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Xi

NOMENCLATURE
COP : Coefficient of performance
h . Enthalpy(kJ/kg)
hm : Enthalpy of the mixture (kJ/kg)

I : Current (amp)

m : mass flow rate (kg/sec)

= : Total pressure (kPa)

Oe . Refrigerating Effect (kJ/kg)

Qe : Refrigeration Capacity (kW)

T : TemperaturéQ)

Te : Evaporation temperatui@)(

Te : Condensation temperatde) (
\Y > Volt

wW : Compression work (kJ/kg)
1] : Phase angle

SUBSCRIPTS

Cc : Condenser

e : Evaporator

m : Mixture

t : Total
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ABBREVIATIONS

. Air conditioning
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. American Society of Heating and air ditioning engineers

: Chlorofluorocarbon

: Direct current

: Depth of discharge

: Global Warming Potential
: Hydrocarbon

: Hydrochlorofluorocarbon
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. Liquefied Petroleum Gas

: Maximum power point

: Ozone Depletion Potential

: Photovoltaic cell

. Start Light Ignition

GREEK

. Clearance volumetric efficiency

: Specific volume of vapor entering tmenpressor (1ikg)
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THE PERFORMANCE OF SOLAR POWERED AIR
CONDITIONING UNIT USING LPG AS REFRIGERANT

By
Anas Mustafa Farraj

Supervisor
Dr.Mahmoud. Hammad

ABSTRACT

The main purpose of this experimental study is neestigate the performance
changes of a one ton split air conditioning unibmpeplacing R22 with LPG refrigerant
and in the same time powered with solar energyeatstof mains electricity. It is
knowing that A/Cs power consumption have a largarestof total building energy
sector. The environmental effect of HCFC's on OzZiDepletion necessitates the use of

a refrigerant to replace R22.

The performance of one ton split unit powered watilar energy was investigated
experimentally. In this work, the refrigerant udadt was R22 and then replaced by
LPG (a mixture of propane 30% and butane 70%).rAmiiter using DC from batteries
was used to power the usual air conditioning UP@rameters such as COP, Capacity,
mass flow rate of refrigerant and power of the coeagor, evaporation temperaturge T
and condensing temperaturgWere dependent parameters performance curves2dr R
and LPG were presented. Comparisons between tlawmampters were also made when

the solar energy was used as the source of power.
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Xiv

Experimental results show that solar energy systismg deep cycle batteries with

inverter is an attractive substitute for the maiower; the performance curves indicated
an acceptable performance of the unit.

For the high consumption of energy compared witat thenerated by the 12-PV

modules used, cut off and cut in voltage was erpegd by the system. Also the results
showed that there was no difference in the perfoo@af the unit when using the same
refrigerant and changing the source of power frominsito solar power. LPG was

found to have lower COP compared to R22 by 40%. rEiselts indicated that using

LPG as refrigerant is more suitable than R22 windar power system is used.
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CHAPTER ONE

INTRODUCTION

In 1987, the Montreal Protocol, an internationaliesnmental agreement established
requirements for the worldwide phase out of ozom@eting HCFCs, so the research in
the air conditioning field has been actively engh¢e reduce the emission of gases
related to the ozone depletion and greenhouset effet the researchers began to find

alternatives refrigerants.

Alternative refrigerants must have suitablggital and thermodynamic properties,
chemical and thermal stability, good miscibilitytivthe used lubricant low toxicity and
low flammability. Hydrocarbon refrigerants are cilesed as a good alternative to

replace R22.

Many experimental studies were conducted testigate the performance of HC
refrigerants in refrigerators, A/Cs and heat purygtesns, and they found that using a
mixture of propane (R290) and butane (R600) ittt alternative to replace R22. The
only problem is flammability of HC and this may mmoring when the amount of

charge of HC in the system is so small.

This work studies the performance of an air cooditig split unit with one ton

capacity when it is powered by solar energy andacépg the refrigerant R22 with a
mixture of propane (R290) and butane (R600) cdlle@ experimentally and compares
it with the performance of the split unit when psiR22 under same conditions. The

optimumamount of charge of LPG for a one ton of refrigeratA/C unitwas found
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experimentally. The effect of the variation of pairm solar energy on using R22 and
HCs mixtures was investigated. The dependent Mariabre listed as: cooling capacity,
refrigeration effect, power, compressor exit terapge, mass flow rate of refrigerant,
and COP. Air supply temperature, the evaporatiomptrature (J), condensing

temperature (J), room temperature and ambient temperature weye as independent

variables.
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CHAPTER 2

LITERATURE REVIEW

CFCs and HCFCs are widely used as refrigerants iincanditioning and
refrigeration system. They provide the charactegsand properties need for good
performance. However they are not environmentalgntlly as they have a damaging
effect on stratosphere ozone layer. This damagdiiegtevas the incentive for scientists
and engineers to search for substitutes that do have those bad effects on

environment.

During the last few years several researchksvbave been conducted to study the
physical and thermodynamic properties, system padace and environmental effect

for different alternative refrigerants.

Here the work of some researchers on the subpé refrigeration and air
conditioning and their efforts to find the enviroemally safe alternative refrigerants

for the used refrigerants will be shown.

Abuzahra (1994) investigated experimentally thefggerance parameters of methane
gas when it replaces R22 in a window-type air chmging unit of 17000 Btu/h (1.4
ton).The performance parameters investigated inwbek are cooling effect, COP,
work of compression, mass flow rate per kilowattobling capacity, cooling capacity
and the evaporator air outlet temperature. All perirs for the refrigerants used are
plotted versus variable values of evaporating teatpee and the charge quantity of

LPG at constant condenser temperature ofG35Then these parameters are compared
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with those of the original refrigerant R22 to dexitlit is suitable or not. The unit was
charged with 120 g of methane. All measurement® wadten at seven different values
of Te. The methane cycle used in that work did not reéhetsaturation region; it cooled
and heated the superheated gas. The results adHe indicated that methane gas
cannot be used as alternative refrigerant for R2this type of air conditioning units
due to compressor overheating which makes the wbdompression very high while
the cooling effect is very small. This results ivexy small value of the coefficient of
performance. The liquefied petroleum gas, LPGJds ased in the work as replacement
of R22. Six different charge quantities of the LR&re used in the work with
300,400,450,500,550and 600 g for each charge; alhsorements were taken at
different values of & He concluded that the optimum charge quantithefLPG is 500

g at which the coefficient of performance is thetkend the air temperature coming out
from the evaporator is the nearest to that when R22sed, also ascTincrease the
values of g, COP, Q and, Thcrease while the value of W amid decrease either when

R22 or LPG is used.

Purkayastha and Bansal (1997) studied experimgrtadl performance of hydrocarbon
refrigerants propane and liquefied petroleum gd3dL mix as suitable replacements
for refrigerant R22. Experiments were carried ouat a laboratory heat pump
refrigeration test apparatus with maximum heatiagacity of approximately 15kW. It
consists of semi-hermetic compressor, thermose&tgansion valve, a receiver and
accumulator. The secondary heat transfer fluid water in the condenser and glycol-
water mixture in the evaporator. The experimengsancarried out with R22, HC-290,

and LPG mix using the test facility as heat pumgying the evaporating temperature
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(-15 to +15°C) while maintaining a constant condensing tempeeaat 35, 45 or 5%C.
The test data were recorded for each condensinge®ure and corresponding
evaporator temperature. In the case of a mixtuee d¢bndensing or evaporating
temperature was calculated by averaging the buidile and dew point temperatures.
Their investigated parameters including the CORumetric refrigeration capacity,
condenser capacity, discharge temperature, powet to the compressor and the mass
flow rate of the refrigerant. They found that CORhwhydrocarbon refrigerants (HC-
290 and the LPG mix) is higher than R22 about 18% H% at T= 35°C and £ =
3°C, for volumetric refrigeration capacity R22 offeigher volumetric capacity than HC
refrigeration, the volumetric capacity of the LP& Mhigher than HC290 but for
condenser capacity HC290 is seen to offer lowedenser capacity than R22 and the
LPG mix. Also they found that the discharge tempeewith HC-290 and LPG mix
was much lower than with R22 over the entire ramfggperation, for the mass flow rate
the refrigerant R22 was higher for about 50% arh 4dan HC-290 and the LPG mix.
They concluded that HC refrigerants performed bettan HCF22 but with small loss
of condenser capacity, also they found that théopaance of the specific LPG mix
was better than HC290 at higher condensing temperabut poorer at a lower
condensing temperature. The study reveals that ((Ri&ture of propane, ethane and

iIso-butane) can be a good refrigerant in heat prafrigeration application.

Hammad and Alsaad (1998) studied experimentally ghgormances of domestic
refrigerator when four ratios of propane, butand &obutene are used as possible
alternative replacements to the traditional R-1&igerant. They used domestic
refrigerator with capacity 320 |, the compressoeduss of reciprocating, hermetically

sealed type with displacement volume of 83crihree type of experiments were
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performed, the evaporator temperature variatiort, tdse condenser temperature
variation test and the cooling rate test. The gefiator was charged and tested with
each of four hydrocarbon mixtures that consist 60% propane, 75%propane-
19.1%butane- 5.9%isobutane, 50% propane -38.3%dtarY% isobutene and 25%
propane — 57.5% butane- 17.5% isobutene. They tige¢sd the evaporator capacity,
the compressor power, the COP and cooling rateactaistics. They found that the
hydrocarbon mixture with 50% propane - 38.3% butaf#&.7 % isobutane is the most
suitable alternative refrigerant with the best parfance among all other hydrocarbon
mixtures investigated. Also results show that gefration's capacity, mass flow rate,
compressor power and COP increase whenintreases for all mixtures. They
concluded that 100% propane mixture has the higl@&SP values among all

hydrocarbons tested; no problems have been engednigth the compressor. Also no
degradation of lubricating oil could be detectetbrathe refrigerator worked for about

4000 h using the same oil.

Chang and Kim (1999) investigated experimentallg trerformance of heat pump
system using hydrocarbon refrigerants, single carmapb hydrocarbon refrigerants
(propane, isobutene, butane and propylene) andybmitures of propane/isobutene
and propane/butane are considered as working flunda heat pump system and
compared with that of R22. They used for the expent an apparatus which is
composed of major components;, compressor, conderesgransion valve and

evaporator and auxiliary devices for circulatingl aontrolling the temperature of the
secondary heat transfer fluids. The cooling capaaitd (COP) at several compressor
speeds and as a function of condenser inlet temypesaof the secondary heat transfer

fluid are presented. The experimental work shovirad tooling capacity increase with
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increasing the compressor speed while COP decraé&s®e,R1270 has a comparable
cooling capacity to R22 and the cooling capacityr@B0 is 14% less than that of R22
at a compressor speed of 1100 rpm. R1270 and R2@® & slightly higher COP than
R22 while R600a and R600 show lower cooling cagaaitd COP than R22 with
variation of compressor speed. When they repredarueling capacity and COP with
condenser inlet temperature they found as the teahye increase the cooling capacity
and COP decrease and R1270 and R290 have highertt@@HAR22 but its lower for
R600 and R600a compared of R22. For refrigeranttures they found as the
concentration of R290 increases the cooling andirge@apacity increase. For mass
percentage of 50% of R290 in R290/600a mixture dbeling COP is enhanced by
about 7% and the maximum increase occur with 119R&00/600 at composition of
75/25 by mass percentage. They concluded that itgaacl COP of R1270 are slightly
greater than that of R22 which is an indication aofpossible alternative for air

conditioning and heat pump application.

Hammad and Tarawnah (2000) studied the performah2e ton split air conditioning

unit when it replaces R22 with mixture of both méand propane with different ratios.
The percentage of propane was used as a variaBle, d@mpressor exit temperature
and evaporator pressure were taken as dependéaileail he unit was replaced by five
different hydrocarbon mixtures which are 100%, 90%%, 50%, and 40% of propane
with percent of butane .The mineral oil, naphthaléased oil, which was used with
R22, was also used with the hydrocarbon mixturdisexeriments were performed for
the purpose of comparison at constant evaporaimgerature around°C. They found

that the mixture of 90% propane gives equal presasrR22 with higher COP while the

mixture of about 60% propane gives equal COP, dwet pressure. The capacity and
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compressor work decrease with propane percentagease. Also they investigated that
the evaporation pressure increases with the inereishe propane percentage in the
mixture, while the R22 evaporation pressure coesidvith that of 90% propane

mixture. They concluded that all mixtures of propaand butane can be used as
possible alternative refrigerants to R22 and 1006pane mixture has the highest COP
values among all hydrocarbons. They selected 908pame mixture to be the most

suitable alternative refrigerant to R22 based ithddgher COP and equal saturated

pressure match without any modifications or adjestts were made to the A/C.

Jawad (2000) studied the performance of domedfigeeator when R12 was replaced
with mixture of propane /butane (50%/50%). Theigefrator was charged with four
different charge amounts of the mixture. The penmmce of the best charge quantity
was compared with that for R12. The results shothatithe best performance was for
90g charge mass and it gave 15% saving in inpuepo@OP of 4.75 atclof 33°C, T

of -15°C and T, of 18°C was obtained which is higher than that of R12102%. He
concluded that hydrocarbon blend of propane/bu{&fé0) is an attractive substitute

for R12.

Sleiti (2001) developed a computer algorithm talgtthe performance of two ton split
A/C unit working on R407C. The algorithm coveredhbtheoretical and actual vapour-
compression cycles. He used Matlab software versitrio build the equations for the
following properties, enthalpy, entropy and specifolume in liquid and vapor phases
as function of pressure or temperature for satdrgperties and as function of
pressure and temperature for the superheated fiespef the refrigerant. Polynomial

of the third order was used for saturation and shgsed properties, while a second
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order polynomial was used to represent the supetiemthalpy. He compared between
the theoretical vapor- compression cycles and tteahcycle. Volumetric efficiency,
mass flow rate, compressor discharge temperatehegeration capacity, compressor,
heat rejection rate and COP the parameters werestigated and compared for
theoretical and actual cycle. The results shows ttievolumetric efficiency increases
as T increases for constant &nd decrease as ihcrease for constant &nd there is a
slight difference between the volumetric efficienaly theoretical and actual cycles.
Mass flow rate, compressor power, capacity, hegctreand COP increase with
increasing T but exit temperature reduce. Also exit temperatammpressor power
increase with increasing. but mass flow rate, capacity, heat rejected an& @€crease
as T increasing. He concluded that the computationallehcan be helpful in testing
the refrigeration systems using the mixture, thé?Gf@nd the same for theoretical and
actual cycle with a deviation ranged from 3% to 18%@ results indicated that the

refrigerant R407C is a suitable replacement for R2&/C split unit.

Nofal (2004) studied the performance of chest earhen a propane/butane mixture
is used as substitute refrigerant to R-134a. Tisé dlearge quantity is determined and it
performance was compared to that of R-134a. Thdtseshowed that LPG refrigerant
has higher COP than R-134a by 20%, lower refrigamatapacity and slightly lower
power consumption. He concluded that it is succéssée of LPG mixture as an

alternative refrigerant to R-134a in chest freezer.
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Devotta et al (2005) studied the performance of.28 kW window air conditioner
designed for R22 when it replaced with R-290 (pr®)a The performance of air
conditioner with R-290 is compared with the perfarmoe of R22. The air conditioner
was tested in a chamber consists of two rooms wdlesjze, one on evaporator side and
the other on condenser side. The conditions o&ithim both rooms were done using the
dehumidifiers, air heaters and humidifiers for @peg in lower and higher conditions.
The A/C was charged with R-290 without changing iail the compressor. Also
simulation of computer model "EVAP-COND" was usedietermine the capacities of
the evaporators and the condenser with R22 andORT2tey concluded that R22 gave a
cooling capacity of 5.085 kW for the lower opergticonditions and 4.111 kW for the
higher operating conditions. For R-290 it was 616%er cooling capacity for the lower
operating conditions and 9.7% lower for the higbeerating conditions with respect to
R-290 .The energy consumed by the system with R8¢ lower for all operation
conditions than R22 because of lower pressure srafiv R-290 than R22. The
coefficient of performance for R-290 was 7.9% higtier the lower operation
conditions and 2.8% higher for the higher operatiagditions. The decrease in COP at
higher operating conditions is due to decreasesat transfer rates in the condenser and
the compressor performances.R-290 had lower digehpressures than R22 in the
range 13.7-18.2% for all operation conditions anespure drops of R-290 were lower
than R22 for all tests .Also simulation results @@&+290 had lower cooling capacity
with range 7.2-13% for all operation conditions &waporating pressures for R-290 are

lower in the range 2.1-3.3% than R22.
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Park and Jung (2006) studied the thermodynamic opeence of two pure
hydrocarbons and seven mixtures composed of pno@y{R1270), propane (R290),
HFC152a and (RE170, DME) in residential air- coiodiers. These fluids all have no
ozone depletion potential and also offer relatively GWPs of less than 60 and hence
can be used as long term candidates. Heat pumpcajtacity of 3.5 kW was used in
the experiment; the evaporator and condenser wareufactured by connecting eight
pieces of pre- manufactured double tube commepids in series. Both evaporator
and condenser were designed to be passed throaghrér tube while the refrigerant
flowed through the annulus; water was used asdhenslary fluid for both evaporator
and condenser. Various performance characteristitBe refrigerants were measured.
Experimental results showed that COPs of all adive refrigerants are up to 5.7%
higher than that of R22 except that the COP of R1i270.7% lower than of R22.
Propane showed 11.5% decrease in capacity as cethfmaR22 while R1270 showed
5.8% increase in capacity. 50%R1270/50%R290 and R®@/40%R152a showed
almost the same capacity as that of R22.All altéradluids tested in the study showed
11-17°C decrease in compressor discharge temperaturelama 55% decrease in

charge compared to R22.

Jabaraj et al (2006) studied the possibility of ngsiHFC407C/HC290/HC600a
refrigerant mixture as a substitute for R22 in adew air conditioner and to evolve an
optimal composition for the mixture. HC blend calesied of 45.2% of HC290 and
54.8% of HC600a. They conducted experiments fomihaures containing 10, 15, 20,
and25% HC blend by weight in HFC407C and they retelas M10, M15, M20 and
M25. The experimental setup consists of a roomrcag&ier, a window air conditioner

of 1050 W capacity and instruments. The walls olhnacalorimeter were insulated with
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glass wool; in order ton maintain the heat inftiva to be less than 5% and inside the
room there was a heater with 2 kW capacity to beocasce for cooling load . The
condenser surface area was increased by 19% fonittares to control the increase in
discharge pressure and maintained it within 27 he charge quantity, the capillary
length and diameter, the mixture composition and tondenser length were the
variables in the experiment. The condenser inletemperature was varied from 30

to 45°C in step of 5C whereas evaporator inlet air temperature wagddrom 21°C

to 29°C in step of 2C for each condensing temperature. Firstly thenogiticapillary
and optimal charge were found for R22 and thenp@rdormance study of the system
was carried out for various sets of condenser amgbagator inlet air temperatures,
secondly the optimal capillary and charge wereiedrfor the mixtures and also the
system performance study were repeated with migtuk10, M15, M20 and M25 .
They concluded that COP of M20 is 8.19 to 11.15%hér than that of HCFC22 at
various condenser inlet air temperatures and theepoonsumption of M20 was 2.34 to
10.45% higher than that of R22 also the oil miditibiof M20 with mineral oil is
ascertained. So among the mixtures considered Mitddabe the best choice for R22
window air conditioners without changing the mineria

This work will concentrate on using solar energyaasource of power to compare the
performance of R22 and LPG, an optimum amount afrgd of LPG (propane and
butane) at 30%, 70% respectively for a 1 Ton ofigefation A/C unit without
modification will be found. The effect of variatiaf power from solar energy on using
R22 and LPG will be investigated. The variation refrigeration effect, cooling
capacity, compressor power, compressor exit teryeraCOP, mass flow rate of
refrigerant and heat reject with the evaporationperature and condensing temperature

will be investigated
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CHAPTER THREE

PHOTOVOLTAIC SYSTEM

3.1 Solar Energy

Solar energy is classified as most important soafaenewable energy, while solar
energy is not being used as a primary source dfciuergy at the present time, a large
research and development were made to develop excalosystem to harness solar
energy and make it a major source of fuel energytiqularly for the heating and

cooling of buildings.

3.2 Conversion of Solar Energy

Solar energy can be converted directly into othwerforms of energy:
- Thermal process ( absorption of solar radiatiod aanversion of this
energy into thermal energy)

- Electrical process ( production of electricity bByopovoltaic or solar cell)

3.3 Solar Air Conditioning

Solar air conditioning refers to any air conditiogi(cooling) system that uses solar
power. This can be done through passive solar atideasolar such as photovoltaic

conversion (sun to electricity), or solar thernragy conversion
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3.4 Solar Collectors

Type of solar energy collection system can cliesbas:

1) Solar cell that produces DC electricity directlgrr the electromagnetic energy of
the sun

2) The system that produces low temperature therngabgn

3) The system produces high temperature thermal entrggenerate electrical

energy.

First system was used in this experimentive ¢he air condition its power, this

power is not constant and it changes over the day.

3.5 Types of Solar Cooling

* Absorption cooling
It was the first type of air conditioning used tjust the indoor climate; it's driven
by heat rather than electricity. Absorption is plnecess of attracting and holding
moisture by substances called desiccariie Desiccant removes most of air's
moisture making it seems cooler.

* Heat engine cooling
In this system solar collector are used to heawitrking fluid and the working
fluid can be used to drive a Rankine cycle heatren@ he system has to be

relative large in order to provide a useful amaafitooling

* Photovoltaic powered cooling

In this method, PV is used to generate power foc@nditioning systems
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3.9 Stand Alone PV systems

Stand alone PV systems are also known as autonosystesm. In a typical stand
alone PV system the DC electricity produced byrtfuelules is used to charge batteries
via solar change controller. If AC mains voltageléggnces are to be powered, this is
done via an inverter connected directly to thedvegts. The inverter used in stand alone

systems convert DC electricity to AC

3.9.1 Stand Alone PV system components

» Modules and arrays

The PV modules in a stand alone PV system mustugsdnough electrical energy
to power all the electrical appliances system. Fiemodules need to be configured
to match the system DC voltage, which is determibgdthe battery. System

voltages are usually 12 VDC or 24VDC and on larggtesn 48VDC. The operation

voltage of the PV modules in stand alone PV systamt be high enough to charge
the batteries. A 12 V battery needs a voltage of V4to charge it. The PV modules
must deliver this voltage to the battery after polsses/ voltage drop incurred in
cables and across charge controller. For a 12 ¥édyathis is 36 crystalline silicon

solar cells and for a 24 V battery this is 72 céis2*36 cell module connected in

series) with knowing that each silicon cell prodiieg@proximately 0.5-0.6 VDC.

» Charge Controller
The function of the charge controller is to protéa battery and ensure that is that
it has as long a working life as possible. Batteaee very sensitive to being over

discharge and over charging. The main functionshafge controller are to:
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1) protect battery from over discharge usually a lowltage disconnect (LVD)
disconnect the battery from the loads when battelyage reaches a level which
indicates it has reached a certain depth of digehar

2) Protect the battery from over charging.

3) Prevent current flowing into PV array at night

Charge controllers are rated and sized by the auweagnt and system voltage, so if

we have modules produce total current 20 amp td/ Zystem we increase the

controller amperage by a minimum of 25% becaudeybf reflection and the edge
of cloud effect to be the best choosing is 25 amg 24 volt charge controller,

There is no problem going with a 30-amp or larderge controller but with 24 V

controller.

= Batteries

The rechargeable batteries in stand alone PV sgsteeed to have large
capacity to insure long working lives under coradig of daily charging and
dicharging batteries which can do this are knowrdesp cycle batteries. Several

batteries together are usually reffered to as teiyadbank

Major Batteries type by application
- SLI or automotive are desighned to deliver heawaytisty currents for a
short period of time not for the cycle regime dcrst alone PV system or
deep cycle use so are not suitable. SLI batteags many very thin plates
with a large surface area densign to be dischaogenore than 1 to 5%
from full charge. Starting batteries are uauallfedaat "CCA" or cold

cranking amps, this mean they are not deep cydteries.
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- Deep cycle batteries which design to put 80% oir tbapacity time after
time without damage and have much thicker platen tB&l batteries.
Automotive batteries (SLI) can be severely damaifddeavily discharge
after time. Industrial deep cycle batteries cafte# lift

- Marine deep cycle batteries are actually hybrid fatidoetween deep cycle
and SLI

Also batteries can be divided by constructioto:

- Flooded, these batteries may be standard or thallsal maintance free

- Gelled, it contains acid that has been gelled. @kdantage of these
batteries is that it is imbossible to spill acideevif they are broken-the
disadvantage is that they must be charged at aeslmate and the current
must be limited to the manufacturer's specification

- AGM (Absorbed Glass Mat). AGM batteries are alsmetimes called dry.
These type of batteries act just like gelled, kan take much more abuse
and have several advantages over both gelled aoddtl. They cost 2 to 3
times as much as flooded batteries of same capacity

Capacity of Deep Cycle Batteries

The electrical storage capacity diastery is measured in amp-hours(Ah).
This indicates how many hours a specific current loa delivered by fully charged
battery before it is discharged. This can be cdedeinto watt —hour by multiplting
the battery AH by its voltage. This because at Idischarge currents more

electricity can be delivered by battery than ahhdgscharge currents.
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Battery Life
Charging and discharging a battery is known asimycthe battery and the
number of cycles batteries can withstand is knowntle batteries cycle-life.
Batteries should never be fully discharged. Foeepdcycle battery this is typically
80% depth of discharge. Less depth of dischargensnkest longer still and more

cycle-life for battery.

» Inverters in stand alone systems

Inverters are rated in watts and the nominal ratemlld be sufficient to power all
the AC appliances. Inverter must have low powersaamption in stand, high
efficiency and has a DC input range that takes mtoount changing battery

voltages

3.9.2 Stand Alone PV Systems Sizing
» Sizing stand alone PV arrays
Whpy = E /(G xn,)

Where:
Wpy = Peak wattage of the array (Wp)
E = The daily energy requirement in watt-hour (joad
G = Average daily number of peak sun hour in tr@giemonth for the inclination and
orientation of the PV array.
Total system efficiency can be calculated as fallow

Nsys= NpyX NpypgartX NecX MparrX N pist™> Oy

Where:

N, = 20% to account for the PV modules not operaainiglPP hence 0.8
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N ev.earr = 2% lOsses due to voltage drop in cables from Payao battery hence 0.98
N = 2% losses in good quality charge controllerdec0.98

N garr = 10% battery losses hence 0.9

N st = 2% losses in distribution cables from PV batterioad hence 0.98

N, = 10% losses in a good quality inverter hence 0.9

= Battery Sizing
The battery need to be sized to store not onlydaikrgy requirement, but also
several days extra. This is to provide energy duowver cast days. The following
formula can be used:
Q=(EXA)/(VXT Ry X M eape)
Q = minimum battery capacity required in amp+hou
E = the daily energy requirement in watt-hour
A = the number of days of storage required
V = the system DC voltage (V)
T = the maximum allowable depth of dischargéhefbattery
N = inverter efficiency
N e = the efficiency of the cables delivering the pofvem battery to loads
If there is an electrical appliance with ratimgyer consumption of 1000 W
So for four hour, then the daily energy consuompti 4 x 1000 = 4000 W
A= 1 for one day
V=24V
T = 0.9 the depth of discharge of the battery

v = 09
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l"[ cable = 097

Q = (4000 x 1)/ (24x0.9x0.9 x0.97) = 212 Ah

Battery with 212 Ah at 4 hour rate is seleced here because of 24 V systems, two
batteries 12 V were used. Each battery has rekdtiprbetween discharge time and the
nominal capacity ampere hour, this explains inlogtae of battery as figure or tables.

If four batteries is used then 106 Ah at 4 houe ratselected to give 24 V systems.
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CHAPTER FOUR

EXPERIMENTAL SETUP AND EXPERIMENTAL
WORK PROCUDRE

4.0 Introduction

Experimental work was divided into three parts hede below the details of these

parts of experiments.

4.1 First Part

In this part mains electrical power and R22 adgefant were used to study the
performance of the split air conditioner, it wasaed with 960g as mentioned
with manufacture, all performance parameters sueh capacity, refrigeration
effect, power, mass flow rate and COP were studsedependant variables. Time
from 10:00 AM to 5:00 PM evaporation temperature) (&nd condensing

temperature (J variation test were considered.

4.1.1 Specification of the Air Conditioning Unit
Table (4.1) below shows the specification of tlie canditioning unit used as
supplied by the manufacturer.

Table (4.1) Specification of air conditioning unit

Type Split unit (CHIGO)
Model KF-32GW/Ac

Voltage 220-240/50/1

Capacity 12000 BTU ( 3.5kW)
Power input 1250 W (cooling mode)
Operating current 5.6 Amp

Refrigerant R22

Indoor unit Three speed fan

Air flow 550 m’/h
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4.2 Second part

Here the usual split air conditioning unit was uséthout modification. Figure
(4.1) shows the solar system used to feed theoadlitoning unit with power; Inverter,
batteries and charge controller were used in tyssem to store the DC energy from
modules in the batteries and then to invert it @ power by inverter. R22 was used in
this part as a refrigerant, all performance pararsetvere conducted with variation of

time, Te and T. variation test.

Solar Energy

AC Power to air Solar Module
conditining unit

Inverter

= —1 |

Charge
Controller

Battaries
24 Volt

Figure (4.1) Solar system with inverter

4.2.1 Inverter

Inverter mass sine 24/1500-230V/50Hz with nombetery voltage 24 V, Low battery
volt switches off at 19V; +0,5V and low battery vslvitch on at 22 V with efficiency
92% and nominal capacity of 1200 VA and peak po2@00 VA was used in the

experiment.
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4.2.2 Battery

Two battery type OUTDO model OT120-12 deep cycladleacid with nominal
voltage 12V, rated capacity (1,3,10 hour rate) eqaah, 95Ah, 120Ah and initial

charging current less than 36 A. These specifinatare denoted by the manufacture.

4.2.3 Charge controller
A 30-amp charge controller model Prostar -3Giee PS-30M was used with system

voltage 24

4.3 Third part

In this part tests were performed on LPG mixtuith\golar energy, the same as the
second part, the air conditioning was evacuatea fR22. The system was charged with
(150,200,250,300,350,400,500,650g) of LPG mixtumred aall calculations were
competed to get the COP and this done to determineh charge quantity gives the
best system performance, then the pest one wagethand the same parameters were

studied as second part.

4.4 Instrumentation and Procedure

To determine the performance of the unit tbBowing parameters must be
measured: Temperature, pressure (low and high), epogonsumption and

refrigerant mass flow rate.
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4.4.1 Temperature Measurement
The temperature readings were measured by coppstasd thermocouples, type
K which was connected to a microprocessor. Thermpleowires were fixed to
eleven locations at which temperatures have to basored. Figure (4.2) shows

these locations.

Accomnmulator
evaporater

o- @% -8
compressor | | ®ﬁ %GD% @

condencer

capillary tube

filter

Figure (4.2) Measuring location of the testcainditioning
The thermocouples were fixed in certain pointshia system by a tape, then it well
insulates to obtain a good results. These poinshawn in figure (4.2) are:

1. Suction of the compressor T1

2. Discharge of compressor T2

3. Midpoint of the condenser T3

4. Outlet of the condenser T4

5. Inlet on the evaporator T5

6. Midpoint of the evaporator T6

7. Outlet of evaporator T7

8. Ambient temperature T8

9. Air temperature out of condenser T9

10.Inside air temperature T10

11. Air temperature out of evaporator T11
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4.4.2 Pressure measurement

Suction line of the compressor and discharge Ineetwo points were the pressure
was measured by using the pressure gage. The nmeppuessure device used in

this work is the refrigeration gage manifold.

4.4.3 Compressor power consumption measurement

Clamp meter and Voltmeter were used to measureuhent and the voltage of

the compressor.

4.4.4 Weight

A digital scale was used to weight the chargehef tised refrigerant. It has an

accuracy of one gram.

4.5 LPG Mixture

As mentioned by Jordanian petroleum refining siténternet, LPG bottle which is
filled there contains 30% propane and 70% butanenbhgs. Many charges were
used to determine the optimum charge. The resolvsthat the best amount of
charge of the propane and butane mixture is 4dbig.same A/C unit is used in the

tests of the two refrigerants.
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4.6 Experimental work

The following tests were carried out:
A- Solar energy variation test

The intensity of solar radiation increasedach peak then it reduce, this variation
affect the total capacity power of the modules rseistem. This power store in the
batteries then it changes through the inverter @pdwer. In this test temperature at
eleven locations, pressure and power consumptioe veeorded with time variation
from 10:00 to 19:00. The state at each point ingy&em can be determined from
these data. The test was done for air conditioomge with R22 and the best charge

of LPG (420 g) once.

B- Evaporation and condensation temperature variatiortest

In order to decrease the values of the conddesgperatures, water was sprayed
through the fins by using small fan over the corsgenin order to increase the values
of condenser temperatures speed regulator wastosgtdnge the speed of condenser
fan motor , so as the condenser fan motor speeddsce then the condenser
temperature increases. Whegwias constant Jvariation was conducted by reducing
the indoor fan speed. During the period qf variation, the temperature reading,
pressure and power consumption were recorded. rdlagon between Jvariation
and all parameters at many constant condensatiopei@tures was used to get the
relation between Jwith all parameters ateWwas constant. This done because it was
difficult to control the evaporation temperaturecanstant value and changing the

condensation temperature.
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CHAPTER FIVE

THEORETICAL PRESENTAION AND
MATHIMATICAL ANALYSIS

5.1 Refrigeration Cycle

The vapor- compression cycle is the most wideskyd refrigeration cycle in practice.
In this cycle a vapor is compressed, then condetsedliquid, following which the

pressure is dropped so that fluid can evaporaadat pressure.

5.2 Compression Refrigeration Cycle

Vapor compression cycle consist of four maiartg which are evaporator,

compressor, condenser, and expansion valve agalled in Figure (5.1)

ST
1EF'“—"!'
-]

N

Evaporator

Condenser

Compressor

Figure (5.1) Air conditioning main part

( Kotza International — Lbéhe- 05130 Tallard
kotza@kotza .com)
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In this study the pressure loss in both the coretesusd the evaporator were neglected

Temperature

1 to 2 = Compressiaon of wapar

2to 3 = “apor superheat removed in condenzser

3 to 4 = Yapor converted to liguid in condenser

4 to 5 = Ligquid flashes into liguid + vapor across expansion valve
Sto 1 = Liguid + vapor converted to all vapor in evaporstor

Superheated
Wapar

Saturated

b Saturated
Liguid + “apor apor

Emtropy

Figure (5.2). Temperature- Entropy diagram for id@gor compression cycle.

1-2 Compression from around saturated vapord@timdenser pressure

2-4 Rejection of heat at constant pressure, cawdgsgperheating and condensation of

the refrigerant

4-5 Expansion at constant enthalpy from saturiqed to the evaporator pressure

5-1 Addition of heat at constant pressure causuageration to around saturated vapor

5.3 Energy Balance

An energy balance and certain performance parametn be derived from the

first low of thermodynamics. Applying the steadipw equation for the first law of

thermodynamic at each part of the vapor compressjole the following equations

can be derived:
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* Compression (power consumption of compressor)
W= (hp-hy) (5.1)
* Condenser ( Heat reject)
Q24 = (hx-hy) (5.2)
e Expansion valve
hy = hs
* Evaporator (capacity)

Qs1=m (hy- hg) (5.3)
The heat rejected in the condenser must eéheasum of the heat absorbed in the

evaporator and the work of compression.

5.4 Coefficient of Performance (COP)

The coefficient of performance (COP) indicatee performance of a refrigeration
system. A high coefficient of performance is dddgabecause it indicates that a given

amount of refrigeration required only a small antaefrwork.

COP = __ Refrigeration effect (5.4)
Net work utp
cop= h—h (5.5)
h2 - hl
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5.5 Cooling Capacity

The heat removed from the space is the coolpgcity of the unit and it depends
on the actual mass of refrigerant circulated pérafrtime m. It can be calculated from

the following equation in kW

Q=m (h-hs) (5.6)

5.6 Mass flow rate of Refrigerant

This represents the amount of flow of refrigeramtkg per second and we can
calculate the flow rate if we know the power conption of the compressor in (kW)

and A h of compression process as below, and both ®Ealctand mechanical

efficiencies of the compressor (. , N.)

m= energy consumption in kW (n.x 1n,) (5.7)
hhy

n.X n, =0.8, This value was considered because thesingw

The mass of flow controls the capacity and powguirement more directly than the
volume rate of flow. The mass rate of flown kg/s, through a compressor is
proportional to the displacement rate in liters gecond and the volumetric efficiency

and inversely proportional to the specific volunigas entering the compressor

nvc/
m = displacement rate %/100 (5.8)
VSUC

As the suction pressure drops, the specific volemiering the compressor increases

and this reduces the mass rate of flow at low ensdjmy temperatures.
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5.7 Refrigeration Effect

Heat absorbed in the evaporator (indoor unit) fioside door air per one kg of

refrigerant flow is called the refrigerating effeft) and equals:

8= h-hs (5.9)

5.8 Properties of Refrigerant

In this research we compared the performance dfigmt with capacity one ton by
using the refrigerant R22 once and LPG mixture @8O® and R600 (30%/70%) as
alternative of R22 when the unit powered by solargy, here Table (5.1) below, the

most important properties for these refrigerangsstmown:

Table (5.1) Thermodynamic and chemical propertes22, R290 and R600
(ASHREE 1993)

Refrigerant R22 R290 ( propane) R600 ( butane)
Chemical formula CHCIF CHs;CH,CHs CH3CH,CH2CHjs
Boiling point(C) -40.76 -42.07 -0.5
Freezing point {C) -160 -187.7 -138.5
Critical temperature {C) 96 96.8 152
Critical pressure ( bar) 4974 42.54 37.94
Latent heat of vapor (kJ/kg)

233.51 423.3 386
at one atmosphere pressure
ODP 0.05 0 0
Temperature glide’C) 0 o | -
GWP 1700 ~20 ~ 20

www.manaraa.com

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



32

Molecular weight ( kg/kmol) 86.47 44.1 58.13
Miscibility with lubricant oil
Good good good
( Mineral oil )
Toxicity Non — toxicity
Reaction with water Low which is good
Availability Available Available Available

These thermodynamic and chemical propertiedforrefrigerant compared of R22

are considered for HC to be good alternative refagt for R22 and this reduces

environment effects ozone depletion and global virgmAlso energy consumption of

the system with HC is lower for all operating cdrmadi than with R22 by more than

10%. This made driving the system by solar eneoglget more effective (Devotta and

Padalkar, 2005) and (Jabaraj and Narendran, 2006).

5.9 Energy consumptions

Rating power consumption for any device is the amhofi power consumes from

the device by motors and electric equipments sadlglts and resistances in running

mode and this amount of power is more less tharepoeed to start the device.

Rating Power in watt (Energy consumption)\=cos &

and:

Power (kW) =m W =m (h; - hy)

(5.10)

(5.11)

The power by using power meter can be measuretllscomes easy to calculate the

mass flow rate of the refrigerant.
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5.10 Calculations

In the following subsections the different refrigion quantities and parameters

calculated are represented and discussed.

5.10.1 Enthalpy calculations

In order to calculate refrigeration parameter eyehthalpies at different location in
the cycle have to be calculated first.

For R22 temperature and pressure values are enouwgliculate the enthalpy at any
location in the cycle using R22 saturated and $\gaged tables

One way to calculate the enthalpy of mixture ofd_fpropane and butane) is to
calculate first the enthalpies of its main constitis (propane and butane) and then
calculate the enthalpy of the mixture using thegbapies and the mass fraction of
each constituent in the mixture.

Table (5.2) Mass fractions of Propane and Butand>@ mixture

Mole Molecular Mass Mass
Component
fraction weight (kg/kmole) fraction
Propane 0.36 441 15.87 0.3
Butane 0.64 58.13 37.2 0.7

Hence the enthalpy of the mixture of 30% / 70%nhgss at any state may be
calculated using the mass fraction of each mateviach is 0.3 (propane), 0.7

(butane) using the following equation:

hm = 0.3 I +0.7h, (5)12

Where R and hy are the enthalpies of propane and butane respBctiv

www.manaraa.com

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



34

To calculate pand h we need to define the partial pressure for eachpoment as
follows:

P (propane) = 0.36 % P (5.13)
P (butane) = 0.64 x;P

Where Ris the total pressure of the mixture

At point 4 where refrigerant leaving the condendiee, enthalpy was considered as
saturated liquid enthalpy at that pressure.

Also there was a difference in temperature of gefiant when it was leaving the
evaporator and entering the compressor, this isgrgaoccurred because of losses
through some parts of copper pipe. Prime sign veasl o represent the point of
exit evaporator so enthalpy was represented, 'dsrhleaving evaporator and for
entering the compressor.

Because pressure drop across capillary occurrddoeitistant enthalpy, sa#hs

5.11 Sample Calculation for the Mixture:

A sample calculation is presented for the 420 gtuiméxcharge at time 11:45 for day
history performance of LPG as shown in appendix A

Suction pressure = 0.152 Mpa

Discharge pressure = 0.586 Mpa

Exit température of evaporator = 42

Inlet temperature of the compressor =°C5

Outlet temperature of the compressor 267

Condensing temperature = 39

Outlet temperature from the condenser 2G4

Evaporating temperature = 1G
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Compressor current = 3.4 amp

Voltage across the compressor= 230V

hy'm=0.3h+ 0.7 hy

P, =P x0.36

P,=0.152 x 0.36 = 0.05472Mpa

So from the P h chat of propane at T2C2and P= 0.05472 Mpa
h'p = 920 kJ/ kg

Py= P x 0.64= 0.0973 Mpa

From the P h chart of butane at T=C2and P=0.0973 Mpa
hi'b= 700 kJ/ kg

hi'm= 0.3 x 920+ 0.7 x 700 = 766 kJ/kg

And the same procedures for all h then:

him= 773.3 kJ/kg

hon=853.5 kJ/kg

hyn= 554 kJ/kg = B

COP= (R'm-hsm)/ (homrham) = 2.643391521

Qe = (h'm -hsm) =212 kJ/kg

Power consumed by compressor = Vx | x 0.9=230x33%03.8 W

W= (hy-h;) =80.2 kJ/ kg
Power consumed by compressonmx. X 1, =m X (h-hy)

m= (0.7038x 0.8) /80.2 = 0.00702 kg/s

Q= m (hy'm -hsm) = 0.00702% 212=1.49 kW
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CHAPTER SIX

RESULTS AND DISCUSSION

The aim of this research is to investigate and @mbetween R22 and LPG as a
refrigerant when the air conditioning powered wéblar energy. First a comparison
should be made between the performances of ditf@terge quantities of the LPG to
find out the best mass to be charged in the aiditioning unit. All performance
parameters for the R22 and LPG are plotted veimes of day (Day history), also the
performance parameters withariable values of the evaporating and condensing
temperatures Jand T. respectively were conducted. The performance petens
investigated in the present work are: cooling effeoefficient of performance, mass
flow rate, cooling capacity, heat reject, power suomption and exit temperature of the

compressor.

6.1 Charge Quantity

Seven different LPG charge quantities were charged their coefficient of

performance was calculated. This part of the erpami was conducted at time when
the ambient temperature was A®. Figure (6.1) shows the variation of the COP with
the seven different selection 200, 250, 300, 390, 400, and 650g. The best charge

will found was about 420 g.
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Figure (6.1) Coefficient of Performance vs. @gaQuantity of LPG

The air conditioning was run along the day withas@nergy using R22 once and the
best charge of LPG another tinfgince the source of solar energy is variable atbeg
day and it stored in batteries and then it condgetwaeAC by inverter, shutdown occurred
many times along the day for the unit and thenrnettl to restart. Batteries have their
full charge when the voltage reaches 26.8 V andnwiheeaches 18 V the system
shutdown. Between the shut down time and resta tf air conditioning , batteries
were recharged, their voltage reached 25 V. Bateseem like storage tank fill with
variable energy, the variable energy comes fromniddules , when the output energy
was more than the input the system was shutdowenwthwas partly filled again the
system returned to restart. Fig (6.3) and Fig (6epyesent shutdown and restart time
for the air conditioning for R22 and LPG respediivdBecause power consumption
using LPG was more less than R22, the air conditgoremained running until sun set,

therefore continuous running also investigatedvertext day.
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6.2 Power Consumption of the Compressor for R22 andPG

Power consumption of LPG refrigerant was less tging R22 as refrigerant as shown

in the Fig (6.2) below, this indicate why using LR& a refrigerant is more effective in

the air conditioning unit , the unit remained imming for about 9 hour then it was

shutdown but for R22 the unit was shut downed &fteour .

©
©

©
[e0)
L

©
~
L

©
(e}
L

0.5

Power Consumption (kW)

0.4

& Power

consumption (kW)

R22
= Power

consumption (kW)

LPG

0.3

07:12

09:36

12:00 14:24 16:48 19:12
Time of day (hour)

21:36

Figure (6.2) Power consumption of the compre&soR22 and LPG vs. time of day
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| | | | | |11
10:00 1455  15:20 1555  16:20 36 17:.00 17:15 17:45 178510 18:13 Time

Figure (6.3) Shutdown &ebtart with time of day for R22 when powered veititar energy
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Figure (6.4) Shutdown and Restart witte of day for LPG when powered with solar energy
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6.2 Time of Day History Variation Test (R22) UsingSolar Power
6.2.1 Refrigerating Effect

Figure (6.5) represent the variation of refrigemateffect with the time of day for R22,

It is show that refrigerating effect decreasesetach the minimum value at 13:00, this
because Jincreased from the effect of ambient temperaturehvlheached the highest

value at the solar intensity peak time. Increadipgesults in increasing the enthalpy of
the refrigerant entering the evaporator. At theetiof shutdown and restart of the unit
which was represented by dark and white starsgesfition effect increased, the time
of restart and shutdown was not sufficient to rethehsteady state of the system, this

influence the performance of the system.

6.2.2 Coefficient of Performance

Figure (6.6) shows the variation of COP with tirok day. Since the COP equal
refrigeration effect divided by the work of comm@s®s and the last one increases when
T. increases, this explains why the COP will be mummvalue at the solar intensity
peak time. COP increased at 16:25 to reach 6 bedhesunsteady state of system as

mentioned previously.

6.2.3 Mass Flow Rate

Figure (6.7) shows the variation of mass flow I&gg's) with time of day, its equal the
power consumption of compressor divided by compoassvork in (kJ/kg), as the

compression work decreases, the mass flow rateases.
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6.2.4 Capacity

Variation was occurred to capacity along the dapcé refrigeration capacity equal
mass flow rate multiplied by the refrigeration etfencreasing the ambient temperature
which increase the ;Twill reduce the mass flow rate and refrigeratidfedt, this
explain why the capacity at mooring was higher tttan solar intensity peak time ,as
shown from Figure (6.8) the capacity between 11:0@0 almost between (2.7- 3.5)

KW.

6.2.5 Power Consumption

Figure (6.9) shows the variation of power consuomptvith time of day. As shown it's
decreased to minimum value then it returned toea®e, power consumption equal
mass flow rate multiply by deference enthalpy agrib& compressor, the curve shows

that the effect of mass flow rate is more thanatféd enthalpy deference.

6.2.6 Heat Reject
Heat reject is the heat rejected to the environaldnyt the condenser, this variation of
heat reject was occurred because of mass flow vatation, it is reduced to the

minimum value at the solar intensity peak timeltasas in Figure (6.10)

6.2.7 Compressor Exit Temperature

Figure (6.11) shows that the discharge temperatgreased to maximum value at solar
intensity peak time, since the ambient temperaitucesase, this rises the condensing

temperature and the pressure ratio.
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Figure (6.8) Cooling Capacity vs. Time of the dayR22, solar energy
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Figure (6.10) Heat Rejection vs. Time of the dayR@2, solar energy
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Figure (6.11) Compressor Exit Temperature vs. Tafe day for R22, solar energy
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6.3 Time of Day History Variation Test (LPG) UsingSolar power

In these tests the performance was conducted fmdays because the unit in the first
day started at 10:00 and it was continued in rupriorsun set time, then shutdown
occurred. In the next day the unit started runrin@1:45 because there was insufficient
energy in batteries to start the unit, the perforoeaof the unit also was conducted in

the next day and figured.

6.3.1 Refrigerating Effect

Figure (6.12) represent the variation of refrigerateffect with the time of the day
using LPG, It is shown that refrigerating effectid@sed to reach the minimum value at
15:21, the minimum value shifted to left of solareinsity peak time in the first day and

the unit was shutdown at sun set time, the samavilmhwas occurred in the next day.

6.3.2 Coefficient of Performance

Figure (6.13) shows the variation of COP withdiwf day. COP reached minimum

value at 14:00 with 2.25. The same performanceosasrred in the next day.

6.3.3 Mass Flow Rate

Figure (6.14) shows the variation of mass flove rig/s) with time of day, it remained

almost constant along first day, slight variati@eurs in the next day.

6.3.4Capacity

Slight variation is occurred to capacity along ttay as shown from Figure (6.15) the

capacity between 11:00-14:00 was almost 1.75 kWth&nnext day and because of
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instability of the system because of shutdown asstart of the unit the capacity is

increased.

6.3.5 Power Consumption

Figure (6.16) shows the variation of power consuomptvith time of day. As shown
the power increased becauséritreased when the ambient temperature increased t

it returned to decrease.

6.3.6 Heat Reject

The variation of heat reject was slight, it in@ea in the next day when the unit started

to shutdown and restart as shown in the Figurer§6.1

6.3.7 Compressor Exit Temperature

Figure (6.18) shows that the discharge temperaderreased after 16:00, since the
ambient temperature started to decrease whichaeso the condensing temperature

and pressure ratio.
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6.4 Evaporating Temperature Variation Test for R22 andLPG Using
Solar Energy.

6.4.1 Refrigerating Effect

Figure (6.19) and Figure (6.20) represent the tianaof refrigeration effect with theeT

for R22 and LPG respectively, the tests show thal.ancreases the refrigeration effect
increases when  Tremains constant, this because whenntreases enthalpy at exit
evaporator increases slightly while the enthalpyhef refrigerant entering the capillary
tube remains constant. Also as shown in the figthesrefrigeration effect for LPG is

higher than R22.

6.4.2 Coefficient of Performance

Figure (6.21) and Figure (6.22) shows the vamatwf COP with T. COP for R22
refrigerant was higher than LPG and it increasesTascreases for both because

refrigeration effect increased and work of compmsseduced.

6.4.3 Mass Flow Rate

As shown in figures (6.23) and (6.24) and refgyiim equation (3.8) the mass flow rate

increases asc¢lincreases at constanthis because the specific volume decreases.

6.4.4 Capacity

The capacity of the unit using both R22 and LP@&gefant increases as ihcreases as
shown in figure (6.25) and figure (6.26) since misw rate and refrigeration effect
increased. The capacity using R22 is higher tha@,l2® T. = 5°C at constant Tc =

40°C the capacity using R22 was 4 kW while it was uStkWw for LPG.
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6.4.5 Power Consumption

Figure (6.27) and Figure (6.28) represent the tiarniaof power consumption withel
As Te increases the power consumption increases. Ttisates that the effect of mass

flow rate is higher than work of compression

6.4.6 Heat Reject

Figure (6.29) and Figure (6.30) represent the tiariaof heat reject with I As Te
increases the heat reject increases because masgafe increased, its effect was more

than deference enthalpies across the condenser.

6.4.7 Compressor Exit Temperature

The compressor exit temperature reduces aacfeases because teduced when

increased as shown in figure (6.31) and figure25.3
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6.5Condensing Temperature Variation Test for R22 and PG Using
Solar Energy.

6.5.1 Refrigerating Effect

Figure (6.33) and Figure (6.34) represent the tianaof refrigeration effect with the.T

for R22 and LPG respectively, the figures show @l increases the refrigeration
effect decreases when. Temains constant, this because whenntreases enthalpy
entering the capillary tube increases while theh@ply of the refrigerant exit from
evaporator remains constant. Also as shown in itheds the refrigeration effect for

LPG is higher than R22 at constant T

6.5.3 Coefficient of Performance

Figure (6.35) and Figure (6.36) show the varratad COP with T. COP for R22
refrigerant was higher than LPG and it decrease3.ascreases for both because

refrigeration effect increased and work of compmsalso increased.

6.5.4 Mass Flow Rate

Figure (6.37) and Figure (6.38) represent tation of mass flow rate with.Tor
both refrigerantsit decreases as:Tincreases because the difference between the

enthalpy across the compressor increased.

6.5.5 Capacity

The capacity for two refrigerant decreases as Gieases as shown in figure (6.39) and

figure (6.40) since mass flow rate decreased dnideeation effect also decreased.
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6.5.5 Power Consumption

Figure (6.41) and Figure (6.42) represent theatian of power of compressor in (kW)
with respect of , the power increases ag ificreases; this shows that the effect of
work of compression @ih;) was more of the mass flow rate for that the power

increased.

6.5.6 Heat Reject

Heat reject decreases asificreases as shown in figure (6.43) and figurd4(6for

both refrigerants since mass flow rate decreased.

6.5.7 Compressor Exit Temperature

Figure (6.45) and Figure (6.46) represent the exmpressor temperature with. The

exit temperature for both R22 and LPG increasés awreases.
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6.6 LPG Time of Day, T and T, Variation Tests Compared to that of
R22

A- Time of Day Variation Test

In this test the variable parameters that were ected on the time between restart and
shutdown of the unit when it started shutdown asdart because of insufficient power
from solar system were represented as a pointearctirves for both R22 and LPG.

They were considered as a shutdown region in theesu

6.6.1 Refrigerating Effect

Figure (6.49) represent the variation of refrigemraeffect with time of day for R22 and
LPG, it shows that the refrigeration effect in Kg)/ for R22 using mains power and

solar power approach to each other, the refrigevadffect using LPG was the highest.

6.6.3 Coefficient of Performance

Figure (6.50) shows the variation of COP withdiof day for LPG and R22. COP for
R22 refrigerant was higher than LPG. COP for R2Bgisolar energy was almost the
same as using mains power but the deference happpédren the system start shutdown

and restart.

6.6.4 Mass Flow Rate

As shown in figures (6.51) the mass flow rateR@2 was higher than LPG, variation
of LPG was almost constant, for R22 using solarggnand mains power the mass flow
rate approach to each other. Sharp increasingppemed for R22 when solar power

was used and the unit restarted and shutdown becéusstability of the system.
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6.6.5 Capacity

The capacity of the unit using R22 was higher thBf; it is reached 2.9 kW for R22

and 1.5 kW for LPG at 14:00 as shown in figure 2§.5

6.6.6 Power Consumption

Figure (6.53) represents the variation of powersocomption. The power consumption
for using R22 as refrigerant was higher than LR that the unit run from 10:00 and
the first shutdown was occurred at 19:00 when LR wsed but for R22 it run from

10:00 to14:55

6.6.7 Heat Reject

As shown in figure (6.54) the heat reject for R&igher than LPG, it is seen that the
variation of heat reject for R22 using solar powes almost the same as using mains

power.

6.6.8 Compressor Exit Temperature

The compressor exit temperature for R22 is highan PG as shown in figure (6.55).

For R22 using mains power the exit temperaturéghtshigher than using solar energy.
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B- Evaporating Temperature Variation Test

6.7.1 Refrigerating Effect

Figure (6.56) represent the variation of refrigemateffect with respect toclfor R22
and LPG, it shows that the refrigeration effect f®G is higher than R22 because the
enthalpies of LPG is higher than R22, also it cansben that refrigeration effect for

R22 using solar and mains power look the same.

6.7.2 Coefficient of Performance

Figure (6.57) shows the variation of COP withfdr LPG and R22. COP for R22
refrigerant was higher than LPG and it increase3ascreases for both, also COP

using solar power and mains power was approacado ether.

6.7.3 Mass Flow Rate

As shown in figure (6.58) the mass flow rate iases as Jincreases at constant. T

The mass flow rate for R22 was higher than LPG.

6.7.4 Capacity

The capacity of the unit using both R22 and LP@&gefant increases asgificreases as
shown in figure (6.59). The capacity using R22ighkr than LPG, atJ=5°C and E
= 45°C the capacity using R22 with solar energy was 4 kwhile it was 3.8 kW for

R22 using mains power they approach to each otitéobLPG it was just 0.8 kW.
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6.7.5 Power Consumption

Figure (6.60) represents the variation of powersocomption with respect toeTAs Te
increases the power consumption increases. Therpmmsumption of the compressor

for either using solar power or the mains poweksoihe same.

6.7.6 Heat Reject

It can be seen from figure (6.61) that heat rej@ntreases whengTncreases for R22

and LPG.

6.7.7Compressor Exit Temperature

The exit temperature of the compressor decreas€Esiasreases for both refrigerants as

shown in figure (6.62).
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Figure(6.56) Refrigeration Effect vs. EvaporgtTemp for R22 & LPG atE 45°C
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C- Condensing Temperature Variations Test

6.8.1 Refrigerating Effect

Figure (6.63) represent the variation of refrigerateffect with respect to.Ilfor R22
and LPG, it shows that the refrigeration effectrdases asclincreases, also it was for

LPG higher than R22. It look the same for R22 eitlgng solar or mains power.

6.8.3 Coefficient of Performance

Figure (6.64) shows the variation of COP withfdr LPG and R22. COP for R22
refrigerant was higher than LPG and it decrease$.ascreases for both, also COP

approach to each other for R22 either using saarp or mains power.

6.8.4 Mass Flow Rate

As shown in figures (6.65) the mass flow rate dases asclincreases at constant. T

The mass flow rate was higher for R22 than LPG.

6.8.5 Capacity

The capacity of the unit using both R22 and LPGigefant decreases ag ificreases

as shown in figure (6.66). The capacity using R2@igher than LPG.

6.8.6 Power Consumption

Figure (6.67) represents the variation of powersaomption with respect to.TAs T;
increases the power consumption increases. It ldtaksame for R22 either using solar

or mains power
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6.8.7 Heat Reject

It can be seen from figure (6.68) that heat rsjeleicreases when ihcreases for R22

and LPG.
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CHAPTER SEVEN
CONCLUSION AND RECOMMENDATIONS

7.1 Conclusions:

From the experimental results which were perforaued calculated and due to
discussion several conclusions can be reached:

1

The best method to use solar energy is by stotimg ithe batteries and then

inverts it to AC using inverter.

2- LPG refrigerant has consumes less power than Rzbbyt 35% and this gives
advantage for using LPG as refrigerant becaussingsolar energy

3- Good performance was produced when solar energyisexsinstead of usual
mains power for air conditioning , it was effecfadt when the air conditioning
start to shutdown and this happened because abitist

4- The performance of the unit looks the same forgisither mains power or
solar power; this was investigated when compangas conducted for R22 for
mains power and solar power.

5- Wight of quantity charge of LPG refrigerant was mtass of R22 by 44%

6- To increase the running time of air conditioningtutne quantity power store
must be increased; this can be done by increasamgumber of batteries of
system, also this increase the battery life becthesdepth of discharge will
reduce.

7- The initial cost for solar system is very high hesmmodules, inverter and

batteries are expensive, but its life cycle cosé@sonable, for expected life is

more than 20 years
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7.2 Recommendations:

Following recommendations are sight by this work:

1- It is easy to use the P.V. generator to powercanditioning units, so it is
recommended that such generators to be installedaakages to power other
appliances.

2- More study is to be carried out to use DC corsgues or open type compressors
driven with DC motors to produce good performarmeréfrigeration cycles. This
may assist to take direct energy from the modulgsowt need for batteries and

inverters
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APPENDIX A

DATA TABLES
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Table (A.1) Measured Data for R22 Using Usual @owith Variation of Day Time (Day History)

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 P1 P2 I

Starting | Comp | Comp | Mid Out In Mid Out | Airin | Airout | Airin | Air Out | suc dis | Comp| Comp
Time inlet exit Cond | Cond | Evap | Evap | Evap | Cond | Cond | Evap | Evap

9:35 23 91 30 23 9 12 16 25 31 22 11 44 23b 210 4
10:00 25 98 31 22 8 14 15 27 36 23 10 51 23b 2108 4
11:00 24 103 32 22 8 12 14 30 38 24 12 o1 245 210 5
11:30 24 104 32 24 8 11 14 29 39 25 13 51 245 2109 4
12:00 27 109 34 24 11 15 15 32 38 26 14 58 215 216.5
12:40 27 112 35 25 11 15 15 33 39 28 13 59 2%0 216.5
14:10 28 109 35 30 11 15 15 33 39 29 14 58 280 216.4
14:40 26 108 35 32 10 14 14 33 40 27 9 o7 280 210.3 5
15:10 22 104 33 31 8 12 8 33 39 27 10 52 275 2103 5
16:00 22 100 32 22 11 13 15 22 30 24 10 45 235 2la
16:30 18 92 30 20 9 11 12 20 30 24 14 45 23b 210 4
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Table (A.2) Measured Data for R22 Using Usual ®oat Constant J= 30°C

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 P1 P2 Vv I
Comp | Comp | Mid Out In Mid Out | Airin | Airout | Airin | Air Out | suc dis | Comp| Comp
inlet exit | Cond | Cond | Evap | Evap | Evap | Cond | Cond | Evap | Evap
20 95 30 27 2 6 14 22 27 24 13 35 175 210 4.1
15 95 30 25 -1 2 10 22 26 23 9 33 175 210 4
13 96 31 25 -5 -2 7 24 26 21 6 33 175 210 4.07
9 94 31 25 -7 -3 5 20 27 20 0 31 170 210 3.9
Table (A.3) Measured Data for R22 Using Usual ®oat Constant J= 35°C
11 95 35 35 -1 -1 -1 31 33 20 5 45 180 210 4.3
10 96 35 34 -5 -3 -3 30 33 20 2 40 175 210 4.25
6 96 35 35 -5 -5 -5 28 36 22 0 40 170 210 4.2
-1 94 35 35 -7 -7 -10 28 37 20 -3 35 170 210 4
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Table (A.4) Measured Data for R22 Using Usual ®oat Constant J= 40°C

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 P1 P2 Vv I
Comp | Comp | Mid Out In Mid Out Airin | Airout | Airin | Air Out suc dis Comp | Comp
inlet exit Cond | Cond | Evap | Evap | Evap | Cond | Cond Evap Evap
8 98 40 37 4 4 3 26 39 20 7 50 235 210 5.1
7 98 40 36 3 3 2 26 39 19 5 48 225 210 5
6 97 40 35 2 2 1 26 39 20 4 46 220 210 4.9
-2 98 40 36 -3 -2 -4 26 40 20 -2 45 220 210 4.8
Table (A.5) Measured Data for R22 Using Usual &oat Constant J= 45°C
18 105 45 43 4 5 5 31 47 23 6 53 240 210 5.3
18 107 45 44 5 3 3 32 44 20 6 48 230 210 5.1
11 106 45 44 -1 0 0 32 47 21 4 45 225 210 5.0
8 106 45 43 -3 -2 -2 32 47 19 1 36 220 210 4.9
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Table (A.6) Measured Data for R22 Using Solaergy with Variation of Day Time (Day History)

Date 12-8-2008 R22 Day history (Full battgrdischarge Solar Ergy

Condenser Evaporator Psi Compressorl  Battery | Solar
Time [T, [T Ts |T4 [Ts [T T; [Ts [Te [T |[Tu P. | P4 | |V | |V [Rad
10:00 Starting
10:15| 19 75 |35 29 26 32 6 2 3 25 3 53 | 200 |5.05 19.0| 25.2 | 842
10:30| 21 85 |37 31 28 34 10 3 5 25 6 57 | 210 |4.95 19.4 | 25.1 | 871
10:45| 21 83 |35 31 27 32 8 3 2 25 5 55 | 215 |5.1 20.0 | 25.0 | 895
11:00| 21 81 |35 29 28 33 1 0 0 24 1 50 |200 |5.0 20.4 | 24.9 | 930
11:40| 19 84 |34 30 27 33 8 3 4 25 5 55 210 | 4.6 21.5|24.8 | 1017
12:15| 22 80 |34 33 29 34 6 3 3 25 5 55 210 |5.1 21.6 | 24.4 | 1027
12:30| 25 89 |39 35 32 37 1 0 1 25 4 54 | 210 | 4.8 21.7|24.1 | 1032
13:00| 9 89 |40 36 33 39 1 1 1 25 5 48 |200 | 4.8 21.8|23.9 | 1004
13:40| 21 86 |42 40 36 40 8 3 4 25 6 56 |210 |45 21.1|23.6 | 958
14:00| 19 87 |36 34 |31 36 0 0 0 25 5 51 | 210 |4.66 20.8 | 23.3 | 931
14:15| 14 80 |32 31 30 34 -1 -2 -2 24 2 49 |200 | 4.6 20.0 | 22.9 | 880
14:30]19 |84 |36 |33 |29 |34 |1 |0 |0 |24 |4 52 | 210 | 4.88 | 2%° [10.6]22.6|867
14:40| 16 79 |34 30 28 33 0 -1 -1 24 6 50 |200 |45 18.7 | 22.1 | 837
14:50| 10 81 |33 31 30 34 0 -1 0 24 6 50 |210 | 4.8 18.5|21.3 | 831
14:55 Shut down |(Off) 18.1| 18.1 | 800
15:20 Start (On) 16.4 | 23.4 | 734
15:25| 18 65 |31 29 30 32 7 3 2 25 8 47 200 | 4.5 15.1|23.0 | 676
15:40| 22 73 |34 30 28 32 9 2 3 25 7 53 | 210 |4.65 14.8 | 22.7 | 643
15:50| 23 76 | 32 28 28 32 7 2 3 23 4 52 | 210 | 4.6 14.6 | 21.6 | 629
15:55 Shut down (Off) 13.0| 18.1 | 610
16:20 Start (On) 11.8|22.7 | 510
16:25| 24 55 |30 29 29 32 8 2 4 23 6 49 |210 |5.1 10.6 | 22.2 | 466
16:30| 23 65 |31 29 29 32 6 2 3 22 5 50 |210 |5.0 9.2 |21.7|352
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16:35 Shut down (Off) 8.3 [18.1]309
17:00 Start (On) 6.8 |22.5]282
17:10/27 |55 |30 [32 |27 [32 J10 |1 |3 |25 |5 |45 [200 [4.9 6.3 |22.1]251
17:15 Shut down (Off) 4.7 [18.1]245
17:45 Start (On) 225 [36 [21.4]215
17:50/23 [45 |30 |30 [27 [31 |7 |3 |4 |23 |6 |42 [200 |4.66 3.3 |20.9 209
17:55 Shut down (Off) 29 |18.1|186
18:10 Start (On) 2.6 [21.4]123
18:12[22 |42 |30 [30 [28 |31 |6 [2 |3 |22 |5 |42 |200 [4.7 2.1 |20.8]119
18:13 Shut Down (OFF) 1.5 [18.1]113
Table (A.7) Measured Data for R22 Using B&laergyat Constant J= 30,35,40,45 and 61C
Date: 30-7-2008 R22 Sobmergy Constant condensing temperature
Condenser Evaporator Psi Compressorl Battery | Solar
T, [T [Ts [T4 |[Te |To T, [Ts [Te [T |Tu S v | V | Rad
29 |8 [30 |[31 |30 |34 14 |0 0 23 10 45 | 145 | 4.0 20.1 | 25.3 | 1000
30 [83 [29 [30 |30 |32 11 |1 |1 |23 9 40 1140 [39 |95 [19.9/25.0]970
26 |81 [31 |31 |31 |33 7 2 |2 |24 8 37 |160 [ 3.8 18.1]24.4 | 915
27 |79 [30 [31 |31 |33 7 |5 [-6 [24 1 35 [165 [4.1 18.9 | 24.3 | 840
27 |70 [35 [34 |32 |36 14 |4 9 26 12 52 215 |5.0 17.7 | 25.4 | 935
26 |80 [35 [34 |32 |38 11 |3 6 25 9 60 |225 [5.2 17.6 | 25.3 | 915
25 [82 |36 |35 [32 |[38 15 |3 5 25 6 55 | 220 [5.4 |225 [17.4]25.3]905
1 78 |35 [35 [32 |36 -13 [-10 [-12 [24 4 30 |[200 [5.2 17.1]25.3 | 900
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28 84 41 38 32 42 10 5 6 23 8 60 |250 |5.6 16.8 | 25.0 | 880
26 86 40 38 34 42 8 3 4 23 5 59 245 |53 16.4 | 25.0 | 860
24 88 40 39 34 42 4 2 2 24 3 55 | 255 |5.8 |225 |16.0|24.9 840
1 88 40 40 34 43 -12 | -10 |[-12 |24 1 35 225 |49 16.0 | 24.8 | 825
25 91 45 41 34 45 9 4 5 23 6 60 |250 |5.8 14.7 | 24.6 | 795
24 93 45 45 34 49 3 4 4 24 6 61 |305 |[6.5 1431243772
13 90 44 44 34 49 3 2 2 24 4 55 |275 |5.6 |225 |13.5|24.2|740
-3 80 45 44 34 47 -11 |9 -11 |24 2 40 |275 |45 13.1|24.0 | 747
26 94 60 53 34 54 9 5 5 23 7 65 [325 |6.2 12.5|23.9 | 720
21 93 61 52 34 52 3 4 4 23 5 61 |320 [6.6 |225 |12.7|23.8|718
12 94 60 52 34 53 3 4 4 24 5 61 |325 |6.6 12.2 | 23.7 | 703
-3 85 59 49 34 51 -8 -6 -7 23 1 40 325 |49 12.0 | 23.7 | 689
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Table (A.8) Measured Data for Optimum Chaggantity of Refrigerant LPG

Date 13-8-2008 Propane + Butane (LPG) Qhray Quantity
\ Condenser \ Evaporator \ Psi | Compressor
(Ig\}/lrgsr,:) . | T2 T3 Ty Ts To Ts T7 Te T1o Tu1 P Py | \
200 30 70 35 31 29 34 18 0 13 25 17 16 80 3.4
250 27 80 37 32 30 35 10 3 9 24 12 23 | 100 | 3.1
300 13 65 29 33 30 36 10 4 10 24 12 26 | 100 | 34
350 14 55 36 29 29 37 9 4 10 23 11 28 | 110 | 3.2 | 225
400 18 55 36 29 32 36 10 4 9 23 12 31 | 110 | 3.0
500 18 52 37 31 32 37 12 6 10 23 13 32 | 110 | 2.9
650 21 49 36 30 30 34 13 8 13 23 14 33 | 110 | 2.8
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Table (A.9) Measured Data for LPG Using Solaefgy with Variation of Day Time (Day History)

Date 17-8-2008 (first day) ProparButane (LPG) Day history (Full Battey discharge) solar energy
Condenser Evaporator Psi Compressoll  Battery | Solar
Time [T: |T> [Tz [Ta [Ts | To Ts |T, | Ts [ Tio | Tu P. [Py |I |V | [V |Rad
10:00 Starting
10:30| 14 |54 |37 |30 27 33 7 12 14 26 15 22 |80 |2.8 18.1| 26.5| 881
11:00( 14 |57 |36 |32 28 34 8 12 13 25 14 23 |85 |3.15 18.9| 25.5| 892
11:30( 13 |58 |36 |32 28 34 8 12 14 25 14 22 186 |3.1 19.2 | 25.5| 930
11:45| 15 |57 |39 |34 30 36 8 12 13 26 15 22 |85 |34 19.2| 25.5| 965
12:00( 12 |56 |37 |31 29 35 8 12 13 26 15 25 |90 |35 19.4 | 25.5| 990
12:30| 15 |58 |37 |34 30 36 9 12 14 27 16 25 (90 |3.3 19.3| 25.4| 1010
13:00( 18 |59 |40 |37 35 39 9 13 13 27 15 25 |90 |3.3 18.5|25.3| 979
13:30| 28 |58 |45 |40 37 43 8 12 12 27 15 24 |90 |3.5 18.5| 25.2| 970
14:00| 25 |55 |44 |39 37 42 9 12 12 28 16 25 (90 | 3.5 17.9| 25.1| 925
14:30( 22 |58 |43 | 39 37 41 9 13 13 27 16 24 190 |34 16.6 | 25.1| 905
15:00| 16 |59 |42 |39 35 41 7 11 11 25 14 23 |95 [3.3 |230 [148[249]|874
15:30( 19 |59 |41 |39 37 41 7 11 10 24 14 21 (90 |3.2 12.0| 24.6 | 843
16:15| 15 |59 |45 | 39 34 39 6 10 10 24 14 23 |90 | 3.5 8.6 |24.3|680
16:45(14 |55 |41 | 36 34 38 6 10 10 24 14 21 | 100 | 3.2 6.9 |24.0|540
17:15|15 |54 |38 |34 30 35 6 10 10 23 13 20 (99 |3.1 7.5 |23.7|402
17:45|12 |55 |39 |33 29 35 7 11 10 24 14 21 (99 |39 2.8 |23.3|282
18:15(14 |52 |33 |31 28 33 6 11 10 24 14 23 |80 |3.3 1.8 | 22.9]| 144
18:30| 13 |51 |35 |31 29 34 6 10 10 24 14 20 (80 |3.2 1.4 | 225|100
18:45(12 |50 |35 |31 29 34 6 10 10 24 14 20 |80 |3.25 1.1 | 22.1|56
18:50| 14 |52 |38 |33 31 34 6 10 9 24 13 20 (85 |3.1 09 |21.4|45
18:55(14 |49 |34 |30 29 33 6 10 9 24 13 20 |80 | 2.6 0.8 |20.4|23
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19:00 Shut down (Off) 0.1 [18.0|7
19:05 Sun set 0.0 [21.8|2
19:10 Start (On) 0.0 |21.3|/0.0
19:15/16 |46 |34 | 32 28 31 4 14 10 25 15 20 |75 |3.0 230 |0.0 |20.7|0.0
19:17| 15 |48 |33 |32 26 30 3 11 9 24 14 20 |75 | 2.7 0.0 |18.,5/0.0
19:20 Shut down (Off) 0.0 |118.1|0.0
19:27 Start (On) 0.0 {21.8/0.0
19:30/-4 |44 [30 |26 [26 |29 |-2 |3 1 | 25 | 15 110 [75 |27 [230 |0.0 |21.6]0.0
19:35 Shut down (Off) 0.0 |18.1/0.0
Date 18-8-2008 (next day) Propane-Bue (LPG) Day history (Full Battery égscharge) solarexgy

Condenser Evaporator Psi Compressoil Battery | Solar
Time [T, [T, [Tz [Ta [Ts | To Ts [T [T [T | Tu PL [Ps [I ]V | V |Rad
11:45 Starting 20.0|24.2| 970
12:00/ 18 |58 |40 | 35 32 38 9 13 14 28 16 23 |90 |31 20.0| 24.1| 982
12:15| 17 |57 |39 |35 32 39 9 13 14 27 16 22 |90 |3.3 20.2| 24.0 | 1000
13:00/ 19 |60 |43 |39 34 39 9 13 14 27 16 24 |100 | 3.25 | 225 | 20.3|23.4| 1056
13:30| 20 |55 |44 |39 36 41 9 13 14 27 16 25 | 100 | 3.2 20.3| 23.2| 1043
14:00| 18 |58 |42 |40 36 44 9 13 14 26 16 25 | 100 | 3.4 19.8| 22.7 | 1000
14:30(19 |60 |43 |42 36 46 8 12 13 26 15 25 100 | 3.5 20.0| 19.5| 894
14:35 Shut down (Off) 0.0 |18.1| 887
15:05 Start (On) 18.1| 23.4 | 852
15:15|/16 |59 |41 | 36 33 39 8 12 13 26 15 25 | 100 | 3.4 295 17.8| 23.1| 843
15:401 17 |56 |38 |35 33 37 8 12 13 25 15 24 1100 | 3.2 16.5| 21.9| 840
15:43 Shut down (Off) 0.0 |18.1| 793
16:20 Start (On) 11.8| 24.2| 658
16:30/ 13 |55 |38 |33 32 36 8 12 13 26 15 23 |99 |33 295 11.0] 22.9| 635
16:40| 14 |55 |36 |34 32 36 7 12 13 26 15 25 199 |35 7.9 |21.7|601
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16:43 Shut down (Off) 7.0 |18.1| 550
17:30 Start (On) 4.6 |23.9]|325
17:40/15 |53 [35 |32 [32 |35 |14 |14 | 26 | 14 123 [80 [3.6 [225 [4.2 |[22.0]298
17:45 Shut down (Off) 0.0 [18.1|282
19:00 Start (On) 05 (23212
19:05/13 |45 |33 [29 [28 [31 (10 [9 (23 [13 |15 |75 |34 [225 [0.3 |21 [04
Table (A.10) Measured Data for LPG Using Solaefgg at Constant J= 30,35,40,45 and 6T
Date: 19-8-2008 Propane-ButaneRG) Solar energy Constaobndensing temperature
Condenser Evaporator Psi Compressor| Battery | Solar
LB T, T3 T, Ts To Ts T, Ts T1o T11 P Py [ V | V Rad
17 |49 |30 29 |30 36 9 13 |13 27 15 25 |75 |32 19.0| 25.4 | 1010
16 |52 |29 29 |33 36 7 11 12 27 13 20 |75 3.0 |930 |18.5|25.41010
15 |56 |31 29 |31 36 7 11 12 28 13 21 |80 |3.0 18.1| 25.3 | 1005
14 |57 |30 29 |36 39 1 04 |03 27 07 18 |75 |29 17.9| 25.3 | 1000
24 |56 |41 36 |38 |42 8 12 12 27 15 25 |88 (3.2 18.4| 25.2 | 953
20 |56 |40 37 |36 |40 7 10 |11 27 13 23 |87 |31 230 18.2 | 25.2 | 945
16 |53 |40 37 |36 |40 6 9 9 28 13 21 |90 (31 18.0| 25.2 | 935
13 |56 |40 39 |36 39 2 5 4 28 07 17 |86 |3.0 17.9| 25.2 | 929
18 |57 |45 39 |38 |40 8 11 11 24 15 24 |95 |33 14.4| 24.8 | 881
18 |56 |45 38 |36 |40 6 10 |10 25 13 22 100 [3.2 15.3|24.9 | 879
17 54 |44 |40 |36 |40 6 9 9 26 13 21 |100 (3.1 |230 |15.7|24.9|878
16 |59 |45 |40 |37 |42 3 6 5 27 8 18 |90 |3.0 16.6 | 25.1 | 877
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22 64 50 47 38 49 8 12 11 24 16 26 |130 |33
17 63 50 46 36 46 7 10 10 24 13 24 110 | 3.2
15 62 51 43 35 47 6 10 09 25 12 21 110 |31
14 58 50 46 38 49 3 05 04 27 10 15 |[115 | 3.9
28 61 60 55 37 48 13 17 16 26 19 25 140 |34
27 67 61 54 37 47 13 14 16 26 17 26 | 150 |3.3
18 65 61 53 37 49 13 11 14 26 16 25 | 150 |3.2
16 69 60 54 37 53 08 08 10 27 11 21 | 155 | 3.3

230

230

11.0

24.4

844

10.8

24.5

842

9.6

24.9

838

16.1

12.5

25.0

23.9

831

1000

12.7

23.8

1023

12.2

23.7

1067

12.0

23.7

1097
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APPENDIX B

REFRIGERNT PROPERTIES

TABLE AND CHARTS
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Refrigerant Properties 17.13
Refrigerant 22 (chlorodifluoromethane) Properties of Saturated Liquid and 8 d Vapor
Density, Volume,  Eathslm, Entropy,  SpecificHealc,, Velocity of Sound,  Viscosity, Thermal Cond,  gyrpece
Tmp Pressure, kym® mi/kg ki/kg k/(kg- K) kl/ikg - K) (o m/s pPars wW/(m+ K) Teasion, Temp,
oC  MPa Liqud Vapor Liquid Vapor Liqud Vapor Liguid Vapor Vapor Liquid Vapor Liquid Vapor Liquid Vapor mN/m °C
~150.00 — 115 - 2601 33585 0.0566 25752 - 0434 1.285 - 123, - - - = 37.59 -150.00
~140.00 — 16753 — 4384 304 0.1961 2422 - 0445 1.215 - 128, - - - P 35.70 - 140.00
—130.00 000006 1649.7 22929 - 57.00 34475 02916 23017 - 0458 1266 — 132 — - - - 13.84 - 130.00
~120.00 000023 16240 63648 €851 14938 0364 22033 — 0470 128 — 16 - - - = 300 -12000
~110.00 000074 15980 20311 7947 35411 0436 2120 — 0483 1250 — M. - - - — 317 -110.00
~100.00 000200 15717 82980 9024 35893 05027 20848 — 0497 1243 — " - - - — 2837 -100.00
-90. 0. 15451 36548 10095 363.82 05629 19982 1070 0511 1237 10M. 147, - - - - 26.59 -90.00
-80.00 001035 15183 17816 11L66 36875 06197 1958 100 0527 123 103 150, — - - - U8 -0
~70.00 002044 14911 094476 1236 37368 06138 19109 1012 054 121 %86 15— - 1280 = 2010 -T0.00
—60.00 003747 14636 053734 13300 37858 07253 14770 1076 0563 1231 921, 156. - - 1231 561 2139 -60.00
~50.00 006449 14355 032405 14391 38339 07748 18480  1.083 0584 123 890. 158. - - 118.4 631 19.70 -50.00
4300 007140 14298 029469 14608 38435 07844 18427 1.085 0589 1283 #L 19— - 1.5 644 19357 -80
-4600 007890 14241 026849 14825 38529 07940 1.B3%6 1087 05% 124 87 19 - - 1165 658 19.04 -46,00
—4400 008700 4184 024507 15043 38623 0.8035 18326  1.089  0.598 1235 862, 160. o - 1156 671 1870 -44.00
4200 009575 14126 022410 15261 367.17 OB13% LEZM 1091 0603 1236 83 16D — - 147 685 1837 -42.00
-4080b 0.10132 1409.1 02125 15393 38712 08186 16249 1092 0606 1237 84T 16D - - 14l 69 1818 -40.80
~40.00 0.10518 14068 020526 15480 368.09 0824 L8230 1093 0608 1237 84 160 — - 1138 698 18.05 -40.00
3800 011533 14000 018832 15699 389.01 08317 18184 109 0614 129 8. 6L - - ms 11 R -180
~3600 002623 13951 0.17306 15909 38993 08410 18140 1098 0619 1240 B 16l — - e 14 Ny
~34.00 0.43793 1389.2 0.15927 16140 39084 08502 130%  L.10I 0.624 1242 816. 161. - - 1111 13 1w
<1200 005045 13833 014680 16361 9174 08594 LS04 LI6 0630 1243 BV, TTI - 1ol 250 1674
-30.00 0.06384 13773 03551 165.82 392.63 08685 18013 1107 0636 1245 9T 12— - 1092 763 1642
~2800 O.A7815 13713 02525 168.04 393.52 08776 L7973 Ll0 062 1247 7M. 162~ - 084 176 1610
~2600 01930 13652 001593 17027 39439 08866 L7934 LIM4 0648 1249 79 M2~ - s 18 157
~24.00 02095 1359.0 000744 17251 39526 08955 17896 1117 0654 1282 70, M2 — - 066 802 —
-2200 02269 13529 0.09970 17475 39612 0904 17859 112l 0660 1254 760. 163 — - 057 814~
-2000 024529 1368 009262 177.00 39697 09133 1782 1125 0667 1257 75 163 2600 — M3 82—
_18.00 026477 13405 008615 17926 39781 0922 1787 1129 0674 1260 742 163 2547 I1LB 18 34—
~1600 028542 13342 008023 18153 39864 09309 17752 1133 0681 1263 733, 163, 2494 1L16 1031 85 -
C1400 030728 1379 000 181 19946 0937 1779  LI1F 0688 1266 T3 16 242 L4 1022 8§ —
C1200 033040 1215 006979 18609 40027 09484 17636  Ll41 0695 1260 T4 J63. 291 1R W13 8T —
~10.00 035482 13150 006520 18338 40107 09571 17653 L6 0703 1283 705 163. 241 1140 1004 38— !
~800 038059 13085 0.060% 19069 40185 09657 17621 LISL 070 1277 6% 6. 21 H4  BNs @ — !
—6.00 040775 13019 005706 193.00 40263 09743 L75%0 L1%6 0713 1.281 636. 163. 242 1% 98.7 I - .00
400 043636 ,"1195.3 0.05M5 19532 40339 09829 17560 L6l 07 1285 671. 163. 2194 1164 97.9 92 - g
~2.00 0.46646 12886 005012 197.66 40414 09915 17530 LI66 0735 1289 668 163 247 112 90 9B - !
000 049811 1281.8 0.04703 20000 40487 10000 L7500 LJI71  0.744 1294 658. 163. 210.1 1180 9.2 50 = 0.00
200 05313 412750 004417 23S 40559 10085 LTI 1177 0753 1299 649, 16 2056 I8 953 98— 00
400 056622 12681 004152 20472 40630 LOIT0 1743 LIB3  076 1305 0. 16 002 [1% %45 975 — 400
600 060279 12611 003906 207.10 40699 10254 L7415 1189 0772 1310 630. 163 1969 124 96 98 — 6.00
8.00 0.64109 12540 003676 20949 407.67 10338 L7387 1195 0782 1316 621 6. M6 1212 24 99 - 8.00
1000 068119 12469 003463 211.89 40833 L0422 17360 1202 0792 1323 61l 163. 1885 1220 noe w01 - 10.00
1200 07314 1297 003265 21431 40897 10506 1733 1208 0802 L3%0 602 16 1844 128 91 10283 - DO
1400 076698 12324 0.03079 21674 40960 (0590 17306 125 0813 137 502 6. 1805 1236 %3 1035 — M0
1600 081277 1250 0.02906 219.18 41021 10673 17280 123 0825 LM B3 162 1%66 M4 5 W04 — 1600
1800 086056 1217.6 002744 22163 41080 10756 17254 1230 0.837 1353 5. 162. 118 1R BT B = 18.00
2000 091041 12100 002593 224010 41138 10840 17228 1238 0849 1361 564 6. 1691 — 78 107 - 2000
200 096236 12024 00251 22659 41193 10923 L7202 146 0862 130 584 6. 1654 — 710 108 - 1w
2400 10165 11946 002319 22909 41246 11006 L7177 1254 0875 1380 160. 1619 — 862 108 — 2400
.00 10728 11868 002194 23160 41298 11088 17151 1263 0889 1391 535, 160. 1584 — 854 HK — 2600
800 L1314 11788 0.02077 B4 41346 LHTL 17026 1272 0904 1402 525 160. 1550 — 86 118 — B0
3000 LIS4 11707 0.019%68 23668 41393 L1284 17001 1282 0819 1413 SIS 19 1SL7 - $88 N~ 00
3200 12557 11625 001864 2925 41437 L1336 17075 122 0935 1426 506. 159. 1485 - 8o 142 - 32.00
3400 135 1142 001767 24184 41479 L1419 17050 1302 0952 140 496 IS 1454 — 022 UM -  MN
36.00 13398 11457 001675 444 41518 11501 17024 1313 0970 1454 486 IS8 23— 814 66 — 3600
800 14606 11371 001589 247.06 41554 LISB4 L6999 1325 0989 1470 476 157, 183 — 06 1B —- BN
4000 1541 11284 001507 4971 4IS87 L1667 16973 1338 1009 1486 46 156 1363 — 98 H% - 40
Q200 1603 11195 001430 25237 41617 L1749 16941 1351 1030 1S4 46 16— - Wy e - 24K
4400 L6892 11104 00087 255.06 41644 L1832 L6 1365 1052 154 46 IS5 T — - B M = HD
4600 17709 10012 0088 25777 41668 11915 16894 1380 1076 1545 46 14— - N4 1B — 60
4800 18555 10918 0.0123 26051 41687 11998 LeB6T 1396 102 158 @6 185 — - %6 123 — 4800
$0.00 19431 10821 001161 26327 41703 12081 16B40 1414 1129 1593 45 1B — - - - -~ %M
3500 21753 105701 001020 20031 41724 12291 L6768 1464 1209 1667 3. 10— - - = S
60.00 24274 10305 000895 277.56 41704 12503 16692 158 137 17€ 362 M8 — - - - - 6o
65.00 27008 1001.8 000784 28506 41665 12718 16610 1611 1435 LEES 335. 145, - - - - = 65.00
000 2997 9104 000684 29290 41569 1290 16518 1LT6 169 2064 306 M2 — = o = ]
75.00 33168 9353 000594 30118 41400 13169 16413 1B% 1B&2 234 26 18— - - - - 150
3000 36627 88 000511 31010 41L60 13413 1687 20% 2268 28 24 1M — - - - - B0
$5.00 40368 84501 000433 32005 40772 13630 16128 275 3439 1355 29. 1. - - - = o $5.00
9000 44416 7775 000055 398 40133 1398 15907 416 5041 5683 1M 1M — - - - =~ %00
95.00 48820 6654 000264 348.86 38746 a4y 15491 - - - — - - - - - - 95.00
9.14c 49900 5238 000191 6659 36659 14918 1498 = > @ 0. 0. - - o 000 914

*temperatures are on the 1TS-90 scale

¢ = critical point
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Refrigerant Properties 17.55
Refrigerant 290 (Propane) Properties of Saturated Liquid and Saturated Vapor
Vapor Janid Enthalpy, Entropy, : Vapor  Liquid Enthalpy, Entropy,
Toon Pk Wi, nl:qm K/kg k/(kg - K) s, - Powme m:,';. s Ki/kg KtkgK)
K MPa  m'/kg  kg/w’ Liquid  Vapor  Liquid  Vapor K MPs  w'/kg  kgm’ Liguid  Vapor  Liguid  Yapor
**§5.47 0.30E09 53716674, 73290 12492 69002 18738 83548 240 0.14800 0.29049  570.19 4207 86007 39605 5
%0 0.15E-08 11180892.  728.37 13356 69358 19723 8.0953 42 016041 0.26946  567.80 4672 86245  39M8 ST
95 0.75E08 2362188,  723.37 4313 69778 20158 T.B413 244 017361 025028 56541 45140 B64.83 39990  5.69%
100 0.32E-07 585463,  718.36 1524 10083 21743 76163 246 018761 0212715 56299 45610 86721  4.0182  5.68M
105 0.12E-06 166434 713.34 16237 70688 22682 74163 48 02026 021672  560.57 46084 86958  4.0373  5.6855
110 0.39E-06 53276.  708.32 120 L7 2381 1030 250 021819 020202 53812 465,58 87194 40563  S.6817
115 0.11E-05 18913, 703.29 181,73 71668 24443 7078 252 023483 018854  355.66 47036 81430 40753 SeT&2
120 0.31E05 73517 698.25 19146 TU8 25271 69343 254 025242 017614 55318 47516 BI6.64  4.0042  S.6748
125 0.76E-05 30959  693.20 20123 72698 26069  6.8051 256 07098 0.16474  $50.68 47998 87898 41130 56716
130 0.000018 139.6 683.14 21103 73227 26838 66883 258 129056 015423 548.16 43482 88130 41318 T 5.6685
135 0.000038 674.08  683.07 2088 73764 27581 65833 260 03118 04453 54562 489.70 88362 41505  5.6656
140 0.000077 M35 617.99 23077 74307 28300  6.4881 260 03388 013557  543.06 49460 88593 41692  5.6628
143 0.000149 18422 67250 24070 74857  2.8997 64018 264 035569 012727 54048 495.52  888.22  4.1878  5.6601
150 0.000274 103.41 661.79 25067 75402 29674 63231 26 037966 0.11959 53788 50447  B90.50 42063  5.6576
155 0.000484 60.504.  662.66 200 7592 30331 6.2529 268 040482 0.11247 53525 50945 89071 42M8  5.6551
160 0.000822 36.755  657.51 27078 76537 3.0971  6.1886 270 043120 0.10386 33261 51445  895.00 42433 56528
165 0.001347 23002 65234 28091 77106  3.1594  6.1304 275 050076 0.091219  525.87 52707  900.58  4.2893 56475
170 0.002139 14.979  647.15 20110 77680 32200 6.0775 280 0.58278  0.079054 51897 539.88  906.03 43349  5.64261
175 0.003297 9.9919 64193 301.34 78258 3279%  6.029% 285 067186 0.068737 51188 §52.87 91136 43804  5.6383
130 0.004945 6839 636.68 31166 78840 33377 5.9862 290  0.77063 0.059978  504.58 566.06 91654 44257  5.6343
185 0.007738 47946 63141 3203 79426 33946 59469 295 087971 0.052499 497.05 57947 92157 44709  5.6305
190 0.010354 34341 626.09 33248 80015 34503 59114 300 09973 0.046079  489.26 59311 92641 45160 5
195 0.014506 25100 620.74 343.01  806.08 35049 58793 308 L1314 040530 48117 607.01 93105 43611 56235
200 0.019934 18681 61535 353.61 81203 35586 58502 30 12753 0.035735 47076 621.18 93545 - 4.6062  3.6200
205 0.026912 14138 609.91 36429 81801 36113 58241 315 l;ﬂll 0.031549  46.97 635.66 93957 46516 56164
210 0.035741 1.0867  604.43 315.00 82401 36631 5.8005 320 1.6027  0.027881 45474 65049 94338 46971 5.61M4
215 0.046753  0.84713 598.89 385.94 83002 3742 59793 325 17876 0.024653  445.00 665.70  946.81  4.7431  5.6080
0 0.060307  0.66%02 593.29 3990 83604 37645  5.7603 330 19876  0.021794 434,65 68137 94979  4.78%  5.6030
25 0.076789  0.53470  587.62 40197 84206 38141 57433 335 22006 001947 42356 697.56  952.21 4838  5.5969
30 0.096607  0.43206  581.89 419.16 ' 84808  3.8631 57280 340 24362 0.016960 41155 71438 95392  4.8850  5.58%
2107 0101325 041333 S580.65 42151 84937 3815 5.7M9 345 26866 0.014888 398.35 73196 95471 49346  5.5803
3 0.10556 039788 579.58 42368 85049 38827 5T 350 29556 0.012985 38354 75052 95423 49861  5.5681
234 0.11545 0.36698  571.25 42824 85289 3802 57170 355 32445 0011206 366.37 77044 95190 50403 55516
236 0.12540 0.3389%  574.91 43283 85528 37 STL8 360 35551 0.0094896 345.34 79250 S46.56  5.099T 55277
38 0.13634 0.31358 57255 43744 85768 %12 5.7069 365 38902 0.0077145 316.22 81895 93515 51639  5.4883
*369.80 42420 0.00457 219, 8790 8792 530 5330
**Triple point 4 *Critical point
Viscosity, uPa+s Thermal Conductivity, mW/(m - K) Specific Heat, ki/ (kg * K) Velocity of Sound, m/s
Gas at Gas at Gas at
Temp., Sat. Sat. 0L} Sat.  Sa. 101335 Selilhwid | hel ¥mue = Guuiers Sat,  Sat 101325
K  Liquid Vapor kPa Liquid Vapor kPa €p €y €p ey Cp ¢y Liquid Vapor kPa
150 661 4.25 —_ 190.9 6.00 - 2.00 1.35 1.10 091 110 0.91 1649 185 -
160 554 *4.50 - 182.9 6.45 = 202 1.36 L4 094 .14 0.94 1575 190
170 467 4.74 - 174.6 6.99 - 2.04 1.37 117 098 L.17 0.98 1505 195 e
180 397 4.9 — 166.3 7.60 - 207 1.3% 1.21 101 L2 1.01 1436 199 g
190 327 5.25 —_ 158.2 8.29 — 2.10 1.40 1.24 105 124 1.05 1370 203 -
200 298 5.52 - 150.3 9.05 - 2.13 1.42 1.28 1.9  1.27 1.08 1306 207 -
210 265 5.80 - 142.8 9.86 — 2.16 1.44 1.32 L - 182 1243 210 -
220 236 6.09 - 135.7 10.72 - 2.0 1.46 1.37 .16 1.35 1.15 1182 213 —
230 207 6.39 =5 128.9 11.62 = 225 1.49 1.42 il 58 119 1122 216 -
231.08* 205 6.42 6.42 128.2 11.73 11.73 2.25 1.4% 143 RN 1.20 1115 218 218
240 186 6.70 6.66 122.5 12.712 12.52 2.29 1.51 1.48 1.26 1.43 1.24 1062 219 o]
250 169 1.02 6.93 116.5 13.84 13.40 2.4 1.53 1.55 131 147 1.28 1003 220 227 ﬁ
260 153 7.38 7.19 110.8 14.93 14.34 241 1.56 1.63 1.36  1.51 1.32 944 220 231
270 140 1.78 7.46 105.5 16.10 15.31 2.48 1.59 1.70 141 1.55 1.36 885 219 236
280 129 8.22 1.12 100.4 17.35 16.33 2.56 1.62 (181 147 159 1.41 826 218 240
290 19 8.70 1.9% 95.5 18.70 17.37 2.65 1.66 193 1.53  1.64 1.45 766 216 244
300 110 922 826 9.8 20.23 18.44 276 169 206 160 168 149 705 214 248
310 93.4 9.78 8.52 86.3 21.89 19.54 2.89 1.73 232 1.67 173 1.54 642 211 252
320 823 104 8.79 81.9 23.70 20.66 3.06 177 243 L.714 177 1.58 577 206 . 236
330 b 9.05 < Ty 25.64 21.79 3.28 1.81 2.72 1.82 182 1.63 509 198 260
340 61.6 117 9.32 3 21.71 22.96 3.62 1.85 3.12 1.90 1.86 1.67 437 188 264
350 511 <135 9.58 69.4 29.92 24.13 4.23 189 430 200 191 1.72 359 174 268
360 40.1 147 9.85 66.4 40.3 25.34 5.98 1.96 - “7.66 248 195 1.76 269 155 27
369.96° 288 288 10.11 ® @ 26.54 o o ™ @ 2.00 1.81 0 275
370 £ —_ 10.11 - - 26.55 = - = - 2.00 1.81 275
380 i - 10.38 - — 21.19 —_ — == -— 2.04 1.85 - 278
3%0 - - 10.64 — — 28.03 - e - — 2.08 1.90 — 282
400 e 10.90 = = 30.30 = = - S0t = = 285
420 — - 11.41 T o 32.87 - s — — 2.22 2.03 — o 292
440 = - 11.92 — —_ 35.50 — — e = 2.30 2.12 - o= 2%
460 - - 12.42 - = 38.18 - — - - 2.3 2.20 = = 305
430 - - 12.92 — — 40.93 — - - - 2.47 2.28 — - 3
500 — = 13.41 — - 43.73 - — - — 255 2.36 — e 317
“*Normal boiling point, Critical point. “Very large. TLarge. *Small
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Refrigerant Properties 17.57
Refrigerant 600 (n-Butane) Properties of Saturated Liquid and Saturated Vapor

Temp,  Pressure, Volume, Densiy L kg 1) Temp, Pressure, Volume, Density kifkg /(g K)
K MPa  wi/kg  kg/m’ Liguid  Vapor  Liqud __Vapor K MR o' kg’ Liguid  Vapor  Liguid  Vapor
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**Triple point *Critical point
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