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1

APPARATUS AND METHOD I(OR
DIAGNOSING PERI(ORMANCE OI'IR-

CONDITIONING SYSTEMS

The present application is a continuation-in-part of U S
patent application Scr. No. 09)723,137, filed Nov. 27, 2000,
now U.S. Pat. No. 6,442,953, thc entire contents of which
arc hcrcby incorporated by reference and relied upon.

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention is fnr an apparatus and method to

dia nose ancl pcrformancc test air-conditioning systems
using tcmpcraturc difiercntials of criticai components, ambi-
ent temperature aml humidity, along with software data.

2. Dcscnption of thc Rclatcd Art
In the past, a pressure reading manifold ivas used in

dia nosing air-conditioning performance. Thc manifold was
conncctcd to thc high and low sides of thc air-conditioning
system and operating pressures re;ul. Over the past decade,
air-c:onditioning systems aililed complexity, thus maknng
pressure readings alone nol acceptable for diagnoinng sys-
tem perfnrmance. I'he pressure readings were also used in
conjunction with ambient temperature, humidity nr vent
tcmpcraturc to ivc a bcttcr indication of air-conditioning
system pcrformancc. Even where temperatures arc required
for measuring system performance, prior art methods usc a
surface contact thermometer or an mfrared (IR)
thermometer, each of which only measures one rearing at a
time

Neutron)ca, Inc. (Exton, Pa.) manufactures a device for
SPX Robinair (Montpelier, Ohio) that uses temperatures anci
pressures to lead a technician through a series of tests and
checks tn diagnose an air-cnnditioning system and its coin-
poncnts. Each tcmpcraturc is taken at a static nioment, using
infrared (IR) technology. Using thc device is very time
consuming v:ith multi-level testing and each temperature.
reading requires an operalor lo ap)ply tape lo a joinL or
connection being measureci. The temperatures are not"live*'s

each is taken and recnrded ivith a single measuring probe
I'he nperator of this device needs tn be knnivledgeable in
air-conditionin systems and perforniancc testing.

Bright Solutions, lnc (Troy, Mich.) manufactures a
device that uses pressures ainng with various temperatures
to o through a complex fiow chart to diagnose coniponcnt
and system failures. Thc operator of thc device needs some
time to connect anil operate the device, which leads lhe.

operator each and every step of. the process. The operator of
the device needs to be knnwledgeabie in air-cnnditioning
systems and perfnrmance testing

UV)ew Ultraviolet Systems, Inc. (Mtsstssauga, Canada)
manufactures a device that detemiines a temperature differ-
ential between ambient and vent temperatures iii aii air-
conditioning system and also calculates the temperature
diffcrcntial across the condcnscr. Thc device uses the mul-
tipk diffcrcntial data along with ambient relative humidity
to give an operator a diagnosuc test aml trouble cocle for
diagnosis.

Thcrc ss a nccd in the field for a siniplified apparatus that
allows for a quick periormance lest of an air-conditioning
system without disrupting the inlegnty of the sealed air-
conditioning system and that eliminates the danger of expo-
sure to high pressure refrigerants

SUMMARY Ol 11 IL) INVL'N'llON

The present application discloses a method and an appa-
ratus for diagnosing perfonnance of an air-conditinning

system. The method comprises lhe slaps of idenliTyin ~

ivhether the air-conditioning system comprises a fixed ori-
fice type conhguration or a thermostatic expansion valve
type configuration; detemiinin a temperature ditTerential
between inlet and outlet tempcraturcs of a condenser in thc
air-conditioning system; determining a tcmpcraturc diff):r-
ential beiween inlet and outlet lemperatu res of an evaporator
in ihe air-conditioning system, cletermimng a temperature
differential between ambient and vent temperatures in the

io air-conditioning system; analyzing the differentials of the
condenser, evaporator and ambient and vent temperatures
for the fixed orifice type configuration ancl analyzing the
differcntials of thc condenser and ambient ancl vent tcm-
peraiures for lhe thermostatic expansion valve type conligu-
rauon, delermming whether lhe air-conditiomn system is
properly functioning; and diagnosing performance of the
air-conditioning system.

In preferred enibodinicnts of thc method, a tcmpcraturc
differential of greater than 10'. across lhe concienser is
determinative of. whether lhe air-concliuoning system is
properly funcnoning, a temperature differential oi. less than

i 0' across the evaporator is determinative of whether the
air-conditioning system is properly functiomng; and a tem-
perature clifferential of greater than 25'. bctwccn thc
ambient and vent tcmperaturc is clctcrminativc of whether
lhe air-cond)honing system is properly functioning.

In another preferred embodiment, the method further
comprises determining relative humidity of the ambient air;
and analyzing the relative humidity and the difi'erentials of

I)
thc condenser, evaporator and ambient ancl vent tempcra-
turcs for the fixccl orific type configuration or analyzing thc
relauve humidity aml the di(Terentials of lhe condenser and
ambient and vent temperatures ior lhe thermostauc expan-
sion valve type configuration

The apparatus for cliagnosin performance of an air-
conditioning systcni conipriscs means for clctcrmining a
temperature di(Terennal between inlet anti outlet tempera-
tures of. a condenser in the air-concliuoning system; means
for determining a temperature difi'erential between inlet and
outlet temperatures of an evaporator in lhe air-conditioning
system; ineans t'or determining a temperature chfferential
bctwcen ambient and vent temperatures in the air-
conditioning system; means for analyzin thc diffcrcntials of
lhe condenser, evaporator anil ambient anil vent lempera-
lures for a lixed ortfice type of air-conditioning system and
means for analyzmg the differenuals of the condenser and
ambient and vent temperatures for a thermostatic expansion
valve type of air-conditioning system, means for determin-

„ in whether the air-conditioning system is properly func-
so

tioning; and means for cliagnosing performance of the air-
conclitiomng system.

In preferred embodiments of this apparatus, a temperature
differential of greater than 10''cross the condenser is
determinative of ivhether the air-conditioning system is
properly functionin; a tcmperaturc cliffncntial of less than
10'. across thc evaporator is clcterminative of whether thc

air-condiiiomng system is properly functiomng; and a tem-
perature dilTerenual of. greater than 25'. between lhe
ambient and vent temperature is determinative of whether
the air-conditioning system is properly functioning.

In another preferred cmbocliment, thc apparatus further
comprises means for determining relative humidity of lhe
ambient mr, anil means R)r analyzing the relauve humidity

ss and lhe differeniiafs of. Lhe condenser, evaporator aml ambi-
ent and vent temperatures for the fixed orifice type of
air-conditioning system and means for analyzing the relative
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humuhiy ancf the ditTerentials of Ihe comlenser and ambient
and vent temperatures for the thermostatic expansion valve
type of air-conditioning system.

The present application alan discloses a simplified method
aml clevice for cliagnosing performance of an air-
condittomng system. The method comprises Ihe steps of.

dctcrmining a tempcraturc differcntiai between inlet and
outlet tcmpcraturcs of a condenser, or between ambient and
vent temperatures in the air-conditinning system; analyzing
the temperature difFerential to determine whether the air-
condittomng system is properly functioning, and diagnosing
performance of ihe air-conditioning system.

In preferred emliodiments of the method, a temperature
differential of greater than 10'. across the condenser is
determinative of whether the air-concfitioning system is
properly functioning and a temperature diffcrcntial of
grcatcr than 25'. between thc ambient and vent tempera-
ture is determinative of whether the air-conditioning system
is properly functinning

The simplified clevice for diagnosing performance of. an
air-conditioning system comprises means for determining a
temperature difFerential between inlet and outlet tempera-
tures of a condenser, or between ambient and vent tempera-
tures in thc air-conditioning system; means for analyzing the
tcmpcraturc diffcrcntial to dctcrminc whether thc air-
comhtiomng system is properly functioning, and means for
diagnosing performance of. the air-c:onditioning system.

In prcfi:rrcd embodiments of thc simplified device, a
temperature cfifferential of greater than 10'. across Ihe
condenser is determinative of whether the air-conditioning
system is properly functioning and a temperature differential
of greater than 25''etween the ambient and vent tem-
pcraturc is dctcrminativc of whether the air-conditioning
system is properly functionin .

The present application also discloses annther simplified
method and dcvicc for diagnosing perfomiancc of an air-
conditiomng system. This method comprises thc steps of
determining temperature dilTerenuals between inlet and out-
let temperatures of a comlenser and between ambient ancl
vent temperatures; analyzing the temperature cfillerentials io
determine whether the air-conditioning system is properly
functinnmg; and diagnosing performance of the air-
conditiomn system.

In preferred embodiments of this method, a temperature
differential of greater than l(l''crnss the condenser is
dctcrminativc of whcthcr thc air-conditioning system is
properly functioning and a temperature diffcrcntial of
greater than 25'. between Ihe ambient ancf vent tempera-
ture is determinative of whether the air-conditioning system
is properly functioning.

Thts simpliliecf device for diagnosing performance of an
air-c:onditioning system comprises means for determining
temperature difl'erentials betiveen inlet and outlet tempera-
tures of a condenser and between ambient and vent tem-
peratures; means for analyzing the temperature differentials
to dctcrminc whcthcr thc air-conditioning system is properly
functioning; and means for diagnosing perforniancc of thc
air-c:onditioning system.

In prcfcrrcd cmbodimcnts of this device, a temperature
diffcrcntial of grcatcr than 10', across thc condenser is
determinative of. whether the air-conditioning system is
properly funcuoning and a temperature differenual of
greater than 25''etween the ambient and vent tempera-
ture is determinative nf whether the air-cnnditioning system
is properly functioning.

The present application also discloses a device fnr veri-
fying a proper heat exchange and overall perfonnance of an

air-conclitiomng system. The device comprises means for
measuring a temperature ditTerential between aml»ent and
vent temperatures of the air-conditionin system; and means
for analyzing the temperature differentials m order to give an
inclication of performance of thc air-conditioning system.

BRIEF DESCRIPTION OF THE DRAWINGS

11G. I is an illustration of a basic refri eration system of
an automotive air-conditionin system thermostatic
eiqiansion valve (TXV) type system

FIG. 2 is a perspective view of an automotive air-
conditioning system showing the major components-
Ihermosiaiic expansion valve type system.

FIG. 3 is an illustration of another basic rcfngcration
system of an automotive air-conditionin system tixed
orific type system.

FIG. 4 is an illustration of the apparatus of the present
invention for diagnosing and performance testing air-

e conditioning systems.
FIG. 5 is a print out of thrcc auto air-conditioning

cllagllcistlc: I'epclris.

11G. 6 is an illustration of a simplified temperature
differential device showing the ambient probe and the vent
protic.

DLTAII.L'll IILS('RIP'11ON

The present invention is for an apparatus and method

I) using the temperature differentials of cntical cnmponents,
ambient tcmpcraturc and rclativc humidity, along with a
built in software data chart to dia nose ancl pnformancc test
air-conditiomng systems. The chart is also available as a

hardcopy in an operaung manual with trouble codes directly
linked to Ihe duignosuc measurements iaken. The simphlied
apparatus and method alloiv quick performance test and
quick diagnosis for even inexperienced air-conditioning
technicians.

Rcfcrring to the drawings in detail, whcrcin like numerals

ao indicate like clcments, FIGS. I and 2 illustrate a basic
refrigerahon system of an automotive air-concliuonin ~

system—thermosianc expansion valve (TXVl type system
I'l(f I illustrates the basic automotive air-conditioning
system 10, by ivhich air inside a vehicle is cooled and
dehumidified. I'IG. 2 provides greater detail of the system as
it is arranged in a vchiclc.

A rcfri crant 14, such as R-12, R134a, hydrocarbon (HC)
or cartion dioxide (COc), circulatcs under prcssure in thc
atr-conditioning/refrigeration system. In each cycle, the

so refngerant is caused Io change phase from liquid to gas and
hack to liquid, absorbin heat from the passenger cnmpart-
ment of the vehicle and releasin heat outside the cnmpart-
ment.

Morc specifically, thc air-conclitioning system has an
evaporator 18 unit where sub-coolccl liquid rcfrigcrant enters
and ts allowed to expaml and absorb heat from warm air of
Ihe passenger compartment, causing the refrigerant to vapor-
ize. The warm air of the passenger compartment is con-
nected to the evaporator 18 via ductin, as seen in I'IG 2,
such that cooled and dried air is re-circulated into the
passen cr compartment. After absorbmg heat from thc pas-
scngcr compartment, thc rcfrigcrant gas is drawn from thc
evaporator 18 by sucuon into a compressor 20, which
compresses the gas, Ihereby raising its pressure and tem-

ss perature. The high-pressure hot vapor is passed through a
condenser 22, in ivhich the vapor is exposed to a lar e
cooling-surface area by flowing through a labyrinth of
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finned-coils 24 over which outside air rs rapidly blown to
transport heat away from the vapor. The reftngerant 14 cools
to thc condensation tcmperaturc, releases its heat of con-
densation ancl changes phase back to a hot liquid, still at a
high pressure The refrigerant 14 completes the cycle by
passing thrnugh a thermostatic expansinn valve 28, ivhich
meters the high pressure liquid refrigerant 14 as a low
pressure spray into Ihe evaporator 18.

In some systems, it is necessary to reservnir the liquid
refrigerant liefnre it is metered through the expansion valve
because Ihe demancf of. the evaporator varies under varying
comhtions. In other systems, rt rs a pracnce Io install an
accumulator between thc evaporator and compressor so that
no lrqurcf can enter the compressor. In esther system, water
contamination rn the refrigerant can cause Ihe water vapor io
freeze at the point of. expansion, causing refrigerant flow io
be blncked, ancl to react ivith refrigerants to form acids that
may cause internal damage to metal parts ('onsequently, in
thc dcpictcd cmbodimcnt, a receiver-dehydrator, also
rcfcrrcd to as a rccciver-drier, 30 is iocatcd between the
condenser 22 and thr evaporator 18 to reservoir the rcfri-
erant aml remove moisture from rt. In other arr-concfitioning
systems (as shown rn FIG. 3), an accumulator-dehycfrator 32
may fie located between the evaporator and compressor to
accumulate the refrigerant vapor and remove mnisture from
rt.

I'l(r 3 rs an illustration of another basic refrigeration
system ot an automotive air-cnnditiorring system fixed
orific type system. Thc fixed orifice type configuration
rcscmblcs thc thermostatic expansion valve type confi ura-
tion The main cfilference between the configurations rs Ihe.

control of the compressor and hence the temperature of
relngerant inside the evaporator. In the lixed ordice type.
configuratinn, an orifice tube 34 is pnsitioned between the
condenser 22 and the evaporatnr 18. I'he compressor is
usually cycled for optimal evaporator temperature using a
prcssure switch. Thc diffcrcnces in configuration will deter-
mine Ihe mode of operation for the apparatus of the present
rnventton.

Thc apparatus of thc present invention (ser FIG. 4) uses
temperature clara from Iwo fey components of Ihe arr-
comhtiomng system, namely, the concfenser and evaporator.
I'he apparatus measures inlet and outlet temperatures and
calculates the differentia of these two critical components
along with ambient temperature and air-conditioning vent
tcmpcraturc, all simultaneously. The apparatus also uses thr
ambient rclativc humidity as a guideline for determining
trouble codes and subsequent cfiagnostic guideline areas. By
using these readings and their dilferentials with a dragnosnc
chart (Table I), an arr-conchtioning system can be perfor-
mance tested and even diagnosed

More specifically, Ihe apparatus uses the temperature.
ditference between the ambient and vent temperatures and
evaporator and condenser inlet and outlet temperatures to
diagnose the performance of an air-cnnditioning system 'I'he

evaporator rcachngs arc only useful on air-conditioning
systems containing a fixed orifice tube. On TXV type
systems, Ihe evaporator readings are not referenced rn Ihe
diagnosis because the function of the thermostanc expansion
valve is to modify flow to the evapnrator effecting tempera-
ture readings.

Extensive testing has shown a definite correlation
lietween these temperature differentiaLs and system opera-
tion and problems Various temperature differences are used
to identify problems and suggest typical repairs.

The basis for the invention is the finding that the differ-
ences between the condenser inlet and outlet temperatures,

evaporator mlet aml outlet temperatures aml the ambient and
vent temperatures can be related to the system performance
and can locaie a component that rs not tuncuonrng properly.
Lxtensive testing has shoivn that a temperature chfferentral
of &ffl'( across a condenser, less than IO''cross an
evaporator and &28''etiveen the ambient and vent
teniperature is normal for a properly functioning air-
conditioning system. Any diffi:rcntial tcmpnaturcs outside
these ranges inclicate that the arr-comhtioning system is not
performing properly.

A major advantage of thc prcscnt invention is that it
allows the diagnosis of the air-conclitioning system without
disrupting the rntegnty of the sealed arr-conditioning sys-
tem. Newer air-conditioning systems have a much smaller
volmne of refrigerant than older air-condrtionin systems
Thus, the neiver air-conditioning systems are more critically
charged. By not acccssin thc scaled air-conditioning
systems, the prcscnt invention does not affect its seals or
volumes. Also, the present invention eliminates the danger

cn of. exposure to high pressure refngerants. The present inven-
tion ivill allow a non-certified or mimmally trained techni-
cian to safely diaiprose the air-conditionin system without
any environmental concerns for a potential acciclental dis-
char c of rcfri erant ancl the related safety aspects of acccss-

as in thc high pressure rcfrigcrant lines.

EXAMPLES

The follorvin examples are included to demonstrate
prefcrrcd cnibodinicnts of the invention. It shoulcl be apprc-
cuited by those skilled rn the art Ihat the Iechmques disclosed
rn the examples which follow represent techniques discov-
ered by the inventors to function well in the practice of the
invention, and thus can be considered to constitute preferred
modes for its practice. However, those of skill in the art

is should, in light of thc present disclosure, will appreciate that
many changes can bc macle in the specific embodiments
which are disclosed aml still oburin a like or simdar resuh
without departing from the concept, spint ancf scope of the
invention More specihcally, it ivill be apparent that certain
components that are both mechanically and electronicafly
rclatccl may bc substituted for the components clcscnbccl
herein rvhilc thc same or similar results woulcl lic achieved.
Afl such similar substitutes ancl moclifications apparent to
Ihose skilled rn Ihe art are deemed to be within the &pint,
scope aml concept of the rnvenuon as defined by the
appended claims

To demonstrate the feasrbdity of Ihe concept, several
prototypes were ninstructecl. Temperatures were measured
using integrated circuit (I(:) temperature sensors; however
thermocouples (TiGs), themristors, resistance temperature
detectors (RTDs) or IR (optical) tcmpnaturc sensors coulcl
be used. Thc apparatus scen in FIG. 4 was used in thc
Examples. A cable harness connected thc sensors to a cabk
connechon 42 of the unit 40, with clamps holding the
temperature sensors onki Ihe arr-conditioning piping (not
shown). (:are was taken to themrallv isolate the sensor from
the clamp to ensure accurate readings.

Output Irom Ihe temperature sensors was comhtioned
using operational amplifiers and converted to a di ital signal
via an analogue to digital converter (A,l) converter) on
hoard a microprocessor. These si nals may or may not bc
multiplcxcd, depending on the microprocessor used Thc
voltage readings were averaged over a penod of time A
loot -up table was used to ninvert Ihe averagecl readings into

as de rees F. An optional table provides degree C. readings at
the operator*s discretion. An I.GI) 44 displays all measure-
ments and menu choices
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The microprocessor periorms the follov:ing Iunctions:
reads temperatures, provides menu to I.('IE calculates the
diff'erential temperatures and determines the diagnostic
number liy using a lnok-up table to assign diagnostic num-
bers dcpcnthng on diffcrcntial temperatures. The operator
sclccts cithcr an orifice tube or thermal expansion valve
(TXV) system via a button 46, which instructs the micro-
processor on which duignostic look-up to use. There, are
several look-up tables, ivhich can be dependent on many
vanaliles such as, for exainple, ambient temperature, ambi-
ent relative humidity, system contiguration, cnmponent
structure (cross-Itow condrnscrs). Thc iook-up tables can
also bc carried for diffcrrnt rcfrigcrant types, for example,
R-12, R-134a, carbon riioxide (CO ), hydrocarbon (HC) and
other combination solutions.

A relauve humiduy (RH) sensor can aui in diagnosis by
assistmg in rletermming the load on the system A resistive
sensor vvas userl, but any other type of electronic RI I sensor
coultl bc used.

Thc unit is handhcld and battery operated. A scroll feature
allows thc operator to view temperatures and rclativc humid-
ity Pressing the hold button stores all values and allows a
diagnostic number aml condition of each component to be
viewed by scrolling through the menu. Aprint buuon is useii
to pnnt all temperatures, perfnrmance and diagnostic num-
bers nn a linked or infrared printer

A dia nostic chart is used to relate diagnostic numbers to
system problems, listed in their most frequently occurring
order (scc Table I).

Example I

The air-conditioning system TXV type (btippondenso
compressor, R-134a refrigerant, 3S nunces) in a 1991 l)odge
Spirit (2.5 liter cn inr) was performance tested and diag-
nosed with thc prcscnt invention. Thc oivnrr complained
that vent air from the air-conditioning system ives not cold
enough.

The apparatus of. the present invennon was connected io
the comlenser aml evaporator of the air-i:omhtioning system.
'I'he apparatus measured inlet and nutlet temperatures and
calculated the differentia nf these two critical compnnents
along with ambient temperature and air-conditioning vent
tcmpcraturc, all simultancousiy. The advantage of simulta-
neous measurements is important in ehminahng erroneous
readings from temperature Iluctuations in air-coniiitioning
system operation. The apparatus also measured the relanve.
humidity

As seen in Table 2, vehicle test IA, the inlet mndenser
temperature was 149'. and the outlet condenser tempera-
ture was 116'' temperature differential nf &10'. across
a condenser is normal fnr a properly functioning air-
conditiomn system.

The inlet evaporator temperature was S6''nd the outlet
evaporator temperature was S7'' temperature differential
of 10', across an evaporator is normal for a properly
functioning air-conditioning system. Howcvcr, this diffrr-
ential was not used in determimng whether the air-
condittomng system was properly functioning since the
system was ot'he 'I'XV type.

The ambient temperature was S6'. aml the vent tem-
perature was 66'. However, a temperature diilerential of
— 25'. between the amliient and vent temperature is
indicative of an imprnperly t'ulictinning air-cnnditioliing
system.

The apparatus also measured the relative humidity at
37% By using these readings and their differentials with a

diagnostic chart, the air-condinoning system was perfor-
mance tested and dia nosed, i.e, the heater door of the
air-conditinning svstem was fnund to be nut of adjustment
After adjusting the heater door, the air-ionditionin system
vvas rc-tcstcd. As scen in Table 2, vchiclc test IB, all values
vvcre now fountl to bc within normal hmits and thc vent air
from the air-condinoning system was now cold

Example 2

The air-conditinning system fixed orifice type (R-134a
rcfri crant, 32 ounces) in a 1997 Pontiac Bonncvillc (3.S
liter cnginc) was perfomiancc tcstcrl and diagnosctl with thc
present invention. The owner complained that vent air from
the air-condihoning system was not cold enough.

is
The apparatus of the present inventinn ivas connected to

thc condenser and evaporator of the air-conditioning system.
Thc apparatus measured inlet and outlet tcmpcratures and
calculated Lhe diiferential of. Lhasa two cntical componenss

o
along with ambient temperature ami air-conihuoning vent
temperature, all simultaneously. The apparatus also mea-
sured the relative humidity

As scen in Table 2, vchiclc test 2A, thc inlet condcnscr
tcmpcraturc was 136', anil thc outlet condcnscr tempera-
ture was S9'. A temperature diilerenual of &10' across
a condenser is normal for a properly functioning air-
conditinning system

The inlet evaporator tcmperaturc was 43', and the outlet
evaporator tcmpcraturc was 73'. A temperature diffcrcntial

.io of greater than 10'. across an evaporator is in&iicauve of an
improperly functiomng air-conditioning system.

The ambient temperature wris S4'. and the vent tem-
perature was 6S'. A tcmpcrature rliffercntial of e25'.
between thc ambient and vent tcmperaturc is indicative of an
improperly functioning air-conditioning system.

The apparatus also measured the relative humidity at
LLS% Hy using these readings and their differentials with a
diagnnstic chart, the air-conditionin system was perfor-
mance tested and diagnosctl, i.c., thc air-conrlitioning system
vvas found to be 50% low on refrigerant After rc-char ing
with relrigerant, Lhe air-conditioning system was re-tested.
As seen in Table 2, vehicle test 2B, all values were now
found Lo be within normal limits and the air-con&iihoning
system produced cold air

as

Example 3

The mr-conditioning system—lixed entice type (R-134a
refngerant, 44 ounces) in a 1999 Cadillac Escalade (5.7 liter

so
engine) was perforinance tested and diagnosed with the
present invention The owner cnmplained that the air-
conditioning system took too ion to cool down the com-
partnicnt.

Thc apparatus of the present invention was connected to
the condenser anil evaporator of the air-ixtndtttontng system
The apparaius measured inlet and outlet temperatures and
calculated the dilferential of these two cnncal componenss
along with ambient temperature and air-ionditionin vent
temperature, all simultaneously The apparatus also mea-

„, sured thc relative humitlity.
As scen in Table 2, vchiclc test 3A, thc inlet condcnscr

tcmpcraturc was 124', anil thc outlet condcnscr tempera-
ture was 91'. A temperature diilerenual of &10' across
a condenser is normal for a properly functioning air-
conditinning system

The ambient temperature was 79' and the vent tem-
perature was 49'' temperature differential of &25''



U,"I 6.732,538 B2
10

between the ambient aml vent temperature is normal for a

properly functioning air-conditioning system.
The inlet evaporator temperature was 54''nd the outlet

evaporator temperature was 71'. A temperature chlTerenual
of greater than 10'. across an evaporator is indicative of. an
improperly functioning air-conditioning system.

Thc apparatus also measured thc relative humidity at
7Sck liy using these readings and their differentials ivith a
diagnostic chart, the air-conditinning system was perfor-
mance tested and diagnosecl, i.e., Ihe air-conditioning system
was Riund to be 25"/v low on refrigerant. Alter re-charging
with rcfrigcrant, thc air-conditioning systeni was rc-tcstcd.
As scen in Table 2, vehicle test 3B, all values werc now
found to be within nomial limits and the air-conditinning
system conlecl down the compartment in a reasonable period
of ume.

FIG. 5 is a print out of three additinnai auto air-
conditiomng diagnostic reports. Each report shows the con-
denser inlet and outlet temperatures, evapnratnr inlet and
outlet temperatures and the ambient and vent temperatures,
whether each of the temperature dilTerentials pass or fail, Ihe
relattve humidity, ancl an overall chagnostic number for each
fcpofL

Wc have now dcvclopcd a simplified device and method
that allows fnr a quick perfnrmance test of an air-
conditioning system withnut disrupting the integrity of the
sealed air conditioning system aml that eliminates the danger
of exposure to high pressure refrigerants. Taking all of Ihe
readings with thc conventional system can be time consuni-
ing.

After performing many tests, we nnticed that there is a
direct correlation of. the temperature differential between
ambient encl vent temperatures in a normally functioning
air-conditioning system. Using an algorithm, a technician
can quickly verify that a system is functioning properly. Thc
only dovvnfall nf this simplified system is that if the method
faiLs, the simplitied system will not pinpnint or direct the
technician as lo what the possible problem may be. This
simpliliecl lest is very quicl and useful lo Ihe technician
because it is nol time consuming like other performance test
methods. Thc test also quickly verifies a proper heat
cxchangc for thc cntirc system.

We have alan noticed that there is a direct correlation of
the temperature clilTerential of the comlenser inlet aml outlet.
For instance, a temperature diITerence between Ihe inlet ancl
outlet of a condcnscr of fess than 20'. cnuid signify that the
system is overcharged. If thc temperature dift'crencc is morc
than SO'', this would indicate that the system may be
overcharged or low in charge A simple dual temperature
thermometer coulcl be used except that the data obtainecl
would not be useful. There is more heal load on the.

condcnscr from engine heat and road heat. Onc must nica-
surc thc air cntcring thc condenser for accurate diagnosis of
the air-cnnclitioning system

In addition, vve noticed that there is a direct cnrrelation
between an underchargecl and overcharged air-conclitioning
system by observing the temperature dilTerence between Ihe
evaporator inlet and outlet in a fixed nrifice type configu-
ration.

None nt'he currently available testing devices is as
simphb easy or as quick lo use as Ihe present simpldied
device. This clevice will simply give a positive result of. a
well performing system but wiil not give any direction for
dia nosis if thc system fails. Thc operator will have to refer
to manuals nr use one of the above-described devices for
further diagnosis

A maior advantage of the simplified device is that it
allows thc diagnosis of thc air-conditioning system without
disrupting the integrity nf the sealed air-cnnditioning sys-

tern. Newer air-conclitiomng systems have a much smaller
volume of refrigerant than older air-cxtndtttontng systems.
Thus, thc neivcr air-conditioning systems arc morc critically
char ed. By not accessing the sealccl air-conditioning
systems, the present invention does not atTecl ils seals or
volumes Also, the simplified device eliminates the danger
of exposure lo high pressure refngeranLs. New generauon
refngeranLs like carbon dioxide make these issues incremen-
tally morc pronounced with even hi hcr prcssurcs (c g., up

Ill
to ten times those for R-134a refrignant) and very low
critical charges (e g., as low as 50 rams of refngerant)

The simplified device ivill allniv a non-certified or mmi-
mally trained technician tn safely diagnnse the air-
condiuomn ~ system without any environmental concerns
for a polenLuil accidental discharge of refrigerant and the

is rclatcd safety aspects of accessing thc high prcssure refrig-
erant lines.

The simplificcl clcvice of the present invention uses tcm-
pcrature data from thc condenser. The clcvicc measures inlet
and outlet temperatures and calculates the differential of the

o condenser along with ambient temperature and air-
condiuomn ~ vent temperature, simultaneously or any com-
bination of.smgle dilTerentials. The clevice may also use ihe
ambient relative huniiclity as a guiclcline for dctcrmining
trouble codes encl subscqucnt diagnostic guiclclinc areas. By
using these readings and their differentials ivith a diagnostic
chart (Table I), an air-conditioning system can be perfor-
mance tested aml even diagnosed.

More specifically, Ihe device uses the temperature dilTer-
ence between the ambient and vent temperatures and

sti between the condcnscr inlet and outlet tcmpcratures to
diaenosc thc performance of an air-conclitioning system

Extcnsivc testing has shown a dcfinitc correlation
between these temperature cliffercntials ancl system opera-
tion and problems Various temperature differences are used

ss to identify problems and su gest typical repairs.
The basis for the invention is Ihe findmg thai the differ-

ences between the conclenser mlet and outlet temperatures
and the ambient and vent temperatures can be related io the
system performance and can locate a component that is not

co functionin properly. Extensive testing has shown that a
temperature differential of &10'. acrnss a cnndenser and
&25''etiveen the ambient and vent temperature is normal
for a properly functioning air-conditioning system. Any
differenual temperatures outside these ranges inchcate thai

„s the air-conditioning system is not performing properly a
given specific ambient tcmpcrature.

Example 4

The air-conditioning system TXV type (R-134a
so refrigerant, 2.1 2 Ibs) in a I 997 IIod e (:aravan was perfor-

mance tested and diagnosed with the simphfied device of the
present invennon. The owner complained thai vent air from
Ihe air-conditioning system was not cokl enough A simple
vent thermometer reacting was taken and recorded at51.4'.

The simplified device was cnnnected tn the conclenser of
the air-cnnditioning system. The device measured inlet and
ouilel temperatures and calculaied Ihe temperature dilTeren-
lial. The condenser inlet measured 162.5' and the con-
denser outlet measured 104.7'. and the vchiclc failed thc

"" test. After renioving 4 oz of R-134a refrigerant, thc revised
cnndenser inlet reading was I S5.1''nd the outlet reading
was 114 g'( This example shows an nvercharged condition
and too high of a differential, which was corrected by
removin ~ some refrigerant bnnging the differential back

ss down to thc acceptable performance. Thc vent tcmpcraturc
after renioving thc excess rcfrigcrant dropped slightly to
51 O''
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Example 5

The air-conditiomng System—TXV type (R-134a
rcfn crant, 750 grams) in a 1999 Mcrccdes ML430 SUV
(4 3 liter cnginc) was performance tested and diagnosed with
the slmpiitied device of the present invention. I'he olvner
complained that vent air from the air-conditioning system
wab not cold enough.

The simplified device 50 wab connected to the vehicle at
the condenser air inlet (ambient) via lhe ambient probe 52
and thc intcnor AC vent of the air-conditioning system via
thc vent probe 54. The apparatus mcasurcd ambient and vent
temperatures and calculated the difi'erential The ambient
reading was 81 I' and the vent was 5(i.9''his resulted
in a failure. After 170 grams of. R-134a was added, lhe
ambient temperature read 51.8'. and lhe vent read 52.S'o
giving a pass result. This result clearly shoivs that a low
rcfngcrant char c was vcrificd and corrected usin the
device.

Example 6

Thc air-conditioning system fixed orific typo R-134a
refngerant, In a 2(X)3 Ford Expedition was performance

lasted and diagnosed with lhe simphlied device of the
present invention. The owner complained that vent air from
the air-conditionin system was not cold enough

Thc simplified device of the prcscnt invention was con-
nected to thc condenser of thc air-conditioning system. Thc
device measured inlet and outlet temperatures and calculated
the ditferential. It also res nrded ambient and vent tempera-
tures. The ambient read 74.1'. Bnd the air-condiuoning
vent read 50.1'., which imhcated that lhe system lolled the

«, test. Thc condenser inlet read 116.4'. and thc outlet res(1
105'. Thc vchiclc was loiv on refrigerant

While the invention has been described in connection
with what is presently considered to be the most practical
and preferred embodiments, 11 is lo be understood that the
invention is nol limited to lhe disclosed embodiments, but on
the contrary is intcndcd to cover vamous modifications and
equivalent arrangemcnts included within thc spirit and scope
of the appended claims

Thus, it is lo be umlerstood that variations in the present

o
invention can be made without deparung from the novel
aspects of this invention as dcfined in thc claims. All patents
and articles cited herein arc hereby incorporated by rcfi:r-
ence in their entirety and relied upon.

TAI I I.L I

( 4 ¹ Syn plom

Code I

Code 19 (1)

tnd ales Ihe system s performing as des'ed nnd an
IUppol'tins 5l'stcll15 Bl'c opc atlonal
Piopc heat transfc is not occunng rn thc Condcnsol ol
IUppol'tins conlponcla5

('4 l(ai V I n ghh II nski ossw 4 sm ndl onmh
heat tran. fc a ross c aporator

Coadmlscr nltcmal rcstn tions
Faa Clot h )rear hect din c chl les)
Coadmlscr coohn fan opcmuon (high ampcrc dla )

V hi I m d m(n»g rdamab d)

Compressor dlschal c hose ah lmdllcl
T alh between c ndenser mid veh le ad ato
Xlmed ebige ants j ontammaled w th a rl
Syst m Und h g.

Ol'IfIce IU) c rc5trlctlon
Or Tclllpct'BtUIc dcclcB5c5 cross cvBpor Ior
System ler lm ed

Condcnso«ntclnnl restrictions
Fan Clutch (Rea wheel Dole velu leal
Condenlor cooing lan ope at on

Coadcnsol scaling gael cls
Trash bcb ccn condcnsor and ladler~I

System ler lm ed r post bly aude barged

nl o n «mp
Code (g) Vot enough tmnp drop bct cert cnt temp and as&lent alr

snd not enough temp d op between ondenso n and mit

(.'d 9 'VI noghtmpdrophl n nllmp nd,mbln) r

and too much temp drop across c aporator

Code 7 jlo) Not enough temp d op across all angel

TXV syte ns d lgnos s

Heater con«oil opera«on
Plugged or est med ondenso perat on
Overchtrge c nd ton
H, I onl ols op Im

Mmcd rcfri crant
Undcrchalg,cd
blued et ge ant

Sc 'clc ovclchiu'gc

(.' 1 I'ylbmg OK
Code S4 (11) Not enough temp drop across coridcrisoi
Code So (1 ) Not enough tcmpmatule bco cca ambicat air & cnt ouuct
Code 5 (13) Note enough temp d op between vent temp and amb ent

Mmcd rcfri crant or conlnmmatcd
tcaipmntnrc Hcatcl con«oil opera«on

Heater on)role ope al on
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TABLE 2

Vehi le Teat ¹ IA IB ZA ZB 3A 3B

Sect 'Ivtt
Condense In
Condense Ont
PaaafFa I

Evapotaiot In
E pot atot Ont
PaaafFatl
Amhtent
Vent
P aa/Ie il

IDIV I7fV
idol 153
116 11
P P
so

P P
hh 93
hf 5D

I P

Onh
136
N
P
¹3
, 1

F

Or ll Ooh Onli
I¹s i a 13"

116 91 99
P P P

sn 71

P F P
6¹ 79 7t
¹9 ¹9 ¹5
I' P

I s id
Au tempe attn evyteaied n

" F
TXV ihetmal enpani on valve
Or hee or h e ttihe

What is claimed is:
1. A method for diagnosing perfomiancc of an air-

conditiomng system, comprising the steps of;

a) fielermining a temperature differential.
I) lietiveen inlet and outlet temperatures of a condenser,

or
2) bctwccn ambient and vent temperatures in thc air-

conditioning system;

b) analyzing Ihe temperature differential to determine.
whether the air-conditioning system is properly func-
tinning, and

c) diagnosing pcrformancc of thc air-conditioning system,
wherein a temperature ililferenlial of. greater than 10'.

across the condenser is detemtinative of whether the
air-conditioning systetn is properly functioning or

whcrcin a tcmpcraturc diffcrcntial of reater than 25'.
between the ambient and vent temperature m fletermi-
native of. whether the air-conditioning system is prop-
erly iuncuomng.

2 A device for diagnosing performance of an air-
conditioning system, comprising

a) means for dctcrmining a temperature diffcrcntiah
1) between inlet anil outlet temperatures of. a condenser,

OI')

between ambient and vent temperatures in the air-
conrlitioning system;

b) means for analyzing thc temperature differcntial to
determine whether Ihe air-I:omhuoning system m prop-
erly iuncuomng; anti

c) means for diagnosing perfonnance of the air-
conditiomng system,

wherein a temperature dilferenlial of greater than 10'.
across the condenser is determinauve of whether Ihe.

air-conditiomng system is properly functioning or

wherein a temperature ihlferentutl of. greater than 26'
bctwecn thc anibicnt and vent tcmpcraturc is determi-
native of whether Ihe air-conflilioning system is prop-
erly functioning

3. A method for diagnosing performance of an air-
conditioning system, comprising the steps of

a) determining temperature differentials between inlet and
outlet temperatures of a condenser and between ambi-
ent anil vent temperatures;

b) analyzing thc tcmpcrature diffcrcntials to detcrminc
whether the air-comliuoning system is properly func-
tioning; and

c) diagnosing performance of Ihe air-confhuoning system.
4. Thc method of claim 3, whcrcin a tempcraturc diifi:r-

ential of. greater than 10'. across the condenser is deter-
minative of tvhether the air-conditioning system is properly
funcuoning.

5. 'I'he method of claim 3, wherein a temperature differ-
D

cntial of rester than 25'. bctwcen the ambient and vent
temperature is determinative of whether the air-conditioning
system is properly functioning.

6. A device for diagnosing performance of an air-

,,- conditioning system, comprising:

a) means for determining temperature differentials
bctwecn inlet anil outlet tempcraturcs of a condenser
aml between ambient anil vent temperatures,

b) means for analyzin the temperature differential to
deteonine tvhether the air-conditionin system ts prop-
erly functioning; and

c) means 1 or diagnosing performance of the air-
condiuonin ~ system.

7. The device of claim 6, wherein a temperature diff'er-
ential of greater than 10' . across the condenser is deter-
minative of tvhether the air-conditioning system is properly
functionin .

8. Thc device of claim 6, whcrcin a tempcraturc fliifi:r-
ential of renter than 75'. between the ambient anil vent

¹D temperature is delerminauve of whether the air-conditioning
system is properly functioning.

9. A device for verifying a proper heat exchange and
overall performance of an air-conditioning system, compris-
in:

es
a) means for measunng a temperature dilferenual between

ambient anil vent temperatures of. Ihe air-conditionin ~

system; and

b) means for analyzing thc tempcraturc diffcrentials in
order to give an inclication of pcrformancc of thc
air-conditiomn ~ system.


