Using P-T Analysis As
A Service Tool

Manufacturers of refrigerants,
controls, and other suppliers
distribute hundreds of thousands of
pressure-temperature charts to the
trade every year. It would be rare
indeed to find a service technician
who could not put their hands on a
pressure-temperature chart or appli-
cation at a minute’s notice.
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In spite of the widespread avail-
ability and apparent reference to the
pressure-temperature relationship,
very few service technicians use
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the P-T chart/application properly in P
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diagnosing service problems. v

The purpose of this article is to
demonstrate the proper use of the
pressure-temperature relationship,
and to illustrate how it can be used
to thoroughly analyze a refrigeration
or air conditioning system.

P-T Chart Features:

e Refrigerants 134a, 404A, e Systematic Analysis
407A, 507, 744 - CO», e Handy pocket size

¢ Instructions for ¢ Android / iOS Mobile App
determining superheat
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Refrigerant In Three Forms

Before getting into the proper use
of the P-T chart/application, let’s
review briefly the refrigeration sys-
tem and examine exactly how the
pressure-temperature relationship
can be applied.

The refrigerant in a refrigeration sys-
tem will exist in one of the following
forms:

1. All liquid

2. All vapor

3. A mixture of liquid and vapor

Figure 1 illustrates the form in which
refrigerant is found at various points
in a normal operating refrigeration
system.

Notice that the high side contains
refrigerant in all of the three condi-
tions listed above. The discharge line
contains all vapor. The condenser
where the vapor condenses into a
liquid contains a mixture of liquid
and vapor. The line between the
condenser and the receiver usu-
ally contains all liquid, although it
would not be abnormal for this line
to also have some vapor mixed with
the liquid. Since the receiver has a
liquid level at some point, it has a
mixture of liquid and vapor at the
surface of the liquid level. The lig-
uid line leading from the receiver

to the thermostatic expansion valve

should contain all liquid. A sight
glass or liquid indicator is frequently
installed in the liquid line to assist in
determining if the liquid refrigerant
is completely vapor-free.

The low side of the system will usu-
ally contain refrigerant in only two
of the three forms that were listed
previously. That is, the low side will
contain all vapor in the suction line,
and a mixture of liquid and vapor
from the outlet of the thermostatic
expansion valve to nearly the outlet
of the evaporator.

Figure 1
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State of refrigerant in a normally operating refrigeration system.




When Refrigerant is “Saturated”

The important thing to remember is
that the pressure-temperature rela-
tionship as shown by a P-T chart/
application is only valid when there
is a mixture of refrigerant liquid and
vapor.

Therefore, there are only three
places in the normally operating
refrigeration system where the P-T
relationship can be guaranteed with

certainty. That is the evaporator,

the condenser, and the receiver —
places where a mixture of refrigerant
liquid and vapor are known to exist.
When refrigerant liquid and vapor
exist together, the condition is
known as “saturated.”

This means that if we are able to
determine the pressure at any of
these points, we can easily deter-
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mine the “saturation” temperature
by merely finding the pressure on

a P-T chart/application and read-
ing the corresponding temperature.
Conversely, if we can accurately
measure the temperature at these
three locations, we can also deter-
mine the “saturation” pressure from
the P-T relationship by finding the
pressure corresponding to the tem-
perature that we have measured.

When Superheat or Subcooling is Indicated

At the points in the system where
only vapor is present, the actual
temperature will be above the satu-
ration temperature. In this case, the
difference between the measured
temperature and the saturation tem-
perature at the point in question is a
measure of superheat. The tempera-
ture of the vapor could be the same
as the saturation temperature, but in

Analyzing Refrigerant Condition

Figure 2 shows some actual pres-
sure-temperature measurements
throughout a normally operating
system using R-134a refrigerant.

This may give a better insight into
the condition of the refrigerant at

the various points. The measured
temperature at the evaporator inlet is
19°F (-7.2°C). A gauge installed at this
point indicates a pressure of 18 psig
(1.2 bar); 18 psig (1.2 bar) on the P-T
chart/application indicates a temper-
ature of 19°F (-7.2°C). It might also
be said that the superheat is zero and
the subcooling is zero. Therefore,

the refrigerant is at saturation, or in
other words, at the boiling point. This
P-T relationship will hold true when
refrigerant liquid and vapor are pres-
ent together.

A gauge installed in the suction
line measures 16 psig (1.1 bar). If
there were a mixture of liquid and

actual practice, it is always above. If
these temperatures were the same
then the amount of superheat would
be zero.

Where it is known that only liquid
is present such as in the liquid line,
the measured temperature will

be somewhere below the satura-
tion temperature. In this case, the

vapor at this point, the measured
temperature would be the same as
the saturation temperature or 16°F
(-8.9°C). However, our actual mea-
sured temperature in this case is
27°F (-2.8°C). The amount of super-
heat in the vapor is the difference
between the measured temperature
of 27°F (-2.8°C) and the saturation
temperature (according to the P-T
chart/application) of 17°F (-8.7°C).
Therefore, the superheat is 10°F
(5.4K).

If we also measure 16 psig (1.1 bar)
at the compressor inlet with the
measured temperature of 47°F

(8.3° C), our superheat in this case
would be 30°F (30K), calculated by
subtracting the saturation tempera-
ture equivalent to 16 psig (1.1 bar)
(17°F /-8.7°C) from the measured
temperature of 47°F (8.3° C).

difference between the measured
temperature and the saturation
temperature is a measure of liquid
subcooling. Again, it is possible to
find that the actual measured tem-
perature is equivalent to the satu-
ration temperature, in which case
the amount of subcooling would be
indicated as zero.

Let’s now examine the gauge we
have installed midway in the con-
denser which reads 158 psig (10.9
bar). According to the P-T chart/
application, the saturation tempera-
ture will be 115°F (46.1°C). This is the
temperature that we would be able
to measure if we placed a thermo-
couple in the refrigerant at the point
where it is changing from a vapor

to a liquid. At this point, there is no
difference between the measured
temperature and the saturation tem-
perature. It might also be said that
the superheat is zero and the sub-
cooling is zero. Therefore, the refrig-
erant is saturated, or in other words,
at the boiling point.

In our example we also measure 158
psig (10.9 bar) at a discharge line of
the compressor. The measured tem-
perature here is 200°F (93.3°C).
Calculating the superheat in the
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Example of actual pressure-temperature measurements in a normally operating system.




same way as it was done on the suc-
tion line (difference between mea-
sured temperature and saturation
temperature), it is determined that
the superheat is 85°F (47.2K).

When a system employs the use of a
liquid receiver, there can be no sub-
cooling at the surface of the liquid in
the receiver. The reason is that when
liquid refrigerant and vapor exist
together, they must obey the P-T
relationship or the refrigerant must
be saturated. In our example the
measured pressure in the receiver is
146 psig (10.1 bar); the refrigerant at
the surface of the liquid level in the
receiver must therefore be at 110°F
(43.3°C).

Once a solid column of liquid is
formed, subcooling of the refriger-
ant can take place by lowering its
temperature with the use of liquid-
suction heat exchangers, subcoolers,
or from lower ambient temperatures
surrounding the line.

Subcooling is a lowering of a tem-
perature below the saturation point
or boiling point. In our illustration in
Figure 2, subcooling of 5°F (2.8K) and
2°F (1.4K) has been determined as
illustrated at two points.

Of course, it is important to maintain
some liquid subcooling in the liquid
line to prevent flash gas from form-
ing in the liquid line and entering the
thermostatic expansion valve.

With the use of a P-T chart/applica-
tion, we should be able to determine
the condition of the refrigerant at
any point in the system by measur-
ing both the pressure and the tem-

perature and observing the following
rules:

A. Liquid and vapor are present
together when the measured
temperature corresponds to the
P-T relationship. (It is theoreti-
cally possible to have “100% sat-
urated liquid” or “100% saturated
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vapor” under these conditions,
but practically speaking in an
operating system, it should be
assumed that some liquid and

some vapor are present together
under these conditions.)

B. Superheated vapor is present
when the measured temperature
is above the saturation tem-
perature corresponding to the
P-T relationship. The amount
of superheat is indicated by the
difference.

C. Subcooled liquid is present when
the measured temperature is
below the saturation tempera-
ture corresponding to the P-T
relationship. The amount of
subcooling is represented by the
difference.

Practical Limitation to Gauge Locations

In our illustration we have located
gauges at points in the system where
it is not always feasible to do so on an
actual installation. Because of this,
we must oftentimes make deduc-
tions and assumptions when dealing
with an actual system.

As an example, we would normally
assume that the 158 psig (10.9 bar)
read on the gauge installed at the
compressor discharge line is also the
pressure that exists in the condens-
er. That is, we assume that there is
no pressure loss of any consequence
between the compressor discharge
and the condenser. With this rea-
soning, we arrive at a condensing
temperature of 115°F (46.1°C). If an
undersized discharge line or other
restrictions are suspected, we can-
not make this assumption and other

pressure taps may be necessary to
locate the troublesome area.

It is also common practice to
assume that the pressure measured
at the suction service valve of the

compressor is the same pressure that
exists at the outlet of the evaporator
at the expansion valve bulb location.
This is particularly true on close-
coupled systems where it has been
determined that the suction line is

of the proper size. By making this
assumption, we can determine the
expansion valve superheat without
installing an additional pressure tap
at the bulb location. However, to
eliminate any doubt as to the amount
of suction line pressure drop and to
be absolutely precise in measuring
superheat, a gauge must be installed
in the suction line at the bulb
location.

Care must be taken to make a rea-
sonable allowance for pressure drops
within the system. Excessive pressure
drops can be detected by applying
the principles of the P-T relation-
ship. As an example, in Figure 2,

with gauges installed only at the
suction and discharge of the com-
pressor and reading as indicated, a
significant pressure drop through

the evaporator would be indicated
by a high temperature of, say, 50°F
(10°C) measured at the evaporator
inlet which would correspond to a
pressure at that point of approxi-
mately 45 psig (3.1 bar). That would
mean that there is a pressure drop
of 29 psi (2.0 bar) from the evapora-
tor inlet to the compressor inlet (45
minus 16/3.1 minus 1.1). While this
would be considered excessive on a
single-circuit evaporator, it should
be remembered that on multi-
circuit evaporators there will be a
pressure drop through the refriger-
ant distributor assembly. A pressure
drop through the distributor assem-
bly on R-134a may be in the vicinity
of 25 psi (1.7 bar). This means that
with the use of a refrigerant dis-
tributor, a measured temperature
between the outlet of the thermo-
static expansion valve and the inlet
of the distributor of approximately
50°F (10°C) would not be abnormal
in the system illustrated in Figure 2.



Page 6 — FORM 10-135

Checking on Noncondensables

The proper use of the P-T relation-
ship can be helpful in discovering
the presence of air or other noncon-
densable gases in the system. These
undesirable gases will accumulate

in the condenser and add their
pressure to that produced by the
refrigerant, resulting in a higher total
pressure. Therefore, if this condition

Summary

With an understanding of the refrig-
erant pressure-temperature rela-
tionship, the widely available P-T
chart/application is a valuable tool.

exists, the P-T relationship will be
distorted so that the actual refriger-
ant temperature in the condenser
will be lower than the P-T chart/
application indicates.

Assuming an air cooled condenser,
the relationship between leaving air
temperature and actual refrigerant

A P-T chart/application, along with
accurate gauges and thermometers,
allows us to determine at any point
in the system if the refrigerant is

Test Your P-T Know-How

Figure 3 is an exercise to test your knowledge and use of the P-T relationship. The pressure and temperature are
shown at various points in the system. Check the square that indicates the condition of the refrigerant at each point.
In the case of superheated vapor and subcooled liquid, indicate the amount in the blank shown.

temperature (in condenser) is lower
than a comparable system having no
noncondensables.

This is the result of the noncondens-
able interfering with the amount of

condensing surface and making the
condenser less efficient.

saturated, subcooled or superheat-
ed. This is very important in properly
diagnosing system problems.

Vacuum-Inches of Mercury

swAN TEMPERATURE PRESSURE CHART - at sea level

Pressure-Pounds Per

Bold Italic Figures Square Inch Gauge
TEMPERATURE REFRIGERANT (SPORLAN CODE) TEMPERATURE REFRIGERANT (SPORLAN CODE) TEMPERATURE REFRIGERANT (SPORLAN CODE)
(°F) (°C) | 134a (J) | 404A (S)[407A (V)| 507 (P) |744 - CO, (°F) (°C) | 134a (J) | 404A (S)|407A (V)| 507 (P) |744 - CO, (°F) (°C) | 134a (J) |404A (S)|407A (V)| 507 (P) |744 - CO,
-60 -51.1 21.8 73 142 58 79.9 12 -1 13.1 454 34.0 48.1 357.4 42 5.6 37.0 88.8 72.9 92.8 569.3
-55 -48.3 20.3 3.9 11.5 22 911 13 -10.6 138 46.6 35.0 49.3 363.4 43 6.1 38.0 90.6 745 94.6 577.6
-50 -45.6 18.7 01 86 0.9 103.4 14 -10.0 144 478 36.1 50.5 369.5 44 6.7 39.0 924 76.1 96.5 586.0
-45 -42.8 16.9 20 53 3.0 116.6 15 -9.4 15.0 49.0 37.2 51.8 3756 45 7.2 40.1 94.2 71.8 98.3 594.5
-40 -40.0 14.8 43 16 5.4 131.0 16 -89 15.7 50.2 38.2 53.0 381.8 46 78 4.1 96.0 79.5 100.2 603.1
-35 -37.2 12.5 6.8 13 8.1 146.5 17 -8.3 16.4 51.5 39.3 54.3 388.0 47 8.3 42.2 97.9 81.2 102.1 611.7
30 | -344 98 96 35 | 110 | 1631 18 78 | 170 | 527 | 204 | 556 | 3943 48 89 | 432 | 998 | 829 | 1041 | 6205
-25 -31.7 6.9 12.7 6.1 14.1 181.0 19 -1.2 17.7 54.0 416 56.9 400.7 49 9.4 44.3 101.7 84.6 106.0 629.3
-20 -28.9 37 16.0 8.8 17.6 200.2 20 -6.7 184 55.3 427 58.3 407.2 50 10.0 454 103.6 86.4 108.0 638.3
18 | 218 23| 174 | 100 | 191 | 2083 21 61| 191 | 566 | 439 | 596 | 4138 55 128 | 512 | 1153 | 1152 | 1183 | 684.4
-6 | -267 08 | 189 | 112 | 206 | 2165 2 56 | 199 | 580 | 451 | 610 | 4204 60 156 | 574 | 1260 | 1260 | 1292 | 733.1
-14 -25.6 04 20.4 125 222 225.0 23 -5.0 206 59.3 46.3 62.4 4271 65 18.3 64.0 137.3 137.4 140.7 784.2
-12 -24.4 1.1 22.0 139 238 2338 24 -44 213 60.7 415 63.8 4338 70 211 71 149.3 149.6 153.0 838.1
-10 -233 19 23.6 15.2 255 242.7 25 -39 22.1 62.1 487 65.3 440.7 75 239 787 162.0 162.5 165.9 894.9
-8 <222 2.8 25.3 16.7 27.3 2519 26 -3.3 229 63.5 50.0 66.7 447.6 80 26.7 86.7 175.4 176.1 179.6 954.9
-6 211 36 27.0 18.1 29.1 261.3 27 -2.8 23.7 64.9 51.3 68.2 454.6 85 29.4 95.2 189.5 190.5 194.1 1018
4 | -200 46 | 288 | 197 | 309 | 2710 28 22 | 25 | 664 | 526 | 697 | 4617 90 322 | 1043 | 2045 | 2057 | 2003 | *
-2 -18.9 55 30.7 21.3 32.8 280.9 29 -1.7 253 67.8 539 nz 468.8 95 35.0 1139 220.2 2218 2254 **
0 -17.8 6.5 326 22.9 34.8 291.0 30 -11 26.1 69.3 55.2 72.1 476.1 100 378 124.2 236.8 238.7 2423 *x
1| 172 70 | 336 | 237 | 358 | 2962 31 06 | 269 | 708 | 566 | 743 | 4834 105 406 | 1350 | 2542 | 2565 | 2601 | **
2 | -167 75 | 346 | 246 | 369 | 3015 32 00 | 278 | 724 | 580 | 759 | 49038 110 433 | 1464 | 2725 | 2752 | 2788 | **
3 -16.1 8.0 35.6 25.5 379 306.8 33 0.6 286 739 59.4 715 498.3 115 46.1 158.4 2918 294.9 298.5 **
4 -15.6 85 36.6 26.4 39.0 3121 34 1.1 295 75.5 60.8 79.1 505.8 120 489 171.2 312.1 315.6 319.2 **
5 -15.0 9.1 377 27.3 40.1 317.6 35 1.7 304 711 62.2 80.7 513.4 125 51.7 184.6 3333 3373 340.9 **
6 | -144 96 | 387 | 282 | 411 | 3231 36 22| 313 | 787 | 637 | 824 | 5212 130 544 | 1987 | 3556 | 360.1 | 3638 | **
7 | 139 | 102 | 398 | 201 | 423 | 3286 37 28 | 322 | 803 | 652 | 841 | 5290 135 572 | 2136 | 3791 | 3840 | 3878 | *
8 -133 10.8 409 30.1 434 334.2 38 33 33.1 82.0 66.7 85.8 536.9 140 60.0 229.2 403.7 409.0 413.0 **
9 -12.8 1.3 420 31.0 445 3399 39 39 34.1 837 68.2 875 544.8 145 62.8 2457 429.6 435.2 439.5 **
10 -12.2 1.9 43.1 320 45.7 345.7 40 44 35.0 85.4 69.7 89.2 552.9 150 65.6 262.9 456.8 462.6 467.4 *x
1 | 17| 125 | 443 | 330 | 469 | 3515 0 50 | 360 | 871 | 713 | 910 | 561.0 155 683 | 2810 | 4855 | 491.3 | 4970 | *

(Temperatures 50°F and below).
** = exceeds critical temperature

To determine subcooling for R-404A and R-407A, use BUBBLE POINT values (Temperatures above 50°F — Gray Background); to determine superheat for R-404A and R-407A, use DEW POINT values
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/\WARNING - USER RESPONSIBILITY
Failure or improper selection or improper use of the products described herein or related items can cause death, personal injury and property damage.

This document and other information from Parker Hannifin Corporation, its subsidiaries and authorized distributors provide product or system options for further investigation by users having
technical expertise.

The user, through its own analysis and testing, is solely responsible for making the final selection of the system and components and assuring that all performance, endurance, maintenance,
safety and warning requirements of the application are met. The user must analyze all aspects of the application, follow applicable industry standards, and follow the information concerning
the product in the current product catalog and in any other materials provided from Parker or its subsidiaries or authorized distributors.

To the extent that Parker or its subsidiaries or authorized distributors provide component or system options based upon data or specifications provided by the user, the user is responsible for
determining that such data and specifications are suitable and sufficient for all applications and reasonably foreseeable uses of the components or systems.

OFFER OF SALE

The items described in this document are hereby offered for sale by Parker Hannifin Corporation, its subsidiaries or its authorized distributors. This offer and its acceptance are governed by
the provisions stated in the detailed “Offer of Sale” available at www.parker.com.
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