Troubleshooting

The final article in this series focuses on the
use of pressure-temperature (PT) charts and

how they differ for blends compared to single-

component refrigerants

Figure 1 | Bubble point and dew point for biends
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ressure-temperature (PT)
charts can be used to trou-
bleshoot system opera-
tion, specifically to check
proper low- and high-side
pressures, set superheat
and subcooling temperatures, and to
set pressure controls. The tempera-
ture glide of a blend will determine
how the PT chart will look.

Therefore, a quick review of tem-
perature glide from last month’s arti-
cle is necessary:

e As a portion of a refrigerant
blend works its way down the length
of an evaporator tube, local fraction-
ation of the liquid, as
it boils, will cause the
boiling temperature
to increase.

The average evapo-
rator temperature is the average
between the temperature where the
blend begins boiling at the expan-
sion device and where it stops boil-
ing at the end of the evaporator.

e The average of the temperature
olide is used to compare to a single
refrigerant’s boiling point for pur-
poses of having the same “coil tem-
perature.”

e Temperature glide in the con-
denser occurs in the same way as in
the evaporator, but the process is
reversed as the components con-
dense at different rates from the inlet
to the outlet.

Bubble point and dew point
As shown in Figure 1, a single-com-
ponent refrigerant will either evapo-
rate or condense at a single tempera-
ture called the boiling point. During
evaporation, the liquid reaches a
point where bubbles start to form
and the liquid boils to vapor at the
boiling point.

When the last drop of liquid dis-
appears, any additional heat input
causes the vapor to superheat (rise in
temperature above the boiling
point). During condensation, the
vapor forms liquid drops and contin-
ues to condense to liquid at the boil-
ing point. When the last of the vapor
disappears, any additional removal
of heat causes the liquid to subcool
(lower in temperature below the



boiling point).

For blends, the process is exactly
the same: liquid evaporates to satu-
rated vapor and then superheats
from that point, or vapor condenses
to saturated liquid and then subcools
from that point. The difference with
a blend is that while it is boiling it is
also warming up from the effects of
the temperature glide (and cooling
during condensation).

The glide is not considered a sen-
sible heat change in the same way
that superheat and subcool are
defined. Rather, glide is a function of
the local fractionation effect on the
blend as it travels along the heat
exchanger.

For a given pressure, the tempera-
ture where a blend is saturated vapor
will be different from the tempera-
ture where a blend is saturated lig-
uid. A traditional PT chart would list
the pressure next to the boiling point
temperature.

For blends, there are two values
for the pressure/temperature rela-
tionship — one for the vapor and one
for the liquid. Since saturated liquid
will start to form bubbles when heat-
ed, this is called the bubble point.
Similarly, when saturated vapor
starts to cool it will form dewdrops,
so it is called the dew point.

Troubleshooting

with a PT chart

There are several key troubleshoot-
ing activities that require the use of a
PT chart. It is important for the con-
tractor or service tech to use the cor-
rect data when performing these
activities, such as determining the
operating coil temperature (or aver-
age coil temperature).

Service personnel will often want
to know at what temperature the
refrigerant is boiling or condensing
inside the coil. Popular refrigerants,
such as R-22 and R-404A, will have
the temperature scale printed on the
gauges and the coil temperature can
be read directly.

The operating coil temperature
for other single-component refriger-
ants, or low-glide blends, can be
found on the PT chart by finding the
gauge’s pressure reading and looking
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Pressure is on the left, and
the columns are temperatures.
For blends, there are two
columns for dew-point temper-
ature and bubble-point tem-

Pressure (or temperature) is on
the left, and the columns con-
tain temperatures (or pres-
sures). For blends, lower tem-
peratures list only dew-point

Temperature is on the left,
columns contain pressures. For
blends, there are two columns
for dew-point pressure and
bubble-point pressure at each

perature at each pressure. data (for superheat measure- temperature.
* Vapor ments) and higher tempera-
** |iquid tures list only bubble-point data

(for subcooling measurements).

it is important to recognize which kind of PT chart you have before
using it to troubleshoot a system. The figure shows the three basic
‘types of blend PT charts that are available.

at the corresponding temperature
(there will be only one column to
read). For higher-glide blends, how-
ever, the task is a little more difficult
(refer to Figure 2 above:)

s Type A chart: The pressure is
found on the left, and the average of
the bubble point (liquid) and dew
point (vapor) temperatures will give
the average coil temperature.

e Type B chart: Tn this case, you
also must know the temperature
glide for the blend you are using. For
the evaporator, only the dew point
(vapor) is given at colder tempera-
tures. Since the dew point is the tem-

_perature of saturated vapor at the

end of the evaporator, you will sub-
tract one half of the temperature
glide to find the average temperature
at the middle of the coil.

For the condenser, only the bub-

ble point (liquid) is given at higher
temperatures. Since the bubble point
is the temperature of saturated lig-
uid at the end of the condenser, you
must add one half of the glide to the
bubble point to find the average coil
temperature.

¢ Type C chart: Pressures are list-
ed in the columns and temperature
is on the left. The gauge pressure
must be found in each of the bubble
point (liquid} and dew point (vapor)
columns, then the corresponding
temperatures must be found for
each. The average of these two tem-
peratures will be the average coil
temperature.

Determining superheat

and subcooling

The process for determining super-
heat or subcooling is exactly the
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AT -3 Cut-in/cut-out pressure control using blends

A. R-12: Running system

Cut-out pressure = 15 psig.
Corresponds to 10° F boiling temp.

C. Blend: Running system

Cut-out pressure = 15 psig.
Corresponds to 10° F avg. evap. temp.

B. R-12: System is off

Cut-out pressure = 35 psig.
Corresponds to 38° F “liquid pool” temp.

D. Blend: System is off

Cut-out pressure = 45 psig.

Corresponds to 38° F “liquid pool” temp.

An R-12 system will run until the coil reaches 10°

F (the box is cold

enough) and the pressure confrol senses 15 psig and turns off. When
the system is off R-12 liquid pools in the coil. As the box warms, the
refrigerant also warms until it is at 38° F and generating 35 psig. The
control turns the system back on. After a retrofit, the blend is running
an average evaporator temperature of 10° F at the same 15 psig. Leave
the low pressure setting alone in this case. When the system is off the
liquid blend is generating a higher pressure than R-12 would. Look at the
liguid (bubble point) column on the PT chart to find the pressure that the
blend will generate at 38° F, the new cut-in pressure setting (45 psig).
Not making this adjustment will allow the system to come back on at
28° F, which is the temperature at 35 psig for this blend. The system will
short-cycle and the coil eventually will ice over under these conditions.

same for blends as it is for single-
component refrigerants:

A. Use gauges to determine the
saturated refrigerant pressure.

B. Use a PT chart to determine the
corresponding saturated refrigerant
temperature.

C. Use a thermometer to measure
the line temperature

D. Superheat: Subtract the satu-
rated vapor temperature from the
line temperature.

E. Subcooling: Subtract the line
temperature from the saturated lig-
uid temperature.

For single-component refriger-
ants or low-glide blends, there is
only one temperature value on the
PT chart that corresponds to the
given pressure, and the vapor or lig-
uid will boil or condense at that tem-
perature.

o Type A and C chart: If you are
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measuring superheat, the refrigerant
will be saturated vapor at the end of
the evaporator and you will use the
dewpoint (vapor) column only. If you
are measuring subcooling, the refrig-
erant will be saturated liquid at the
end of the condenser and you will use
the bubble point (liquid) column only.

* Type B chart: Superheat is
usually only measured at colder
temperatures. The data listed in the
chart at cold temperatures will be
the dew point (vapor) values.

Subcooling is usually measured at
warmer temperatures. The data listed
in the warmer part of the chart will be
the bubble point (liquid) values.

Pressure controls

Sometimes a pressure control must
be set according to the pressure that
is generated by the refrigerant at a
desired temperature. This is straight

forward for single-component refrig-
erants and low-glide blends because
there is only one pressure listed for a
given temperature. For blends, how-
ever, you must consider whether or
not the system is running at the time.

When a system is running use the
average evaporator or condenser tem-
perature to determine the correct
pressure setting for the appropriate
control.

For example, a cooling water-flow
control on a water-cooled condenser
may be set to maintain a certain con-
densing temperature. The correspon-
ding pressure setting must be deter-
mined by averaging the vapor and
liquid data on the PT chart or adding
half the glide for a type B chart.

When a system is off the refriger-
ant will sit somewhere in the system
as a liquid. From the fractionation
discussion in part one of this series,
vou should remember that the vapor
above this liquid will adjust to a dif-
ferent composition.

Therefore, whenever a system is
off you must use the bubble point
(liquid) side of the PT chart to set
any pressure controls. See Figure 3
for an example of setting a cut-
infcut-out pressure control.

Special note for type B charts:
Data given at colder temperatures
represent dew point (vapor) values
and will not be correct for setting
pressure controls when the system is
off. Liquid pressures are needed and
a Type B chart may not be useful for
this operation.

How temperature

glide affects superheat

One last consideration for trou-
bleshooting a system after a retrofit:
The temperature glide of a blend can
affect the superheat setting of a
TXV, potentially allowing the valve
to flood through a hunt. Figure 4
shows how the temperature glide
might reduce the effective superheat
of a valve.

Given the system represented by
the single-component diagram, the
refrigerant is boiling at its boiling
point and when the liquid is gone it
will superheat. The TXV bulb is
set around 10° F, as one example, or



around 7° F, as another example. This
system is retrofit to a high-glide blend
that has 14° F of temperature glide, as
shown in the second diagram.

In this case, the average evapora-
tor temperature would be the same as
the original boeiling point. However,
the blend would enter the evaporator
about 7° F lower than the original
temperature and the saturated vapor
at the end of the evaporator would be
about 7° F warmer than the original
temperature.

If no changes were made to the
TXV bulb setting, then, given our
first example, the superheat setting
would be reduced from 10° F to 3° F.
This would be an unacceptably low
value for superheat and the valve
would probably hunt or have trouble
maintaining proper operation.

In the second example of a tighter
superheat setting of 7° F, the blend
would overcome the entire super-
heat safety factor. The valve would
allow liquid refrigerant to flood
through it.

Tight superheat settings are often
found on lower temperature R-12
systems; most of the higherglide
blends are R-12 alternatives. When
retrofitting TXV systems with a high-
glide blend you must take care to
check the superheat of the valve after
the retrofit using the vapor data for
the blend.

Adjusting the spring setting on the
bottom of the valve (turning clock-
wise) can increase the superheat set-
ting. This allows the valve to regain
control of the evaporator and pre-
vent flooding.

Series wrapup

Refrigerant blends are able to dupli-
cate many of the essential properties
of the refrigerants that they are
intended to replace. Blends, howev-
er, are also subject to fractionation
and temperature glide, which can
cause specific changes in system
operation compared to the original
refrigerant.

The best way to successfully apply
retrofit blends is to become familiar
with the properties of the products that
you intend to use. Familiarize yourself
with the temperature glide, average

Average evaporator temperature and superheat §aF-{I[{-%:!

Single component

Bulb setting

Superheat = 10° F

Temperature
=)
-
=]
o

" Boiling point

Evaporation | SUPer-

heating

Blend after retrofit

Avg. evap.
temp.

Super-

Evaporation heating

TXV superheat settings can be affected by temperature glide. This exam-
ple shows an original superheat setting of 10° F before and after a retro-
fit to a high-glide blend. The glide allows saturated vapor to move closer
to the TXV bulb. This example also considers an original setting of 7° F and
a retrofit blend with 14° F of glide, which will eliminate any measurable
superheat and allow the valve to flood liquid through.

pressures that match the original tem-
peratures of the product it replaces,
charging recommendations (percent-
age of original) and the PT chart.

This information is usually avail-
able from the manufacturers or dis-

A Guide for
NATE Certification

. The HYALH Training Authority

tributors of the blends. Much of it
can be found online at companies’
websites. ¢

Jim Lavelle is technical sales manager
at National Refrigerants Inc.
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