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The present application reveals a method and an apparatus
for diagnosing performance of an air-conditioning system
Thc methorl comprising the steps of dctcrmining a tempcra-
turc ditfcrentiai tictwcen inlet anil outlet tcmpcratures of a
condenser in thc air-conditionin system; rlctcrmining a
temperature dilferennal between inlet and outlet tempera-
tures of an evaporator in the air-condiuoning system, deter-
mining a temperature differential between ambient and vent
temperatures in the air-conditioning system; analyving the
diaercntials of thc con(tenser, evaporator anil ambient and
vent teniperaturcs; determining whether thc air-conditioning
system is properly functioning; and rliagnosing pcrformancc
of. the air-conditiomng system.
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APPARATUS AND METHOD FOR
DIAGNOSING PERFORMANCE OF

AIR-CONDITIONIN('YSTEMS

33ACK(IROUND OF 11IE INVL)NTION

1. Fielcf of Ihe Invention
Thc prcscnt invention is for an apparatus and method to

dis nose ancl pcrformancc test air-conditioning systems
using tcmpcraturc diftercntials of critical components, ambi-
ent temperature aml humidity, along with software data.

2. Descnption of the Related Art

In thc past, a prcssure readin nianifold was used in
dis nosing air-conclitioning performance. Thc manifold ivas
conneclecf lo the high and low codes of. Ihe air-conctilioning
system ancf operating pressures read. Over the past decade,
air-conditioning systems added complexity, thus making
pressure readings alone not acceptable for diagnnsing sys-
tem pcrformancc. Thc prcssure readin s were also used in
conjunction ivith ambient temperature, humidity or vent
tcmpcraturc to give a bcttcr indication of air-conditioning
system performance. Even where temperatures are requirecf
for measuring system performance, puor art methods use a
surface contact thermometer or an infrared (IRj
thermnmeter, each of ivhich only measures one reading at a
time.

There is a need in Ihe Iield for an apparatus thai allows Ihe
diagnosis of an air-conditioning system without chsrupting
the integrity of the sealed air-conditinning system and that
ehminates the danger of exposure to high pressure refriger-
ants.

SUMMARY OF THE INVENTION

The present application chscloses a method and an appa-
ratus for diagnosing perfonnance of an air-conditinning
system The method cnmprises the steps of identifyinv,
whether the air-conditioning system cnmprises a fixed ori-
fic type configuration or a thermostatic expansion valve
type configuration; determining a temperature differcntial
between inlet aml outlet temperatures of a condenser in Ihe.

air-c:onditioning system, cfetermining a temperature ddTer-
ential betiveen inlet and outlet temperatures of an evaporator
in the air-cnnclitioning system; determining a temperature
ditferential between ambient and vent temperatures in the
air-conditionin system; analyzing thc dift'crentials of thc
condcnscr, evaporator and ambient and vent temperatures
for the lixecf oulice type configuration and analyzing Ihe
diilerentials of the concfenser aml ambient aml vent tem-
peratures ior the thermostatic expansion valve type conligu-
ration; determining whether the air-conditioning system is
properly functioning; and diagnosing performance of the
air-conditioning system.

In prcfcrrcd embodiments of thc method, a temperature
diffcrcntial of grcatcr than 10', across thc condenser is
determinative of. whether the air-conditioning system is
properly functioning, a temperature differenual oi: less than
I0'. acrnss the evapnrator is detemiinative of whether the

air-conditioning system is properly I'unctioning; and a tem-
pcraturc chhcrcntial of greater than 20'. bctivccn thc
ambient and vent tcmpcraturc is dcterminativc of whether
thc air-conditioning system is properly functioning.

In another preferred embodiment, the method further
comprises determining relative humicfity oi: Lhe air-
condittomng system, and analyzing Ihe relative humidiiy
and the differential nf the cnndenser, evaporatnr and ambi-
ent and vent temperatures fnr the fixed orifice type configu-

rauon or analyzing Ihe relative humicfily anti Ihe diilerenuals
of the condenser and ambient and vent temperatures for the
thermostatic expansion valve type configuration.

The apparatus for diagnosing performance of an air-
conditioning systcni conipriscs means for clctcrmining a
tcmpcraturc difi'crcntial between inlet and outlet tempera-
tures of. a condenser in the air-concliuoning system; means
for determining a temperature difi'erential between inlet and
ouilel Lemperaiures ol. an evaporator in the air-concfiuoning
system; Ineans tor determining a temperature chfferential
betiveen ambient and vent temperatures in the air-
conditioning system; means for analyzin thc diffcrcntials of
the condenser, evaporator ancl ambient and vent tcmpcra-
turcs for a fixe orific type of air-conditioning system and
means for analyzmg the diilerenuals of the condenser and
ambient and vent temperatures for a Ihermoslauc expansion
valve type of air-conditioning system, means for determin-
ing whether the air-conditionin system is properly func-
tioning; and means for cliagnosing performance of the air-

zc conditioning system.
In prcfcrrcd cmboclimcnts of this apparatus, a temperature

differenual of greater than 10'. across Ihe condenser is
determinative of whether Lhe air-conditioning system
properly tuncuoning, a temperature dilTerential oi: less than
10''cross the evaporator is determinative of whether the

air-conditioning system is properly functioning; and a tem-
perature difi'crcntial of grcatcr than 20'. tictwcen thc
ambient ancl vent tcmpcrature is dctcrminativc of whether
Ihe air-cond)honing system is properly funcuoning.

I)
In another preferred embodiment, Ihe apparatus further

compuses means for determinmg relauve humidity of the
air-conditioning system and means for analyzing the relative
humidity and the ditTerentials of the condenser, evaporator
ancl ambient and vent tcmpcratures for thc fixed orifice type
of air-conditioning system and means for analyzin thc
rclativc humidity ancl thc ditfcrcntials of thc conclcnscr ancl
ambient and vent temperatures ior Ihe thermostauc expan-
sion valve Lype ol. mr-conditioning system

sc 33RILI')E3('RIPIION Ol'111L')RAWtNGS

FIG. I is an illustration of a basic refrigeration system of
an aulomoiive air-condiliomng system—lhermoslauc
expansion valve (TXV) type system.

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

I'lG. 3 is an illustration of another basic refngeration
system of an automotive air-conditionin system tixed

so orific type system.
FIG. 4 ts an ilhistralion oi: the apparatus of the present

invenlion for diagnosing and performance lesung air-
condiuomn ~ systems.

11G. 5 is a print out of three auto air-conditioning
diagnostic reports

DETAILED DESCRIPTION

The present invenuon is for an apparatus and method
using the temperature differentials of cntical components,
ambient temperature and humidity, along with a built in
softivarc data chart to cliagnosc and pcrformancc test air-
conditioning systems. Thc chart is also availatilc as a harcl-
copy in an operaun ~ manual with trouble codes directly
linked to Ihe duignosuc measurements taken. The simphlied

ss apparatus aml method allow quick performance Lest and
quick diagnosis for even inexperienced air-conditioning
technicians



Refer&&ng lo the draw&ngs in deta&l, where&n like numerals
&nd&cate hie elements, FIGS. I and 2 illustrate a basic
refrigeration system of an automotive air-conditioning
system thermostatic expansion valve (TXV) type systen&.
I IG. I illustrates the basic autnmntive air-conditinning
system 10, by which air inside a vehicle is cooled and
dehum&riiiied. FIG. 2 provides greater detail of ihe system as
&I &s arranged in a veh&cle.

A refiugerant 14, such as R-i 2, R134a, hydrocarbon (IIC)
or carbon dioxide (('.Oa), circulates under pressure in the
a&r-i:ond&tioning&refrigeration system. In each cycle, Ihe
reingeranl &s caused to change phase from hqu&d lo gas and
hack to liquirl, absorbing heat from thc passenger compart-
ment of thc vehicle and releasing heat outside the compart-
ment.

Morc specificall, thc air-conditionin system has an
evaporator 18 unit where sub-cooled liquid rcfri erant enters
and is allowed to expand and absorb heat from warm air of
the passenger compartment, causing the refrigerant to vapor-
ize. The warm a&r of. the passenger compartment &s con-
necleri to the evaporator 18 v&a duct&ng, as scen &n FIG. 2,
such that cooled and dried air is re-circulated into thc
passcngcr compartment. After absorbing heat from thc pas-
senger compartment, the refrigerant gas is drawn frnm the
evaporatnr 18 by suctinn into a compressor 20, which
compresses the gas, thereby ra&sing iL& pressure and tem-
perature. The h&gh-pressure hot vapor &s passe&i Ihrough a
condenser 22, in which thc vapor is exposed to a large
coolin -surface area by flowing through a labyrinth of
finne-coils 24 over which outside air is rapidly blown to
transport heat away from the vapor. The ref&ugeranl 14 cools
to the conriensat&on temperature, releases iL& heal of con-
densation and changes phase back to a hot liquid, still at a
high pressure The refrigerant 14 completes the cycle by
passing through a thermostatic expansion valve 28, which
mctcrs thc high prcssure liquid refrigerant 14 as a low
prcssure spray into the evaporator 18.

In some systems, it is ncccssary to reservoir thc liquid
rcfn crant bcforc it is metered through thc expansion valve
because Ihe demanri of. the evaporator varies under vary&ng
condittons. In other systems, &I &s a pracnce lo install an
accumulator between the evaporator and compressor so that
no hquid can enter the compressor. In either system, water
contaminatinn m the refrigerant can cause the water vapor to
frcczc at thc point of expansion, causing refrigerant flow to
bc blockcrl, and to react with rcfri erants to form acids that
may cause internal damage to metal parts. Consequently, in
the ilep&cted emborhment, a rece&ver-dehydrator, also
reierrerl to as a rece&ver-Liner, 30 &s located between Ihe.

condenser 22 and the evapnrator 18 to reservoir the refrig-
erant and remove moisture t'rom it h& other air-cnnditioning
systems (as shown in FIG. 3), an accumulator-dehydrator 32
may bc locatcrl bctwccn thc evaporator and compressor to
accumulate thc rcfri crant vapor and rcmove moisture from
tl.

FIG. 3 is an illustration of another basic refrigeration
system of an aulomot&ve a&r-conditioning system—fixed
oniice type system. The lixeri ordice type conligurauon
resembles the thermostatic expansion valve type configura-
tion The main ditference between the configurations is the
control ot'he compressor and hence the temperature of
rcfn crant inside thc evaporator. In thc fixed orifice type
configuration, an orifice tube 34 is positioned between thc
condenser 22 and the evaporator 18. The compressor &s

usually cycled for opt&mal evaporator temperature us&n ~ a
pressure sw&lch. The ihlferences in conligurauon will deter-
mine the mnde ot'peratinn fnr the apparatus of the present
invention.

The apparatus of Ihe present invention (see FIG 4) uses
temperature data from two key components of the air-
conditioning system, namely, the condenser and evaporator
The apparatus measures inlet and outlet temperatures and
calculates thc dift'ercntial of these two critical components
alon &vith ambient tempcraturc anil air-cond&tioning vent
temperature, all simultaneously. The apparatus also uses Lhe

ambient humid&ty as a guidel&ne for determinin ~ trouble
codes and subsequent dia nostic guidehne areas Hy using

in these readings and their differentials with a diagnostic chart
(Table I), an air-conditioning system can be performance
tested and even dia nosed.

More spec&lically, the apparatus uses the temperature
difierence between Lhe ambient anil vent temperatures and
evaporau&r and condenser inlet and outlet temperatures to
diagnose the performance of an air-conditioning system I'he
evaporator readings are only useful on air-conditioning
systems containin a fixe orific tube On TXV type
systems, the evaporator read&ngs are not referenced in the
diagnos&s because Lhe function of the thermostatic expansion
valve is lo modiTy flow lo Ihe evaporak&r eilecling Lempera-
ture readin s.

Extcnsivc testing has shown a dcfinitc correlation
bctwcen thcsc tcmperaturc diflcrcntials and system opera-
tion and problems. Various temperature d&fl'erences are used
lo &denufy problems anil suggest Lyp&cal reps&rs.

The basis for the invention is the findin that the difl'er-
cnces bctivcen thc conrlcnser inlet and outlet tcmpcraturcs,

... evaporator inlet anil outlet tcmperaturcs and thc ambient and
vent Lemperalures can be relate&1 lo the system performance
and can locale a componenL thai is not functioning properly
Extensive teeing has shown that a temperature d&fferenual
of &10'( across a condenser, less than IO''cross an
evaporator and &20''et&veen the ambient and vent
tcmpcraturc is normal for a properly functioning air-
conditioning system. Any dift'ercntial tcmpcraturcs outsirlc
Ihese ranges indicate that Lhe air-comliuomng system &s nol
perform&ng properly.

A &najor advantage of the present invention is that it
allo&vs thc diagnosis of thc air-conditioning system. without
disruptin thc inte rity of thc scale&1 air-conditioning sys-
tem. Nc&vcr air-conditioning systems have a much smalkr
volume of refrigerant than older air-ix&nd&t&on&ng systems.
Thus, Ihe newer air-cond&tionmg systems are more criucally
charged Iiy not accessing the sealed air-conditionmg
systems, the present invention does not at(eel ils seals or
volmnes Also, the present invention eliminates the danger
of exposure to hi h prcssure refrigcrants. Thc prcscnt invcn-

s,& tion wifl allo&v a non-ccrtificrl or minimally trained techni-
c&an to safely diagnose Lhe airsx&ndiuon&ng system without
any env&ronmenlal concerns for a potenLuil accidental d&s-

charge of refrigerant and the related safety aspects of access-
ing the high pressure refrigerant lines

EXAMPLES

The follow&ng examples are included to demonstrate
preferred embod&ments of. Lhe invenuon. It shoulil be appre-
ciated by those skilled in the art that the tech mques disclosed
in the examples which follow represent techniques discov-
ered by thc inventors to function well in thc practice of thc
invention, and thus can be consirlcrcd to constitute prcfi:rrcrl
modes for &Ls pracuce. However, those of skill in the arl
should, in light of Lhe present ihsclosure, will apprec&ate that

ss many changes can be made in the speciiic emboihmenL&
which are disclosed and still obtain a like or similar result
without departing from the concept, spirit and scope of the



invention. More specifically, it will be apparent that certain
components that are both mechanically and electronicaily
related may be substituted for the components described
herein while the same nr similar results would be achieved
All such similar substitutes and modifications apparent to
those skilled in thc art are deemed to be within thc spirit,
scope and concept of. Ihe invention as delined by Ihe
appended claims.

To demonstrate Ihe featubilily of. the concept, several
prototypes were constructed Temperatures were measured
using integratecl circuit (IC) temperature sensors; however
thcrmocouplcs (TrCs), themiistors, resistance temperature
detectors (RTDs) or IR (optical) temperature sensors could
bc used. Thc apparatus scen in FIG. 4 ivas used in the
Examples A cable harness connected the sensors lo a cable.
connection 42 of the unit 40, v:ith chimps holding Ihe.

temperature sensors onto the air-conditinning piping (not
shown). (:are was taken to thermally isolate the sensor from
thc clamp to ensure accurate readings.

Output from thc tcmpcraturc sensors was conditioned
using operational amplifier and converted to a digital si nal
via an analogue lo digital converter (A,D converter) on
boarcl a microprocessor. These signals may or may not be
mulliplexecf, clepending on the microprocessor used. The
voltage reaclings were averaged over a period of time A
look-up table was used to convert the averaged readings into
degrees F. An optional table provides dcgrce C readings at
thc operators discretion. An LCD 44 displays all nieasure-
ments anil menu choices.

The microprocessor performs the follov:ing functions:
reads temperatures, provules menu lo LCD, calculates Ihe.

difl'erential temperatures and determines the diagnostic
number liy using a lnok-up table to assign diafpiostic num-
bers dcpcnchng on dificrcntial temperatures. The operator
sclccts cithcr an orifice tube or thermal expansion valve
(TXV) system via a button 46, which instructs thr micro-
processor on which duignoslic look-up to use. There, are
several loot -up tables which can be dependent on many
vauafiles such as, for example, temperature, hmnidity, svs-
tem configuration, compnnent structure (cross-flow
condensers). I'he look-up taliies can alan be carried for
diffcrcnt refrigerant types, for example, R-12, R-134t, car-
bon dioxiclc (COa), hydrocarbon (HC) and other combina-
lion solutions.

A relauve humiduy (RH) sensor can auf in diagnosis by
aasisung in cfelermining the load on the system. A resisuve.
sensor vvas usecl, but any other type of electronic Rl I sensor
could fie usecL

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

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

Example I

Thc air-conditioning system TXV type (Nippondcnso
compressor, R-134a refrigerant, 38 ounces) in a 1991 Docfge
Spirit (2.6 lifer engine) was performance tested and diag-
nosed with Ihe present invention. The owner complainecf
that vent air from the air-cnnditioning system was not cold
enough

The apparatus of. Lhe present invenuon was connected to
the condenser and evaporator of the air-conditionin system
The apparatus measured inlet and outlet temperatures and
calculated the differential of these tivo cntical components
alon tvith ambient tempcraturc encl air-conditioning vent
tcmpcraturc, all simultaneously. Thc advantage of simulta-
neous measuremenls is important m eliminaung erroneous
readings from temperature flucluations in air-concfiuoning
system operation. The apparatus also measured the relative

iu humidity
As scen in Table 2, vchiclc test IA, thc inlet condcnscr

temperature was 149'. and the outlet comlenser tempera-
Lure was 116'. A temperature difl'erenlial of &10'. across
a condenser is normal for a properly functioning air-
conditioning system

The inlet evaporator tcmperaturc was 86', and the outlet
evaporator tcmpcraturc was 87'. A temperature diffcrcntial
of: 10'. across an evaporator is normal for a properly
funcuoning air-conclitioning system. However, this dilTer-

n ential was not used in determining whether the air-
conditioning system was properly functioning since the
system was of the TXV type

The ambient temperature was 86'. and Lhe vent tem-
perature was 66'. However, a temperature differenual ofxs ~20'. between the ambient anil vent temperature
indicative of an improperly functioning air-conditioning
system.

The apparatus also measured thc relative humidity at
37%. By using these readings and their dilTerentiaL& with a
diagnostic chart, the air-conchtionmg system was perfor-
mance tested and diagnosed, i.e, the heater door of the
air-conditioning system was found to be out of adfustment
After adjusting the heater cloor, the air-conclitiomng system

„- was rc-tcstcd. As seen in Table 2, vchiclc test IB, all values
werc now found to bc within normal limits and thc vent air
from the air-conchtionmg system was now cold.

Example 2

ao Thc air-conditioning systeni - fixe onficc type (R-134a
rcfri erant, 32 ounces) in a 1997 Pontiac Bonncvillc (3.8
liter cnginc) tvas performance tested ancl diagnosed with thc
present invenuon. The owner complained that vent air from
Ihe air-condiuoning system was nol cokf enough

The apparatus of the present invention ives connected to
the condcnscr and evaporator of thc air-conclitioning system
Thc apparatus mcasurcd inlet ancl outlet temperatures and
calculated the dilTerential of: these two cnucal components
along with ambient temperature aml air-cxtndtuontng vent

so temperature, all simultaneously. The apparatus also mea-
sured the relative humidity

As seen in Talile 2, vehicle test 2A, thc inlet conclcnser
tempcraturc was 136', and thc outkt conclcnscr tcmpcra-
lure was S9'. A temperature chflerenual of &10'. across
a condenser is normal for a properly functioning air-
conditioning system

The inlet evaporator temperature ivas 43''nd the outlet
evaporator temperature was 73'' temperature differential

„, of grcatcr than 10'. across an evaporator is indicative of an
improperly functioning air-conditioning system.

The anibicnt tcmperaturc was 84'. and thc vent tem-
perature was 6S'. A temperature diflerenual of: ~20'.
between the ambient aml vent temperature is incficative of an
improperly functioning air-conditioning system.

The apparatus also measured the relative humiclity at
CiS%r By using these readings and their differentials with a



diagnostic chart, Ihe air-con(huoning system was perfor-
mance tested and diagnosed, i.e, the air-conditioning system
was found to be 50% losv on refrigerant After re-charging
with refrigerant, the air-conditioning system svas re-tested
As scen in Table 2, vehicle test 2B, all values werc now
found to bc within normai limits and thc air-conditioning
system pro(fuced col(1 air.

Example 3

The air-conditioning system—lixed onlice type (R-134a
refngeranl, 44 ounces) in a 1999 C;tdtf lac Escalmle (5.7 liter
engme) was performance tested and diagnosed with the
present invention. I'he owner complained that the air-
conditiomn system took too long to cooi dosvn thc coni-
partmcnt.

Thc apparatus of thc present invention svas connected to
the comlenser aml evaporator of the air-r:omhuoning system.
The apparatus measure(f inlet aml outlet temperatures and
calculate(f the differential of these Iwo cnucal components
along with ambient temperature and air-conditioning vent
temperature, all simultaneously I'he apparatus also mea-
sured thc rclativc humidity.

As scen in Table 2, vchicic test 3A, the inlet condenser
tcmpcraturc svas 124', and the outict condenser tempera-
ture was 91' A temperature differential of. &10'. across
a con(tenser is normal for a properly functioning air-
condittomng system.

The ambient temperature was 79'. aml the vent tem-
perature svas 49'' temperature differential of &20'
between the amliient and vent temperature is normal for a
properly functioning air-conditioning system.

Thc inlet evaporator tcmpcraturc was 54', and thc outlet
evaporator tcmpcrature was 71'. Atenipcraturc differcntial
of locator than 10'. across an evaporator is indicative of an
improperly functioning air-con(fitioning system.

The apparatus also measured Ihe rehilive humidity al
75%. By using these rea(lings and their (fillerentials with a
diagnostic chart, the air-conditioning system svas perfor-
mance tested and diagnosed, i.e, the air-conditioning system
was found to be 25% losv on refrigerant After re-charging
with rcfri orant, thc air-conditionin system was rc-tested.
As scen in Table 2, vehicle test 3B, all values werc now
fouml to be within normal limits aml the air-conditioning
system cooled down the compartment in a reasonable perio(f
of time

I'l(r. 5 is a print out of three additional auto air-
conditioning diagnostic reports. l.'ach report shosvs the con-
denser inlet and outlet temperatures, evaporator inlet and
outlet tcmpcraturcs and thc ambient and vent temperatures,
whcthcr each of thc tcmperaturcs diffcrentials pass or fail,
the relative humidity, and an overall diagnosuc number for
each repol'I.

While the invention has been described in connecuon
with what is presently considered lo be the most pracucal
and preferred embodiments, it is to be understood that the
invention is not limited to the disclosed embodiments, but on
thc contrary is intcndcd to cover various modifications and
equivalent arrangcmcnts included within thc spirit and scope
of the appended claims.

Thus, it is lo be untlersloo(f that varuiuons in the present
inventton can be mmle without departing from lhe novel
aspects of Ibis invention as (feline(f in the claims. All patents
and articles cited herein are hereby incorporated by refer-
ence in their entirety and relied upon
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TABLE 2
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What is claimed is:
1. A method for duignosing performance of an air

conditiomng system, comprising the steps of;

a) identiTying whether Ihe air-condiuoning system com-
prises a fixed oritice type configuration or a thermo-
static expansion valve type conliguration,

b) dctcrmining a temperature diffcrential l&etwecn inlet
and outlet temperatures of. a conrienser in Ihe air-
conditiomng system;

c) determining a temperature difi'erential between inlet
anti outlet temperatures of an evaporator in thc air-
comhuomng system;

rl) dctcrmining a temperature dihbrcntial bctwccn ambi-
ent and vent temperatures in the air-conditioning sys-
tem;

c) analyzing thc diffcrcntials of the condenser, evaporator
anil ambient anti vent temperatures for the fixed ontice
type configuration and analyzing the dilferenlials of. Ihe
comlenser aml ambient anti vent temperatures for Ihe
thermostatic expansion valve type configuration;

f) dctcrmining whether the air-conditioning systcni is
properly functioning; and

g) diagnosing performance of the air-conditioning system
2. The method of claim 1, rvherein a temperature differ-

ential of greater than l0'i across the condenser is deter-
minativc of whcthcr thc air-conditioning system is properly
functioning.

36 The methorl of. claim 1, wherein a temperature dilfer-
enttal of less than l0'. across the evaporator is rletermi-
nattve of whether Ihe air-r:omhuomng system 16 properly
functioning.

4 The method of claim 1, wherein a temperature differ-
ential of grcatcr than 20'. bctwcen thc ambient and vent
tcmpcraturc is dctcrminativc of whether thc air-conditioning
system is properly functioning.

5. The method of claim 1, further compnsing:
a) determining rclativc humirlity of thc air-conditioning

system; and
b) analyzing thc rclativc humidity anti the rliffcrcntials of

the condcnscr, evaporator and ambient anti vent tem-
peratures for the hxed orifice type configuration or
analyzing the relative humidity and the differentials of
the condenser and ambient and vent temperatures for
the thermostatic expansion valve type configuration.

io 6. An apparatus for diagnosing pcrformancc of an air-
conrlitiomng system, compnsing.

a) means for rlctcrmining a tcmpcraturc diifcrcntial
bctwecn inlet and outlet tcmpcraturcs of a conrlcnscr in
Ihe air-condiuoning system,

b) means for determining a tcmperaturc rhffcrcntial
bctwcen inlet and outlet tempcraturcs of an evaporator
m Ihe mr-conditioning sysiem,

c) means for rlctcrmining a tcmpcraturc diifcrcntial
between ambient and vent temperatures in the air-
conrlitioning system;

d) nicans for analyzing thc difihrcntiafs of thc condenser,
evaporator aml ambient and vent temperatures ior a
lixed orifice type of. air-condinoning system anti means
for analyzin ~ Ihe dilferentutls of the condenser and
ambient and vent temperatures for a thermostatic
expansion valve type of air-conditioning system;

e) means for determining whether the air-conditioning
system is properly functioning; and

1') means for diagnosing performance of the air-
1 )

oonditionin system.
7. 'I'he apparatus of claim 6, wherein a temperature

differcntial of rester than 10', across thc condenser is
dcterminativc of whether the air-conditionin system is
properly functioning.

g. The apparatus of claim 6, wherein a temperature
differential of less than 10'. across the evaporator is
deteoninative of rvhether the air-conditioning system is
properly functioning

p. The apparatus of claim 6, wherein a tcmperaturc
¹6

diffcrcntial of grcatcr than 20'. between thc ambient and
vent tcmpcrature is determinative of whcthcr the air-
conrlitiomng system is properly functioning.

10. The apparatus of claim 6, further comprising.
a) means lor determinmg relative humidity of the air-

conrlitioning system; and

b) means for analyzing the relative humidity anti thc
rhfferentials of. Ihe condenser, evaporator and ambient
aml vent lemperatures for Ihe lixerl onlice type of
air-conrlitiomng system anil means for analyzing Ihe
relative hmnidity and the ditferentials of the conrlenser
and ambient and vent temperatures for the thermostatic
expansion valve type of air-conrlitioning system.
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