION
R N N S S N S N
POOL WATER HEATING >
Figure 2.6. Principle of push-pull ventilation
A ventil gptuilom ®dywssem wastes an I mportant

both sensible and latent heat of thelesure introducing outdoor afFigure 2.6) The
outdoor air flow depends on the difference between the outdoor and indoor absolute
humidity and it is necessary to adapt sk@plyair temperature with a preheating.

These systems will have similaperational costs in different climatic regions. In
warmer zones, a higher outdoar #fow is required, but theost to heat the outdoor air

is smaller. In colder zones, a smaller outdoor air flow is required to dehumidify the air
but significantheatingcosts will be needed (Table 2.1).



Table 2.1. Properties of pushpull ventilation

ADVANTAGES DISADVANTAGES

A Low svstem cost to lA Hi gh operation cost
y PYA Limitations in humidi

A Low system cost to i _ .
y A Cooling not availabl g

In Spain the Regulation for Thaal Installations irBuildings RITE) [4] has added a
requirement of an aito-air heat exchanger in last years, for this reason themyst-
posed before are no longer used in this kind of buildings.

2.1.2.2 Push-pull ventilation with air-to-air heat exchanger

el ™. HEATING COIL
1 1
i HEATING COIL i
AIR-TO-AIR
SLI'IthIl:’:I_Hr HEAT
— EXCHAMEER
o> O
O/ NS
- E}{I-'I!I'JIH;TIST
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Figure 2.7. Ventilation with Heat Recovery

This method is a variation of the system studied befoofydingan airto-air heat &-
changer with heat recovery purposes. The incoming outdoor air flows through a series
of plates and recovers the heat of exhaust air that is at a higher temp@igtunee2.7)

The outdoor air flow has to be preheated, decreased, or somewhat bypassedtwhen ou
door temperature is low. Efficiency is considerably reduced under low ambignt env
ronmentsAt cold temperatures, the need of recovery is higher and the exclsioges

the minimum recovery capacity, besides, at high outdoor temperatures cooling is not



possible. When outdoor temperature and humidity are higher than the inside a condition,
the heat recovery system does not perform as req{iiedade 2.2)

Table 2.2. Properties of a ventilation system with heat recovery

ADVANTAGES DISADVANTAGES
A Low seasonal efficiert
A Sensible heat recovelA High system cost to |
A Energy saving A Does n oall the latentheae r
A Limitations in humidi

2.1.2.3 Standard dehumidifier

SWIMMING POOL ROOM

RETURN AIR DUCT (WARM, HUMID AIR)
- - -
l DEHUMIDIFIER

> DRY AIR
T
Lo AR | > EVAPORATION
v HEATING

SUPPLY
POOL WATER HEATING AIR DUCT

Figure 2.8. Standard dehumidifier

Three decades ago a refrigerdmised dehumidifier was designed to remdwemos-

ture in a pool enclosure. It was the first time the outdoor conditions did not determine
the system operation. The dehumidification process acted as a heat pump, turning into
an energy recovery system, which returned both the sensible and lateyt lesek to

the pool enclosure and pool wa(Ergure 2.8)

As the humidity is controlled by the dehumidifier, the outdoor air flow can be stopped
or reduced in order to save energy.



This dehumidifier works like an air conditioner in the summer, recogesnergy to
heat the pool watdiTable 2.3)

Table 2.3. Properties of a dehumidification system

ADVANTAGES DISADVANTAGES

A Heat recovery system
A Air conditioning
A Full humidity control

A Hi gh cesytspurehase
A High system cost to i

This is the basic system, but nowadays incorporates other features |iadtieg
module, multistage filtration or support electric heaters.

2124 Dehumidi fier with fAfree coolingbo

Through certain periods tifie year, ventilation air is more effective itself than refager

tion dehumidification. This system works like an air conditioner with a saving mode,
turning off the compressor when is possible to take advantage of free cooling because of
the outdoor tempature(Figure 2.9)

In Spanish Regulation for Thermal InstallationdBinldings [4] there is a requirement
of free-cooling in systems with high powers, it will be mandatory in some circuistan
es.

The economizer will worlonly when all control points aracceptableAn economizer
usuallyprovides freecoolingonly 5% -20% of the year. The economizenorksonly a
small fraction of the year, and the system essentially acts like a standard defemidi
the remainder of the yearhis dehumidifier presentdat of advantages (Table 2.4).

Table 2.4. Properties of a free cooling dehumidifier

ADVANTAGES DISADVANTAGES

A Full humidict]|
A Energy savings
A Energy savings

AAir conditioning

A High system co
A High system c
A High operat.i
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Figure 2.9. Dehumidifier with free cooling

2.1.3 Heat Loss in the Swimming Pools

2.1.3.1 Heat Loss of the pool water

The heat los$rom the wateand the resulting energy demarmvdl be calculated The
mainfactors that determine theeat loss in the podFigure 2.10)are the vater tempea-
ture the emperature and humidif the air inside the enclosuréhe pool acupancy
rateand the pootlimensions$].

Radiation

R «

E

Evaporation

K "a
Conduction ﬁ
R

Renovation

E

Convection

Figure 2.10. Energy balance of a pool

The total loss in the container includes three different ways of heat exchange:

Total Loss = Evaporation LossRadiationLoss+ ConductionLoss+ Renewal
Loss
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Evaporation loss When the water evaporates from the surface of the pool a cooling of
the rest of the pool is produced, so a decrease in the water temperature. Evaporation
from the water surface will be higher, the gegahe occupancy rate of the pool, and in
particular the number of swimmers, because of the interaction between water and air in
the turbulent flow created as a result of splash, stimulating evapor@tocalculate
evaporation losthe formula below is sed:

Uea=a | S (W) (6)

- |l is the \aporization latent hea680—)

- & is the evaporated mass flow mrface areand follows the ecar
tion proposed by Bernier:

a =(16+13N) (Wyi (iWy)+0,AN  (—) (7)
This expression takes into account temmpiricalfactors:evaporation s
sociated with the pool without water movemdnoefficient 16) and

evaporation associated with teplashingof the swimmers(coefficient
133n).

- nis the @cupancy rate{———-) with the wsual values 0/ 0,1/ 0,15/

0,2.
- W, andW, are the humidityatio in saturatiorstate at dew pointat the

water temperature and at room temperatire—).

- (s the elativehumidity.
- Sis the gea from the water surface®.
- N is the number of spectators.
Another equation for the evaporated mass ftansidering the air veto
ity V could be used, as the one below proposed by Carrera, however, the

difference between them is negligib&.[

A =9 Wy-W,) (1+V/1,20)S +0,42 n + 0,08 N (8)
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Radiation loss To calculate thevater losdue to radiationStefan Boltzmann formula
is used. The heat exchange iuaction of the difference between the average teaper
ture of the walls and the water.

U= lc-,f(TWLl I Tenc4) S (W) )

- 0 is theStefanBoltzman constant%,67 .10° —)

- Uis the Wateemissivity 0,95
- Twis theWatertemperaturgK)
- Tencis the exclosure walls temperature (K)

In an indoor poolywe need to add theadiation shape factor
sa=0. UTy?1 Tlnc’) SF(W) (10)

- Taencis the average of all the enclosure walls
- Fis Radiation shape factor

Convection loss The reat exchange betwedhe water of the pool and tlaér of the
enclosuredue to the temperature differenoetween the twof them causethe follow-
ing heat loss

Og=he(Twi Ta) S =0,6246(Tw1 T*® S (W) (11)

- he=0,6246 .—) (Twi Ta)*[5]

- h is the WnvectiveHeat Transfer Coefficierft—)

- Twis thewater temperature (°C)
- Tais the & temperatue (°C)

Renewal loss:In an indoor swimming pool, theis acontinuous water loss originated

by evaporation, swimmers or maintenance. However, these amounts are less than the
minimum renewal flow rate required by law for hygiene oeas which variesrom

1/40- 1/50 the volume of watgrer day This renewal means that heat loss will depend

on the temperature of the water in the system and the temperature of the pool water and
can be calculated using the following formula:

Ore=0re) Cp. Twi Ty) (W) (12)

- oxe is the enewal flow rate
-} is the ensty of water (1000 kg/m®)

- Cp is the pecific heat 1,16—)
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- T is the vater temperaterin the pool (°C)
- Ty is the vater temperature in the system (°C)

Conduction lossfrom floor: This lossdepends on th#loor structural characteristics
surrounding the pool and tieat transfer coefficient of the material used.
Commonly a concrete floor is used and transmissionisassculated using the form
la:

Ucond= UK S (TwT Texy (W) (13)

- Uk is theHeat transfer coefficient of the floor surrounding the peelj

- S is the leat exchange area dm

- Twis thewater temperature (°C)

- Text is thetemperatureoutside in the surroundings of the pool container
(°C)

2.1.3.2 Heat loss in the pool enclosure

The heat transfdrom the pool atmosphere to outside is divided in two ways of energy
exchange, conduction through the enclosure and the energy exchange between the ai
from the outside and the air from the pool zone

Ur=u,+0> (14)

Conduction lossthrough the enclosure: Walls, windows and other elements will be
considered.

U01=EUi S (TinT Tow (W) (15)

- Ui is theHeat transfer coefficient of the floor surrounding the peetj

- Sisthe surface ardan®)
- Tinis thetemperature inside the enclosi(ft€)
- Toutis thetemperature outside the enclosure (°C)

Energy necessary to heat the air from outsideTherenewal air flow rate needed will
be calculated taking into account different values for swimntlead can be swimming
or not,or visitors that never swim.

OU2=w}e (hinT how) (W) (16)
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- is the rmewal air flow (m*h) =N S22 +n S36

o Swimmer:36 m/h
o Visitor: 22mh

-} is the wtside density air 1,2-€)

- hiy is theenthalpy of the air at the indoor temperature
- houtis theenthalpy of the air at the outdoor temperature

- cp is theair specific heat ( 0,28%)

- nis the @cupancy rate-———) and N(———)
- Sis the gea from the water surfa¢m?)

2.1.4 System start-up power requirement

In this section, the heating power ensurethe system staudp is calculated after the

pool is completely filledwith water. This power is calculated by the expressielow,

which includes the energy needed to heat the water, the pool walls and the heat loss
from the water surface.

0 startup =0 water +0 walls +0 loss a7

wherethe power to heat the water is obtained from the expression:
Pwater= ———— (W) (18)

- Vis the wlume of watefm®)
-} is the vater densityf1000 kg/nf)

- C s the vate specific heat 0.,16—8)

- Twis the emperature of the pool water (°C)
- Tsupis the emperature of the water supply (°C)
- tis thestart-up time (sually96 h)

The expressions to calculate the power necessary to heat the walie dosk from the
water surface were explained in theevious chapter. This loss includes the originated
by radiation, convection and evaporation.
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2.1.5 Dehumidification needs

Evaporation from the water surface defines the dehumidification needs. It will lte grea
er the higher the occupancy of the pool, and irtipdar the number of swimmers.
There are other causes that could increase the pool air humidity as the visitors or public
which is an important issue in swimming competitions, because the occupation of the
stands is high, or the outside air ventilation.

In accordance with the equation used betbeeevaporated mass flow per hdoifows
the equation prwosed by Bernigl5]. This flow will define thedehumidifcation capaie

ty:

A =(16 + 133 NYWyi G Wa) +0,AIN  (—) (19)



16

2.2 Chiller

There aretwo essential HVAC systems designed to fulfill building cooling resuir
ments, direct expansion systems and secondary refrigerant systems. In the first ones, the
heat exchange between the refrigerant and the air is done directly in the units. In the
secondnes, chilled water is used as an intermediate medium to cool {fg air

In water systems, one source is responsible of providing cooling throughout the whole
building, and offers many reliability and efficiency advantages over individuahexpa
sion sysems with a considerably lower total cost. The source of a HVAC cool#yg sy
tem areone or more water chillers, designed to collect the heat the air building
rejecting to the outdoor air in many cases.

The water chiller may have various configuraipwith helical screw compressors, or
centrifugal type and with different engine movers. The heat can be rejected te the a
mosphere directly from the refrigerant to the air, or collecting the heat previously from
the refrigerant with water. A wat@ooledsystem usually offers advantages over an air
cooled system, as smaller size, longer lifecycle or better efficiency.

Vapor Compression Refrigeration Cycle

A chiller based its operation in a compression refrigeration cycle where a refrigerant
evaporatesrbm liquid to gas absorbing heat and providing a cooling effect and monde
sates from gas to liquid generating heat. The refrigeration cycle can be explained in four
steps using thEigure 2.11

1. Compression (R): In this stage, lowpressure refrigerantapor is compressed
from P1 to P2 with a parallel growth in temperature.

2. Condensation (3): The refrigerant at high pressure is cooled with air or water
and condenses to a high pressure liquid.

3. Expansion (34): The high pressure liquid flows through #gansion valve et
creasing the pressure and a percentage of the liquid changes to gas.

4. Evaporation (41): The liquid at low pressure receives heat from air or water
evaporating. The low pressure vapor is led to the compressor repeating the cycle.
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cooLma Presure

o TOWER

TO BUILDING SPACES

! Enthalov he
Figure 2.11. Compression cooling cycle

As shown in the figure above, each step in the refrigeration system has an associated
component. The compressor raises the pressure of refrigeqamtin the first hase,

the condenser is a heat exchanger toatlenseghe vaporto liquid, the expansion

valve controls the pressure and flow rate, from 3 to 4 points and the evaporator is a heat
exchanger that causes the liquid change to gasFifjuee 2.11representsn ideal g-

cle, thus in actual practice there are various inefficiencies.

The refrigerant determines the pressein¢halpy chart and it varies with its properties.

In the compression cycle, a refrigerant must fulfill some requirements: the chemically
stablity must be assured in the two phases, it must be inflammable and with low toxic

ty and the pressure and temperature ranges must be adequate for the requirements of the
application.

CHILLED WATER FOR HVAC APPLICATIONS

Chilled water systems are usualiged in large buildings where a central facility means
less capacity, application and performance problems. The classicomated HVAC
system has three heat transfer loops:

The first loop is responsible for distributing the cool air byahéhandling units to the
building absorbing sensible and latent heat gains originated by transmission through
walls and windows, radiation through windows, infiltration and internal loads form
people or electrical equipment, with the consequent increasitige air temperature

and specific humidity.

The second loop returns the air to the air handling unit, mixed with the required quantity
of outdoor air, and then is led to the cooling coil where chilled water is used to extract
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heat from the air to redigbute it later. This process produces a water temperature i
crease so the water leaving will beB3C warmer than the chilled supply water. The
warmer water return to the chiller where it is cooled to send it back to the AHU unit, the
compressor is thdement that consumes energy in the process.

The compressor produces an amount of heat that depends on the efficiency aof-the co
pressor so a last loop can be considered. This heat of compression must be taken into
account to establish the amount of heatt tmust be rejected by the condenser to the
outdoor air.

Water Supply Temperature

In order to calculate a chilled water system, firstlis necessary to determine the r
quired water supply temperature. The sensible and latent cooling loads must-be co
trolled by the system regulating temperature and humidity simultaneously.

Sensible cooling is the decrease of the temperature of the air without any change in
its moisture content. Sometimes the occupants, outdoor air or internal processes intr
duce moistug in the air causing uncomfortable atmospheres, so that to removeg-this e
cess moisture the air must be cooled below its dew point. Latent cooling is that amount
of heat removed without any change in #éixetemperatureThe total cooling load nde
ed by a pace on the water cooling coil is imposed by the sum of the previous two.

The supply air temperature required is imposed by the desired space temperature and
humidity and the sensible heat ratio (SHR) calculated by dividing the sensible heat by
the totalheat.

2.2.1 Load calculation

Everysolution toa engineering problestars with a calculation of the dy which must
be met,n this casdo quantifythe heating andcooling loads in the spasé& be cond
tioned Modern practice is to uggograms for loadalculations, rany loadcalculation
softwareexist, withdifferentdegrees of complexity aratcuracy.

In order to daanenergybalace i n our b usiHowly Anagysis FrogranCa r r |
(HAP) will be used8]. HAP is a computer software which assetgjineers in desig
ing HVAC systems for buildings.

The software completes the following tas|
- Calculates design cooling and heating loads for spaces, zones, and coils

in the HVAC system.
- Determines required airflow rates for spaces, zones and the system.
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Sizes cooling and heating coils.
Sizes air circulation fans.
Sizes chillers and boilers.

The tool simulates hotlsy-hour operations and generates graphics of annual, monthly,
daily and hourly data as well. But only the design cooling and heating loads will be used
to select the properly chiller.

A five step procedure is followed to do the calculation:

Problem definition. The scope of the analysis must be determined. The
type of bulding is involved, type of systems and equipment and other
special requirements

Data collection. Before calculations can be performed, some rinfo
mation about the building is required: its environment and the HVAC
equipment to be used. The buildingndawill be the key to evaluate the
building usage and study the HVAC system as well as determina-the e
posure orientations and internal loads characteristics (occupancy, lighting
and electronic systems). The climate data for the building location and
the materials used for all the construction elements are required

Introduction of the data in HAP. The data collected has to be entered
in the software

o Weather Data: Temperature, humidity and solar radiation are. To

define weather data, the program has a weather database or the
parameters can be directly introduced.

Space Data: A space represents a room, a group of rooms or an
area with one or more adistribution terminals. To define a
space, the elements must be described (Walls, windows, doors,
roofs, floors, occupancy, lighting and electrical equipment). The
materials used for all the construction elements are required

Air System Data. The equipmeand controls used to cool and
heat a building zone as central station air handlers, rooftop-or ve
tical units, fan coils or water source heat pumps. The ductwork
and supply terminals and controls are included.
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- Design Reports Once all the data has lmemtroduced, HAP generates a
system report. The report options can be selected as desired.

- Equipment selection. Finally, with the data from the reports, the system
equipment can be selected.
HAP organizes information abotlte building andequipmeninto five categories
- Element Is acomponent of the building structure
- Space: $ a buildingzonecomprised of elements
- Zone:ls a group of spaces with a thermostatic control.

- Air system: Isthe equipment used to provide cooling and heating to a
building zone

- Building: Is the structuréhatcontairs all the systemstudied.

The Hourly Analyses program is validatedrognystandards and regulations orgami
tions.As theASHRAE 90.1- 2001[9] and theASHRAE 140i 2001[10]

Accuracy Heat Balance

TFM Method
ASHFEAE RTS Method

ASHEAE CLTD/CLFE Method
Carrier E20 Method

Q=k*5*AT Steadv Heat Transfer Method

Complexity

Figure 2.12. Accuracy and complexity of various thermal loads calculation methods
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In theFigure 2.12are displayed some different methods to calculate thermal loads. The
Heat balance pcedure is the most rigorousethod for calculating thermal loads of
buildings, evaluating conduction, convection, radiation and heat storage theanal pr
cesses, using the fundamental laws of Thermodynamics and Heat Transfer, but its co
plexity, since differential equation has to bdved, do it not suitable to resolve this
kind of problem.

TheTransfer Function Methof'FM) used by this softwarie characterized by its ace

racy andflexibility. It uses mathematical algorithms simplifying the energy balance
methodand improving the cftware calculation timeThis method applies a series of
weighting factors, known as conduction transfer function (CTF) coefficients tofthe di
ferent exterior surfaces and to differences between air temperature and inside space
temperature to determinedtegain with proper reflection of thermal inertia of such su
faces. Solar heat gain through glass and various forms of internal heat gain aré calcula
eddirectly for the load hour of interest.

The TFM applies a second series of weighting factor, caltemr transfer functions
(RTF), to heat gain and cooling load values from all load elements having radiant co
ponents, to account for the thermal storage effect in converting heat gain to cooling
load. Both evaluation series consider data from severalgu®viours as well as the
current hour 11].
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3.CASE STUDY

3.1 Building Description

The project developed in this thesefers toa sport centréocated in SegoviaSpain
Thesport centre is placed in a plot,000 min thedistrict of Albuera

The building is designed for sports usarrounded by other sport facilities fastball
fields, anoutdoor recreational pool, athletics aednis courtgFigure 3.1)

Figure 3.1. Sport centre layout

The newcomplexis divided in four sport areas: watgorts fithess,group sportsand
paddlecourts located outside. The sport centretisr@efloor building In the gound
floor, accessible from the street lewsk can find theentrancedistributioncorridors
informationpoint, managementffice, multipurpose area and administratioffice.
Also thewater actiiy andswimmingpool enclosurewith their owngeneraland staff
locker rooms.

In the frst floor are located theooms for indvidual orgroupphysical activites.
The basemernis mainly composed ofooms for maintenancand technical rooms for
mechanical and electrical installatiors the operation of the facilitieqn thislevel are
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placed thepumpinggroups the boiler roomand the electricalroom. A portionof the
space is occupied lize poolwalls.

In the roof the remaining facilities akillers, AHU-units, otherpumpingunitsandelec-
tric generatoare located

The area of each floor is presented below:

First Floor 1.072m?
Ground Floor 1.825m?
Basement 1.205m2
TOTAL 4.102m?2

The facilities covered by this project al®se needetb heat the pool water and cond

tion theair in the pool enclosure. A chiller with a heat recovery system and dehamidif
cation system with the option of recovering energy for heating purposes will be used.
The design of the building facilities respond to sustainability criteria, energy ogtimiz
tion, security, usability and maintenance.

3.2 System Description

A systemto hea the pool water and condition tlag in the pool enclosure basedan
tonomousair handling units with the possibility of dehumidification and heat recovery
for pool areas, with #&ee coolingoption using 100% outside aiwill be developed
Specificaly, two units, onefor aswimming poolarea and another for a pool intended to
water activitiesThose units dehumidify the air and heat partially the pool watev+eco
ering energy from théeat produced in the condensing cdihe performance ahat
equipment will be explained in following chapters.

In extreme weather conditions it is hardly impossible to heat the water of the pool only
with those unitsbecause the heat demanded by the awashigh,which leads to ao-
sider auxiliary systems.
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The Figure 3.2 representsimgramconsisting of a dehumidifier with an energy reco

ery system and freeooling and a solar collectosystem to heat the pool water and
produce domestic hot water. The heating sources for the pool water are the tiler, t
solar collectors and the dehumidifier recovery system.

| 15

(

Figure 3.2. Pool heating system with solar collectors

The installation of solar technology is mandatbgySpanish regulations to cover the
50% d the hot water pool demand, but if it is proved a more efficient way to cover that
demandlit is possible to avoid including such an expensive system.

This thesis seeks to find a more efficient means of generating hot water than with
solar energy, throdgthe application of aicooled chiller systems with heat reclaim
capabilities to reduce the energy consumption in the spatéer

The sportcenterHVAC system will need a chiller and a boiler to cool and heat e w

ter used in the AHUUNits andfancoils. To take advantage of those systems it lvell
developed a methotb recoverthe heat of the chiller that normally is rejected to the
atmosphere and replace the solar installafldre system proposed in the Figure 3.3 is
similar to the previousre without considering the domestic water heating and-intr
ducing the recovery system of a chiller. The boiler is connected with other disposition
because it will be only used to heat the water the first time or as chiller support if there
were any failureln addition the boiler will supply the HVAC system.
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Figure 3.3. Pool heating system witha chiller recovery system

Thewater heasource will be as follow:

1. The dehumidifier water condensing coil.
2. Thechiller heat recovery system.
3. The boiler.

The pool air heasource will behe dehumidifier water condsimg coil. Moreoverit is

possible to add a feature to have an extra water coil connected to the boiler in case more
heat is needed, but our dehumielifwill have power enough to heat thie in the worst
conditions.

In the Figure 3.4 it is showed the designtloé system and thieydraulic network in
primary-secondary configuratiois, the primary is connected to the supply units and the
secondary isesponsible to distribute the water to the consumption or intake units.

For cold water,there are two secondary logmmnefor AHU unitsand otheffor the fan
coil units The primaryloopis designed for a temperatutéferenceof 5 ° C (7- 12° C)
in water and the secondary, for a temperattifeerenceof 6 ° C (8- 14 ° C).

For hot water,there ardhreesecondaryoops onefor the dehumidifier auxiliary water
coils and the AHU units, a second one for thedaih units and the air curtairlscated
in the locker rooms and a last aseesponsible for heating the pool water

The primaryloop connected to the boiles designed for savatertemperaturalifference
of 10° C (50 - 40 ° C) andthe secondary, for a temperatuliéferenceof 12 ° C (50 -
38° C) in dehumidifier water coils and the AHU units loop,9& (G071 40.5° C) in the
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fan-coil units loop and 8 C (50- 42 ° C) in the loops responsible for heating the pool
water.

The heat recovery system is disposed in a prirsappndary cdiguration as well, with
the chiller condenser side as the starting point of the primary loop and a heat exchange
as an extra source of energy for the pool water in the secondary one.

For heating the pools watethe energy recovery system of toRiller is used as thrst
source In case of not having enougiergy or failureaboiler would work assupport
unit, besides it has been mentionkal the pool water is preheaed from the dehumid
fier recovery system

The divisicn between the prinmg and secondarlpopsis done by implanting aepaa-
tor manifold dimensioned to achieve a very laater flowrate in oder to avoidnter-
ference between the circulation pumps oftthe loops

If is not established right balancing of the system, thigll consequence in unequal
distribution of the flowandthere will be asurpluseffect in some of theomponerg so
that will not be ensured a corrdatatingchilling in all parts of the installatiori-or that
reason e distribution of the watdmes hasdirect return, provided with the necessary
balancingvalves in each of thine to ensurethe correct distribution of the flow in the
system In addition eachline has itsown stopcockand partiadrain tapto allowthe line
isolationbecause omaintenanc@eedsor operating conditions of the building.

In a first sagethe energy loss in thpool enclosure and the dehumidification needs will
be calculated to select a dehumidifier system.

In a second stagthe energy loss through the building will be calculated with computer
software, to know the power required by the chiller and the bdildrough the HVAC
systemwill not be study, it is indispensable this calculation to know the recovery energy
that can be obtained from the chiller.

In the third stagethe systemequipmentwill be selected, dehumidifiers, chilleheat
exchangers, pum@nd other hydraulic components.

In the lastphase the selection of the components will be justiiiech anenergy efif
ciencyview making a comparison with a solar system.


http://en.wikipedia.org/wiki/Heating
http://en.wikipedia.org/wiki/Chilling
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3.3 Building energy demand

3.3.1 Heat loss of the pool

3.3.1.1 Calculation Assumptions and Data

Measurements Considering the Sport centre drafsgure 35, Figure 36, Figure 37)
and measuring in the Autocad document, hables 3.1 and 3.2esume the pool and the
enclosure dimensions:

Table 3.1. Pools dimensions

Pool Water surface Area| Width | Depth Volume
Swimming pool 312,5m° 12,5m| 1,2m 375m°
Pool for activities 75m° 6m 1m 75m°

Table 3.2. Pool enclosures dimensions

Poolenclosure | Wall | Windows | Roof | LNC Floor | Dividing Wall

Swimming pool | 185 m*| 79 m*> | 609 m?| 541 m? 148 m?

Pool for activities| 130 m? | 11 m? | 230 m?| 232 m? 105 m?

The total volume of the pool enclosure is 31188

Figure 3.5. Section of the pool enclosure
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Materials and Heat Thermal Transmittance: In the absence of materidata in the
architectural project we will use the minimum values that the Spanish Building Code
allows for each enclosure péftable 3.3)

Table 3.3. Thermal transmittance for different materials

Wall 0,66 W/m K | 0,57 kcal/hm?® K
Windows | 3,00 W/m? K | 2,58 kcal/hm? K
Roof 0,38 W/m*K | 0,33 kcal/hm® K
Floor 0,49 W/m? K | 0,55 kcal/hm? K
Dividing Wall | 0,86 W/m? K | 0,74 kcal/hm® K

Temperature: According to the IT.1 RITE standafd], the air temperature will neain

1 to 3°Cabove the temperature of the water temperature in the pool. Likewise,ahe rel
tive humidity of the environmens always maintained below 65 % to preserve the fo
mation of condensation in enclosurédthough the maximum temperature of the air
enclosure byegulation is 30°Ca temperature a82°Cwill be usedin order to assure
the temperature needed after the supply air mix with the enclosure air.

Under these conditions of temperature and humilitysers comforts assure. These
temperature andumidity conditions prevent swimmers feeling cold and limit thepeva
oration of the water surface in the pool.

Tabla 3.4. Pool Temperature and humidity conditions

Pool Water Temperature | Air Temperature Relative Pool Enclo-
Humidity | sure Volume
Swimmin 29 °C 32°C
J 65% 3.130 i
pool
Pool f 30°C 32°C
o0 or 65% 1.185
activities

Weather Information: In order to fulfil the Spanish regulation, the UNE
100001:2001standard 3] will be used, whichdefine the limit weather conditions for
projects. This document has been prepared by the AEN/CTN 100 technical committee.

As the system will be projected in Segovia, Salamanca the closest city with regulated
data, will be considered. The city is situaf€i)2 m above the sea level with latitude of
41°.The following extreme weather conditions will be ug€dble 3.5)



31

Table 3.5. Outside extreme weather conditions

Summer

Outside Temperature 32,4°C
Outside Relative Humidity 36,5%
Winter

Water temperature supply 10°C
Outside Temperature -6,3°C
Outside Relative Humidity 90%

Although extreme weather conditions are used in order to assure a good performance
through the whole year, in thable 3.6 the monthly temperature values are exposed.

Table 3.6. Monthly weather data

. Water
Temperature Relajuv.e SupplyTan- Numbgr of Incident Energy
Month Humidity surshine 5
Average °C perature kWH m°.month
Average % hours
Average °C

January 4 76 4 248 49
February 6 72 5 252 68
March 10 65 7 279 115
April 12 66 9 285 153
May 15 63 10 294 175
June 20 57 11 285 188
July 24 49 12 294 221
August 23 57 11 294 214
September 20 50 10 270 156
October 14 68 9 279 98
November 9 75 7 240 56
December 5 78 4 232 43

Pool occupancy rate andStart-up time assumptions:Based in a manufacturer spec
fication for sport centre pool32 hours startip time will be assumed.he occupancy
rate is shown below.
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- 4 h with 0.2 swimmers/fh
- 5 h with 0.15 swimmers/frh
- 6 h with 0.1 swimmers/fth
- 9 hwith 0 swimmers/rh

3.3.1.2 Heat loss of the pools

The heat loss afhe poolsand their enclosurean besummaized in theTable3.7 and
Table 3.8

Table 3.7. Heat loss of the pools

Water Heat Loss Swimming Pool Pool for activiies
Evaporation 40736 W 12351 W
Radiation 2640W 650 W
Convection -845W -118 W
Waterheating 8630W 1817 W
Conduction 8871W 2598 W

Table 3.8. Heat loss of the enclosure

EnclosureHeat Loss

Swimming Pool

Poolfor activities

Conduction 27620 W 10620 W
Air heating 33230 W 7980 W
Total 60850 W 18600 W

Swimming Pool

Figure 3.8. Share of heating losses

Pool for Activities

B Water Heat Loss
B Conduction Loss

W Airrenewal Loss
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3.3.2 Building Load Calculations

Every engineemeedsto havehandy empirical data faralculatingapproximaésloads
and equipment sizes through the early stages of the design ptdcesgver, in anore
developed phasis essential tanakedetailedand welldocumented load calculations,
becauseare the keyor a rightequipment selection, duot pipesdesign, and psychbr
metric analysis.

3.3.2.1 Design Criteria

Indoor design conditions are determinedcbynfort or process requiremengsccording
to the RITE (IT 1.1.4.1.2)11], the following design temperature limits for occupied
zones are considered in calculating the project loads.

- Winter: 22 ° C, with an operating temperature between 21 ° C and 23° C
and a relative humidity between 4686%. In extreme weather cand
tions and startip periodsshodd not be considered relative humidity
values ofless than 35%.

- Summer: 24 ° C, with an operating temperature between 23 ° and 25 ° C
and a reative humidty between 4%0 %

These two valuesf temperature must be maintained within the occupied zone. The
occupied zone is considered as the volume intended for human occupancy and is d
fined by vertical planes parallel to the walls of the room and a haakplane that &-

limits the height of the floor. The distances of these planes from the inner surfaces of
the room are as follows:

- Lower limit from ground: 5 cm.

- Upper limit from the ground: 180 cm.

- Outer walls with windows or doors: 100 cm.

- Inner walls and outer walls without windows: 50 cm.
- Doors and transit zones: 100 cm.

It will not be considered as occupied zones, those that may have significant temperature
variations from the average or may have significant airflow rates around peagple
transit areas or areas near doors frequently used, zones close to any unit which impulse
air or with high heat productioutside design conditions are determined firegu-

lated data fothe specific locationhased on weatheecords
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Once the gteria is defined and the HAP from Carrier method is chosen the load calc
lations are a matter of accurately determining areas, internal load densities sugh as pe
ple, process loadBghting and any unusual conditions.

Dependingon the zone orientatiopeakloads will vary with the hour and seasoim
order to size the ainandling equipmentdAP calculates the loads in accordance with
the peak annual load in that zone thanks to the database incorp&ateel specific
requirements will be apply in theams with more activityfollowing RITE specifi@a-
cions [4]

- Activity Rooms
o People load
A Qensibie= 154 W/peson
A Quatent= 271 W/peson
A Ocuppancy rate3 m%person
o Outdoor airflow rate per persan
A Qexiair= 28,8m*/h/peson
o Lighthing and eletrical devices
A Lighthing (10W/m?).
A 3000WAudio equipment.

- Spinning Room
o People load
A Qensibie= 308 W/peson
A Quatent= 435 W/peson
A Ocuppancy rateNumber ofbicyclesé 2 nf/person
o Outdoor airflow rate per persan
A Qexir = 28,8m°/h/pesson
o Lighthing and eletricafievices
A Lighthing (10W/m?).
A 3000WAudio equipment.

- Fitness Room
o People load
A Qsensible= 154 W/per
A Qiatent= 271 W/per
o Ocuppancy rateVorkout equipmengé 5,3m?per
0 Outdoor airflow rate per persan
A Qaext= 28,8 m3/h/per
0 Lighthing and eletricatlevices
A Lighthing (10W/m?).
A 1200V Audio equipment.



In order to dothe load calculations ,it will be used the space distribution specified in-Appe
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dix C and considering the occupied zones which are expected to be climatized.

In the summary tabl8.30i t
softwarefor all the spacesWith the input data the software calculateswiwdow and

solar loads the wall, windows, doors and roof/flooransmissiorioss or internal loads

i s

shown

t he

out put

as Ighting, dectric equipmentand people The returnfan ventilation and supply fan
loads are estimated in accordance with the ventilation requirements.

A total cooling load of 217 kW is calculated, it will be conside2@8 kW in order to
select the chillerassumingan additional5% because of the AHUNits and fancoils

power installed.

The total heating load is 161 kWit will be considered 170 kWVih order to select the

boiler because of the AHWnits and fancoils power installstiould be higher

Table 3.9. Heating and cooling loads of spaces

dat a

Sensible Cooling Latent Cooling | Sensible Heating Latent Heating
Zone 1 15808wW 11913wW 5979W 5587wW
Zone 2 33245wW 17610W 22259W 20039W
Zone 3 12868W 7185W 4787TW 2760w
Zone 4 49811wW 22502W 11979wW 8102w
Zone 5 15815wW 8464w 7456W 2997w
Zone 6 1801w 306W 1050w ow
Zone 7 1981w 284w 2088w ow
Zone 8 239w 120w 270W ow
Zone 9 239W 120w 270W ow
Zone 10 461W 67W 289w ow
Zone 11 876 W 119w 283W ow
Zone 12 2945w 274W 1829w ow
Zone 12+ 1483w 209w 1496w ow
Zone 13 1335w 179w 266W ow
Zone 14 3053w ow 1278w ow
Zone 15 322W 97W 715W ow
Zone 16 2283w 502w 2675W ow
Zone 17 1655w 337W 908w ow
Zone 18 - - 22142W ow
Zone 19 - - 20733wW ow
Zone 20 - - 12754W ow
TOTAL 146220W 70288W 121506W 39485W

F
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3.4 Swimming Pool Dehumidification System

In accordance with thBernierequation[5] the evaporated mass flow per halefines
the dehumidification capacity needed by the sygfEable 3.31).

Table 3.9. Dehumidification needs

Swimming Pool Pool for activities

Dehumidification needs 86,45kg/h 25,50kg/h

In order to fulfill our dehumidification needs, a softwakveloped by Sedical, a kka
ing company in energy saving used todo a more accurate selection, taking inte a
count other factors given by the experience of this company in the figlthtantedop
levels of comfort allyear round

Taking intoconsideration thepecific requirementsf the project, a system thdelu-
midify, cool, heatandrenewthe ambient air whilst simultaneously heating the pca! w
ter free ofcharge is chosen.

The Dry-Pool dehumidifier isan air and/or water cooladachinewith hermeticscroll
compressorand R410Arefrigerant gashat has beedesigned to meet all theecess
tiesof the swimming pooknvironmentThanks to the use of the refrigerant circuit, the
air treatment energy loads are drastically reduéedauxiliary hot water coilis in-
stalled after the condensing cdihat is suppliedvith a motordriven threeway valve
and balancing valve on the bypass branch completely manageaudibsoprocessor.

Air Conder\lsing Coil
Expansion Valve ‘\‘
Evaporating Coil l"\ \

\e
|llll
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Figure 3.9. Dehumidifier diagrams
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The Figure 39 shows aschematicdehumidifier with some of its mairconponents
compressor, evaporay and condensing coiendthe expansiorvalve. It is possible to
heat the siimmming pool water by recovering all tlmergygenerated during the deh
midification phase, leading to a noticeable reduction in the\watdr heating costs.
In the diagram (b) the water coil is not operating and the refrigerant only flows through
the coil intended to heat the air, providing 100%hefrecovery heat directly to the pool
air. In the diagram (c) it is shown the opposite case, where the water coil is responsible
for heating the water from the pool

The eraporation coilhascopper pipes and copper firgyaranying reliability even
in aggressive environments such as the swimming podhe diagram (a)kre are two
condensing coils designed paralle| about 45% of the recovery heat is removed in the
water coil, and 55% in the air coil.

The @eration is simple, the air from the pdtdws through the evaporator where it is
cooled and dehumidified by condensing water. The condensation heat generated is used
to heat the same air in the condensing coil and the water from thel'heaehumidif

er is capable to distribute the refrigerémthe coil responsible for heating the air or the

one responsible for heating the water, but it is possible to heat only the air if the extreme
conditions require it.

The difference with a conventional air/air chiller is that the chiller would be alded

the air and dehumidify it but losing 100% of the condensation heat dissipating to the
environment. A dehumidifier uses 100% of the condensation heatr&duseryheat

from condensing coils is source of residual ergy tha the SpanishTechnicalBuilding
Code[12] considersn order to reduce th@inimum solar contribution.

Figure 3.10. Different dehumidifiers models
















































































































































