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Abstract

Performance Study of Window-Type Air Conditioning Unit Using
R134a as an Alternative Refrigerant

By
Khalaf A. Al-Sirhan

Supervisor
Prof. Mohammed A.. Al-Sa’ad

The main purpose of this research is to test experimentally the performance
parameters of R134a, which is harmless to the ozone layer, when it
replaces R22 in a 5 kW window—type air conditioning unit. Then a
comparison between the parameters of the original refrigerant, R22, and the
new one, R134a, is made to decide if it is suitable or not.

Resuits of the present work indicates that refrigerant R134a can be used as
an alternative refrigerant for R22 in this type of air conditioning units with
optimum charge quantity around 660 g for the 5 kW unit capacity, but with
less capacity. The value of the coefficient of performance when R134a is
used is decreased by about 10%, while the reduction in the refrigerating

capacity is 35%.
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CHAPTER ONE
INTRODUCTION

1.1 Refrigerant Properties:
Refrigerants are the working fluids in refrigeration, air-conditioning, and
heat pump systems. Tﬁey absorb heat from one area, such as an air-
conditioned space, and reject it into another, such as outdoors, usually
through evaporation and condensation processes, respectively, :
Refrigerant selection involves compromises between conflicting desirable
thermodynamic properties. A refrigerant must satisfy many requirements,
some of which do not directly relate to its ability to transfer heat.
Thus the refrigerant should possess as many as it is practicable of the
following qualities (Jennings, 1978).
1- Chemical stability under conditions of use.
2- Safety which requires non-flammability and non-explosivity:
3- Non-toxicity
4- Low cost
5- Availability
6- Efficiency
7~ Compatibility with compressor lubricants and materials with which the
; equipmént 1S constructed. | '

8- Ease of handling
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9- Low compressor discharge temperature to prevent pcssible break down
or deterioration of refrigerant and lubricant in the system.

10-  Low boiling temperature at atmospheric pressure so that no needs to
vacuum operation with attendant possibility of leakage of damp air into

the system.

11- High critical temperature to make it possible to cor.dense the vapor at
high temperature.
12- High latent heat of vaporization to have less mass, that must be
circulated per minute per unit of refnigeration capacity.
13- Low specific heat of liquid, since the expansion valve throttles the
liquid, which must be cooled at the expense of partial evaporation.
14- Low specific volume of vapor especially with reciprocating
COMPressors.
15-  Ease of locating leaks by odor or any suitable indicator.
16- The freezing temperature of the liquid should be appreciably below
any temperature at which the evaporator might operate.
17-  Environmentally safe substance.
1.2 Depletion of Ozone Layer:
Ozone is a gas, slightly bluish in color, with a pungent odor, It consists of
three atoms of oxygen, Q3. The ozone layer consists of ozone in the
stratosphere, high above the earth at an altitude of between eleven to forty-

five kilometers. It absorbs and scatters ultraviolet radiation from the sun,
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preventing harmful amounts of ultraviolet radiation from reaching the
earth. When ozone depletion occurs, more ultraviolet radiation penetrates
to the earth surface causing the following effects:

a. Increase of skin cancer.

b. Suppression of the human immune response system.

c. Increase in cataracts.

d. Damage of crogs.

e. Increase in ground-level ozone.

f. Increase of global warming effect (GWE).

Scientists have generally concluded that the weight of scientific evidence
strongly indicates that man-made chlorinated chemicals (CFCs) and
brominated chemicals (halons) are primarily responsible for the substantial
decrease of stratospheric ozone. The factor that has been assigned to
represent their relative ability to destroy stratospheric ozone is called the
Ozone Depletion Factor or Ozone Depletion Potential (ODP). This scale is
based on CFC11 having been assigned a factor of 1.0, HCFC22 has an
ODP of 0.05, and HFC134a has an ODP of 0.0.

According to the Montreal Protocol and its amendments a complete
cessation of the production of CFCs and HCFCs is called by the years 1996

and 2030, respectively.

Center of Thesis Depoéit
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1.3 Current Study:

In this study the refrigerant hydrochlorofluorocarbon 22 (HCFC22) in a
small air conditioning unit of 5 kW cooling capacity is replaced by the
refrigerant hydroflucrocarbon (HFC134a) which is harmless to the ozone
layer. All performance parameters such as cooling effect, work of
compression, coefficient of performance, mass flow rate per kilowatt of
cooling capacity, cooling capacity, and supply temperature will be studied
experimentally to decide upon the suitability of the alternative refrigerant,

HFC134a for use in air conditioning units.
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5

CPiAPTER TWO

LITERATURE SURVEY
In this chapter the properties, range of application, and the recent
international trend concerning different types of refrigerants and their
future use are introduced. Also some related researches and studies
concerning the substitution of CFCs and HCFCs are reported; besides, the
future outlook that seems hopeful about the new alternatives.
2.1 Early Refrigerants:
The first pioneers of refrigeration units used ether as a refrigerant. Later, a
large number of substances were tried with varying success. The main
refrigerants in practical usage in the first 3040 years of the twenty’s
century are as follows:
(1) Ammonia (NH3): It was used for medium and large stationary air
conditioning systems and also sometimes in ships. It is often used with
brine as a secondary refrigerant, but increasingly with direct cool:ing. There
1s no doubt about its excellent thermodynamic and transport properties. It is

a well-known fact that an ammonia plant always has considerably better

energy efficiency, tolerance to normal mineral oils, Tow sensitivity to small -

amounts of water in the system, simple leak detection, unlimited
availability, and low price. But ammonia is poisonous and can burn with -
air. Also ammonia is corrosive to copper and copper or zinc alloys. So care

should be exercised that these metals are not used in contact with such
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alloys. Ammonia irritates eyes and mucous membrane and to most people
unpleasant smell. The future rapid growth in ammonia usage is expected
(Lorentzen, 1995).

(2) Sulfur dioxide (SOz2), R764: It was used formerly for household
equipment and small commercial applications. But occasionally for
capacities up to several hundred kW. It has a very irritating acrid vapor. It
is a moderatély low-pressure refrigerant and must be kept dry when it is in
use because it forms an acid in the presence of water.

(3) Carbon dioxide (COz), R744: Before the development of the synthetic
group of “Freon” refrigerants, carbon dioxide was an extremely important
refrigerant because of its low toxicity. Carbon dioxide is non-corrosive and
inert gas. It has no odor, non-irritating and essentially non-toxic reﬁ‘igerant;
however, in high concentrations over 6% by volume much discomfort is
experienced and loss of consciousness and ultimately dezth can result if the
person exposed is not moved into fresh air. Carbon dioxide has a very high
pressure and low critical temperature refrigérant. Its lubrication is simple, it
is very suitable for operation at temperatures down to about -51.11 °C.
Solidification occurs at --56.6 “C. Lorentzen(1995) believed that a system
uSing carbon dioxide refrigerant will have a bright future as a practical

solution to the difficulties caused by the Montreal Protocol restriction.
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2.2 Hydrocarbon Refrigerants:

Refrigerants of this group are all very flammable and explosive, not very
toxic and soluble in lubricating oil. Different hydrocarbons can be selected
to work in desired pressure and temperature ranges. Among those used are:
(1) Butane (C4Hz1o), R600: It has a moderately low pressure. It is
completely harmless to the environment. A great number of authors
believed that butane or its mixtures will be a hopeful alternative refrigerant
(Lorentzen, 1995).

(2) Propane (C3Hs), R290: It has an intermediate pressure range, excellent

thermodynamic propertieé; similar to those of ammonia. Its transport

properties are correspondingly better; although do not quite match those of -

ammonia. Propane is compatibie with normal lubricating oils. Its molar
mass of 44 1s ideal for turbo compressors. It 1s universally available and
low in price. Also it is harmless to the environment. But as mentioned
earlier it 1s combustible; so care must be taken in designing equipment
using this refrigerant (Lorentzen, 1995).

(3) Mixtures of propane and butane: After years of hesitation
hydrocarbon refrigerants are beginning to find application in household
equipment. A 50/50 mixture of propane and isobutane (R290/R600a) is
used to approach t-l;é pressure and capacity characteristics of R12

(Lorentzen, 1995).
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(4) Ethylene (C2H4), R1150: It has been nsed to some extent for very low
temperature. It has been used successfully like propane as a working media
in large refrigeration plants for many years, notably in the petrochemical

process industry. -

(5) Ethane (C2Hs), R170: It has a high-pressure range; about 1.655 MPa at

—15 °C and 4.6 MPa at 30 °C, which is near the pressure range of carbon
dioxide.

2.3 The Halocarbon (Halogenated Hydrocarbon) Refrigerants:

This group of refrigerants was developed in the early twenty’s by Dr.
Thomas Midgley where the extremely low toxicity is the most outstanding
feature of it. This characteristic contributed to early acceptance of one of
these refrigerants, for widespread use in air conditioning installations.
Refrigerants of this group are substitution: refrigerants in that halogen
atoms; mainly chlorine and fluorine, are substituted in a hydrocarbon
structure of hydrogen atoms. The hydrocarbon methane (CH4) has been
most widely featured in this pattern. Refrigerants of this group are given
short name numbers according to ASHRAE designation as R12, R22, ...etc.
The most known of these refrigerants are discussed briefly below.

(D) Dichlorodifluo;'omethane (CCI2F2),.R12: It is commonly known as
Freon-12 where it is used extensively in air conditioning systems. R12 is
chemically stable and has practically no corrosive effect on the ordinary

metals unless contaminated by impurities of which water is one. This
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refrigerant is odorless, noncombustible and nontoxic. Its pressure range is
moderate and its latent heat i1s low. So the mass of R12 circulated per
minute per ton of refrigeration is very much larger as compared with

- ammonia. Mineral oil of selected grade and free of water 1s used which is
mutually soluble with the refrigerant.
(2) Chiorodifluoromethane (CC1HF?2), R22: It 1s also known as Freon-22
where it is in extensive use for reciprocating compressors. Like R12, it is
chemically stable, almost odorless, noninflammable, non-explosive, and

: nontrritating. This refrigerant is practically suitable for use in the low-
temperature field (40 to —73.3 °C). It has relatively high latent heat and
pressure, so that it is used extensively in the moderate-temperature (air
conditioning) range.
(3) Trichloromonofluoromethane (CCIsF), R11: It is a so-called vacuum
refrigerant. It exists as a liquid at normal atmospheric temperature and
pressure. In order to obtain refrigeration temperatures in the evaporetor, it
1s necessary to vaporize the refrigerant at pressures below atmospheric. It is
practically odorless, relatively nontoxic, non-explosive, and
noninflammable.
(4) Methyl chloride (CH3Cl), R40: It has limited use in small units. It is
moderately inflammable and can be explosive between concentration limits
of 8.1 and 17.2 % by volume 1in atr. It has sweet smelling odor and toxic in

concentrations above 2% by volume. Its pressure range is moderate. It is
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10

stable and non corrosive to common metal of construction; with the
exception of aluminum. |

(5) Dichloromonofluoromethane (CH2CL2F), R21: It i a vacuum-type
refrigerant. It is somewhat less toxic than R40, and practically
noninflammable and non-explosive.

(6) Dichlorotetrafluoromethane (C2CI2F4), R114a and R114: It 1s low-
pressure refrigerant that charactenzed by low toxicity.

(7) Methylene chloride (CH2ClLz), R30: It has mild odor, non-explosive,
and nonflammable. But it is toxic in concentrations of over 5% by volume.
(8) Chloropentafluoroethane (CCIF2CF3), R11S: It is an important
refrigerant, and is considered as a component of two refrigerant azeotropes,
namely R502 and R504.

2.4 Azeotrope Halocarhon Refrigerants:

An azeotrope is a mixturz of two or more chemicals, which maintain the
same ratiorof constituent chemicals in both the liquid and vapor phases.
The true azeotrope acts as though it is a distinct and new substance not
subject to separation, possessing its own pressure-temperature relationship
independent of that possessed by either of its constituents. Most of those
are, R502, which is a mixture of R22 and R115, and R503, which 1s a
mixture of R23 and R13.

(1) R502: It is a mixture of 48.8% R22 and 51.2% R115 by weight. It is

used for moderately low-pressure applications such as are encountered in
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frozen food cases and displays cabinets. Its pressure is higher and specific
volume is lower than are the corresponding values of R22. Its specific
volume is slightly larger than R115 but the pressure-Compression ratio is
favorable for the R502
(2) R503: It is composed of 40.1% R23 and 59.9% R13 by mass. For low-
temperature application, R503 is now supplanting R13 as the preferred
refrigerant.

2.5 Phase Out of Refrigerants:

The Montreal Protocol is an international treaty that controls the production
of ozone-depleting substances; including refrigerants containing chlorine
and / or bromine. The European Union and 24 nations including the United
State signed the original Protocol on September 16, 1987. It entered into
force on January 1, 1989, and limits the 1989 production of specified CFCs
to 50% of their 1986 levels. Starting in 1992, the production of specified
halons was frozen at 1986 levels. Developing countries were granted
additional time to meet these deadlines. The original Protocol contained -
provisions for periodic revision. Two such revisions, referred to as the
London and Conenhagen Amendments, were agreed to in 1990 and 1992,
respectively. As of September 1996, 157 parties have been ﬁﬁﬁed the'
Montreal Protocol, 110 parties the London Amendment, and 58 parties the
Copenbagen Amendment. The Copenhagen Amendment entered into force

on June 14, 1994. It called for a complete cessation of the production of
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CFCs by January 1, 1996 and of halbns by January 1, 1994. Continued use
from existing (reclaimed or recycled) stock is permitted. Allowance is also
provided for continued production for very limited “essential use”. In
addition, HCFCs (including R22) are to be phased out relative to 1989
reférence level for developed countries. Production was frozen at the
reference on January 1, 1996. Production will be limited to 65% of the
reference level by January 1, 2004; to 35% by January 1,2010; to 10% by
January 1, 2015; and to 0.5% of the reference level by January 1,2020.
Complete cessation of the production of HCFCs is called for by January 1,
2030. In addition to the international agreement, individual countries may
have domestic regulations for ozone-depleting compounds. The production
and use of hydrofluorocarbon (HFC) refrigerants (such as R32, R125,
R134a, and R143a and their mixtures including R404, R407, and R410) are
not regulated by the Montreal Protacol, but may be regulated by the
individual countries (ASHRAE, 1997).

2.6 Researches Concerning CFC and HCFC Substitutions:

In' 1989, the Montreal Protocol specified deadlines to phase out and control

the production of all CFCs and HCFCs. Since that time scientists and
manufacturers have been working to find out suitable substitutions for the
banned refrigerants. HFCs are the most hopeful alternatives along with

théir binary and ternary mixtures, although some strongly supported the
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reuse of natural refrigerants. Some researches and studies concerning this

subject are discussed below:

Wuebbles (1994) stated that the current use and emissions of CFCs are

- having a significant influence on the radiative forcing of climate. However,.

observed decreases in stratospheric ozone, thought to be connected to
increasing stratospheric chlorine from CFCs, suggest a cooling tendency
over the last decade. This cooling tendency has strong latitudinal gradients,
but is, when globally averaged, about a complete in magnitude and
opposite in sign to the radiative forcing from CFCs over this period. The
effects of the changes in stratospheric ozone on radiative forcing are
indicative of the strong coupling between atmospheric chemistry and
climate. Because of their shorter atmospheric lifetime, the direct radiative
influence on climate from the replacement compounds should be much
smaller than CFCs.

Preisegger and Henrici (1992) discussed one of the favorite sﬁbstances fof
replacing CFCs, that is R134a. Owing to the absence of chlorine atoms in
the molecule of R134a this substance provides excellent chemical and |
thermal stability, which is significantly better than R22. As expected,
R134a shows good compatibility with elastomers. Non of the conventional
refrigerant oils are suitable for use with R134a if a lubricant that is readily
miscible is required, although synthetic compounds with higher polarity

can give partial miscibility; so, the polyalkylene glycols (PAGs) and ester
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type lubricants are developed and tested which give good results for
lubricant miscibility. Many thermodynamic properties sich as isentropic
exponent, sonic velocity, coefficient of performance (COP), thermal
conductivity, viscositv and capacity are investigated, which give good
results comparable to those of R12.

Eckels and Pate (1991) compared experimentally between the evaporation
and condensation heat transfer coefficients for HFC134a and CFC12,
where they found that HFC134a shows a 30% increase in the heat transfer
coefficients over CFC12, while the liquid thermal conductivity of
HFC134a is 17% over that of CFC12. HFC134a shows a significant
increase in evaporation heat transfer coefficients compared to CFC12, with
increases ranging from 30-40%. Also HFC134a results in a 25-35% higher
condensation heat transfer coefficients. Because of the increased enthalpy
of vaporization for HFC134a, the mass flow rate of HFC134a was
decreased by 15-20% to reflect equivalent heating capacity. The ratio of
condensation heat transfer coefficients is 1.10 to 1.20.

Fischer (1993) concluded that for low-loss applications like refrigerators,
freezers, and unitary air conditioners, centrifugal chillers and residential
heat pumps; the direst contribution of the CFC alternative is only a small
fraction of the Total Equivalent Warming Impact (TEWI). This is true
using either the 100 year or 500 year Global Warming Potential (GWP)

values to compute the TEWT. In these applications there is little benefit to
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be gained from using refrigerants with lower GWPs or technologies that do

not use greenhouse gases. Also, concluded that the greatest reduction of

TEWI can be made by using CFC alternatives in the applications that have

relatively high losses, retail reﬁ-igerafion-and automobile air conditioning.
In these cases the direct effect is still a large fraction of the TEWI and it
may be possible to reduce TEWI even further by innovative or nex-
generation technologies. Finally, recent findings are throwing some doubt
on whether or not CFCs actually have a warming or cooling effect on the
atmosphere. When these new questions are finally resolved, the result is
that the GWPs of the CFCs and HCFCs listed in Table 2.1 are likely to be
reduced. The consequence on this work is that the energy-contributions to
TEWI will be even more dominant than they are now, which only
emphasizes the fact that the most effective way to reduce contributions to
global warming in the future will be to improve system efficiencies and
reduce energy use.

Jung et al. (1999) studied the selection of capillary tubes used in
residential air conditioners for HCFC22 alternatives, namely HFC134a,
R407c, and R410A. 1t is found that R407¢ has refrigerant mass flow rate
almost the same as that of HCFC2?2 at the same subcooling and condensing
temperatures and of the same capillary tube diameter and length. Also

HFC134a has refrigerant mass flow rate at the same conditions 2nd
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Table 2.1 Global Warming Potentials (GWP) for relevant CFCs, HCFCs,
and HFCs. Only direct radiative effects are included; however, the sign of
expected indirect effects due to chemical interaction is also shown**

Trace gas Global Warming Potentials time horizon
20 years 100 years 500 years

CO2 1 1 1
CFCl11 4500 3400 1400
CFC12 7100 7100 4100
CFC114 6100 7000 5800
CFC115 5500 7000 8500
HCFC22 4200 1600 540

HCFC123 330 90 30
HCFC124 1500 440 150
HCFC141b 1800 580 200
HFC134a 3100 1200 400

HFC152a 530 150 49

**(Wuebbles, 1994)

capillary tube dimension almost comparable to that of HCFC22, but R410A

has refrigerant mass flow rate differs largely from that of HCFC22.

Carrington et al. (1995) analyzed the parformance of a dehumidifier using

HFC134a. One feature of the system tested was the use of a scroll

compressor, a low-side compliant type normally used with HCFC22. The

swept volume was 14.8 m*h™*. It was anticipated that the compressor would
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be suitable for use with HFC134a at up to 35°C saturation suction

“temperature with the lubricant selected. The influence of operating
conditions on the performance of the dehumidifier has been determined

. different system configurations. The results are in accord with the more
restricted measurements reported that for a dehumidiﬁér using HCFC22.
The use of an evaporator economizer produced an enhancement of 130% 1n
both the specific moisture extraction rate and moisture extraction rate at
30% relative humidity. The thermat effectiveness of the economizer was
38%. The maximum specific moisture extraction rate was 5.11:Kg kW/h
obtained at 50°C dry-bulb, 90% relative humidity. These performance
figures illustrated the opportunities for constructing high efficiency
medium-temperature dehumidiﬁeré using HFC134a.

: Because of high discharge temperatures caused by high comprzssion ratios
i of R22; staged compression systzm and liquid injection are twi approaches
| to prevent compressor overheating in R22 low temperature applications.

' Also, R22 used in a two-stage vapor compression system can replace R502,
teven for low-temperature applications related to frozen foods and has long
:been used in many sectors of industrial refrigeration. At some fime
“HFC134a was considered the only alternative to HCFC22 in unitary
:equipment, although the projections were that there would be significant
‘efficiency losses by using HFC134a instead of HCFC22 assuming a fixed

equipment and installation cost (Fischer, 1993).
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Feng et al. (1994) studied some potential alternatives for HCFC22. Since
HFC134a has zero ozone depleting potential (ODP), nontoxic and
noninflammable with material compatibility and lubricant has been
fulfilled; so, this refrigerant can be considered one of the. hopeful
alternatives for HCFC22. .Under the air conditioning working conditions,
the coefficient of performance (COP) of HFC134a is slightly higher than
that of HCFC22, but the volumetric capacity of HFC134a is only as 63.5%
as that of HCFC22; so, the volume of the compressor required for

HFC134a will be larger than that for HCFC22.

Melo et al. (1994 ) presented extensive data that have been taken for flow of

CFC12, HFC134a, and HC600a through capillary tubes. For the same
condensing pressure and inlet subcooling, CFC12 and HFC134a generate
almost the same mass flow rates. This trend is not observed for HC600a
that generates mass flow rates 33% lower than CFC12 and HFC134a. For
the same cooling capacity, operating conditions and internal diameter;
HFC134a requires longer capillary tube than CFC12. By the other hand,
changes on the capillary tube length might not be necessary for HC600a.
Of all HFCs, refrigerant R134a has undergone the most comprehensive
tests worldwide and is used in many refrigerating and air conditioning
installations, showing good operating results. The advantages are the close
thermodynamic relationship to R12 with the ability to be used with similar

system techniques and proven compressor technology. Thereby the
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coefficient of performance (COP) of the compressor is relatively high with
air conditioning and medium-temperature applications. In addition to this,
both the therma! loads (discharge gas temperature) and pressure levels are
comparatively low. Very high heat transfer is achieved with R134a and.

" because of this design and efficiency of heat exchangers can be improved.
The disadvantages of R134a against R22 are however, the specific
refrigerating capacity and the limitations of the applications with lower
evaporating temperatures.

Hodgkinson (1590) suggested reviewing all the alternatives that can
provide refrigeration and dehumidification and see if these alternatives
should provide more of the refrigerating and air conditioning services. The
fire protection is an important factor because it affects more people either
they use refrigeration or not.

Hainbach and Steimle (1994) investigated by theoretical computations that
the use of propane (R290) in refrigerating plants constructed for R134a or

R12 refrigerants does not yield the desired success. This conclusion is only

valid; however, for the special case with its investigated temperature range.

It can be concluded that the exchange of CFCs by a pure hydrocarbon or a
mixture of hydrocarbons as a refrigerant is energetically sensible, if the
refrigerant, which is to be replaced, has a similar vapor pressure.
Furthermore, a dimensionless function for the behavior of the compressor

was developed. An interpolation of the functional relation revealed that the
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polytropiz exponent only characterizes the efficiency of the compressor.
Thereby it is possible to quantify the efficiency of the compressor if the
suction condition and the polytropic exponent are known.

- Sicars and Tiedeman (1996) showed that CFC11; the refrigerant that is .
used in centralized air conditioning systems will be not converted to
HCFC123 because of its toxicity, but it will be replaced by new equipment
using HFC134a.

Carpenter (1992) carried out a comprehensive program to test the stability
of HFC134a-ester oil combinations. HFC134a has been shown to be
chemically and thermally more stable than CFC12 according to ASHRAE
sealed-tube tests made at temperatures of 175°C for 14 days n the presence
of copper, aluminum, iron and zinc. Test results showed that the
composition of the refrigerant mixture when using HFC134a did not
change, whereas 0.1% of CFC12 in mineral oil decomposed to HCFC22.
The concentration of fluoride ions remained unchanged at less than 2 ppm,
whereas the concentration of chloride ions in a CFC12-mineral oil mixture
increased from 10 ppm to 100 ppm. The corrosion of the metal surfaces in
a HFC134a system was below the detection limit of 0.01 mm per year and
there was no copper plating. With CFC12-mineral o1l mixtures, chlorides

were formed on the metal sample surfaces and there was copper plating.

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



21

2.7 Future Outlook:

Most of the researches concerning CFCs replacement conclude that HFCs
are a considerable substitution. Among those; R134a, which has zero
(ODPY) is considered an excellent alternative to R12 with almost the same
performance parameters. It is impossible to find an alternative for some
refrigerant suitable for all its applications (Atwood, 1991). So tﬁat, the
properties of the refrigerant must be analyzed to find out the suitable
alternative for the phased out refrigerant. R134a such as all old refrigerants
meets all requirements which are important for its use, also, it has an
additional important advantage over all other CFCs and HCFCs; that is its
zero (ODP) as shown in Table 2.2. However, although, it is considered as a
greenhouse gas its (GWP) value is less than that of all CFCs and HCFC22
refrigerants as shown in Table 2.1. Upon that R134a can be considered as a
transitional refrigerant; since, some countries may change first to R134a
and then to R600a (Melzer, 1994), or as a long term refrigerant; because it
can replace R12 in almost all of its applications, and R22 in maily
applications including water chillers, unitary air conditioning equipment,
and heat pumps. In this study, R134a, which is harmless to the ozone layer,

will replace R22 in a small air conditioning unit.
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Table 2.2 Characteristics and properties of some refrigerants**

Characteristic / property CFCI12 | HCFC22 { HFCI34a | NH3 | CO2
Natural substances? No No No Yes Yes |
ODP 1.0 0.05¢1 0 0 0
GWP2) |
100 years 7100 1500 1200 - {(0)7))
20 years 7100 4100 3100 - 1(0)
TLVsh (pp) 1000 1000 0004 25 5000 |
IDLH(s) (ppm) 50.00 - - 500 | 30.00 i
Amount per room vol.¢6)(vol% /Kgm™) | 4.0/0.2 7 4.2/0.15 ] - - 5.5/0.1
Flammable or explosive? No Nomn Non Yes WNo
Toxic/imitating decomposition products? Yes Yes Yes No No
Approx. Relative price | 1 35 02 0.1
Molar mass 120.92 86.48 102.03 | 17.03 | 44.01
Volumics) refr. Capacity at 0°C (kF m™) 2740 4344 2860 4360 | 22600

n
)

3

4
)

(6)

&)

®

Somewhat higher values have been suggested by recent studies.
Global warming potential in relation to CO2 with 20 and 100 years integration time (IPCC
1990, 1992).

Abundant amounts of CQO2 recovered from waste gas. Thus GWP of commercial carbon
dioxide, for instance used as refrigerant, is 0.
Suggested by ICI etc.
Maximum level from which one could escape within 30 min wrrhout any escape-impairing

symptoms or any irreversible health effects.

Maximum refrigerant charge in relation to refrig¥rated room volume, as suggested in
ANSY/ASHRAE 15-1989; Safety Code for Mechanical Refrigeration.
Although considered to be non-flammable, both R22 and R134a are combustible in certain
mixtures with air at elevated pressures, but ignition may be difficult.
Enthalpy of evaporation divided by saturated vapor volume.

**(Lorentzen, 1994)
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CHAPTER THREE

THEORETICAL PRESENTATION
In this chapter theoretical presentation of the air conditioning processes and
performance parameter calculations, besides, the physical and
thermodynamic properties of the two refrigerants used in this study are
introduced.
3.1 Air Conditioning Processes:
As the refrigerant circulates through the system, ir passes through a number
of changes in state or conditions. There are four fiindamental processes of
the simple vapor-compression refrigeration cycle; which are compression,
condensation, expansion, aed evaporation processes. The properties of a
refrigerant can be represented to advantage by plotting property values on
coordinate diagrams. Commonly used diagrams are the temperature-
entropy (Ts) diagram and the pressure-enthaipy (ph) diagram. In
refrigeration work the pressure-enthalpy diagram is by fa:-themost useful
type of plot, although the temperature-entropy plot, on which areas can
represent the heat interchange, is also useful (Jennings, 1978). Figures 3.1
and 3.2 illustrates these four processes of refrigeration on a ph and Ts

charts respectively.
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Fig. 3.2 Ts diagram of vapor compression refrigeration cycle.
(1) The compression process:
Saturated or superheated refrigerant vapor enters the compressor. If the
refrigerant at the compressor inlet is saturated, due to compression process,

it becomes superheated before it reaches the compressor outlet. This results
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in an increase of the heat of compress:on per unit mass and of the heat
rejected at the condenser.
Compression of refrigerant vapor in the compressor takes place under
isentropic conditions, which requires the least work when perfermed
isentropically. The work of compression per kilogram of refrigerant
circulated, w, 1s:
w=h2-hi (3.1
Where, h1 and h2 are the enthalpy at compressor entrance (state 1) and
discharge (state 2), respectively.
(2) The condensing process:
The condensing process occurs in the condenser, which removes heat from
the refrigerant to change the superheated gas leaving the compressor into
saturated or subcooled liquid. This process includes sensible and latent
heat. The sensible heat process occurs in the upper part of the condenser
and it represents the cooling of the vapor from the compressor discharge
temperature to the condensing temperature, when the vapor rejects heat to
the condensing medium. The latent heat process represents the
~ condensation of the vapor in the condznser. The heat rejected at the
condenser per kilogram of refrigerant circulated, qc, is given by:

gc= h2—h3 (3-2)
Where hz and hs are the enthalpy at the condenser inlet and outlet,

respectively.
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(3) The expansion process:

Liquid refrigerant, after it leaves the condenser, enters the expansion valve.

Adiabatic process without work production or throttling process takes place
in the expansion valve, where the enthalpy of the refrigerant does not
change, thus:
h3 =hs (3.3)
Where, h+ 1s the enthalpy at the expansion valve exit.
Bringing of warm liquid to cold evaporator temperature occurs at the
expense of evaporating a portion of liquid, with the loss of some
refrigerating effect. This process results in the production of flash vapor,
which can accomplish no useful cooling in the evaporator, Thus the
expansion valve equation is:
s = he+ x heg (34)
“Where hfis the enthalpy of liquid at evaporator pressure (pe); l.u kl/kg, higis
the latent heat of refrigeration at evaporator pressure (pe); in kJ/kg, and x is
the quality, expressed as a decimal, of the refrigerant after passing through
the expansion valve. Also the mass of the flash gas formed by unit:mass of
refrigerant enters the expansicn valve.
(4) The vaporizing process: -
In the evaporator the liquid from the expansion valve changes into vapor as
it absorbs heat from the space being cooled. The heat absorbed appears as

increased enthalpy of the refrigerant. The vapor leaving the evaporator may

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



27

~ be dry-saturated, superheated, or slightly wet. The heat absorbed form the
refrigerated space by a unit mass of refrigerant is called the refrigerating
effect, ge, which is given by:

ge=h1-h4 : (3.5)
3.2 Cooling Capacity:
| The rate of heat removed from the refrigerated space is called the cooling
capacity. It depends on the actual mass of refrigerant circulated per unit of
time, M, and refrigerating effect per unit mass circulated: It is given by:
Q=Mgqe | (3.6)
3.3 Coefficient of Performance:
The coefficient of performance is a measure of refrigeration cycle
efficiency. It is the ratio of the heat absorbed from the refrigerated space to
the work supplied to the compressor; so,
COP =qe/w=(h1—-h4)/(h2—hi) (3.7)
3.4 Mass Flow Rate of the Refrigerant: |
The mass of refrigerant, which must be circulated per second per kilowatt
of refrigerating capacity for any operating conditions is found by:

m= lkw/ qe ‘ (3.8)
3.5 Effect of Suction Temperature:
If the compressor suction temperature increases; its enthalpy will increase,
and according to definitions above, the refrigerating effect increases, while

the work of compression and mass flow rate of refrigerant per kilowatt of
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refrigerating capacity will decrease. So, the coefficient of performance
increases. Thus, to improve the refrigeration system efficiency, the system
should be always designed to operate at the highest practical temperature.
3.6 Properties of Refrigerants Used:

Chloroflucromethane (CCIHF2), HCFC22 or R22 and 1,1,1,2-
tetrafluoroethane (CH2FCF3), HFC134a or R134a are the two refrigerants
used in this study. Their physical and thermodynamic properties are shown
in the tables and figures illustrated below;

(1) Designation of refrigerants:

Standard designation of refrigerants according to ASHRAE standard 34 is
shown in Table B 4.

(2) Physical properties of refrigerants:

Physical properties of selected refrigerants are shown in Table B.5.

(3) Sound velocity:

Table B.6 gives examples of sound velocity in vapor phase for various
fluorinated refrigerants. The velocity increases when the temperature is
increased and decreases when the pressure is increased. It can be used to
measure the noise level of the refrigerant.

(4) Latent heat of vapoﬁzaﬁon:

Table B.7 shows latent heat of vaporization against boiling point for some

refrigerants, also shows Trouton Constant, which is the ratio between the
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latent heat of vaporization at the boiling point on a molar basis and the.
temperature in absolute units.

(5) Refrigerant theoretical performance:

‘Table B.8 shows the theoretical calculated performance of a number of
refrigerants for the US Standard Cycle of 258K evaporation and 303K ¢
condensation. Calculated data for other conditions are given in Table B.9.
These tables can be used to compare the properties of different refrigerants;
but actual operating conditions are somewhat different from the calculated
data. In most cases, the suction vapor is assumed saturated, and the
compression is assumed adiabatic or performed at constant entropy.

(6) Safety:

Table B.10 summarizes the toxicity and flammability characteristics of
many refrigerants. In ASHRAE standard 34, refrigerants are classified
according to the hazard involved in their use. The toxicity and ﬂammability
classification yields six safety groups (Al, A2, A3, B1, B2, and B3) for
refrigerants. Group Al refrigerants are the least hazardous. Group B3. the
most hazardous. The safety classification in ASHRAE standard 34 consists
of a capital letter and a numeral. The capital letter designates the toxicity of

the refrigerant at considerations below 400 ppm by volume:

2

e Class A: - Toxicity not identified. 32 1K 383

C

e Class B: - Evidence of toxicity identified.

The numeral denotes the flammability of the refrigerant:
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¢ (lass 1: - No flame propagation in air at 18 °C and 101 kPa.

e Class 2: - Lower flammability limit (LFL) greater than 0.10 kg / m’
at 21°C and 101 kPa and heat of combustion less than 1900 kJ / kg.

o Class 3: - Higher flammable as defined by LFL less-than or equal to
0.10 kg / m® at 21°C and 101 kPa and heat of combustion greater than
1900 kJ / kg (ASHRAE, 1997).

(7) Leak detection:

Leak detection in refrigeration equipment is a major problem for
manufacturers and service engineers. The most known methods for leak
detection are described below,

(a) Electronic detector: The electronic detector is widely used in the

manufacture and assembly of refrigeration equipment. Instrument

operation depends on the variation in current flow caused by ionization
of composed refrigerant between two oppositely charged platinum
electrodes. The electronic detector is the most sensitive of the various
leak detection methods, reportedly capable of sensing a leak of 0.3 g of

R12 per year (ASHRAE, 1997).

(b) Halide torch: The halide torch is a fast and reliable method of ‘

detecting leaks of chlorinated refrigerants. Air is drawn over a copper

element heated by a methyl alcohol flame. If halogenated vapors are

present, they decompose, and a color of the flame changes to bluish-
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green. Although not as sensitive as the electronic detector; this method
is suitable for most purposes (ASHRAE, 1997).

(C) Bubble method: The object to be tested is pressurized with air or

nitrogen. The object is immersed in water, and any leaks are detected by -

observing the formation of bubbles in the liquid. (ASHRAE, 1997).
(8) Enthalpy:
The values of the enthalpy of R22 and R134a are shown in tables B.1,

B.2, and B.3, and charts Fig. B.1, and Fig. B.2, in appendix B.
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CHAPTER FOUR

EXPERIMENTAL APPARATUS AND PROCEDURE
In this research, a window-type air conditioning unit is used to
determine expertmentally all performance parameters. Two test stages
have been done using the same unit. In the first stage, R22 was the
refrigerant, and then R134a was used instead of R22 in the second stage.
4.1 Specifications of the Air Conditioning Unit:
Tabie 4.1 below shows the specifications of the air conditioning unit
used as supplied by the manufacturer.

Tabie 4.1 Specifications of the air conditioning unit.

Type Window-type
Model AD 917 WIGI, Ser. No. G241265
Voltage 240-220V
Start Current 11.2 Amperes
Frequency S0Hz
Cooling Capacity Skw
Refrigerant R22,0.965 kg
Lubricant Capacity 650 cc
Pressure Limits 2.413 MPa (high), 1.034 MPa (tow)
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4.2 Instrumentation and Procedure:

To determine the performance of the unit the following parameters must
be measured: temperature, pressure, air speed, power consumption,
refrigerant mass, and time.

(1) Temperature measurement:

Copper-Constantan thermocouple wires were used to measure the
temperature of the refrigerant flowing inside the air conditioning unit
tubes. Thermocouple wires connected to a Data Logger System model
(Orion 8531) with an accuracy of 0.01°C. This device can be
programmed to measure the temperature digitally either on its display or
recorded on a special paper by using its printer at a selected time
interval. Thermocouple wires were fixed to ten locations at which
temperatures have to be measured while the other ends of the

thermocouple wires were connected to the data logger. Figure 4.2 shows

these locations.

P CONDENSER
FAN -l-
EXPANSION

VALVE COMPRESSOR g
FAN

1

r EVAPORATOR

Fig.4.1 Schematic Diagram of Apparatus.
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Fig.4.2 Temperature Measuring Points.
(2) Pressure measurement:
Pressure was measured at two points, before and after the compressor;
p1 and pz, respectively, using two pressure gages connected to two
valves fixed at measuring points.
(3) Air speed measurement:
The speed of cold air leaving the air conditioning unit is needed in order
to calculate its mass flow rate and the cooling capacity of the unit. The
air speed is measured by an air handgrip anemometer calibrated to
measure the air speed either in meter per second or in kilometer per
hour. This instrument was used to measure the speed of air coming out
of the evaporator. The speed was measured at several positions at the

exit face. The average speed was fixed at 12 m/s and the cross-section

area was 0.01 m?.
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(4) Power consumption measurement:
The actual power consumption for the air conditioning unit was
measured by a kilowatt-hour, singlz-phase meter connected to the
eiectn'c power source. Its accuracy was 0.01 kWh. Also the -
instantaneous current, which was used by the compressor only was
measured by ampere clamp meter model (TES 3010) with an accuracy
of 0.01 Amperes.
(5) Refrigerant mass measurement:
The mass of the refrigerants used int the experiments was measured by
using an electronic balance of 5-g accuracy. It is used to determine the
quantity of R22 and R134a charged into the air conditioning unit. Three
different charge quantities of R134a were used in the experiments.
(6) Time measurement:
Time was measured using a stopwatch of 0.1-second accuracy to
determine the power consumptioﬁ*and the time needed to cool the
space.
4.3 Refrigerant Mass Used In the Experiment:;
Refrigerants masses used in the air conditioning unit are as follows:

e R22: - The original refrigerant, with a mass of 0.965 kg.

e Rl134a: - The replacement refrigerant, with masses of 0.550 kg,

0.660 kg, and 0.770 kg. R134a is loeally available in containers like
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those of R22, with a relative price of about 3-5 times that of R22 as
shown in Table 2.2.

4 .4 Experimental Precautions:

- Before starting the experiments, the following pfecautions have to be

taken mto consideration.

1. All the electrical connections must be well connected. The air
conditioning unit must be connected to the earth line and to a fuse of
20 ampere time delay or a circuit breaker must be used.

2. A fire extinguisher, which contains carbon dioxide must be available
in the site of the experiment.

. 3. All the components of the air conditioning unit have to work
effectively. The compressor performance was tested according to the
British Standard BS3122/1977, while the condenser was tested
according to BS 1586/1964.

4. The amount of R22 must be same as labeled on the air conditioning
unit. Otherwise it has to be evacuated and then filled with the
specified quantity.

5. During the experiment of increasing the evaporator temperature,
direct heating of the evaporator pipes, at which a thermocouple i3
fixed, must be avoided to obtain the correct temperature of the

refrigerant inside pipes.

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



L%
~J

6. The exit air of the evaporator must be separated from the inlet air,
where a heat source is applied.

7. The end of thermocouple joint that is fixed to the pipe must be
mnsulated, so that the surrounding air temperature will not affect its-
reading.

4.5 Test Procedure:

Two stages of the experimental work had been performed as follows;

(1) First stage test:

The original refrigerant, R22 was used in this test stage. To be sure that

the amount of R22 in the air conditioning unit is the same as that

labeled, it was evacuated and then filled with the specified quantity of

R22 (0.965 kg). At the beginning of the test, all measurements were

-taken at the normal evaporator temperature. Then, the evaporator
~temperature was varied four to six times using a heat source applied to
the air entering the evaporator, while holding the condenser temperature
.constant. This procedure was repeated for another condenser
temperature. The same procedure was also repeated for varied
condenser and constant evaporator temperatures. All measurements
were taken for each set of different values of Te and Tec.
(2) Second stage test:
In this stage the air conditioning unit was evacuated from R22 using a

vacuum pump. The old lubricant oil that was used with R22 was also
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drained out of the system and was replaced by new ester- lubrication oil.
Then the unit was charged with 550, 660, and 770 g of R134a. For each
charge; all measurements were taken at different values of Te and Tc.
4.6 Data Tables:

The previous mezsurements for the two test stages are given in appendix
tables A.1 through A.13. Tables A.1 through A.5 were assigned for the
first stage test measurements, while Tables A.6 through A.13 give the
experimental data for the second stage test measurements using 550,

660, and 770 g charge quantities.
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CHAPTER FIVE
RESULTS AND DISCUSSION
All performance parameters for the original and alternative refrigerants
- are plotted versus variable values of the ewaporating and condensing
-temperatures, Te and Tc, respectively. The performance parameters

investigated in the present work are: cooling effect, work of

compression, coefficient of performance, mass flow rate per kilowatt of

cooling capacity, cooling capacity, and evaporator air outlet or supply
temperature. These parameters are also plotted versus the charge
quantity of R134a to decide upon that the optimum charge quantity to
be used in the air conditioning unit.

5.1 Cooling Effect:

Fig. 5.1 represents the cooling effect, qe , kl/kg, for 965 g of R22 with
respect to the evaporating temperature, Tz, °C, at constant condensing
temperature, Tc, °C, of 40°C. It can be seen that when the evaporator
temperature increases, the cooling effect increases, because when Te
increases at constant Tc; hl increases while h4 which equals to h3
(equation 3.3) remains constant, then from equation 3.5 ge will be
increased.

Fig. 5.2 represents the cooling effect, ge, kJ/kg, for 965 g of R22 with
respect to the condensing temperature, Tc, *C, at constant evaporating

temperature, Te, "C, of 6 "C. It can be seen that when the condenser
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temperature increases, the cocling effect decreases, because when Tc
increases at constant Te, hd which equals to h3 increases while hl
remains constant. So, from equation 3.5 qe will be decreased.
In general the scattering seen 'n the data happened at low Te values (Te
below 7.5 °C), because of the-influence of hot ambient temperature on
the wiring and connections of measuring devices and therefore on the
measured data. So, to eliminate this problem only few measured data
were taken at temperatures bejow 7.5 "C.
Fig. 5.3 shows the cooling effect with respect to the R134a charge
quantity, at constant evaporating temperature. There are three charge
quantities 550 g, 660 g, and 770 g. Because of the compressor
overheating these three charges can only be taken. The optimum

- difference between the charges is found to be about 110 g; since there is
no obvious change in the pressure and temperature readings at
differences smailer than this. It is shown that the highest value of
cooling effect was found at the charge quantity around 660 g of R134a.
Fig. 5.4 shows the cooling effect with respect to the R134a charge
quantities, at constant condensing temperature. It is also shown that the
charge quantity around 660 g of R134a has the highest value of cooling
effect.
Fig.5.5 represents the cooling effect, qe, kJ/kg, for the optimum R134a

charge quantity with respect to the evaporating temperature, Te, at two
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different constant condensing temperatures, Tc, of 30 and 40 °C. It is
shown that the cooling effect increases with the increase of the
evaporator temperature, and the higher values of the cooling effect are
obtained at lower condenser temperatures.
F1g.5.6 represents the cooling effect, ge, kJ/kg, for the optimum R134a
charge with respect to the condensing temperature, Tc, at two different
constant evaporating temperatures, Te, of 10 and 15 °C. It is shown that
the cooling effect decreases with the increase of the condenser
~temperature with higher values of cooling effect correspond to higher
evaporator temperatures.
Fig. 5.7 shows the cooling effect for R22 and R134a with respect to the
evaporator temperature, at constant condenser temperature of 40 °C. it is
shown that as the evaporator temperature increases; the cooling effect
increases, with higher values of the cooling effect correspond to R22,
Fig. 5.8 shows the cooling effect for R22 and R134a with respect to the
condenser temperature, at constant evaporator temperature of 10 °C. it is
show; that as the condenser temperature increases; the c.ooling' effect
decreases, with higher values of the cooling effect correspond to R22. It
is shown from the above two figures that the average value of the

cooling effect is decreased by about 5% when R22 was replaced by 660

gof R134a.
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5.2 Work of Compression:

As the evaporating temperature increases, the enthalpy values of the
refrigerant entering the compressor increases while keeping that
coming out of the compressor constant. According to equation 3.1 this
results in decreasing the specific work of the compression, w, kJ/kg, as
shown in figures 5.9 for R22 and 5.13 for the optimum charge
quantity of R134a. On the other hand, increasing the condensing
temperature while keeping the evaporating temperature constant;
means that, the exit temperature of the compressor will be increased,
and hence, the enthalpy values of the refrigerant coming out of the
compressor 1s increased while keeping that coming into the
compressor constant. This results in increasing work of compression
- as shown in figures 5.10 for R22 and 5.14 for the optimum charge
quantity of R134a.

Figures 5.11 and 5.12 show the relation between w and R134a charge
quantity, m, g. it is shown that the minimum values of w are obtained
at approximate 660-g charge quantity of R134a. So as mentioned
earlier this charge quantity is the optimum to be used in the air
conditioning unit.

Figures 5.13, and 5.14 show the effect of changing Te and Té onw
for the optimnm charge of R134a. It is shown that w decreases as Te

increases or Tc decreases.
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Figures 5.15 and 5.16 show that the average w value is increased by
5% when R22 was replaced by the 660-g charge of R134a at the same

conditions.
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5.3 Coefficient of Performance:

The coefficient of performance, COP, was plotted against Te and Tc
for R22 and R134a as shown in figures 5.17, 5.18, 5.21, and 5.22,

. respectively. The COP increases when Te increases or Tc decreases.
As discussed earlier as Te increases or Tc decreases, qe accordingly
increases and w decrzases; from equation 3.7 COP will be increased.
Figures 5.19 and 5.20 show the relation between COP and R134a
charge quantity, m, g. it is shown that the maximum values of COP
are obtained at approximately 660-g charge quantity of R134a.
Figures 5.21, and 5.22 show the effect of changing both Te and Tc on
the COP values for the optimum charge quantity of R134a. It is shown
from the figures that the COP increases when Te increases and Tc
decreases.

Figures 5.23 and 5.24 show that the average COP values are decreased

by 10% when R22 was replaced by about 660-g charge of R134a.
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5.4 Mass Flow Rate per Kilowatt of Cooling Capacity:

The mass flow rate per kW of cooling capacity, m, g/s/kW, was
plotted against Te and Tc for R22 and R134a as shown in figures 5.25,
5.26, 5.29, and 5.30, respectively. The m for both R22 and R134a
decreases when Te increases or Tc decreases, because as Te increases
or T¢ decreases, ge decreases, then from equation 3.8 m will be
decreased.

Figures 5.27, and 5.28 show that the minimum values of mare
obtained around 660-g charge quantity of R134a.

Figures 5.29, and 5.30 show the effect of changing Te and Tc on m for
the optimum charge quantity of R134a. It is shown that m decreases as
Te increases or Tc decreases.
Figures 5.31 and 5.32 show that the average m value is increased by

6% when R22 was replaced by about 660-g charge of R134a.
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Fig.5.26 Mass Flow Rate per Kilowattof Cooling Capacityvs. Condenser Tampaerature for
9685 gofR22
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5.5 Cooling Capacity:

The cooling capacity, Q, kW, was plotted against Te and Tc¢ for R22

and R134a as shown in figures 5.33, 5.34, 5.37, and 5.38, respectively;

- The Q for both R22 and R134a increases when Te increases or Tc
decreases. This can be explained by returning to equation 3.6, since ¢e
increzses, then Q will be increased.

Figures 5.35, and 5.36 illustrate the relation between R134a charge
quantity and the cooling capacity. The maximum value of Q was
obtained at about 660-g charge regardless of the constant or variable
temperature.

Figures 5.37, and 5.38 show the effect of changing Te and Tc on Q for
the optimum charge of R134a. It is shown that Q increases as Te
increases or Tc decreases.

Figures 5.39 and 5.40 show that the average Q values are decreased
by 35% when R22 was replaced by approximate 660-g charge of

R134a.
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5.6 Supply Temperature:

Supply temperature, or the temperature coming out of the evaporator to
the conditioned space, Ts, *C, must be suitable and comfortable for
human being. It increases as Te mcreases and slightly decreases as .Ic
incré¢ases as shown in figures 5.41, and 5.42 for R22 and figures 5.45,
and 5.46 for the optimum charge quantity of R134a. Also these figures
show the effect of changing Te and Tc on Ts. It is shown that Ts
. Increases as Te increases, which is sensible, since the air coming out of
the air conditioning unit passes through the evaporator tubes.
Figures 5.43, and 5.44 illustrate the relation between R134a charge
. quantity and Ts. The minimum average value of Ts was obtained at
approximate 660-g charge regardless of the constant or variable
temperature.

Figures 5.47and 5.48 show that the average Ts value 1s increased by
10% when R22 was replaced by ab01.1t 660-g charge of R134a.

Fig. 5.49 and 5.50 show comparison between compressor exit
temperatures T2, for R22 and R134a with respect to Te and Tc,
respectively. It is shown that as Te increases at constant Tc T2
decreases, while it increases with increasing Tc at constant Te. R134a

has average T2 value lower than that of R22 by about 22 %.
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CHAPTER SIX
CONCLUSIONS AND RECOMMENDATIONS

In this experimental study, a window-type air conditioning unit was

used to test its performance when using R134a as a posgible-

replacement refrigerant. The performance parameters obtained were
compared with that of the original designed refrigerant, R22.

6.1 Conclusions:

The following conclusions are obtained from the results:

1-R134a gas can be used in the 5-kW air conditioning unit with less
capacity.

2- As Te increases and T¢ decreases, the values of qe, COP, Q, and Ts
increase, while the values of w and m decrease either when R22 or
R134a is used.

3- The maximum values of ge, COP, and Q; and the migimum values of
w, m, and Ts were obtained at approximate 660-g charge of R134a.
So this charge quantity was considered the base of comparison with
the original refrigerant, R22.

4- When R22 was replaced by approximate 660-g of R134a, qe
decreased by 5%, w increased by 5%, COP decreased by 10%, m |

a

increased by 5%, Q decreased by 35%, and Ts increased by 10%.

All‘Rights Reserved - Library of University of Jordan - Center of Thesis Depoéit



74

6.2 Recommendations:

R134a can be used in the 5-kW refrigeration unit, but with less capacity.
This situation may continue until phase out date is reached. So more
researches are needed to find along-term alternative for R22 better than

R134a.
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Table A.1 Measured Data for 965 g of R22 at Constant

79

T1°c‘ Trc | T3c | Tvc | Ts'c | Tec | Trc | Tsc | ToC T10=c‘
1291 | 85 [3875] O 5.5 40 21 12 52 32
14 i 87 | 4195 0 6.15 | 43 2147|1199 52 33 ——T 0517 | 2.17 @
7.65 | 90.1 38 3 5.85 45 20 12.05 55 38 20 | 0.514 | 221 g'
8.2 90 | 38.93 1 6.01 | 48 21 |1185| 553 | 35 |21.01 | 0541 | 2.24 §
15 92 50.9 2 6.25 51 20 11.35 56 42 22,151 0.524 | 2.24 ;
L
8.4 '; 87.15 | 41 1 6.5 54 | 215 12 56 44 | 213 0524 | 2.24 ;
=
3
Table A.2 Measured Data for 965 g of R22 at Constant Te = 10 °C 'c%f
=
\ Tic | Tzc | Tsc | T#c | Tsc | Te'c | Trc | Tac | Toc | Tio’c | Tir’c | Pimpa | P2uipa 5
22 97.15 26 -2 9.95 33 23 13 46 23 20.15 1 0.431 | 2.06 40%
179 11 953 | 32.9 -1 10.15 35 24 12.75 47 34 195 ( 0.44 | 2.12 a>3
16.89 98 32 3 10.1 40 27 2.65 48 36 20 0445 | 2.12 5
| _ “—
18.79 98.35 38 -2 9.75 41 30 12.01 48 39 1979 | 0.448 | 2.13 g,
Table A.3 Measured Data for 965 g of R22 at Constant Te =15 °C 'J
Tirc | Trc | Ts'c | Toc | Tsc | Terc | Trc | Ts'c | Toc | Tioce | Tire | Piaea| P2y -§
23.9 | 104.1 26 4 1437 | 36 35 1326 | 46 26 20 10427 | 2.05 gié
20 104 34 3 14 38 36 13.15 | 45.97 30 20.15 | 043 2.06 :'__*Q
22 | 1043 | 32.1 0 |1596| 40 39 [ 13.01] 47 37 21 | 044 | 2.12 D?
229511044 | 27 -3 1534 | 42 31 12.99 | 48 36 209 10445 | 2.123 <_‘:
23 106 | 27.15 2 15 44 33 12.85 49 38 20 0.448 | 2.137
20 | 1046 ] 271 2 145 | 46 36 | 1275 48 36 21 0441 | 212
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Table A.4 Measured Data for 965 g of R22 at Constant Tc =40 °C

Tic

Tzc | T3c | Tc | Ts’c | Te'c | Trc | Tsc | To:c | Tiocc | Ti1°c | Piaes | P2 apa
1486 | 93.25 | 30 0 6 39.9 30 9 45 35 | 20.15] 041 1.98
)
7))
15 92 221 0 10 40 29 11.9 45 36 20 0.407 1.98 é)_
19.65 | 96.75 23 -1 11 40.01 34 12 4597 | 36.15 21 0.403 1.98 a
19 o7 27 -3 13 40 35 11.99 48 36.25 1 21.16 | 0.393 1.97 @
|_
17 97 22.9 -2 16 43.5 39 12.09 49 37 19.76 0.4 1.97 "5
o)
5
Table A.S Measured Data for 965 g of R22 at Constant Tc =42 °C O
1
Ti'c | T2z2c | T3c | Teec | Ts'c | Teec | Trc | Tsc | Toc | Tio'c | Tir'e | Piues | P2 .\ﬂ’a_g
—_
19.91 | 98.89 30 0 9 42 27 11.91 45 35 21.15 | 042 2.04 f
O
229 100 291 3 13 41.9 32 12 46 36 209 0.43 2.08 b
\‘ .'m
| [
18 100 26 3 15 42 35 121 48 36 2079 | 044 | 2.096 a>3
; . c
19 111022 | 26.2 5 17 43 42 13 48 36.3 21 0445 | 2.12 D
! re)
19 103.5 27 . 7 19 409 542.69 13.25 49 359 21 0448 | 2.13 |
‘ i S
S
. '
Table A.6 Measured Data for 550 g of R134a at Constant Te =15 °C '
Trc | Tzec'{ T3*)c | Tac | Ts'c | Te'c | Trc | Te'c | Toc | Tiocc | Tit°c | Pisea | P2 upa %
2392 | 86 29 0 15 29 19 16.85 36 24 23 0.189 | 0.758 |X
! (2]
! +—
22 94 32.35 0 14.96 32 20 16.76 39 31 22 0214 | 0.81 %
T
23 95 39 1 15 40 19 16.67 | 38 35 (2365|0117 12 |—
<
25 04 42 2 15.1 42 20 16.01 40 35 221 0.11 1.2
26 S0 423 4 145 45 203 16 40 34 23 0.1 1.2
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Table A.7 Measured Data for 550 g of R134a at Constant Tc =42 °C

Trc | Tzec | T3°c | Tac | Ts'c | Ts'c | Trc | Ts'c | To'c | Tio°c | T11°C | Piaes | P2 ipa |
!
26 91.1 41 0 9 413 23 15.36 34 25 24 0.082 | 1.089
25 91 39 0 13 4:.9 35 16 35 25 |-243 10.082 | 1.096 g
251 | 90.26 29 1 19 41.86 39 16.5 34 25 23 0.082 I.O%E
1%
g
|_
©
&
fd
Table A.8 Measured Data for 660 g of R134a at Constant Te =10 °C CS)
' 1
Trc | Trc | T3'c | Tac | Ts'c | Te'c | Trc | Tscc | Toc | Twoc | Tirrc | Pives | P2are _§
| —
16.59 | 70.91 | 31.89 2 9.67 32 37 14.89 37 25 21.67 | 0.165 | 1.17 'g
i N —
. )
15.22'1 75.75 28 0 10.25 33 37 14.65 39 32 2175 } 0.171 ¢ 1.21 | >
! , D
12.62) 75.61 27 1 10 36 33 13.95 39 34 22 0.176 | 1.22 a>3
I E
1165 73 32 2 9.5 34 34 | 1435 39 35 2135} 0169 | 1.22 |5
f : ‘5
>
®
P
2
-
| Table A.9 Measured Data for 660 g of R134a at Constant Te = 15 °C -§
} Trrc || Tzc { T3’c | Ta#c | Ts'c | Ts'c | Trc | Tecc | Toc | Tioc | Tirc | Pives | P2mra gg
0
| 18.98 |1 76.75 21 1 14.9 28 28 15 |, 37 28 21 0.172 | 1.186 %
18.99i 7835 | 22 0 15 29 27 | 1465 39 31 | 21.65(0.178 [ 1.22 0_:
18.99 /| 77.99 24 1 15.12 >3 29 14.85 39 33 22 0.179 | 1.227 <
|
13 | 7489 | 32 4 15.1 37 28 (1367 38 29 22 (0174 ] 12




32

Table A.10 Measured Data for 660 g of R134a at Constant Tc =30 °C

Trc | Tzc | Tsc | T+c | Ts'c | Te'c | Trc ’ Tsc | Torc | Tioec | Tirc | Piara | P2utra
12 | 7145 | 22 4 9 295 | 28 ; 12.95 | 40 31 20 | 0191 | 1.227
14.99‘ 76 21 0 10 29.95 32 i 13.01 39 30 209 [ 0.198 | 1.24
i2 71.11 22 0 11 30 37 E 13.65 38 30 21 0.187 | 1.23
17.97:3 73.91 28 -2 14 31 38 I 13.67 39 30,15 213 | 0.189 | 1.23
18.96 | 75.45 22 -2 15 29 39 14 40 3067 | 215 | 0.193 | 1.24
‘ Table A.11 Measured Data for 660 g of R134a at Constant Tc =40 °C
Ticif Tzec | T3'c | Tacc | T5°c | Teoc | Trc | Tsc | Torc | Troec | Tirec | Pimpa | P2upa
11 ‘ 74.1 26 0 10 40 21 11.95 38 24 203 | 0165 1.12
12 75 20 -3 14 39.91 33 12.26 38 24 20.76 | 0.196 1.2
1195 75 20° -2 15 39.95 28 13 38 23 2101 ] 0.189 | 1.21
13.83 | 753 | 20.15 0 16 40 31 | 1299 39 24 21 | 0.151 | 1.13
12 72 26 -2 17 40.1 41 | 13.36 | 39.56 24 21.5 {0.193 1.2
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Table A.12 Measured Data for 770 g of R134a at Constant Te =15 °C

Tiec | Tzrc | T3°c | T3¢ | Tscc | Tecc | Tc | Ts'c | To'c { Tioc | T:1°C { Pimea | P2aira
24. 82| 41.65 0 16.5 42 19 15.01 37 24 N6 | 0.154 | 1.151 g
24 | 84, | 42.3 3 15.15 | 43.5 1645 | 1525 39 31 21 0.151 | 1.255 ‘c':)

%)

23.99 85 40.15 4 14.64 | 44.65 | 2036 | 14.96 41 34 22 0.156 | 1.296 8

;. JC
21.67.1 85: | 41 1 1495 | 45 20 14751 42 40 | 2267 10.152 | 1.296 I~
: o
)
5
@)
1

g
ke

2
Table A.13 Measured Data for 770 g of R134a at Constant Te =30 °C D
‘ =
Trc'| T2ec [ T3C | Tec | Tsc | Tecc | Trc | Te'c | Toc | Tio'c | Tir'c | Pivra | P2mps 5
Is]

21 85 29 0 5 30 20 14 38 25 23 0.138 | 1.151 >
S
20 84: 31 -3 6 32 C 22 15.36 37 25 23.3 | 0139 1.151 k::
: 1

24 85 31 -4 9 325 24 16 37 25 23.67 | 0.139 | 1.155 _é
24 85 . 31 -3 11" | 299 28 17 | 3701 {2467 23 |0.138 | 1.158 %
25 B4: | 2525 -4 13 28 32 19 3715 ] 2555 {2369 | 0.14 1.158 o

- n

25 84. | 36 3 15 32 35 21 | 375 | 25 25 |0.143 | 1.158 cc‘;
25 85! 33 -2 16 30 39 20 28 | 2401 | 24010145 1.16 D_:

<
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Table £3,3 Refrigerant 1342 Properties of Superheated Vapor**
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‘ § : Table B.3Refrigerant 1342 Properties of Superheated Yapor (Concluded)
i ]
L Pressure » |L300 MPa Pressure = 2.000 M P2 Pressure = 1200 MPa
j’.‘.-’? Saturatlon lemperuiure = 62.90°C Saturslion lemperaturs = 67,49°C Saturation 1emperature m 75,74°C . .,
2% 'I’:mp.' Drrull]. Enthuipy, Entropy. Vel Sound, Temp,*  Density, Ewdhuipy, Entrupy, Vel Suund, Tenp,* Dcmlty. Eathalpy, Eidrapy, VeLSuund
fg‘" kg/m klkg  WAKp K. ma C kg kikg  kifkgK) s C kg/m’ Kihe  kdake-K).
Saruran Saturnied Sanrated
!:: Ln.ml 3681 MWLM 1287 132 Liqud 101074 19996 " 139 3wt Liqued 98476  3ur32 L3z 1784
" pat 955 a9 L7014 [E11N] Yapor 10246 {2852 16953 112 Vapor 125 42904 1.6918 [T I
8345 g L7496 . 1365 . 0w - Esr o e 1.7u91 1299 : -
BlLid 44076 17657 4o Bood ., 9485, 44586 1.7483 1549 ow F1003 44649 -7 L7303 . L1933
7658 46 LT C 1sm) S0.00 8797 43849 . L7835 i46.4 SODG Jeod 45498 L7630 . 1418
1 173 16 1.43ud 155.9 1w 8258 {7us7 1.8164 1524 ILYL0) 9378 46761 1802y ALY
864 48478 - HbW 160y Huou AT 8232 (BN 157y Huw B85 47975 T LEMA T ST
6500 49606 T Lyw 163.4 [HIRe] THdd 49386 - 182 1627 1105 8370 - 493y __13649 F LT
519} 5u7.29 1918} -« 10696 ow Mg osusie 19039 167.2 13000 7979 50425 LAY [ 1649
6033 sisse 1.9457 1745 Liboo 6435 1664 19518 1714 Hu o 4L SI4BL 196 1693
58.37 51971 1.972% 1773 15000 [1%4:] 3y L9 id [FHE]] 7340 $36.32 | 19500 - -1
e 4 31093 19988 138 L 1-53).1) 6§17 331939 1.9875 1191 16000 N S378Y - 19769 - . 1774
ILT 53k lokié 1511 170 GL§T 55079 10143 1526 170 (828 54931 ' 20032 7 - 181
5oy 563 39 99 1574 180Uy 43 6LH 2% 1170 180 v 6606 56084 10289  T184é
L4+ 375.01 LU b 190w 31467 513.72 20641 189 3 o &iuz STLIE  2u842 "« JMBu
U 38650 14995 1936 REH ] j6u? 58513 1uBs3 1924 L] 6215 534U FruI90 [ 1913
bl 59404 LAFEL 196§ Hew Hae o b9t L 1955 1w 6u38 59576 2auss FI‘N(
il e ity o 1w 229 ) Hud o 36y L 1984 oo s n&UFSl £l i t19rs -
4645 62150 21T Jul How LI0 G044 L1604 w1y om0 61938 4m LASIA- S 2004 T
4 b s 19 HITR) Mo 5043 £3133 L1842 4l 2100 35.17 .. 63131 \,—’1749 3--33
Huy 64508 2274 L 500y 19.25 - b0 L7y 2068 ~ o au S T 64333 T aea ! L2060
Pressure nl.400 hiPa . ) Fressure m 1.600 b2 . Pressurem 2800 MPa'r ¢, .'l
. Seturailon temperature = 75.70°( . Saturation lemiperature » 79.41°C * Suturation lemperature w §2.90%C ¢ 'L 1o

Dcruﬂf, Enthalpy, Entropy, Vel Sound, Temp,* D’Cl‘ul?. Euthatpy, Enizopy, YelSound, Temp,* Dﬂm? Enthaipy, Entropy, Vel Sound,
kg/my kikg kJikgK) mit < g/ Wg  wJikg K) nvi ‘C kg/m Shlikg, | kJAkgK) Ly mvs -

Saturared Saturaied
35858 1440 13616 579 Liquwd 95183 32129 13806 BT Lgud 9429 3780% E Ny
13647 40 1.6508 1214 Yopor  £5212, 42908 16863 Lig3 Vipor 16971 ¢ 428.30 a'.,vg 6312;
12796 43642 L7z 1269 ' guw 15048 43012 1.6895 1193 ) o '
149 45012 17523 13790 CO000 13EUE 44638 1.7359 1.7 000 1501y 14IH ,;-s'lna}’
10539 46444 1.7885 1448 W 11915 45103 17745 108 oL 13385 45733 /07603’ ISH
EOCT XTIy D 58118 1515 [JUTH] 1se 4719 1.8493 14t [I00 12289 -, 47146 \-t?‘)m - 1446

9344 a2 1.8352 152.2 10w 372 4B63S Lad17 1544 00 1463 {847 - msus-«- 1515 0
8879  S0LI4 18451 1624 13004 98147  194.96 LBIM 1o Huog B - 496,70 : {v’-lsbzu 1518 -
B4.77 51290 1.9419 1612 Huoy 9346 51094 1.9017 1650 Huoe 49T 50493 c TLB9H9 ¥ i 16LG |
BLT  S24.97 1.9598 1m.é 150.00 8939 51279 1.9301 169.7 15000 9778 Tl-5097 —-19201 .. 1618 ¢
1815 53600 1.9670 1757 1600 580 3387 1.9576 i 160.00 9366 ,zgu 1" S19486 .7 1713
1545 4782 19935 1796 170 0 139  jibso 1.9844 1781 17000 01, 5447 19757 176.5
7L 53945 L0193 1843 180,04 1970 sl 1Utuh 181.9 1o B 51661 ool 18U
HIET Bt TN ] ] LAY u& 3 190.00 T 56979 sk 5.5 199 0 5.7 56845 0279 ¢ 13
64 34 HER Y L0699 190.2 20000 JHES  $BIS7T L4 1890 o CHLUE 58031 2.0533 189
66.36 $94 54 10915 1954 e TTAS 5940 20861 1304 I 7859 39221 . LudBl 1914
b4.51 GU6 +i 2188 1966 200 7036 6US29 21103 1956 W 7629 G416 - 21027 1907
6L 6IBSE L1427 1996 20w 4844 iz 21385 196 8 HUT] IS 61647 L1268 1980
118 bl Libbl wes Huw 664 b1 L1581 s LTI 1216 628.2% 508 HL
5966 6il3s 1.149§ 2054 15400 6495 64137 11415 HHE 5300 7030 64053 1M M1

A Pressure = 3.000 v/ Pa . Pressure = 4.000 P2 Pressure = 6.00 MPa

¢« + Sclurution tcmperntue = 8620 . " Saturaton tempersiure 2 100.35°C Satursuon temperature = wa (supercritical) |

_ Temp,®  Density, Enthalpy, Eniropy, Vel Suund, Temp,® Demllr. Enthalpy, Enwropy, Vel Seun:l, Teng,®  Densily, Enthaipy, Entrepy, Yel.Sound,

C - kgym g kg K)  ma *C kg/m Wng  kMkg- K}  avs c Wg/m kikg  WAKgK) /s
Saiuricd Saurnied
» Liguid 875,36 13475 L4171 0.4 Liguid 62595 Lr/ ¥t ] 1.5272 101.2 '
" Yapor 189.25 11247 L6752 12 Yapor 196,29 404.57 1.60%4 934

%000 17342 435.04 1.6983 9L
100G 15047 550 LSS 1318

K

oo i 13636 46793 17845 Lilg ooy 23368 44628  1.7141 [ITT Lo 76285 37541 15074 nt:
S0 12623 04T 18IS 144.5 12000 19929 46509 LTl 15L3 12000 S91L77 40575 15950 1274 "
230N s 49436 eBsi 1550 13O0 17983 48101 LBULE iy B0 G890 43987 16807 1204~ ¢
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81 © 55516 L9y 1792 18000 D24l S4789-  19SFE - 1L - 1800w 22387 - §3L4S - 1B963  x-16135,

56710 Lu2ui 1331 19000 12688 55047 19450 1274 1w 08z 34543 . 19269 - 1681
57905 M6 . 1868 000 12197 $7158 - LS 1817 0 loaco 19988 S590M 5 19559 UG ,
$9002 ROJ06 104 - 21000 11255 58495 LUsT4 - - 4B G - Qb0 19050 LS9 019839 "“51:; .
T30 20951 - 19338 RWOG 11356 59730 - RD62? (TINT - aw. HI i $85.57 " 10199 T;‘“'laa.i_.--i__
DAISI0T Q98 - 197 - 00 0999 60966 - RLETS o 19%4 . T3odu Carsué seaed !aesm & 18781 1%
. : Tz M Joad ¢ zlobe 0GRS5 GRS LaUg - 1976 - LD i6456 TTEINEY T T0626 '?'f'l?l.l:-
' -‘h“’moua - 1169 63941 LIGGS . 04 . 000 344 G3AT - LE3SO L -Dd0ad . ... 25000 | LGLGE . 62457 ‘.;1 0876 . 196,15 3 .
BT lr;n 63L66 . 119w 6.5 280.00 .56 64693 11593 Wi T Mo 15733 63790 LI . 0004
AN - P96 65400 Tl w94 00, 9TB7 65945 LINIT . -l LoLiowt asLd) 65043 T LI . 10382
1 iawy D otels  Ered 12858 1l 18000 9535 Griuy 257 HIN HAUe 13788 68538 LIOM | T4 .
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Tahle B.4Standard Designation of Refrigerants (ASUIRAE Standard 34)"

Refrigerant Chemtcal Namé or . Chemiea) Refrigernnt Chemical Name or Chemical

Number Composhion (% by mnss} Formula Number Composition { 7 by mass) Formuln

Methane Series Zeotropes (Contintred)
10 tetrachloroinethnne {(carbon tetrachloride)  CCH, 403A R.2907227218 {515/20)
11 trichiorefluoremethane CCHF 4038 R-290722/218 {5/56/19)

12 dichlorodiMuoromethane CCILFy 4044 R-125/1430/134a (44/52/4) =
1281  bromochlorodifluoromethane CBrCIF, 405A R.22/1520/142b/C348 (45/7/5.5/42.5) ! g
12B2  dibromodifluoromethane CBryFy 406A R-22/5002/142b (55/4741)
i3 chlorotrifluoromethane CCIF, 407TA R-32/125/1 340 (20/40/40} ’ 8'
1381 - bromouifluoromethane CBIF, 4078 R-32/125/134n (|0ﬂ(_)!20) D
14 ietrafluoremethane (carbon temafluotide)  CF, anC R-3V125M 348 (2V2515D)

20 richioromethane (chioroformn) Chey, 407D R-IN250134a (15/15770) ‘_U)

2t dichlorofluoromethane CHCF ADBA R-125/1422/22 (7/46/47) 8

22 chlorodifluoromeshane CHCIF, 409A R-22/124/142b (607251 5)

2281  bromodiflluoromethane CHRIF, 4098 R-22/124/142b (65/25/10} —

21 rrillucromethane CHiF, 410A R-132/125 {50/50)

a0 dichloromethane (inethylene chloride) cinc, 4100 R-32/125 tA5/55) "5

k1] chlgroMNunromethane CNL.CIF 41tA R 12707221520 (1 .5/87.5/11.0)

31 diltuoromethane {methylene (luoride) CHLF, 411B R-1270/22/152a {11941)) aj

40 chigromethane (merthyl chlonide} CH,(1 412A R-22/218/142h (T0/5/15) ’ =

41 fluoromethane (methyl Nuornide) CH,F Azeotropic Blends { % hy mass)

50 methane CH, 500 R-121520(73.0/26.2) 8
Ethane Serfes 500 R-2U12(75.0/25.0)° (@)

110 hexachloroethane CCLCCly 502 R-2U115 (18.8/51.2) 1

1 penuachlorofluoroethane - CCLCChHLF 503 R-2M12(40.1/59.9)

112 1,1.2 2tetrachloro-1,2-diNuoroethane CCLFCC,F 504 R-32/1%5 (48.2/51.8) %
112a 1,1.1.2-1etmchioro-2.2-difluproethane CCLCCIR, 505 R-12/31 {78.0722.00* e
113 1,1,2-uichlere-],2.2-1rilluctoethane CCLFCCIF, 506 R-17114 (55.1/44.9) b
1132 t.1.1-trichloro-2,2.2-1riMuoroethane CC1,CFy S507A R-125/143a {50/30) ,%
114 t,2-dichloro-1,1.2,2-tetrafuoroethane CCIF,CCIF, SOBA R-2/116 (A9/761)

I14a 1.1-dichioro-1,2,2.2-tetrallucroethane CCY,FCF, 5038 R-2M116 (46/54) "'6

[14B2  1,2-dibromo-i.1,2.2-1eualluoroethane CBrF,CBrF, 509A R-22721R (44/56)

115 chloropemafluarocihane ’ CCIF,CFy Miscellaneous Organic Compounds b

116 hexafluorocihane CF.CFy Hydrocarbens B

120 penachloroethane CHCLCCly 600 butane CHCHLCHChy

123 2.2-dichioro-1,1,1-trifluoroethane CHCI,CFy 600a 2-methyl propane (isobutane) CH{CHy), aj

§23a 1.2 -dichloro-1,1,2-uriMluorcethans CHCIFCCIF, Oxygen Comperunds 2
124 2-rhlore-1,1,1.2-1etralluoroethane CHCIFCF, 610 ethyl ether CHOCH, C

124n 1-zhloro-1,1,2.2-tetrafuorocthane CHF,CCIF, 6il methyl formete HCOOCH, D]
125 pemafluornethane CHF,CF; Sulfur Compaunds

133a 2-chlero- 1,1, )-infllvoroethane CH,CICF, 620 (Reserved for future nssignment) B

134a 1.1,1.2-1etrafuoroethane CH,FCF, Nitrogen Compounds .

140a 1.1.1-trichloroethane (methvl chloroform)  CH,CCl, 630 methyl amine CH,NH, e

141b 1,1 -dichloro-1-fluoroethane CCLFCH, 631 ethyl amine CHNH; ﬁ

1436 1-chlgro- 1, )-diftfuoroethane CCIF,CH, Inorganic Compounds i =

1432 1.!.)-trifluoroethane CF.CH, 702 hydrogen H, -9

1502 1.?-dichloroethane CHC1,CH, 704 helium He o

152a 1.1-diNucroethane CHF,CH, 17 ammonia NH, ' .

160 chioroethane (ethyl chloride) CH.CH.CI 718 waler 1,0

170 ethane CH,CH, 720 neon Ne

Propane Series 728 nitrogen N, >

216ca 1,3-dichlore-1.1,2.2.3.3-hexafluoropropane  CCIF,CF,CC'F, 132 oxygen Oy .
213 octatluoropropane CF.CF,CFy 740 argon Ar
245¢h  1.1,1.2.2-pemallugropropane CF,CF,CH, 744 carbon dioxide cO, ’
290 propane CH,CHyCHy TA4A . nitrous oxide N.O ' D:

Cyclic Organic Compounds 764 sulfur dioxide 50, "
Cli6 1.2-dichloro-1,2,33.4.4- C,CHF, Unsaturated Organle Compounds ' T ﬂ
hexafluorocyclobutane 120 1.1-dichlore-2.2-difluorocthene o=y, C
cn thiorohepiafluorocyclobutane C,CIFy 113 I-chlore-12.2-trifluoroethene CCIF=CF,: O)
C318 octafluorocyclobutane C.Fy 1114 tetraflzoroethene CF,=CF, - D_:
Zeotropic Blends (% by mass) st 1120 trichloroethene CHCI=CCT,

400 R-12/1 14 (must be specified) 1130 1.2-dichloroethene (trons) CHCI=CHO
401A R-22/1512/124 (53/13/34) 1132a 1.1 difluoroethene (vinylidene Nuoride) CF;=CH; - -
401B R-22/1522/124 (6 M11/28) 1140 1-chloroethene {vinyl chloride) CHCI=CHy . -
40I1C R-22/152a/124 (33/15/32) 114} 1-Ruoroethene (vinyl (luoride) CHF=CH,
402A R-125/290/22 (60/2/38} 1150 ethene (ethylene) CH,=CH,

4028 R-125/290722 {3372/60) 1270 propene (propylence) CH,CH=CH,

*The exact compasivion of this sz ne is in quesiion

** (ASHRAE, 1997}
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Tahle B.SPhysical Propert es of Selected Refrigerants®** _
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Refrigerant Bniling P1.
(NBTYat  Freezing  Crideal  Critical  Critleal Refraciive
Chemical Name or Chemicul Molecutar  [91.325 Foint, Tempera- Pressure, Volume, Index of
- Ne.  Compusition (% by mass) Formula Mass ki*a, *C C ture, °C kia Iike Liquid™¢
H Helivm He 10026  -2659 None -1619 18 1443 [OXL«NBP}546.1 nm
J02p  Hydrogen. para i, 10139 =359 -25%) -1n2 1292 382 1Lo9(NBPYf
, W2n  Hydrogen, normal H, 10159 3528 -2591 2199 1313 nn L.O9T {(NBP) 579.1 nm
© 720 Neon Ne 018} =110 =136 2187 Im? 10m -
T 128 Nitrogen N, Rl -19: 8 -0 -1369 1396 1179 1.205 183 K) 5393 nm
719 Air — 397 -194 3 — =140 53 3783 1
' -140 6 3764 AN
"0 Argon Ar 19948 -i1R586  -189) 12219 4860 188 1233{84 K)5R9 1 nm
Oxygen 0, JIY9RE 182962 288  -1IR369 50429 1393 1221 (92 K)Y539.3 un
Methane i, 16.04 -181.5 -1812 -85 1638 6.181
Tetrafluoromethane CF,; L] -1219 -181y 357 RR 2] 1.598
Ethylene C,H, w05 -1037 - Y3 5114 137 1361 i-roo)t
Nitrous oxide ML) 2402 -39 5 -1 LN 1211 16
Ethane (o] RUDH -48 3 ~183 2 4891 3182
R-2¥113 (4014599 - 315 -437 - 193 4E82 REIAN
Trifluoromethane CHF, 002 -31 -155 156 iR313 1.942
ChiorotriMuotamethane CCIF, 194,47 34 =181 8y iR43 LT 106 (25"
Carbon dioxide co, 441 =33 4 ~36 6° 31 7372 IS Lsan
Bromoinflusromethane CHiF, 14393 -31173 —16% 6710 962 112 1239 25y
R-IVN1S5 (48.2151.8) _ 32 -3712 —_ 66 4 4738 12
Difluoromerthane CH.F, jing ~3f3 -136 74 hERTH 2.526
Pentattuoroethans C.lIT, 120,03 —3 57 -i031§ 66.3 16106 -—_ —
Propylene CyH, 1209 177 ~135 Y13 2618 4495 13640 (503!
R-22115(48.8/51.2) — 1ral —45 4 — 322 1075 1.783 e
Propane C,H, 44,10 —1209  -187.7 9670 434y 5% 1.3397(—47) 7
ChlorediNuoremethane CHCIF, 36.48 =076  -160 96.0 4974 1.904  1.234(25)*
Chloropeniaftuoroethane CCIF.CF, 15448 -9 =106 79.9 153 1629 .22t (250
R-12/152a(73.8/26.2) - 99.31 -J15 -159 1055 4423 2016
Atmmonia NH, 1703 -31) =717 1330 1417 4245 1.325016.5)
DichlorodiAuoromethane CCHLF, 12093 -1979 -133 120 171 1792 1288 (25}
Tetralluoroethane CF\CH.F 102.03 -16.16 ~96.6 101.1 4067 141 —
Difluoroethane CHF,CII, 66.05 -150 =117 Hys 1492 214
Methyl chloride CH,Ct 049 -12.4 =918 - 143 [ 1321 1M
Chloratetrafucrocthane CHCIFCF, 136,47 =119 -i99.t5 1115 1660 - —
Isobutane - CHy, 8.0 =173 -160 1350 1645 4536 LISHL 2!
Sutfur dioxide 50, 6407 -0 -135 1573 7873 1910
Chioradifl.oroethane CCIF,CHy | 1005 -4.8 =i 137.1 4129 2197
Methyl amine CI\WNH, 3106 —£.7 -915 156.9 7458 1432 (17.5)
Octatluorotycloburane C,F, 200.04 =33 -4 1133 e 1601 )
Butane CHyy 53.13 =5 -1343 1520 1794 4383 1.3562 (-15)!
Dichlomtejrnﬂuoroethane CCIF,CCIF, 170.94 38 -44 1457 3159 L7717 1.294¢25)
. Dichloroll:aromethane CHCLE 10292 3.9 =115 174.5 516% 1917 13320350
1601 Ethyl ehloride o ¥dl] 64.52 124 1383 1372 5267 3028
£ 6118 Ethyl amine CH N H, 43.08 166 -%0.6 1310 3619
«F 1 Trichlorothoromethane CCIF 137 18 342 =l i98.0 4406 1304 135212594
15123 Dichlorotrifluoroethane CHCIL,CF, 15143 1737 -lunds 183.79 ALY — —
<% 611¢  Methyl formate C.H,0, o0.03 3ty =44 BN 5994 2366
«. - lb  Dichloroiluoroethune CCILFCH, 116,93 »n — 42 42350 —_
l"': §10°  Ethyl ether CuHp 7412 36 -116.3 194.0 3603 1790 1.2526 (20}
. 4 f Ul6ca Dichlorchexafluoropropane €. CTiF, 11043 1569 254 180.0 2753 1342
i 30*  Methylene chloride CILClL, 349) 10.2 -9? 1310 6077 L4244 c20yd
+% W3 Trichlorotrifluoroethzne CCLFCCIF, 187.39 47.57 =35 21401 AEhY) 1736 1.357 (25
- 3;?!!30’ Dichloroethylene CHCI=CHCI 96.95 473 =50 1131 5478
SRR | Trichloroethylene CHCI=CCl, [RINL 371 =11 7.1 5016 L4782 020)
LAY TR Water H.0 13.02 100 9 37199 22064 © 3
% Wote - Referencess - .- .o
‘:'Dln from ASHRAE Thermmlinamic Properties of Refricermnre (Stewart et 5). 1938} or l om - ’\.ul and O1hmcr|l9!6|
= Mct Jaden tl')OOl. uniets otherwise ndied, *Mutheson Gur Duta @ik { 1968).
.! W (Celtiva. unless ketvan iy noicl) is shown in pargniheses. [ana ‘Ek\.ftu.hcmu:ils Depanynent, E.1. duPont de Nemours & Co.
ST ¥ from CRC Hnudbmknj Chemisery aad Phyrics (CRC 19810, unless scherwise nofed, , !8liciin B-33A (duPom),
TUm T T 2 'For the sodium D line. *Buitetin T- 502 (duPony 1990).
E © ' i5ebhmes. - - *Hundbestk of Chemestee {1967),
C T lesmp, " Zurletin G- | sduPom).
MR "Dudgmc constam data. “CRC Hurchusk op Chemstry und Phosivs (CRE 1947,
“ (ASHRAE, 195T) o



91

Table B.6 Velocity of sound in Refrigerant Vapors™**

Temperature, * C
10 50 : 100
‘Refrigerant Pressure, kPa Velocity of Sound. m/s
11 100 b 144 156
12 100 144 155 167
22 100 176 188 201
113 100 b 120 130
114 100 118 127 137
502 100 151 162 173
123 100 b 134 145
124 100 134 144 155
125 100 145 155 166
134a 100 157 169 181
12 1000 b 138 156
22 1000 b 173 193
502 1000 129 148 166
124 1000 b b 140
125 1060 b 141 159
134a 1000 b 149 170
12 1500 b b 148
22 1500 b 164 187
502 1560 b 138 159
125 1500 b 133 155
134a 1500 b b 163
* Below saturation temperature

** (ASHRAE, 1997)
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Table B.7 Latent Ieat of Vaporization Versus Bailing Point*~

Normal Latent

Refrigerant Doiling  Heat A Trouviog

A Chemical Name ar re., At NIIP, Cnnsuu.’_'

: Nn.  Composition (% by mass)  *C kJ/kp-mol UK“';ﬁs’:_f.
717 Ammonia ’ =333 23347 97.32 “l
630 Methyl unine? =50 25914 96.64 4
764 Sulfur dioxide -10.2 24900 94,69
631 Ethyl anine 200 27086 924071
611 Meihyl formnie® 178 2813¢ 90,471 4
1340 Tewafluoroethane -26.15 22160 89.71_“- )
504 R-3VEHIS{48.2/51.8) -57.2 19264 29217t

2}  Trifluoromethane ~82.1 17039 B9.19 1
124 Chiorotetrafluaroethane. =119 22654 14 5
C31R  Octafluoroeyelobutane ¥ -58% 23298 RLI4 1
21 Dichlorofluoromethan= B8 2455 8109 3
22 Chlorediflueromethanc -40,8 © 20207 3691
40 Methyl chioride -218 21641 RGR) 3
123 Dichlorotrnfluoroethane 27.87 26005 6.4) '5
506 R-31114(55.1/44.9) -12.3 2243 3599 1
125 Pentafluoroethane 4357 19276 8589 §
113 Trichloroirifluoroethane 476 27513 8578 1}
1524 Diftuorocthane =250 21039 Bk ]
502 R-2MVIS(48R/50. D —A5.5 19258 R4.59 ‘l‘
114 Dichlorotetraflluorocthane ik 23271 B4.03 }
216ca Dichlorohexalluoroprepane 357 25943 ga.on )
505 R-12/3)(78.0/22.0F% . =299 20319 8151, 3
Il Tiichlorofluoromethane 238 24768 8341, J
500  R-12/1520(73.8/26.2) ~335 19915 RIS
14 Tetrallupromethene -1279 1t 969 8240 3
M Methylene chloridz® 489 26511t 81320 A
600  Butane ~05 22425 gaa3 )
1381 Bromouiflvoromethane -57.8 [7695 8217 -
12 Dichlorodiflvoromethane ~ ~29.85 19982 g1 |
142 Chtorodiflucroethane -9.8° 21624 gy 1
It5 Chloropeniafiuoroethone - =391 19178 gt9s |
1270 - Propylene - —477 18448 B18s |
503 R-2}13(40.1/59. 9) -87.3 15080 8136 |
6002 Isobutane - -7 2114 ooy, |
13 Chlcrotriffucromethane ~8l4 15515 gog: 1
290 Propane’ ) —42.1 - 18669 go.gn. 1
1150  Ethylene’ ~1037 13475 7951 |
170, , Ethane - -88.8 14645  79.44 1
50 Methane -1615 8191 733 1
Noter: ’
“Nol at normnl atmospberic pressure.
*Normal boiling temperatures,”
* *The exaty componllon of this nzcmrope s in qUCSIIBII
References: - i .
1 ASHRAE Themmlmamnc Properties of Kefriperanis (Stewart et al. 1986)
- 2 CRC Handhook of Chemisiry and Physics (CRC 1967),
3 ASHRAE {(1977).
4 Chemical Engineer's Handbook (1973},
S NIST Sundard Rererence Dlllbls: .
“(AS[IRAE isomy i, ' .-
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Table B.3Comparative Refrigerant Pecformance per Kitowatt of Refrigeratinon® **

Net Refrig. Specilic Com-  Power Cumnp,
Evapn. Con. Refriger-  eront Liquid  Volumeof pressor Con-  Coeffi- Dis.

Refrigecant rater  denser  Com.  ating  Cirews  Circu-  Suction Displaces sump-  cient of charge

Chemical Name or Tressure, Pressure, pression Effect, lated, lated, Gas, ment,  tlion, Perfor- Temp.,

» No.  Composition (5 by mass) MPa MI'a Ratin kJike kg/s Lfs mYkg Lss k¥  monce K .

{70 Ethane 1623 1637 286 162,44 0006t6 00232 0.0335 0.206 0364 i ) 324
14 Carbon dioxide 2.29) 7208 115 1324 000745 0.012) 00087 0.065 0.318 296 M3
1381 Bromorrifluoromethane 0.536 182 139 66.14 001512 0010 0.0237 0358 07113 165 313
[2§  Pentafluaroethane 0400 1.570 193 87.76 001139 0.0098 0.0394 0439 027 3.68 s
770 Propylene 0.362 1.304 380 1548 000349 0.0070 n.1285 0449 0.197 5.07 154
X0 Propane 0.29) 1077 N 17988 000357 00074 0.1542 0551 0211 474 320
02 R-2UTIS(48.8/51.2) 0.349 .19 178 104,39 000958  0.00%0 0 0500 2479 0.226 143 Jio
12 Chlvrodifluoromethane . 0.296 1192 4.0} 16246 000616 0.00353 06774 0475 0210 475 326
T Ammonia 0.236 1.164 494 110223 0.00091 00015 0.5106 0463 0207 484 17
- 300 R-12/1322(73.8126. 1) 0214 0379 411 140.95 000709 0.0062 0.0938 0665 0213 4 69 34
at 12 Dichloredifluoremethane 0.18) 0.745 407 t16.58 0.00858 0.0066 0.0914 0.784 0213 1,69 i
[3a  Tetratluoroethane 0160 0.770 431 15071 0.0066¢ 00056 0.1224 0812 0226 142 316
124 Chlaroterafluotoethane 0090 0440 439 11849 000844  0.006) 0.1705 1439 0234 447 305
6003 lsoburang 0.089 g.407 1460 262.84 000130 00070 0.4029 1533 0230 4355 3ig
600  Bulane 0056 0283 503 29201 Q04342 00060 D661 2274 0214 468 s
114 Dichlorotetrafluorosihane® 047 0.252 341 $9.19 001008 0.0070 0.2700 2722 0.235 444 303
Il Trichiorofuoromethane 0020 0.426 6.1 15622 0.00640  0.0044 0.7641 1891  0.196 5.09 313
123 Dichioretniluoroethane 0.016 0.110 3.50 142,30 0.00703 0.0045 0.8953 6221 0.229 1.36 Jol
113 TrichlorotriNluoroeshane? 0.007 0054 7.84 117.34 (.00785 0.0051 1679 {3187 G473 5.77 303

Newex: “Based vn 238 K evaporation and 303 K vundensangn, -

"Saturared sucton except Re11Y and R-114, Enough superheat was added 10 grve saturated dizcharge.

** (ASHRAE, 1997)

Table B.9 Comparative Refrigerant Performance per Kilowatt at Various Eveporating and Condensing Temperatures **

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

. Net Refrip.  Specific Com- s
Refrigerant Evapo- Con- Refrig- erant Volume of pressor Power
Suctlon  rator denser Com- erating Cireu-  Suction  Displace- Consiinip-
Chemicat Name or Temp., Pressure, Pressuce, pression EfTect, lated, Gas, ment, lion,
No, Compousition { % hy miass) K MI'a MPa Ratio klkg ke/s mi/kg Lts kw
- A. 183 K Saturated Evaporating, 0 K Suction Superheat. 233 K Saturated Condensing .
130 Ethylene 183 021 1446 6.84 33040 000303  0.2422 0.733 0.372
| 170 Ethane 183 0.093 0.774 8.3 36421 000175 05257 1.443 0.347
\ 13 ChlorotriNuoromethane 183 0.062 0.607 9.72 106.49 0.00939 0225} L2 0.358
; 1 Trifluoromethane 183 0.062 0.706 11.41 184.36 0.00542 03438 1.363 0172
[ - B. 200 K Saturated Evaparating, # K Suction Superheat. 238 K Saturated Condensing
©__I70 Ethane 200 0.212 0.509 419 503.44 000199 0239 0475 0.165
13 Chiorotrifivoromethane W00 0156 0719 4.6l 108.17 000924  0.0961 0.838 0.217
135 Pentafluoroethane 200 0.026 0.186 7.06 132.0% 0.00757  0.5i82 39123 0226
17 Chlorodiftuoromethame 00 a.017 2112 787 27 0.00472 1LIMWT 3.360 0.2
21 Trifluoromerhane $ 00 0.165 0.847 5.1] 125 6% Q00539 0.1373 0.7 242
C. 213 K Saturated Evuporaling, 0 K Suction Supecheat, 258 K Savirated Condensing
1150 Ethylene 113 0.755 2.859 379 7231 0.00367 00729 0.268 0.314
70 Ethane 213 0.3717 1.623 4.31 312,68 0.00i0  0.1430 .43 0.27
-2 Trifluoromethane 13 031! 1.628 5.2 162.02 G00617  0.0756 0.467 0.296
“ 1} Chlerowifluoromethane 113 0.282 1.315 170 91.63 00109t 0.054% 0.600 0.293
1381 BromorriMluoromethane 213 0.091 0.536 591 87.36 o038 0.1269 |41 0.266
125 Penatluoroethane i 0.056 0.404 7.20 1776 0u0849  0.256) L1175 0.271
190 Propane 23 0042 0.291 5.91 33279 0.00292 0.9343 72 n.254
11 Chiorodifluoromethane 213 0037 0.296 7190 193.80 0.00511 05364 .79 0.233
M7 Ammenin 213 0.022 0.232 1083y  1157.09 0.0028 4.7718 11.367 0.93
i 12 Dichlorodifluoromethane 213 0.023 0.183 30y 13%.57 000722  0.63% 1615 0.248
. 1341 TewaNuorcethane 213 0.016 0.161 10.56 131.64 0.01935 1.0904 201 0.441
D. 233 K Saturated Evaporating, 8 K Suction Superheat. 293 K Saturated Condensing
y 744 Curbon dioxide 13 1.005 57 530 179.50 0.00557 00383 0.2(3 0.46%
381 Bromotrifluoromethane 113 0.220 1413 6.33 65.97 001493 0.0557 0.81) 0.294
‘ 1135 Pentasluoroethane 133 0.150 1.202 303 37.16 001147 Q.102! 1171 0418
230 Propane 233 ol 0.835 137 277.61 2.00360 03871 1.376 0354
22 Chlorodifluoromethane 113 0.105 0910 363 16124 000609 02018 1.247 0341
‘N7 Ammonia 2} 0.071 0.831 1199 1131.45 0.0031 1.5850 49167 1175
$500  R-12152a(73.8726.0 13 0.076 0.668 583 1-0.03 0.00T14 02491 1779 0336
"2 Dichlotedifluoromeihane 13 0064 0.567 184 HER]] 400870  0.2435 2112 0.33%
‘ Ci34a - Tewalluoroethane 2 0.051 0.569 .23 12895 002392 0.3643 3 TI4T7 1191
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Table B.10 Comparison of Safety Group ClassilTentions In '”
\SHRAE Standard 34-1989 nnd ASHRAE Standard 34-1992

. Safety Group |, :

Refrigerant
» Numher Chemical Formula Old - New
10 cc, 2 BI
Fr CCLF ] Al
12 CCLF, | Al
13 CCIF, . 1 Al
1181 CRIF, ! Al
i CFy ] Al
2 CHCI,F 2 Bl =
n CHCIF, 1 Al (7]
3 CHF, Al ®]
10 CH,Cly 2 B2 8.
n CH,F, A2
10 CH.CI H B2 (@)
30 cH, Ja Al N
"3 CCILFCCIF, t Al .
114 CCIF,CCIF, I Al 8
1s CCIF,LF, I Al
16 CF.CT, Af L
12 CHCI,CF, B1 -
§14 CHCIFCF, Al
15 CHF.CFy ‘Al S
14n CF\CHLF Al
142 CCIF,CH, b AL
143 CF\Cil, A2 o)
15t CHF,CH, b A2 =
170 CH,CH, Ja Al 8
18 CTCF,CF, Al
290 CH\CILCH, n Al @)
clis CFy | Al |
400 R-1X/1 14 {must be specified) I Al/AL
500 R-12/1523 (13.8:26.2) 1Al g
501 R-2M12(75.0/25.00* 1 Al S
. 502 R-22/115 (48.8/51.2) ! Al S
‘5074 R-125/143a {50/50) Al
C503A . R2MNIG U6 Al 8
.1 5nz@ . R-23/116 (46/54) AlIAI
T 509A R-22/218 (44/56) Al rs)
600 CH,CH,CH,CHt, Ja Al
* 6002 CHICH ), Ja A3 >
611 HCOOCH, 2 B2 s
m H, A (7]
™ He Al a_-)
7 ML, 2 B2
719 H,0 Al >
720 Nt Al - c
728 Ny Al
740 Ar al >
744 co I Al y—
764 S0y 2 BI o
140 CHiC1=CH, 3] >
E) CHy=CH, Ja Al
1270 , CH\CH=CH, Ja Al S
*The exact composition of this azeoirope is in question. 5
¥ (ASHRAE, 1997) v—
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Y’TaBIe B. 9 Comparahve Refrigerant Performance per Kilowatt at Various Evaporating and Condensing Temperatures (Canc? .

Net Refrig-  Specific ., Com. = &
: Refﬁéeranl . + ' Evapo- Con- - Refrip-  * erant  Volume of prusor Poy
- Suctlon rtor denser Com- eraling Clrcu- Suctien  Displace. Co
Apre ‘, ; » Chemical Name or ~ Temp., Pressure, Pressure, pression  Effect, lated, Gas, ment, e
‘_“N i ""Composllion (%> by mass) K MPs " MPa Ratio kJikg kp/s mYkg - Lis
R N PO TR E. 250 K Saturated Evaporating, 0 K Suction Superheat, 310 K Saturated Condensing
123 , Dichlorotriflucroethane 250 0.01 0.139 1335 130.4 0.02695 ° }.3080 ' 35325
ll ) Trichlomﬂuoromelhnne 250 0.013 0.156 1.7 144.62 0.0241 11248 ° 2733 "6;
124 ,__Chloroleu:ﬂuoroethane 250 0.062 0.543 8.4 105.75 0.00946 02379 . 2,250 o
134a | Tetrnfluoroethane 250 0115 0.934 8.09 133, 0.0264 0.1678 4433 8_
+12 . Dichlorodifluoromethane 250 0.134 0.891 6.64 105.80 0.00945 0.122¢ 1.154-
717~ Ammoniai!’ 250 0.165 1.423 8631 1077.22 0.00327  0.7245 - A 2.367' D
©22 ./ Chlorodifluoromethane 250 0218 1.350 6.37 150.09 0.00666  0.1033 o, D68 _(/)
.502 "; R-22/115 (48.8/51.2) . 250 0.260 1563 6.01 91.9¢ 0.01088 0.0662 0.720 8
125 . Pentafuoroethane 250 0.301 1.867 6.21 73.70 0.01357 0.0525 0.712 =
12t i FU250 K Saturated Evaporating, 41 K Suction Superheat (Not Included in Refrigeration Effcct), 310 K Saturated Condensing"-"!‘ﬂ' —
123+ Dichlorotrifluoroethane 291 0.0l 0.139 11.5 130.4 0.02695  1.5306 .« 41.25 Y
+t ' Trichloroflueromethone 91 0.013 ¢.156 [1.73 144.62 00243 1.3i41 31.933 =
124 : . Chlorotetrafluoroethane 29t 0.062 0.543 8.74 105.75 000946  0.2800 2.648 aj
1340 Tetrafluoroethane” 291 0.11s 0.934 3.09 13 0.02642 . 0.2 5.233 -
'12  Dichlorodifluoromethane 291 0.134 0.891 6.64 105.80 0.00945  0.1451 1.311 6
717 . Ammonia 291 0.165 £.423 863 1077.23 0.00327 0.8469 2,767 O
2 .' Chiorodiluoromethane 291 0218 1.390 6.37 150.09 0.60666  0.1217 0.824
502 _‘5 R-22/115(48.8/51.2) 291 0.260 1563 6.01 91.91 0.01088 0.0796 0.866 ~ | 04] :
" 125 - Peniafuoroethane 291 0.201 1.867 6.21 AN 0.01357  0.0636 0.863 ' Fid %
¥ G.250 K Saturated Evaporating, 41 K Suctlon Superheat {Included in Refrigeration Effect), 110 K Saturated Condensing -'.?:'pa -e
123, Dichlorotrifluoroethane - 291 o0l 00139 - 135 15707 002238 15302 34.25  10f <
"‘ll"‘?Tnchlomﬂuoromelhane o 291 - 0013 0158 .73 167.64 0.02097 1.3140 - 27.55 "'1.0 3 y—
124 Chlorotetrafuorotthane 290 0062 0543 874 13395 000747 02800 2090 43R o
~ l34n:'rTetmﬂuorouhane . 291 0ls 09M 809 16658 00211 o998 4217 L[ >
212 Dl:hloNd:ﬂﬂommelhnnc o 291 0.134 0.891 . 6.64 130.33 0.00767  0.1451 1.513 D!Ill fad
7I7 é"“/‘-’nmmcmi:'x o 291 0.164 1.423 863 116211 0.00302 0.8508 2.567 'I.I_TI\; D
>0y [t Chlomdiﬂuommelhane 291 0218 §.3%90 6.17 177.29 0.00564 0.1237 0.698 _O.ﬁr- aj
‘ 502 'f, R-22/115/(48:8/51 2). 291 0.260 1563 601  LI9B1 000835 00796  0.663 ,o.aﬂ =
-125 " “-Pentafluoroethane 291 0.101 1.867 6.21 105.80 0.00945 00636 0.601 0.366 -
i e e + " H. 266 K Ssturated Evaporating, 0 K Suctlon Superheat, 300 K Saturated Condensing . wﬁ )
25w Pentafluoroethane 266 0.531 1.450 273 9592 001043 00300 0311 O[3 : DS
290’ Propane ' ) 266 .380 1.000 263 29739 000336  Q.1196  0.407 o.lsf%l >
' 22‘::Chlorudlnuorumelhnne 266 0.394 1.102 2.80 169.42 0.005%0 0.0589 0.344 0.154 E
-7l - Ammonig— . : 266 0.326 1.061 126 115386 0.00305 0.3825 1,161 ‘OSII\. —_
500, Rs12/152a (17:8/26.2) 266 0286 08l 2847714854 000673 00713 0480 o.Is] —
12L ¢ Dichlorodilluoromethane 266 0244 0.688 282 12322 0QOURIZ  0.0697 0.566 0. rsi 1
1342 B Tetrafluoroethane ' 266 0224 0.703 114 15737 002233 00896 2 '0519 , I
124 f:.Ch!oro:euaﬂuoroelhane 266 0.124 0.405 127 i26.55 0.00790 0.1249 | 0987 0 li h
600a ,, lsobutane. 266 0.121 0.374 308 2808 000356 03008 | to7e  0fi -8
600; Butane , 266 0.073 0.258 344: 31075 000322 04701 . 1513 ol S
123 i Dichlorotrifluorcethane - 266 0.024 0.697 4.16 150.04 0.02342 0.6071 14.217 - 05‘% !
11~ *FTrichloroflucromethane 266 0.029 0112 185" 16178 0.02172 0.5424 11.8 '0495
) S L. 277 K Saturated Evaporating, 0 K Suctlon Suoerheat, 310 K Saturated Condensing ;g : o
v 125% . Pentafluoroethane - 277 0.756 1.867 - 247 8230 - 001145 0.0214 0.241 ° 0 l'lﬁ ..(‘B
290 ' Propane FYF] 0.534 1.275 239 - 28159 »: 000355 00461 0064 0.08 e
] _;_'I'Chlomdiﬂuoron'!uhnne 77 0.566 1.3%0 2.46 160.57 0.00623 00415 . 0258 6. lﬂ 9
. 717+, Ammonia n 0.494 1.423 2.88 112041 0.00313 0.2606 0317 0.481 D:
00 - £ R-12/152a (73.8/26.2) 277 0413 1.053 2.55 141.50 0.00707 0.0501 0.154 0.143.1 —
127 { Dichlorodifluoromethane 71 0.252 0.891 - 2517 (1799 000848 00493 0417 0.14 <_E
|14u Telrnﬂuoroelhane:' 77 0.336 0.934 2.78 . 149.15 . 0.02157 0.0608 1.433 05:
. 124 'Chlorotstrafiucroethane 277 0.138 0.543 2.89 £26.55 0.007%0 00840  0.663 o.M
;6003 'lsobuume . m 0.181 0.193 273. 27081 000369 02072 0765 Oy,
mq,,. Botane. | t 277 0.119 0.347 2917 0182 ¢ 0001 03170 . 1050 , O,
e "'lI*"‘Tnchlumﬂuoromclhnne an 0.047 0.156 333 I5R67 - 0.02215 0.34%4 117 0.46F
'I21‘_h DichlorotriNluoroethane m 0.019 0.119 157 14661 0.023%7 0.3790 9.083 0.469
S 137 Trichlorotrifueroethane 281 0.018 G.070 3187 1 18.50 0.00R41 0.6785 5.706 0.4,
‘eq % (ASIIRAE, 1597)° R T ST T ¥
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