


Ammonia R-717

1850-1856

Carbon Dioxide R-744

1882-1886

Sulfur Dioxide R-764

1880-1940

Methyl Chloride R-40

1890

1880-1890
Ethyl Chloride R-160
Carbon Tetrachloride

Dielene

Methylamine
Nitrous Oxide
Butane
Propylene

Ethyl Bromide
Naphtha
Methyl Acetate
Pentane

Isobutylene
Gasoline
Trielene




1930 1961
Chlorofluorocarbons R-502 Azeotropic HCFC-22 + CFC-115

1931 1974

R-12 Stratospheric Ozone Depletition Theory
1932 1978

R-11 Congress Bans non-essential Aerosols
1933 1985

R-114 Ozone Hole Discovered + Global Temperature Rise
1934 1987
R-113 Montreal Protocol

1936 1990

R-22 US Clean Air Act




|l  What are HCFCs?

* There are three primary fluorine refrigerant chemistries

— CFC = Chlorofluorocarbon

. Major
* Rapid phaseout Ozo6e
+ Stopped U.S. production by 1996 Depleters

* R-11, R-12, R-113, R-114, R-500, R-502
* CFC phaseout has reduced the ozone hole!!!

— HCFC = Hydrochlorofluorocarbon Mi
+ Slower, staged phaseout Ozl(r;(r:re
+ Key dates 2001, 2003, 2010, 2015, 2020, 2030 Depleters

*|R-22,|R-123, R-124, R-142b

— HFC = Hydrofluorocarbon

+ No U.S. phaseout planned Non-
+ R-134a, R-143a, R-152, R-125, R-32, Ozone
R-404A, R-410A, R-507, R-407C Depleters
Genetron’ Honeywell
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ODP

(Thousands KG R-11 Equivalent)

U.S. HCFC Phaseout

2003
Stop 141b
production 2010
No new 22
1 6,000 ‘ or 142b Cap = 15,240 ODPs

equipment
2004
35%
Reduction

12,000

Stop R22 Production

8,000 2030

equipment and 124

'''''''''' Production

2015
90% 2020
Reduction |99.5%
Reduction

2006 DOE

4,000

2030
100%
Reduction

0
D T M o M v N~ »
o O O o O O O O O
~ N « N N N AN N
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July 1992
Unlawful Vent CFC's & HCFC's

November 14, 1994
Technicians Certification

November 15, 1995

Unlawful Vent Alternative Refrigerants (HFC's)

1996
Phaseout CFC Refrigerants

1996
Freeze HCFC Production

April 1996
Carrier Introduces Puron R-410A

2010
Ban New HVAC Units R-22

2020
R-22 Unlawful Produce & Import

Recent Refrigerant Introductions
1991 R-1
1992 R-402B



l  What HCFCs Are Affected?

e 2 Phaseout schedules

* R-22, R-142b and refrigerants that contain them

— No new equipment: 2010. No new refrigerant for servicing: 2020.

+ 401A /| MP39 + 409A + 414A (Autofrost®)
+ 401B /| MP66 + 402A | HP80 + 414B (Hot Shot®)
+ 408A + 402B /| HP81 * Freezone™ RB-276

* R-123, R-124 and refrigerants that contain them

— No new equipment: 2020. No new refrigerant for servicing: 2030.

* FRIGC ™
Genetron’ Honeywell
© Honeywell International 2001 AZ-20® R-410A Presentation
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l  Will HFCs be Phased Out?

* HFCs emissions contribute to global warming
— Denmark, Norway, others considering banning HFCs
— Discussion in Europe has centered on refrigerant emissions

* When you consider the TEWI (Total Equivalent Warming Impact)
of an entire system, the best way to reduce global warming is to
improve energy efficiency and minimize refrigerant emissions.

— By 2010, more than 95% of the Global Warming gases created by a 3-
ton rooftop air-conditioner will come from generating the electricity
used to run it. More than 97% for chillers*.

— Banning HFCs in the U.S. could cost our economy $16 billion in the
2020-2030 time frame when such a phase-out could feasibly start*.

+ Based on the A. D. Little Report prepared for the Alliance for Responsible
Atmospheric Policy *

* http://www.arap.org/adlittle/summary.htmi#3
Genetron’ Honeywell

© Honeywell International 2001 AZ-20® R-410A Presentation
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 Will HFCs be Phased Out?

* HFCs are very energy efficient

* Few other options for air-conditioning (or refrigeration)
— CO, has lower energy efficiency

— Hydrocarbons like propane and butane are potentially dangerous

+ Would require many safeguards on equipment adding to equipment
costs, changes in many state and local laws, increased liability costs.

— Ammonia problems similar to Hydrocarbons plus toxicity problems
and incompatibility with copper

* DOE higher SEER mandate is an effort to reduce greenhouse
gases created by electricity generated to run A/C systems

* HFCs are part of the industry solution to reduce global warming
by improving energy efficiency

Genetron’ Honeywell

© Honeywell International 2001 AZ-20® R-410A Presentation
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HFCs can be used in all refrigeration, air conditioning and heat pump (RACHP) applications. However due to
their high global warming potential (GWP), HFCs have environmental implications in the event of
refrigerant emissions into the atmosphere. Whereas RACHP contractors use every available solution with
complete neutrality towards equipment and refrigerants, this paper considers alternatives to HFC, with a
dual aim:

e Set the general AREA position on use of low GWP refrigerants in RAC installations: for what type of
equipment are they best suited, under which conditions & requirements etc
s Set basic competence requirements for RACHP contractors dealing with low GWP refrigerants

Recent and future legislation will probably encourage a greater use of natural refrigerants Ammonia,
Hydrocarbons (HCs), Carbon Dioxide (CO,) and the synthetic refrigerant HFOs in certain applications.
Ammonia, CO; and HCs are well known refrigerants which have pro and cons, while HFO is a new
refrigerant for which little data is available from a practical point of view, as it will be widely used by all
carmakers (EU Directive 2006/40/EC on mobile air conditioning).

The table below shows the respective properties of the low GWP refrigerants under consideration

HFC Natural HFO
Refrigerant HCs Ammonia Co, 1234yf
GWP (100 years) XX v v v vv v

R134a 1300 — R410A 35 0 1 4

1900
Toxicity v v W XX o v
Flammability v XX X v X
Materials v v X v v
Pressure v v v xx v
Availability v v v v’ o XX
Familiarity v v v v X X
Very poorX X PoorX Good»  Very Good » »* Source: F-gas support Information Sheet - RAC7 alternatives

HFCs vs. alternatives in refrigeration & air-conditioning equipment’
There are no easy answers to the question “which refrigerant is most efficient?”, as no refrigerant
represents the ideal solution in all cases and for every equipment — each cooling application has to be
looked at in its own merits and a professional choice must be made taking into account many more factors
than simply GWP. In view of the Total Equivalent Warming Impact (TEWI)? of greenhouse gases, energy
efficiency is the most relevant criterion to assess the suitability of a refrigerant in R&AC systems. Applying
this criterion to RAC equipments according to their size reveals that:

e Onsmall systems, HCs tend to be more energy efficient

e Onlarge systems, CO, or ammonia are generally more energy efficient

s [n between these scales, each equipment should be analysed on a case by case basis

! It should be noted that CO, has been categorised “very poor” in terms of pressure because the RAC industry will need
to learn to cope with using a fluid at 120 bar, which is much higher than the current peak pressures of around 20 bar.
However, the high pressure does deliver some desirable characteristics such as smaller pipe diameters and less
compressor swept volume.

> AREA Position Paper dated 30™ June 2009

® Method which assesses direct and indirect greenhouse emissions connected only with the use-phase and disposal



Achieving the green dream by the use of natural refrigerants

A.C. Pachai® & H. Witulski®, P. Harraghy®
Johnson Controls Denmark Johnson Controls Australia
Christian X's Vej 201 Unit 4, 101 Newmarket Road
DK-8270 Hoejbjerg Brisbane

Tel. +45 8736 7000 +61 7 3630 3028

alexander.c_pachai@jci.com helmuth.witulski@jci.com

Abstract

According to the latest IPCC report from 2007, a little more than 10% of global warming is
related to the use of man made greenhouse gases in refrigeration and air conditioning
systems. This has led NGO'’s and politicians to focus on all options to reduce their use and
emission. Since it is much more difficult and politically sensitive to do anything significant
about the Carbon Dioxide [CO;] problem, such man made gases are attracting more attention
especially as they are very potent and their use is steadily increasing.

The industrial refrigeration industry has for many years used natural gases such as Ammonia,
Hydro-Carbons and Carbon Dioxide instead of the man made greenhouse gases. In some
countries in Europe, the use of such manmade gases has been banned and/or taxes have
been introduced and/or the bureaucracy associated with them is making it more difficult and
expensive to own and operate plants using such gases. This has imposed specific
requirements on both contractors and owners/operators including qualification requirements,
reporting of leaks and procedures for handling and reporting leak testing and handling of the
used refrigerant that is regarded as hazardous waste. Not all these requirements are
applicable for systems using natural refrigerants but they do also present their own
challenges.

This paper will deal with the challenge of making safe and reliable refrigeration systems based
on natural refrigerants. Special focus will be given to chillers typically used for air conditioning
with Ammonia and Hydro-Carbons as the refrigerant as presently used in Europe. Some
differences in the relevant standards/legislation between Australia, New Zealand and Europe
will be considered.

Introduction

The Periodic Table shows that our options for ‘Green’ solutions are limited. Chlorine and
Bromine participate in the depletion of the ozone layer and others e.g. Fluorine, help increase
global warming. The Noble gases are not real options for the purpose of normal refrigeration.
Helium and Nitrogen are used for small cooling loads at very low temperatures close to the
absolute zero. Essentially, we are left with combinations of Nitrogen, Oxygen, Carbon and
Hydrogen e.g. Ammonia [NHs], Caron Dioxide [CO;], Propane [C3Hg].

One might think that Nitrogen and Oxygen should be significant contributors to global warming
each is present in relatively high amounts in the atmosphere. However, the relatively small
molar mass of these two dominating gases makes their contribution insignificant. CO, is
significantly heavier.

A major factor in global warming is how long the gas can survive in the atmosphere before
being broken down into less harmful constituents. Some gases survive for a very long time
and will therefore easily accumulate in the atmosphere. R23, for example, has an
atmospheric lifetime of 273 [IPCC] and @ GWPygg years) ©f 14,800. Ammonia for comparison
has zero GWP and zero ODP. Accumulation of such long life, high GWP gases presents a
serious high risk to our global climate.

Overall, CO; is the single biggest problem but it is also the most difficult to tackle, at least in

Page 1of9




Desired Refrigerant Properties
cEnvironmentally Acceptable

Health- Non Toxic, Non Poisonous, Non Irritating
Safety- Non Flammable, Non Explosive

Ozone Depletion Potential

Global Warming Potential

oHigh Latent Heat of Vaporization

Maximum Refrigeration Per Cubic Foot Pumped
Minimum Power To Compress

«Chemically Stable

oCompatible With Materials Of Construction
oSoluble With Lubricants

cl.ow Moisture Solubility

uHigh Dielectric Strength



Desired Refrigerant Properties

ckEase Of Transportation & Handling

wDetectable At Low Concentrations
Easy To Find Leaks

wReasonable In Cost

oReadily Available

uF-leld System Charging Capability
uReasonable Condensing/Evaporating
Pressures

oLCritical Temperature Well Above
Condensing Temperatures

uFreezing Point Well Below Evaporator
Temperature



Refrigerant Choice
Compressor Size Implications

R-11 R-134a
16.1 3.09
FT3/Min/Ton FT3/Min/Ton
‘ O
R-22 R- 410A
1.98 1.32

FT3/Min/Ton FT3/Min/Ton




R-134a will require a compressor to displace
approximately 50% more refrigerant to achieve the same
tonnage rating as compared to a R-22 system. This will

require half again as many compressors resulting in a
larger unit footprint. If the
number of compressors does not increase, the capacity
rating for a given size unit will be reduced approximately
50%.
This can be offset somewhat due to the different
operating pressures, refrigerant charge, and operating
superheat in the system.



Refrigerantinformation

A 410A, has a much higher specific heat in both liquid and

vapor phase. In the vapor phase 410A has more than a 31%
greater heat carrying capacity per pound tha2®

A 410A refrigerant gas density is higher, enabling a unit to
operate at a lower volumetric flow rate thanZ2.

A With 410A the evaporation heat transfer coefficient
consistently averages about 30% higher tha2?RIn addition,
the system pressure drop for both evaporation and
condensation averages about 40% less th&®?RThis allows

manufactures to use smaller refrigerant components and
reduced size refrigerant lines.



Refrigerant
Comparison
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ALL REFRIGERANTS
]

| 1
REFRIGERANT BLEND

PURE REFRIGERANT
SINGLE COMPONENT BINARY & TERNARY MIXTURES

R-12 AZEOTROPE NEAR AZEOTROPIC

R-22 Blend OF Glide NARM

R-134a Constant Boil/Cond PT Blend
Constant Boil/Cond PT Acts Like Single Component Temp Glide Less 10F

R-500 AC-9000
R-502 MP-66
R-410A R-401
AZ-50 HP-62

|
ZEOTROPE
Blend
Temp Glide Greater
10F

R-407C
MP-39
R-400

R-409C

H_J

The saturated liqguid & vapor
temperatures are not the
same for a given pressure.
‘: Saturated Liquid =

Saturated Vapor =

\'Z



Refrigerant Terminology

ATemperature Glide - Is the range of temperatures a
refrigerant blend will evaporate or condense at a given
pressure. Blends are mixtures and not pure compounds
like R-22. Blends that have a zero glide are known as
Azeolropesor Azeofrop/c mixtures and are treated as single
component refrigerants. An example of an Azeotrope would
be R-500 which is a mixture of R-12/152a % wt (73.8/26.2).




Pressure Enthalpy Diagram

R-500
< Azeotrope
Q.
L " 0°F Glide
- -
7 60,8 40°F e 40°F
A\
D_ 40°F

\

Enthalpy Btu/Lb



Refrigerant Terminology

ANARM - Is a Near AzeotRopic Mixture and has a
temperature glide of up to 10°F. An example of an
NARM refrigerant would be R401A which is a mixture
of R-22/152a/124 % wt. (53/13/34).




Pressure Enthalpy Diagram

Pressure (PSIA)

Bubble Pt

R-401A
NARM

(0]
lo S0°F
o

40° F s 50°F

10°F Glide o 40°F \

Enthalpy Btu/Lb



Refrigerant Terminology

AZeotrope - Is a blend that has a temperature glide
greater than 10°F An example of a Zeotrope
refrigerant would be R-407C which is a mixture

of R-32/125/134a % wt. (23/25/52).




Pressure Enthalpy Diagram

Pressure (PSIA)

Bubble Pt

R-407C

Zeotrope

°
lo 42°F
°

(o]
(o]
12 °F Glide o S0°F \
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(o]
(o]

Enthalpy Btu/Lb



Refrigerant Terminology

ABlend Fractionation - Blends that have temperature glide
leak at different rates due to their differences in vapor

pressure. The higher vapor pressure refrigerant will leak 1st.
NARM6s and Zeotropes must be

care must be exercised in calculating superheat & subcooling.

charged




INMATIONAL Introduction to Retrofitting

Background

Given a piece of air conditioning or refrigeration equipment, the components of that
system have been engineered specifically around the properties of the refrigerant used.
When replacement of that refrigerant becomes necessary for regulatory or economic
reasons, the replacement refrigerant should have as many properties similar to the
original refrigerant as possible. This will minimize hardware changes, control
adjustments, or other time consuming operations such as oil changes.

Since the late 1980s, the development of blends has focused on matching the properties
of the original refrigerant in order to offer some advantage over the competition. Early R-
12 blends focused on evaporator performance in refrigeration systems, however it
became clear that more R-12 was sold into automotive air conditioning. The higher
condenser temperatures in that application created a second wave of blends with lower
head pressures. Early 502 retrofit blends simply removed the R-115, a CFC, and mixed
the new HFC components with R-22.

As early as 1992, manufacturers and suppliers of R-22 based air conditioning equipment
were looking for alternatives. While the focus was mainly on replacing R-22 for newly
built equipment, several retrofit blends were also identified in the process.

Today

2005 marked the 10" year since the phaseout of R-12 and R-502 production. Retrofitting
has been a standard practice in the industry for much of that time, and the market for
retrofit blends is winding down because there are fewer and fewer old systems left to
retrofit, The R-22 market, on the other hand, is just beginning to realize the need for
retrofitting the refrigerant.

January 2006 began adoption of the 13 SEER minimum efficiency rating for residential
AC units, and availability of R-22 condensing units is expected to drop off quickly after
this date as manufacturers move production to R-410A. Although there are several
retrofit blends available for R-22, there will be differences in properties compared to R~
22 that will make the technician’s job a little harder.

Blends Tutorial

The following information is designed to help technicians understand how blends are
different from single-component refrigerants. Fractionation and temperature glide are
explained in a way that shows the impact on system operation and controls. Actual
products and their impact on the market are discussed near the end, and retrofit
procedures are given for a variety of products and equipment.
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'NATIONAL I Blends
Tutorial

Single Components vs. Blends

&

P=p*,

By Convention, Higher Pressure Component is First (P*, > P*;)

Blends are made up of two or more single component refrigerants. When mixing refrigerants,
for example refrigerant “A” and refrigerant “B,” we generally speak about the higher
pressure, higher capacity blend first. For purposes of this tutorial, “A” will be the higher
pressure product.

When two or more refrigerants are placed into the same container, one of two situations will
occur, depending on how strong the different molecules are attracted to each other:

Azeotrope: a blend that behaves like a single component refrigerant. When a blend
forms an azeotrope it displays unique and unexpected properties.

Zeotrope: a blend that behaves like a mixture of the individual components. Zeotropes
have predictable properties based on combinations of the pure components’ properties.

Two new properties (to be explained soon) are Fractionation and Temperature Glide. We can
split the zeotropic blends into Low Fractionation Potential, which also show Low
Temperature Glide, and High Fractionation Potential, which also show High Temperature
Glide. Generally speaking, zeotropic blends with lower temperature glides do not show the
same problems with fractionation that higher glide blends will.
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NATIONAL Blends
Tutorial

Pressure Temperature Curves
for Refrigerant Blends

Azeotropic Behavior Zeotropic Behavior

BP,

BP;

A (A+B) B A (A+B) B

Azeotrope: a special case where the refrigerants combine in a unique way. At the azeotropic
composition the blend behaves like a single refrigerant with its own P-T relationship. The
pressure after mixing is either higher than the pressures of the individual components, or it is
lower than either component. Because the refrigerants are attracted in a special way the vapor
in equilibrium with the liquid is at the same composition during phase change.

Note: the azeotropic composition depends on temperature. The same combination of
refrigerants may form an azeotrope at a different composition, or not at all, at some
other temperature.

Zeotrope: the pressure-temperature relationship is a natural combination of the components’
properties. The pressure for the blend falls between the pressures of its components, and can
be calculated according to established formulas. Given the P-T relationship for each
refrigerant we can calculate the resulting pressure and the vapor composition above the liquid
for any given liquid composition.

In general, if a lot of A is mixed with B, then the blend will have a pressure close to A. If
more B is in the mix, then the blend will have a pressure close to B. If you mix equal
amounts, the resulting pressure will fall in between. Blend compositions can be adjusted so
the blend properties fall exactly where you want. The problem, however, is that you usually
can’t get all the properties to match the original refrigerant under all conditions. You must
trade off which properties you want to match and which ones will be different.
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NATIONAL

New Variable: Composition

c1|A  |B}—e /
C2 A | B |y
C3|A| B[y

Pressure —»

(evap.) (cyl) (cond.)
Temperature —Pp

Once a blend is mixed at a given composition, the pressure-temperature relatienships follow
the same general rules as for pure components; for example, the pressure goes up when the
temperature goes up. For three blends containing different amounts of A and B, the pressure
curve is similarly shaped, but the resulting pressure will be higher for the blend which
contains more of the A (higher pressure) component.

Refrigerant blends that are intended to match some other product (R-12, for example) will
rarely match the pressure at all points in the desired temperature range. What is more common
is that the pressure of the blend will match in one region, but will be different elsewhere.

In the above example, the blend with concentration C1 matches the pure refrigerant at cold
evaporator temperatures, but the pressures run higher at condenser conditions. The blend with
composition C2 matches closer to room temperature, and might show the same pressure in a
cylinder being stored, for example. The operation pressures at evaporator and condenser
temperatures, however, will be somewhat different. Finally, the blend at C3 will generate the
same pressures at hot condenser conditions, but the evaporator must run at lower pressures to
get the same temperature. We will see later that the choice of where the blend matches the
pressure relationship can solve (or cause) certain retrofit-related problems.

The other thing that we can see from this graph is that if a blend loses some of the higher-
pressure component, the remaining blend will have lower operating pressures in order to
achieve the same temperatures.
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NATIONAL Blends
Tutorial

Introduction to Fractionation:
Behavior of Individual Refrigerant Molecules

In zeotropic mixtures
“A” refrigerant molecules
move independently from
“B” refrigerant molecules.

o b ooy
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P, is Higher Combined P Py is Lower
(more movement) A more active than B (less movement)

There are two basic behaviors of refrigerant molecules that will help explain why
fractionation occurs:

1. Pure refrigerants, A or B, exert pressure on the cylinder (or a system) because the
molecules are moving around. At higher temperatures they move around faster, which means
more pressure. At lower temperatures there is less movement, so lower pressure.

Different refrigerants have different energies at the same temperature, and therefore
generate higher or lower pressures.

2. Molecules of refrigerant are constantly moving from liquid to vapor and vapor to liquid at
the surface of the liquid. Vapor and liquid at equilibrium transfer the same number of
molecules back and forth; boiling liquid transfers more from liquid to vapor; and condensing
vapor transfers more from vapor to liquid.

Different refrigerants transfer back and forth to the vapor at different rates.

When you mix A and B together, and they don’t form an azeotrope, the individual refrigerant
molecules behave as if the other type is not there. The As bounce harder than the Bs,
contributing more pressure to the blend, but more importantly - the As transfer back and forth
to the vapor faster than the Bs. This means there are more As in the vapor than there are Bs.
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‘NATIONAL | Blends
Tutorial

Fractionation of Blends

Low Fractionation High Fractionation
Potential (Low glide) Potential (High glide)
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When vapor is removed from a cylinder or system containing a zeotropic blend, two things
are going to happen: 1) the vapor being removed is at the wrong composition, it will have
more of the higher pressure/higher capacity refrigerant component; and 2) the liquid that is
left behind boils more of the higher pressure component out of the liquid to replace the vapor.
Eventually the liquid composition changes because more of the A component leaves the
container compared to the bulk liquid composition.

FRACTIONATION is the change in composition of a blend because one (or more) of
the components is lost or removed faster than the other(s).

A large difference between the pressures of the starting components will cause a greater
difference in the vapor composition compared to liquid. This will worsen the effect of
fractionation on that blend. The High Fractionation Potential blend shown above will produce
a vapor composition of 80% A and 20% B above the liquid composition of 50/50.

The closer the individual component pressure become to each other, then the more similar the
transfer of molecules to the vapor becomes. The Low Fractionation Potential blend shown
above will not have that different a vapor composition compared to the liquid. In this case, it
will take a long time to noticeably change the liquid composition away from 50/50.

Temperature Glide (discussed soon) will be higher for High Fractionation blends, and lower
for Low Fractionation blends.
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INATIONAL I

Blends
Tutorial

Effects of Fractionation in a Cylinder

« Charge wrong composition - poor system behavior
+ Leave behind wrong composition - rest of cylinder

no good
—— > 50/50
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In order to avoid charging the wrong composition and fractionating the remaining blend,
zeotropic blends must be removed from the cylinder as a liquid. This can be done by
turning the cylinder over so the valve is on the bottom, or forcing the product through a dip
tube to the valve.

* All of the major manufacturers have removed dip tubes from their “30 Ib.”
packages as of 1999. There may be some older cylinders, or products from third
party packaging companies, that still contain dip tubes. Check the box or cylinder
labels for instructions on which side should be up for liquid removal.

Liquid charging does not mean that liquid refrigerant should be pushed into the suction line
of the system, allowing it to slug the compressor. After the initial charge into the high side
of a system, the technician should start the compressor and complete the charging process
by flashing the refrigerant from liquid to vapor in the charging hose or across specially
designed valves. Any method that allows the refrigerant to go to vapor before it hits the
compressor should work. Generally, the refrigerant needs to be added slowly at this point.

Please note: When liquid and vapor are together in a cylinder or in a system, IT IS
ALWAYS THE VAPOR THAT GOES TO THE WRONG COMPOSITION.
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‘NATIONAL | Blends
Tutorial

Fractionation Effects on
System Charge

At Rest Running
\' L+V
(frac) (turbulence)
M v
(frac) i
L (circ)
(cire)
qg v v
(circ)
L L
] Vv L+V
L (turbulence)

A system at rest will allow the refrigerant to pool and the vapor to come to an equilibrium
concentration above the liquid. Leaks that occur in vapor areas of the equipment will allow
fractionation of the blend. The worst case will occur when about half of the refrigerant charge
has leaked. (Small amounts leaked from a system will not change the remaining blend by
much. Large leaks will shift the composition, but the majority of the pounds after recharge
will be from fresh product at the right composition.)

Recharging the system after repair will result in a blend with slightly reduced capacity and
operating pressures. In smaller systems, where charge size is critical, it will be best to pull any
remaining refrigerant and charge with fresh blend. In larger systems you will need to make a
decision whether the remaining charge should be pulled or not. Note: for Low Fractionation
Potential blends you will not see much shift in composition anyway, and therefore the charge
can be topped off after repair without loss of properties.

In running systems it has been found that the circulating composition is the bulk blend
composition. In liquid and suction lines there is no second phase, and in the heat exchangers
there is much turbulence so leaks will lose both vapor and liquid. Testing has shown that leaks
from a running system do not cause fractionation, and a normally cycling system will not
fractionate much on the off cycle.

In other words, in most cases, servicing systems with blends does not require full recovery of
the charge. After repair, most systems can be topped off with the blend.
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Flooded Evaporators are designed to keep a pool of boiling liquid refrigerant surrounding a
bundle of tubes. The water, brine, or product to be cooled flows through the tubes. The vapor
that boils off this pool is returned to the compressor, condensed, then poured back into the
pool.

In the case of zeotropic blends, the vapor that boils off this pool of refrigerant will be at the
fractionated composition. If the properties at this composition differ significantly from what
the compressor expects, then the system could develop high head pressures, high amperage
draw at the compressor, reduced cooling effectiveness (capacity) in the evaporator, etc.
Normally it is not recommended to use blends in this type of system.

Suction Accumulators are placed in the suction line before the compressor to keep liquid
from flowing into the compressor. The liquid slug is trapped in the accumulator where it can
boil off to vapor, combining with other suction gas. Zeotropic blends will fractionate in the
accumulator, giving a short-lived spike of higher-pressure vapor back to the compressor.

Systems with suction accumulators should not be overcharged with the expectation that the
accumulator will protect the compressor. (This may lead to frequent pressure spikes.) Also,
this type of system should never be charged by dumping liquid refrigerant into the suction line
and allowing it to vaporize in the accumulator. (High-pressure trips may occur.)
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Refrigerant Glide in the Evaporator

Relationship between blend fractionation and
temperature glide through evaporator tube:
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Let’s assume that a blend of 50% A and 50% B flows across a valve into an evaporator coil. If
we follow a small “piece” of the blend as it flows along the tube we can see the effect of
fractionation:

1. At the beginning of the tube the blend is mostly liquid with a few bubbles in it. The liquid
composition is 50/50 and the boiling point is (for purposes of discussion) 0°F.

2. As the “piece” of refrigerant marches along the tube, more liquid is boiled to vapor. Since
A transfers to vapor faster than B, a larger proportion of A (than B) is transferred to vapor.
This makes the composition of the liquid change along the length of the tube. In this example
the “piece of blend,” which started at 50/50, now has a liquid composition at 37% A and 63%
B. (Of course the vapor has the extra A - at 65%.) The important point is that the boiling
temperature of the current liquid composition is now about 5°F.

3. When our “piece” of the blend gets to the end of the evaporator it is now almost all vapor.
This vapor contains almost all of the refrigerant that we started with at the beginning of the
tube, so the composition is almost back to 50/50. The last few remaining drops are now
concentrated in the B component (about 75% in this example). The boiling point of this liquid
composition is now about 10°F.

Overall Temperature Glide: The difference in temperature between the Saturated Vapor
blend at the end of the evaporator and the liquid entering the evaporator is 10°F-0°F = 10°F.
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Effects of Temperature Glide

Frost formétion?

Colder
Region

Avg. Temp

Warmer
Region

Superheat setting?

* Thermostat placement in air stream
* Ice machine: ice formation and harvest control setting

For pure refrigerants, the evaporator coil is at a constant temperature throughout. For blends,
the temperature glide causes the tubing to be at different temperatures.

If you stand back a blow a fan across the evaporator coil, the air which blows out the other
side looks like it saw an average evaporator temperature, Part of the evaporator is colder, and
part is warmer, but the air mixes and generally gives the equivalent box temperature as if it
passes over a constant temperature coil at this average. There are some potential problems that
can occur:

The colder part of the coil may form frost faster than the equivalent one at constant temp.
The warmer part of the coil may cause “hot spots” in the case, affecting product quality.
Temperature control sensors located in hot or cold spots may affect cycle times.

Ice machines will product thicker ice on the bottom coils and thinner ice at the top.

TXV sensor bulbs are located at the outlet of the evaporator, which now sees warmer gas.

Generally the temperature glide does not affect the system’s ability to remove heat from
product, but the glide will probably affect some of the system’s controls. Superheat settings
and pressure controls will be discussed further.

Frost formation, hot or cold spots must be addressed “outside” the refrigeration loop (defrost
strategies and product placement, etc.). Making the whole coil warmer or colder will change
the overall box temperature, not solve the glide-related problem.
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Bubble Point / Dew Point

Single Component Blends
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The process of phase change (boiling or condensing) is the same for blends as it is for pure
refrigerants:

Boiling: liquid reaches a temperature where bubbles form, then the liquid boils to
vapor. When the last drops of liquid disappear, any additional heat input causes the
vapor to superheat.

Condensing: vapor cools to a temperature where liquid drops start fo form, then the
vapor condenses to liquid. When the last of the vapor disappears, any additional
removal of heat causes the liquid to subcool.

When these phase changes occur in a pure refrigerant, at constant pressure, the temperature
stays constant at what we normally call the “boiling point.”

For blends the process is the same, but the shift in composition during phase change causes
the temperature glide to occur. The vapor will still superheat, and the liquid will still subcool,
however the Saturated Vapor temperature and the Saturated Liquid temperature are not the
same like they were for pure refrigerants. We now must know the particular saturated
temperatures at the ends of the temperature glide for a given pressure.

Saturated Liquid = Bubble Point (Liquid with bubbles starting to form)
Saturated Vapor = Dew Point (Vapor with dew drops starting to form)
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Two-Column PT Charts
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Pressure-Temperature charts traditionally have listed the temperature in the left column and
pressures for various refrigerants in the rest of the columns. For blends we now need two
columns, one for Vapor and one for Liquid pressures.

Note: you should not read a PT chart across - heat exchangers run at constant pressure,
not constant temperature.

Superheat Setting: the process for obtaining superheat is the same as it has always been -
measure the temperature on the suction line, for example at the TXV bulb. To find the
saturated vapor temperature you measure the suction pressure, then go to the PT chart for the
corresponding temperature. For blends you must use the Vapor (Dew Point) column. Subtract
the saturated temperature from the measured temperature to get amount of superheat.

Subcooling: again the process is the same - measure the temperature of the line at the point of
interest. To find the saturated temperature of the liquid you measure the pressure on the
condenser, then go to the PT chart for the corresponding temperature. For blends you must
use the Liquid (Bubble Point) column. Subtract the measured value from the saturated value
to get degrees of subcooling.

Keep in mind the state of the refrigerant where you are measuring - liquid or vapor - to
determine which column you need to use. Also keep in mind that the only practical place that
you find saturated vapor, at the correct composition, is at the end of the evaporator when
measuring superheat. Do not use the vapor column when liquid is present, since the vapor
is at the wrong composition.
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Average Evaporator Temperature
and Superheat

Single Component Blend after Retrofit
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Let’s assume we have a blend with a temperature glide of about 8°F. After a retrofit job we
have the blend running such that the average evaporator temperature matches the constant
evaporator temperature of the product we replaced. About half of the glide is making the front
of the evaporator colder, and the other half of the glide is making the back of the evaporator
warmer. The outlet is about 4°F warmer than it used to be.

The TXV bulb has not been adjusted, and it used to be set for 10°F superheat above the
saturated temperature of our pure refrigerant. Now, with the blend, it is maintaining the same
temperature - but now this only provides 6°F of superheat above the blend’s vapor
temperature.

If the safety margin provided by the superheat setting is reduced too far, it is possible that the
refrigerant may flood back to the compressor. [n many cases reducing the superheat by 4°F or
5°F may not be a problem, but it is always a good idea to check the superheat to make sure.
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Cut In / Cut Out Pressure Control
Using Blends
R-12: Running System Blend: Running System
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R-12: System is Off Blend: System is Off
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With R-12, a Cut In/Cut Out Pressure Control works as follows:

e The R-12 coil gets down to about 10°F and the pressure is about 15 psig. This means the
box temperature is somewhere in the 20’s °F. The pressure switch knows the box is cold
enough and it turns off the compressor.

¢ Liquid R-12 pools in the evaporator coil and warms up to box temperature. As the box
warms to about 38°F, the R-12 in the coil generates 35 psig and the pressure switch turns
the system on again.

With the R-12 Retrofit Blends, the control works about the same:

o The average blend coil temperature gets down to about 10°F at about 15 to 16 psig
(depending on the blend). The box temperature is about the same as it was with R-12, and
the pressure switch shuts off the system.

¢ LIQUID blend settles in the coil and warms to box temperature. The blends have higher
liquid pressures than R-12 - if no adjustment is made the pressure switch will kick the
system back on at 35 psig. For R-401A this happens at 29°F; for R-406A it is 32°F; for
409A it is 27°F; for R-414B it is 28°F; and for R-416A it is 43°F. Most of the blends will
turn the system on too cold, and short cycling will cause the system to freeze up.

You will need to check the liquid pressure at 38°F and reset the cut in pressure accordingly.
(Note: the vapor is at the wrong composition, do not use the vapor column.)
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Lubricant Types

+ Mineral Oil (MO): Refined petroleum product, straight or
branched chain hydrocarbons. Non-polar chemistry means
they mix well with CFCs, OK with HCFCs, not with HFCs.

- Alkyl Benzene (AB): Synthetic lubricant made to act like
mineral oil, long chain hydrocarbons with closed rings.
Somewhat polar - better HCFC miscibility.

« PAG: Poly Alkaline Glycol, long chain hydrocarbons with
alcohol functions. OK for HFC, used by auto AC
manufacturers (available earlier than POE).

+ Polyol Esters (POE): Synthetic lubricants with ester
functions in the middle of long chain hydrocarbons. More
polar so they mix better with HFCs.

Mineral Oil: Byproduct of petroleum processing - so it is cheap. It has been used a long time
and the industry has gained a lot of experience, and solved a lot of problems associated with
using it. Unfortunately the chemical makeup causes mineral oil to mix very little with the new
HFCs.

Alkyl Benzene: Special process in a different part of the petroleum plant - so it is relatively
cheap. It has been used either in colder applications, where it mixes better with HCFCs than
mineral oil, or in high abuse areas, since it is somewhat more stable at high temperatures
compared to mineral oil. It also will not mix with the new HFCs.

Poly Alkaline Glycols: Manufactured chemical that is slippery like oil, but has chemical
functions that make it polar - so it will mix with HFCs. PAGs were adopted by the automotive
AC industry because they were available and worked OK in those systems. Stationary AC and
refrigeration manufacturers had more problems applying PAGs, so they waited for
development of the POEs instead.

Polyol Esters: Manufactured chemicals that have a different type of chemical function which
makes them polar - so they can mix with HFCs better at colder temperatures. The lighter
grades have better properties than PAGs, so most stationary refrigeration and AC equipment
manufacturers have adopted them.
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Water Absorption into Lubricants
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POE lubricants are hygroscopic, which means they like to absorb water. Mineral oils will
typically absorb water until they become saturated, then you can’t get any more water to mix.
Excess water will form a separate layer and potentially freeze in colder parts of the system,
perhaps blocking the valve, etc. With POE systems, however, much more water can be
absorbed into solution. Tens of thousands of parts per million can be absorbed and still not
separate from the refrigerant/oil. This absorbed water can cause breakdown of the POE and
other water/acid related problems.

Drying wet POE systems is extremely difficult. The typical “vacuum dry” method will not
necessarily work if the water has been absorbed into the POE. Though it will dry up “free”
water, even the best vacuum will take a very long time to pull the water molecules away from
the lubricant molecules. In this case it is best to close up the system and charge with the
proper refrigerant. The refrigerant should pull the water out of the POE and circulate it
through the filter/dryer.

Most commercially available driers today have increased amounts of desiccant to protect
HFC/POE systems.
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Refrigerant Information

A In refrigerants such as 134a, the snaaiépresents
this refrigerant is an Is pure compound.

A 410A thecapitol Arepresents the first original blend.

A 410A is amarmrefrigerant which has a glide of less
than 10 degrees and is considered a n@agotrope
mixture. Zero glide Is a trugzeotrope

A A glide of more than 10 degrees igentrope

A 410A has a glide &f3 degrees The composition
(mole fraction) of the gas and liquid remain
essentially unchanged.



Refrigerant Information

A The firstR number in a refrigerant shows which
component will fractionate first and leak out.

A For 410A the composition is32 , R 125. The-R
32 has the highest vapor pressure blend
fractionation

A Specific heat of liquid @ 86 degrees, BTU/Ib-of R
22 1s 0.31 and for 410Ais 0.42.

A Specific heat of vapor @ 86 degrees, BTU/Ib-of R
2215 0.16 and 410A 1s 0.21.
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