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FORR-22 ONLY-To Determine Evaporator Superheat: 
Count Marks from Pressure to the Green Dot, 
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Measured Low-Side Suction Pressure (PSIG) 

Fig. 1 
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FORR-22 ONLY - To Determine Superheat: Count Marks from 
Evap. ty to the Green Dot, Each Mark is 2F Superheat 

{ { } { } . . . . . . . . . . ) 
34 38 42 46 50 54 58 62 66 

Evaporator Saturation Temperature (F) 

F761 

FOR R-22 ONLY - To Determine Superheat: Count Marks from Evap. 
Exit Air to the Green Dot. Each Mark is 2F Superheat 

. . . . . . . . . .'", 
44 48 52 50. .. 64 72 76 

Evaporator Exit Air Temperature (F) 
(Assumes 1 OF Heat Transfer Temperature Difference) 

F76, 5 

FOR R-22 ONLY - To Determine Superheat: Count Marks from 
gy. to the Green Dot, Each Mark is 2F Superheat 

. . . . . . . . . . . . 
34 38 42 46 50 54 58 62 

Evaporator Saturation Temperature (F) 
Value is calculated as Measured Evaporator Air Exit Temperature minus ( - F) 

(Offset to be measured by Technician during installation) 

Fig. 6 

66 



Patent Application Publication Feb. 7, 2002. Sheet 3 of 3 US 2002/0014083 A1 

For R-22 onLY-To Detamine condenser subcooling: count Marks from Green Dot to Pressure Measured Each Mark 2r. Subcooling 

, , , , , , , , , ; ; ; , , , , , , , , , , , s 

is so is to tes iro is so as 1so is zoo as 2to 2ts 220 25 230 2s 240 24, 2 * * * 
High-Side (Discharge Pressure (PSG) 

F14.7 

FOR R-22 ONLY - Place on Evaporator Return line 

iii. ... . . . . . Cai For Norm Cai For Service 
Service Operating Range 

  



US 2002/0014083 A1 

SIMPLIFIED SUBCOOLING OR SUPERHEATED 
INDICATOR AND METHOD FOR AIR 

CONDITIONING AND OTHER REFRGERATION 
SYSTEMS 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

0001. The present invention relates to a simple field 
installable/removable indicator which can be used with a 
field preSSure measurement to indicate the degree of Sub 
cooling or Superheat of the refrigerant contained in the pipe 
(tubing, or refrigerant-containing component) to which it is 
attached. More particularly, the present invention relates to 
a Superheat or Subcooling test indicator used in vapor 
compression refrigerators and the like which can be attached 
to the System and used in conjunction with a preSSure 
measurement via the existing Service valve, making the 
Superheat or Subcooling calculation easy and fast, without 
the need to understand the use of a preSSure-temperature 
Saturation curve or table. A Series of individual temperature 
indicating liquid crystals or other well-known temperature 
indicating chemicals or the like are located on a Self 
adhesive Strip. Alternatively a traditional thermometer can 
also be utilized. 

0002. As used herein, “vapor-compression system” and 
“refrigeration System” refer to refrigerators, heat pumps, air 
conditioners or any other System which produces a refrig 
eration or cooling effect using refrigerant evaporation. 
0003) At the refrigerant vapor outlet of most evaporators 
of vapor-compression Systems, it is expected that only vapor 
will be present. The number of degrees that the vapor is 
warmer than the Saturation temperature corresponding to the 
actual preSSure of the vapor is called the “vapor Superheat.” 
The Superheat is a measure of how much of the evaporator 
is effective in the cooling process. A high Superheat Suggests 
that much of the evaporator is not being used for evapora 
tion, meaning the refrigerant charge is low. A low vapor 
Superheat Suggests that complete evaporation may not occur, 
which may be indicative of a blocked or reduced airflow 
over the evaporator, a clogged filter, or a failed blower fan. 
0004 At the refrigerant liquid outlet of the condenser, it 
is expected that only liquid refrigerant will be present. The 
number of degrees that the refrigerant temperature is cooler 
than the Saturation temperature corresponding to the refrig 
erant preSSure is called the “liquid Subcooling.” A high 
degree of liquid Subcooling Suggests that much of the 
condenser is not being used for condensing vapor, but 
instead is being employed for Subcooling, a much leSS 
effective mode of heat transfer. 

0005 The reason that measurement of actual superheat is 
desired is that it is well known as the best method to properly 
charge a vapor-compression System with refrigerant. It is 
also an excellent check for proper System charge on an 
operating unit. For example, operation at evaporator Super 
heats above 10 F. typically indicate a low refrigerant charge 
and at less than 3 F. indicates an overcharged System. 
0006 Checking evaporator vapor superheat and con 
denser liquid Subcooling are common maintenance proce 
dures. The calculation of Superheat and Subcooling requires, 
however, a pressure/temperature Saturation curve (which is 
Specific to the refrigerant in the System), and at least a 
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rudimentary understanding of the thermodynamics of 
evaporation and condensation. Other more complex 
approaches have been proposed to avoid the need to under 
Stand a preSSure/temperature relationship and to calculate 
the Superheat or Subcooling for the user. 

0007. In U.S. Pat. No. 5,820,262, a refrigerant sensor 
provides, within a common assembly, pressure, temperature 
and Superheat measurements and calculations with respect to 
a refrigerant material. The Sensor includes a pressure trans 
ducer for measuring the pressure of the refrigerant material 
and a temperature transducer for measuring the temperature 
of the refrigerant material. The preSSure and temperature 
measurements are used by a microprocessor to calculate the 
Superheat value of the refrigerant material. 

0008 Similarly, U.S. Pat. No. 5,627,770 discloses a gage 
having Sensors for observing temperature and preSSure. The 
gage includes a display and an internal computer with a 
Stored program. A data cartridge is Separate from the gage 
but is connected to it with an electrical plug-type connection. 
The data cartridge has a non-volatile memory on which is 
Stored data relating pressure and Saturation temperature of a 
Volatile refrigerant. The Stored program contains program 
ming instructions for measuring temperature and preSSure 
from a Source, retrieving from the data cartridge Saturated 
temperature data corresponding to the observed pressure, 
and calculating/displaying Superheat or Subcooling. 

0009 Various low refrigerant charge-detecting devices 
have been proposed. For example, U.S. Pat. No. 4,545,212 
discloses a Superheat detector including a Semiconductor 
preSSure Sensor and a Semiconductor temperature Sensor. An 
operational controller converts an output Signal from the 
Semiconductor pressure Sensor to a value corresponding to a 
Saturation temperature of the refrigerant, and produces an 
output electrical Signal corresponding to Superheat condition 
of the refrigerant by comparison between the Saturation 
temperature and the output from the Semiconductor tem 
perature Sensor. 

0010 U.S. Pat. No. 5,586.445 discloses a low refrigerant 
charge detection using a combined preSSure/temperature 
sensor, and U.S. Pat. No. 5,457.965 discloses an apparatus 
for detecting a low level of refrigerant circulating through a 
motor Vehicle refrigerant circuit. The apparatus comprises 
an electronic logic module, a preSSure transducer and a 
thermistor preferably located in the refrigerant circuit 
between the compressor and the evaporator. The preSSure 
transducer generates a signal indicative of the refrigerant 
preSSure, from which the module derives a Saturation tem 
perature of the refrigerant. The Saturation temperature is 
compared with the measured temperature to determine if a 
Superheat condition exists indicative of low refrigerant 
charge. 

0011 While no simple, passive, non-electronic visual 
Sensors for the direct determination of Subcooling or Super 
heat are known, Visual Sensors or indicators for use in 
detecting the moisture of a refrigerant in a vapor compres 
Sion System are known, as Seen for example, in U.S. Pat. No. 
4,018,061 as well as commercial products by Parker, Alco 
Controls, Sporlan, Virginia. KMP, and others. 

0012. Other types of visual indicator systems are known 
for testing the presence and concentration of contaminants in 
a refrigerant. For example, U.S. Pat. Nos. 4,923,806 and 



US 2002/0014083 A1 

5,071,768 show apparatus for testing liquid or vapor con 
taminants in a closed system. Likewise, U.S. Pat. No. 
5,377,496 shows an acid contamination indicator for closed 
loop vapor compression refrigeration Systems. A pending 
patent application describes another indicator Sold under the 
trademark “QwikCheck,” and represents yet another way of 
Visually detecting the presence of acid in a refrigeration 
System. Another pending patent application Sold under the 
trademark “OwikLook,” discloses another device for visu 
ally detecting the presence of moisture in a refrigeration 
System. 

0013 All the prior art devices and methods for automatic 
determination of Superheat or Subcooling have one thing in 
common, namely an electronic device to process the mea 
Sured pressure and convert it to the corresponding Saturation 
temperature for the Specific refrigerant and then compare 
this temperature to the measured temperature to determine 
the Superheat or Subcooling. A discussion of how to manu 
ally calculate Superheat from the measured temperature and 
preSSure along with a pressure temperature Saturation curve 
is well known in the art and discussed in numerous Service 
manuals. 

0014) The 1975 Refrigeration Service Engineers Society 
(RSES) literature is one such source of instruction and 
includes a simple pictorial by Sporlan Valve Company on 
how to check Superheat. The calculation of Superheat or 
Subcooling is performed manually by 

0015 1. measuring the pressure, 
0016 2. using a pressure/temperature Saturation 
table or curve to convert this pressure to the corre 
sponding Saturation temperature of the refrigerant, 
then 

0017 3. measuring the actual temperature, and 
0018 4. calculating the difference between these 
temperatures to determine Subcooling or Superheat 
(where Subcooling temperatures are below the Satu 
ration temperature and Superheat temperatures are 
above). 

0.019 Methods to produce a low-cost disposable ther 
mometer that is flexible enough to be adhesively attached to 
the refrigerant-containing Structure or tubing and/or meth 
ods of mechanically attaching the bulb of a more conven 
tional thermometer to the refrigerant-containing structure or 
tubing device are also well know in the art. 
0020. It is an object of the present invention to provide a 
Simple and relatively inexpensive indicator for indicating 
with Sufficient accuracy the degree of Superheat or Subcool 
ing in a vapor-compression or refrigeration System. 
0021. This object has been achieved by using temperature 
indicators in combination with a pressure measurement. 
That is, rather than calibrating these well-known tempera 
ture indicators to indicate an absolute temperature which is 
their normal use, a combination of pressure and temperature 
Scales are utilized. In this way, an inexpensive thermometer 
becomes a Superheat or Subcooling indicator, avoiding the 
need for complex electronic devices or an understanding of 
thermodynamics of two-phase fluids. The temperature indi 
cating Substance is affixed (either permanently or remov 
ably) to the refrigerant containing device at a location where 
the Superheat or Subcooling is to be determined. Typically 
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this is the exit pipe (or tubing) of an evaporator for Superheat 
measurements and the exit pipe (or tubing) of a condenser 
for a Subcooling measurement. The Scale on the tempera 
ture-measuring device contains both pressure readings and 
temperature graduations. This device will not indicate tem 
perature with this preSSure and temperature Scale because it 
has been devised as a simple way to determine Superheat, 
using an ordinary low-cost thermometer (Such as a liquid 
crystal thermometer) with a unique Scale (and combined 
with a field refrigerant preSSure measurement, measured 
Saturation temperature measurement, measured air tempera 
ture reading, or assumed Saturation condition). 
0022. The indicator according to the present invention is 
attached to the System (typically a Section of tubing where 
the Superheat or Subcooling is to be determined). Pressure is 
then measured at a convenient Service valve in the approxi 
mate area of the indicator. For example, Superheat is mea 
Sured on the evaporator exit to determine proper System 
charge, and So the low-side Service valve would be used to 
measure the pressure on the low-side (evaporator outlet Side) 
of the System. Subcooling is measured on the condenser exit 
to determine proper System charge. The high-side Service 
Valve is thus used to measure the pressure on the high-side 
(condenser outlet Side) of the System. Adjustments for 
preSSure changes between the location of the indicator and 
preSSure measurement can be made if desired, or this rela 
tively Small effect can be neglected. The measured preSSure 
is then used to find the Starting point pressure on the 
indicator's unique Scale. 
0023 Having thus identified the starting point pressure, 
the number of temperature graduations between the Starting 
point pressure and the indicator's location (e.g., liquid 
crystal that is illuminated or the mercury location on a 
typical thermometer) are then counted. There is no tempera 
ture Scale, only temperature graduations. (For a typical 
liquid crystal thermometer, the indicator's location is iden 
tified by a green crystal color instead of a black color). This 
discussion assumes that as temperature increases the tem 
perature indicator moves further to the right. The number of 
temperature graduations to the right of the Starting preSSure 
indicates the System Superheat in degrees (using the units 
chosen), whereas the number of temperature graduations to 
the left of the Starting pressure would indicated the amount 
of Subcooling in the temperature units shown. Therefore 
Superheat or Subcooling is determined without any expen 
Sive devices and without any understanding of the thermo 
dynamics of fluid evaporation or condensation. 

0024. The disclosed invention is not, as above noted, an 
absolute temperature measuring device per se, but rather a 
new Scale that can be applied to any temperature measuring 
thermometer to indicate Superheat or Subcooling directly 
without the use of refrigeration preSSure temperature charts 
and without any understanding of thermodynamics. 

0025 The device of the present invention can advanta 
geously be used by non-technical perSonnel as a simple 
System Status indicator. This device can advantageously be 
used to indicate low refrigerant charge which means that 
refrigerant has leaked from the System. For example, when 
the Superheat exceeds a certain level, the System is checked 
for leaks because the charge appears low. Although the 
design Superheat of a System varies. Somewhat, it is Safe to 
say that Superheats in excess of 15 F. are typically out of the 
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normal operating range and are an indication of poor evapo 
rator performance caused by low refrigerant charge. Low 
exit Superheat is indicative of loSS of heat load to the 
evaporator, indicative of loSS of airflow Such as a blower 
failure, clogged air filter, or blocked flow path. Therefore 
this device can be used with great advantage to diagnose 
common System problems or to alert the non-technical 
person to call for Service on the unit. 
0026. The scale configuration discussed up to this point 
requires the use of a pressure measurement to obtain the 
Starting point for the Superheat or Subcooling determination. 
Alternatively, to Simply the use for non-technical users, the 
device can also be configured with the pressure Scale 
replaced by a Second temperature Scale. Theoretically this 
Second temperature Scale is the Saturation temperature which 
corresponds to the replaced measured Saturation pres 
Sure(i.e., for the refrigerant used); however, the non-techni 
cal user need not realize this. Instead, the exiting evapora 
tion air temperature can also be used as the measured 
variable to determine the Starting point location instead of 
preSSure because the exiting conditioned air temperature is 
known to be related to the evaporator's Saturation tempera 
ture. 

0027) Furthermore, for the relatively narrow air flow 
operating range of these units, the difference or offset 
between the air temperature and the Saturation temperature 
will be approximately constant and can be assumed con 
Stant. There are Several ways to adjust for this constant 
offset, including performing a field measurement by the 
installer of this indicator (and writing this offset on the 
indicator for later use by the non-technical user) or calcu 
lating this offset based on the known air flow and refrigerant 
characteristics of the unit. 

0028 Converting the pressure scale to an adjusted mea 
Sured air temperature Scale means that a non-technical user 
can now determine the actual operating condition without 
any tools or understanding whatsoever of how the System 
performs thermodynamically. 

0029. In one embodiment, the exiting evaporator air 
temperature for Superheat calculations (and exiting con 
denser air temperature for Subcooling calculations) is mea 
Sured by the user using a known type of thermometer. This 
temperature information is then used as the Starting point 
instead of the pressure to determine the Superheat and 
Subcooling. Thereby, a Second temperature-measuring ther 
mometer, located in the air flow and not in thermal com 
munication with the device containing the refrigerant can be 
employed to obtain the Starting location for the Superheat or 
Subcooling determination. In this way, the equipment opera 
tor can be instructed occasionally to make this simple check 
and to call for Service if the Superheat or Subcooling are 
outside the normal operating range of the System. Therefore, 
even though the equipment owner has no understanding of 
the operation of the System, this Simple device indicates 
problems to the owner, allowing him or her to call for 
Service before more Serious damage occurs or before the 
System Stops operating completely. 

0.030. Using the knowledge that air conditioners have 
their evaporator coils Set to operate at a prescribed tempera 
ture, as do refrigerators, heat pumps, and freezers, and that 
these Systems have a prescribed normal condenser Subcool 
ing and evaporator Superheat, I have discovered that an even 
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Simpler Status indicator can be configured by using the 
normal Set point evaporator or condenser Saturation tem 
perature and the normal Set point Superheat. In this way, the 
indicator can display "Normal Operating Range' and can be 
configured to “Call for Service” if the illuminated indicator 
is outside this allowable range. While such an indicator is 
Slightly less accurate than more complex devices, it requires 
no Secondary measurement, and can be affixed to the unit for 
later monitoring by a non-technical equipment owner or 
user. When the indicator indicates operation outside the 
normal range, the individual is alerted to call for Service. For 
example, an indicator Scale can be provided for a typical air 
conditioner with an evaporator coil Set point operating point 
(Saturation point) of 40 F., and a design operating Superheat 
range of 3-15 F. Of course, it is within the contemplation of 
this invention that these various Scales can be combined on 
a Single indicator where the technician's Superheat Scale 
using measured pressure is combined with a non-technical 
ownerS/users Scale. 

BRIEF DESCRIPTION OF THE FIGURES 

0031. Other objects, advantages and novel features of the 
present invention will become apparent from the following 
detailed description of the invention when considered in 
conjunction with the accompanying drawings. 
0032 FIG. 1 is a schematic layout for one embodiment 
of a R-22 (HCFC-22) Superheat indicator scale according to 
the present invention for use with discrete micro-encapsu 
lated liquid crystals (in 2 F. increments) and for pressures 
ranging from 34 to 110 PSIG. 
0033 FIG. 2 is a schematic layout similar to FIG. 1 but 
for use with discrete micro-encapsulated liquid crystals (in 
2 F. increments) and for pressures ranging from 34 to 110 
PSIG. However these specific liquid crystals illuminate 
green at the calculated Superheat temperature, blue when 
they are 1. F. warmer, and Tan when they are 1. F. cooler. 
Therefore by using this color change behavior tighter ther 
mal measurements are possible or fewer thermal crystals can 
be used with a wider temperature spacing Such as 4 F. 
instead of 2 F. to reduce cost. 

0034 FIG. 3 is a schematic layout for the R-22 (HCFC 
22) Superheat indicator Scale for use with discrete micro 
encapsulated liquid crystals (in 2 F. increments) and using 
the Measured Evaporator Surface Temperature instead of the 
low-side Suction preSSure. In this embodiment the Saturation 
pressures (of FIG. 1) were directly converted to the corre 
sponding Saturation temperatures without regard to the tem 
perature Scale that would result. 
0035 FIG. 4 is a schematic layout for the R-22 (HCFC 
22) Superheat indicator Scale for use with discrete micro 
encapsulated liquid crystals (in 2 F. increments) and using 
the Measured Evaporator Surface Temperature instead of the 
low-side Suction pressure. In this embodiment, a more 
convenient Evaporator Surface Temperature scale in 4 F 
increments has been Selected. 

0.036 FIG. 5 is a schematic layout for the R-22 (HCFC 
22) Superheat indicator Scale for use with discrete micro 
encapsulated liquid crystals (in 2 F. increments) and using 
a Evaporator Exit Air Temperature instead of the low-side 
Suction pressure. This Scale assumes that the evaporator air 
temperature is 10 F warmer that the actual saturation 
temperature. 
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0037 FIG. 6 is a schematic layout for the R-22 (HCFC 
22) Superheat indicator Scale for use with discrete micro 
encapsulated liquid crystals (in 2 F.3 increments) and using 
an adjusted Evaporator Saturation Temperature instead of 
the low-side Suction pressure. The Evaporator Saturation 
temperature is determined from a measured Evaporator Air 
Exit Temperature minus a constant Temperature Offset. The 
Temperature Offset was determined (at the time the indicator 
was initially installed, and assumed constant), by the tech 
nician as the difference between the measured Evaporator 
Saturation Temperature and the measured Exit Air Tempera 
ture. This information is was recorded on the indicator for 
Subsequent use. 

0038 FIG. 7 is a schematic layout for the R-22 (HCFC 
22) Subcooling indicator Scale for use with discrete micro 
encapsulated liquid crystals (in 2 F. increments) and for 
pressures ranging from 140 to 275 PSIG. 
0039 FIG. 8 is a schematic layout for the R-22 (HCFC 
22) Superheat indicator Scale for use with discrete micro 
encapsulated liquid crystals (in 2 F. increments) where the 
saturation pressure is assumed to be 68.51 PSIG which 
corresponds to a saturation temperature of 40 F. This 
embodiment is a simpler but admittedly leSS exact Status 
indicator that can be configured by using the normal Set 
point Saturation temperature (Superheat on the evaporator or 
Subcooling on the condenser) and the normal set point for 
Superheat or Subcooling. While Such an indicator is leSS 
accurate, it requires no Secondary measurement, and can be 
affixed to the unit for later monitoring by a non-technical 
equipment owner or user. When the indicator indicates 
operation outside the normal range, this would alert the 
individual to call for Service. Such an indicator Scale is used 
for a typical air conditioner with an evaporator coil Set point 
operating point (Saturation point) of 40 F. and a normal 
operating Superheat range of 3-15 F. 
0040 FIG. 9 displays one possible combination of the 
Scales on the above-described indicators, and represents a 
currently preferred embodiment. In this configuration, the 
technician's Superheat Scale using measured pressure shown 
in FIG. 1 is combined with a non-technical owners/users 
scale shown in FIG. 8 to produce a single device with 
usefulness to both the qualified technician (to easily deter 
mine the Superheat precisely) and the non-technical equip 
ment owner (to Verify operation within the normal range). 

DETAILED DESCRIPTION OF CURRENTLY 
PREFERRED EMBODIMENTS 

0041 FIG. 9 shows an embodiment of the indicator 
which can be manufactured on a matrix, having an adhesive 
backing. The scale of FIG. 1 is shown in this embodiment 
along with the scale of FIG. 8 in which the “normal” central 
portion can be colored in green and the left and right “call 
for service' portions can be colored in red to alert the 
technician to the existence of a problem. The method of 
using Such an indicator is now described. 
0.042 First, a convenient pressure interval is determined. 
This depends on the desired accuracy of the final indicator 
and the desired cost of the finished product. A Small pressure 
increment requires a correspondingly more accurate ther 
mometer. For exemplary purposes, a 10 psi increment will 
typically be used although other increments are contem 
plated as well. 
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0043. The refrigerant for the indicator must also be 
Selected. Each indicator is Specific to a refrigerant and while 
multiple Scales could be located on a single device, the 
Simplest configuration is to have a Scale for only one 
refrigerant. For this example R-22 is the refrigerant Selected. 
Again, however, multiple Scales are contemplated as within 
the Scope of the present invention. 

0044) The operating pressure range must be determined. 
Again this determination is simply a cost and expected 
operating range issue. Abroader Scale requires a wider range 
indicator which increases the flexibility and the cost. For the 
air conditioning System application contemplated here, the 
evaporation temperature is typically 40 F., with 10 F. of 
Superheat. I propose using a thermometer with an approxi 
mate range of 35 F. to 65 F. For R-22 refrigerant, this 
corresponds to a Saturation preSSure of 61.4 psig to 111.23 
psig (using DuPont Saturation Pressure/Temperature data 
located in its Thermodynamic Properties of Freon 22, Copy 
right 1964). Using a different source for the saturation data 
provides slightly different numbers because of the slight 
table variations. Rounding to the nearest 10 psi corresponds 
to a pressure Scale of 60 psig to 110 psig. 

0045 For each pressure between the selected minimum 
and maximum pressure(60 to 110 psig in this example), 
there is a corresponding Saturation temperature for the 
refrigerant Selected. The pressure Scale is laid out So that the 
corresponding Saturation temperature is the temperature 
indicated by the thermometer. The relationship between 
Saturation pressure and Saturation temperature is not con 
Stant. This means that, if mercury or other expanding indi 
cator types of thermometers are used, the Spacing of the 
preSSure increments is not constant but must be adjusted to 
achieve the desired correlation between the pressure read 
ing's corresponding Saturation temperature and the actual 
temperature reading. 

0046 For example if the accuracy of the thermometer 
were 1. F., then the pressure corresponding to each 1 F. 
change in temperature would be Scribed on the preSSure 
Scale (and the spacing on the resulting pressure Scale would 
not be uniform). Alternatively, if a liquid crystal thermom 
eter is utilized, which is the currently preferred embodiment, 
the temperature indication is not continuous but rather 
discrete droplets of temperature Sensitive liquid crystals that 
illuminate when the temperature is reached. In this latter 
case, the pressure Scale can be maintained at a constant 
spacing interval by adjusting the Spacing of these discrete 
indication chemical droplets. For this liquid droplet appli 
cation, the temperature accuracy of the liquid crystal is 2 F. 
So liquid crystal droplets are laid out in increments of 2 F. 
on the proposed Scale, with increasing temperature on the 
Scale moving toward the right. 

0047. With regard to the scale shown in FIG. 1, starting 
at 61.474 psig, which corresponds to 35 F., for R-22 
refrigerant a 35 F. liquid crystal, is deposited. Similarly at 
64.233 psig, a 37 F. liquid crystal is deposited; at 67.065 
psig, a 39 F. liquid crystal is deposited; at 69.974 psig, a 41 
F. liquid crystal is deposited; at 72.959 psig, a 43 F. liquid 
crystal is deposited; at 76.023 psig, a 45 F. liquid crystal is 
deposited; at 79.165 psig, a 47 F. liquid crystal is deposited; 
at 82.389 psig, a 49 F. liquid crystal is deposited; at 85.69 
psig, a 51 F. liquid crystal is deposited; at 89.08 psig, a 53 
F. liquid crystal is deposited; at 92.56 psig, a 55 F. liquid 
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crystal is deposited; at 96.11 psig, a 57 F. liquid crystal is 
deposited; at 99.76 psig, a 59 F. liquid crystal is deposited; 
at 103.49 psig, a 61 F. liquid crystal is deposited; at 107.32 
psig, a 63 F. liquid crystal is deposited; and finally at 111.23 
psig, a 65 F. liquid crystal is deposited. This Scale is 
depicted in FIG. 1. 
0.048 Temperature gradations are located below or above 
each liquid crystal. In addition, depending on the size of the 
overall indicator, temperature marks in between the liquid 
crystals 2 F. increments can also be drawn. The completed 
scale as shown in FIG. 1 (where the circles schematically 
represent the locations of the liquid crystal micro-capsules) 
has temperature markS(but no temperature Scale) above each 
liquid crystal indicator (and possibly in between them), and 
preSSure marks and a Scale below them. 
0049. The device is used as previously described by 
attaching via adhesive or the like the indicator to the 
refrigerant containing device to be measured, determining 
the preSSure, and finding this pressure on the pressure Scale. 
Then the Superheat or Subcooling is determined by counting 
the number of temperature divisions between the measured 
pressure (starting point) and the illuminated liquid crystal. If 
the illuminated liquid crystal is to the right of the measured 
pressure (starting point), the refrigerant is Superheated and 
the number of temperature divisions directly indicates the 
degrees of Superheat. Likewise, if the illuminated liquid 
crystal is to the left of the measured preSSure, the refrigerant 
is Subcooled and the number of temperature divisions 
directly indicates the degrees of Superheat. 
0050 Specifically for the present invention, I currently 
contemplate use of common micro-encapsulated liquid crys 
tals in 2 F. increments Such as those commercially available 
from, for example, American Thermal Instruments, Inc. of 
Dayton Ohio. These specific liquid crystals illuminate green 
at the calculated Superheat temperature, blue when they are 
1 F. warmer, and tan when they are 1. F. cooler. Therefore, 
by using this color change behavior, tighter thermal mea 
Surements are possible or fewer thermal crystals can be used 
with a wider temperature spacing. For this type of liquid 
crystal, the Superheat or Subcooling can be more accurately 
determined by counting the number of temperature divisions 
between the measured pressure (starting point) and the 
illuminated liquid crystal. 
0051) If the illuminated liquid crystal is green and to the 
right of the starting point (higher temperature is towards the 
right) then the Superheat is simply the number of tempera 
ture divisions. If the illuminated liquid crystal is blue, 
however, the Superheat is increased by 1. F., while if the 
illuminated liquid crystal is tan, the Superheat is decreased 
by 1. F. Similarly, for Subcooling determinations, if the 
illuminated liquid crystal is green and to the left of the 
Starting point, then the Subcooling is simply the number of 
temperature divisions. However if the illuminated liquid 
crystal is blue the Subcooling is decreased by 1. F., and if the 
illuminated liquid crystal is tan, the Subcooling is increased 
by 1° F. 
0.052 It is also within the contemplation of the present 
invention to replace the pressure Scale with the correspond 
ing temperature Scale and have the user measure the evapo 
rator exit air temperature or condenser inlet air temperature 
to approximate the Saturation temperature in the evaporator 
or condenser. To more accurately approximate the correct 
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Saturation temperature, an offset to account for the heat 
transfer temperature difference could be incorporated into 
this temperature conversion. This offset is calculated or 
measured during installation of the device and permanently 
recorded on the indicator. For example, if the evaporator air 
temperature which exits is found to be 10 F. warmer than 
the Saturation temperature then the preSSure Scale could be 
converted to Saturation temperature then increased by 10 F. 
and labeled “Evaporator Air Exit Temperature' instead of 
preSSure. AS discussed earlier this would simplify the use by 
non-technical users and would remove the need to measure 
a System preSSure. 

0053 As noted above, the scale in FIG. 2 is similar to 
that of FIG. 1 except that the former uses liquid crystals 
which illuminate green at the design Superheat temperature, 
blue when the crystals are 1. F. warmer and tan when they 
are 1. F. cooler. This approach provides a more precise 
thermal measurement as, alternatively, permits fewer crys 
tals to be used with a wider temperature spacing, e.g., 4 F. 
instead of 2 F. as in FIG. 1. 

0054 The scale of FIG. 3 uses the measured evaporator 
Surface temperature instead of the low-side Suction preSSure 
as in the case with the scales of FIGS. 1 and 2. This 
approach requires a more unusual temperature Scale. The 
scale of FIG. 4 uses a similar approach but provides a more 
conventional Scale appearance with the Selection of 4 F. 
increments. 

0055. The scale of FIG. 5 uses the evaporator exit air 
temperature instead of low-side Suction pressure and 
assumes that the evaporator air temperature is 10 F. warmer 
than the actual Saturation temperature. By using the mea 
Sured evaporator air exit temperature, a Scale using the 
evaporator Saturation temperature is provided by Subtracting 
a constant temperature offset from the measured evaporator 
air exit temperature. This results in the scale shown in FIG. 
6. The offset is permanently recorded on the indicator and is 
determined at initial installation of the indicator and there 
after assumed constant. 

0056 FIG. 7 shows an R-22 refrigerant Subcooling indi 
cator Scale for a pressure range from 140 to 275 pSig. 
Finally, FIG. 8 shows an R-22 Superheat scale in which the 
Saturation pressure is assumed to be 68.51 psig, correspond 
ing to a saturation temperature of 40 F. This scale is 
intended to be a simple though leSS accurate indicator which 
avoids the need for a Secondary measurement. Such an 
indicator Scale would be used, for example, in a conven 
tional air conditioner in which the evaporator coil Set-point 
(Saturation point) is 40 F. with a normal operating Superheat 
range of 3 to 15 F. 
0057 Although the invention has been described and 
illustrated in detail, it is to be clearly understood that the 
Same is by way of illustration and example, and is not to be 
taken by way of limitation. The Spirit and Scope of the 
present invention are to be limited only by the terms of the 
appended claims. 

What is claimed is: 
1. A method of determining Superheating or Subcooling in 

a vapor-compression System, comprising: 

(a) attaching a body to an appropriate location in the 
Vapor-compression System; 
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(b) measuring a value representative of one of low-side 
Suction preSSure, high-side preSSure, evaporator or con 
denser Saturation temperature and evaporator or con 
denser exit air temperature; 

(c) locating the measured value on a Scale containing a 
range of values on the body; and 

(d) referencing adjacent temperature-sensitive indicia dis 
posed along the body to indicate an amount, if any, of 
evaporator Superheating or Supercooling. 

2. The method according to claim 1, wherein the indicia 
are formed of liquid crystal material. 

3. The method according to claim 1, wherein the appro 
priate location is an evaporator exit, and low-side Suction 
preSSure is measured with a Service valve at a region near the 
body. 

4. The method according to claim 1, wherein the appro 
priate location is a condenser exit, and high-Side pressure is 
measured with a Service valve at a region near the body. 

5. The method according to claim 1, wherein the indicia 
are formed by mercury in a tube with temperature gradua 
tions. 

6. The method according to claim 5, wherein the appro 
priate location is an evaporator exit, and low-side Suction 
preSSure is measured with a Service valve at a region near the 
body. 

7. The method according to claim 5, wherein the appro 
priate location is a condenser exit, and high-Side pressure is 
measured with a Service valve at a region near the body. 

8. The method according to claim 1, wherein the indicia 
constitute Spaced graduation points arranged Such that 
graduation points located to the right of the measured value 
indicate an amount of Superheat, and graduation points 
located to the left of the measured value indicate an amount 
of Subcooling. 

9. The method according to claim 8, wherein the indicia 
are of a green color when the System is at the design 
Superheat temperature, are of a blue color when they are 
warmer by about 1. F. and are of a tan color when they are 
cooler by about 1 F. 

10. A method for determining Superheat with a thermom 
eter, comprising the Step of using a Saturation pressure Scale 
correlated to indicated thermometer temperature with tem 
perature graduations between the indicated pressure Scale. 

11. A method for determining Superheat, comprising the 
Step of providing a device with a temperature indicator, an 
optionally corresponding Scale, and temperature gradua 
tions, and using the device to determine Superheat by 
reference to the Scale and associated temperature graduation. 

12. The method according to claim 11, wherein the 
corresponding Scale is a pressure Saturation Scale in which 
corresponding pressures indicated on the Saturation pressure 
Scale correspond to Saturation temperatures for a specific 
refrigerant, which Saturation temperatures are the actual 
indicated temperatures of the temperature indicator. 

13. The method according to claim 11, wherein the scale 
is an evaporator exit air temperature Scale arranged to 
correspond to a Saturation pressure Scale for determining 
Superheat. 

14. The method according to claim 11, wherein the Scale 
is an evaporator Surface temperature Scale arranged to 
correspond to a Saturation pressure Scale for determining 
Superheat. 
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15. The method according to claim 11, wherein an evapo 
rator operating pressure is assumed, thereby obviating the 
need for the optional corresponding Scale. 

16. The method according to claim 11, wherein the 
temperature graduations represent appropriate indicated 
temperatures of the temperature indicator. 

17. The method according to claim 11, wherein the 
temperature indicator comprises discrete liquid crystal tem 
perature indicators. 

18. The method according to claim 11, wherein the device 
is used to measure Superheat in air conditioning, refrigera 
tion, or vapor compression heat pump Systems when com 
bined with a preSSure reading. 

19. A method for determining Subcooling, comprising the 
Step of providing a thermometer that uses a Saturation 
preSSure Scale correlated to indicated thermometer tempera 
ture and combined with temperature graduations between an 
indicated pressure Scale. 

20. A method for determining Subcooling, comprising the 
Step of providing a device that includes a temperature 
indicator, an optional corresponding Scale, and temperature 
graduations. 

21. The method according to claim 20, wherein the scale 
is a Saturated pressure Scale, and corresponding pressures 
indicated on the Saturation preSSure Scale correspond to 
Saturation temperatures for Specific refrigerant, which Satu 
ration temperatures are actual indicated temperatures of the 
temperature indicator. 

22. The method according to claim 20, wherein the Scale 
is a condenser exit air temperature Scale arranged to corre 
spond to a Saturation preSSure Scale, for determining Super 
heat. 

23. The method according to claim 20, wherein the scale 
is a condenser Surface temperature Scale arranged to corre 
spond to a Saturation pressure Scale for determining Super 
heat. 

24. The method according to claim 20, wherein condenser 
operating pressure is assumed. 

25. The method according to claim 20, wherein the 
temperature graduations represent appropriate indicated 
temperatures of the temperature indicator. 

26. The method according to claim 20, wherein the 
temperature indicator comprises discrete liquid crystal tem 
perature indicators. 

27. The method according to claim 20, wherein the device 
is used to measure Subcooling in air conditioning, refrigera 
tion, or vapor compression heat pump Systems when com 
bined with a preSSure reading. 

28. A vapor-compression System Superheating/Subcooling 
indicator, comprising 

a body; 

a graduated Scale on the body with each of the graduations 
being representative of one of low-side Suction pres 
Sure, high-Side Suction pressure, evaporator or con 
denser Saturation temperature and evaporator or con 
densing exit air temperature; and 

temperature-Sensitive indicia located adjacent the gradu 
ated Scale and operative to indicate an amount, if any, 
of evaporator Superheating or Subcooling when refer 
enced from one of the graduations on the Scale. 

29. An indicator according to claim 28, wherein the 
indicia are formed of liquid crystal material. 
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30. A indicator according to claim 29, wherein the indicia 
constitute Spaced graduation points arranged Such that 
graduation points located to the right of the measured value 
indicate an amount of Superheat and graduation points 
located to-the left of the measured value indicate an amount 
of Subcooling. 

31. An indicator according to claim 30, wherein the 
indicia are of a green color when the System is at the design 
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Superheat temperature, are of a blue color when they are 
warmer by about 1. F. and are of a tan color when they are 
cooler by about 1°F. 

32. An indicator according to claim 28, wherein the 
indicia are formed by mercury in a tube with temperature 
graduations. 


