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evaporator of an air conditioner.

achieving the following goals:

moisture to condense out of the air.

level in the air being cooled.

1. Temperature control;

2. Humidity control;

3. Air movement and circulation;
4.

and

‘The present invention relates to a method and apparatus for
determining relative humidity in the air passing through the

A well designed complete air conditioning system is capable of

Air filtering, cleaning and purification.

In most residential air conditioning installations good

engineering design_of the system including the compressor, heat
exchangers, fans expansioq devices and other controls result in
accurate temperature control to a desired set point.

Humidity

control generally is achieved by movement of the inside air past
the evaporator coil to reduce the temperature of the moisture
laden air to at least the dew point temperature in order for
Humidity controls for the
operator to set, or, for that matter, automatic control of
dehumidification is normally not provided in such systems as
accurate humidity sensors are quite expensive.

With. the development of air conditioning systems making use of
variable speed motors for driving the compressor and fans it has
become possible for an air conditioning system to be operated in
different modes of operation depending upon the relative humidity
In order to make use of such

icapability it is necessary for the microprocessor controller of

isuch a system to have an input from a humidity measuring device.
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This She, heet

A wel |l designed conplete air conditioning syste [%R facegchi evi ng
t.he foll owi ng goal s: 1. Tenper at ure c : Hun1d|ty
control; 3. Air nmovenent and circul ation; I

filtering, cleaning and purification. I n nost reS|dent|a a r

conditioning installations good engi neerd ng design of the system i ncluding
t he conpressor,, heat exchangers, fans expansion devices and the other
cont r ok gsr psdlnlteidn omtc abaive ,t el aleviraonirolqiita e3ginsad s eindddtnot
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the aiyg.

It is an object of the present invention to detect the relative
humidity in an interior space without using a special sensor
designed to detect relative humidity.

This and other objects of the present invention are carried out
by passing a flow of air of known tempefature and humidity
through the cooling coil of a known air conditioning system for a
pre-determined period of time. The temperature of the air
exiting from the cooling coil after the pre-determined period of
time is measured. A reference temperature differential is
determined by subtracting the exiting temperature from the known
temperature of the entering air. A flow of air for which it is
desired to know the relative humidity is then passed through the
cooling coil for the same pre-determined period of time. The
temperature of the air entering the cooling coil and exiting from
the cooling coil at the end of th}s pre-determined period of time
is determined. The exit temperature is subtracted from the
entering temperature to provide the temperature differential for
the air of unknown relative humidity. The reference temperature
differential is then compared to the calculated temperature
differential. If the temperature differential is smaller than
the reference temperature differential the air is then known to
be more humid then the known relative humidity. If the
temperature differential is the same, the relative humidity is
the ;ame, and, if the temperature differential is greater the air
is less humid then the known relative humidity.

Figure 1 is.a schematic illustration of a heat pump systenm hav1ng
the present invention incorporated therein;




Humi dity controls for the operator to set, or, for that _matter, automatic

control of dehumdification is normally not pr3b§ B | tem as
accurate hum dity sensors are quite expensive. J | | opment  of
air conditioning systens naking use of variable or driving

the conpressor and fans it has becone possible for an air conditioning
systemto be operated in different nodads of operation dependi ng upon the
relative humdity level in the air being cooled. In order to nake use of
such cppgmrei2yistai sinptefiedypsyrhenetnicr ehastesheyingnthel ler of such a
system L0,08881 8Nk NEKE HEOSEALNEAVEREYoARARHAT Ng devi ce.

Figure 3 is a flow chart showing the logic programmed into the
microprocessor of the heat pump system of Figure 1.

Referring now to Figure 1, there is shown a heat pump system 10
which includes an indoor coil 11, an outdoor coil 12, a
compressor 13 and a reversing valve 14. Installed in the line 15
petween the indoor and outdoor coils 11 and 12 are expansion
valves 16 and 17 each of which has a provision for bypassing
refrigerant when it is not acting as an expansion device. All of
these components operate in a conventional manner to provide a
cooling function while operating in the air conditioning mode
and a heating function while operating in a heat pump mode.

As illustrated the heat pump system 10 is equipped with a
variable speeéed compressor_dri&en by a variable speed motor such
as, for example, an electronically commutated motor (ECM) or an
inverter driven AC induction motor. The compressor 13 is
normally located outdoors in an enclosure with the outdoor coil
12. A compressor speed controller 18 is provided to communicate
with and to coordinate the operation of the compressor and its
associated equipment.

The compressor speed controller 18 is electrically connected to
the compressor 13 by electrical leads 19, and, to a unit
controller 21 by leads 22. The unit controller 21 is also
connected to the reversing valve 14 by electrical leads 20 and to
a mﬁltiple speed electric motor associated with an indoor coil
fan 24 via electrical leads 26. The unit controller 21 is also

connected to an indoor coil discharge air temperature sensor T2
%via leads 28 and to a room air or indoor coil entering air
gtemperature sensor Tl via electrical leads 30. PFinally, for

]
H

t



t hensel ves to being economcally incorporated int
residential air conditioning system It is an o Hﬁmbesent
inventi-on to detect the relative hunmdity in an |nter|o t hout
using a special sensor designed to detqu relative humdity.

2 'As pointed out above, such devices are quite @miﬁmamue&ﬁﬂﬁqﬂgapot | end

purposes of the description of the invention the unit controller
is connected to a room thermostat 46 via appropriate electrical
The temperature set by the user at the thermostat will

leads 32.
The unit controller 21 is

hereinafter be referred to as T set.
also usually adapted to control other system compdnents, however,

for purposes of this illustration and description of the present
jnvention such interconnections are not shown in the drawing in
order to simplify description of the invention.

The unit controller 21 comprises a programmable microprocessor

which has been programmed to operate the heat pump system in

several different modes of operation. Included among those modes

is a mode hereinafter identified as "auto" wherein the system is
set to automatically bring the room temperature to the
temperature set by the room thermostat T set. 1In this mode the
system will operate in a mode of operation which is decided by
;thé microprocessor, based on the room conditions and the
itemperature set point, T set, which is adjustable by the user.
'In the auto mode the systém may select, as necessary, a heating
émode, or an off mode or one of two cooling modes of operation.
One cooling mode .is a "normal" cooling mode of operation which
the system runs in if the room humidity is determined to be
The other cooling mode is referred to as the "dry"

“normal".
mode in which the system operates if the room is determined to be

b humid” .

JAccording to the present invention the microprocessor of the unit
f‘cong;pller 21 has been programmed with data relating to the
capabilities of the specific components of the heat pump system
libﬁ¥i€Vis“controlling. This data enables the controller to
oﬁ%ﬁ%fthe inputs from the inlet air temperature thermistor T1
. f%fh' discharge air temperature thermistor T2 when the system
at “given conditions and to make a decision as to
ir in the room is humid and accordingly whether the



This and ot her objects of the present invention are carried out by passing
a flow of air of known tenperature and hum dity ThisSka Bk Replskd ng coi |

a known air conditioning systemfor a pre-determ time. The
tenperdture of the air exiting fromthe cooling c
pre-deﬁernined period of tinme is neasured. A reference tenperature
differgntial is determ ned by subtracting the exiting tenperature fromthe
known tie r ersi.n I r f of, aisr: . f 0o i it is
desire Sg'%%l?gg\%vﬁ]?#gfdre %tfipa\%tee htlI}m'QctJIll%t;1 ' sotﬂh;’;#epé:s%%eld'ntghﬁngug %tr%he cool i ng
coi | fdoperatd®®e pre-deternmined period of tine. The tenperature of the air
enterirng the cooling coil and exiting fromthe cooling coil at the end of
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pressure relationship of steam (water vapor). The horizontal

scale represents dry bulb temperatures in degrees F°. The values
along the vertical scale represents grains of moisture per pound
of dry air. The 100% humidity line or the line of saturation is
jdentified by reference numeral 34. Other lines of lower
relative humidity are substantially parallel to and to the right
of the saturation line 34 and only one of those lines identified
by the legend RH and bearing the reference numeral 36 is shown in

the drawing. This line, for purposes of illustration, represents
the 70% relative humidity line. Values of relative humidity
pigher than the 70% level would lie to the left of the 70% line
36 while values of relative humidity less than the 70% line 36
%ould lie to the right of the 70% line 36.

’ccording to the present invention the data necessary in order to

grogram the microprocessor for use with a particular air ’
onditioning system is obtained by running the system at a given
set of operating conditions with an air flow across the

}vaporator or indoor coil 11 at known temperature and humidity

conditions. Apparatus for providing such a flow of air is
epresented generally be reference number 48.

or ;xample, in a system of the type illustrated in Figure 1 with

variable speed compressor, a specific compressor speed and a
specific indoor fan speed is set and run for a predetermined
?eriod of time. As a specific example, in one system the indoor
Fan is set to low speed and the compressor set to run at 45
hertz. A supply of air having a dry bulb temperature of 70°F and




differential. If the tenperature differential is smaller than the reference

tenperature differential the air is then knowp;t e.ReBépREYME t hen the
Known rlel ative humdity. If the tenperature di? he sane, the
relative humdity is the same, and, if the te ‘mmnﬂﬁm ential is
greater| the air is less humd then the known rel y. Figure 1
is a sghematic illustration of a heat p&np system having the present

i nventiion i ncorporated therein;

a relative humidity of 70% is allowed to flow past the indoor
coil 11 for a period of six minutes. At the end of the six

inute period, the difference between the room air temperature as
easured by thermistor T1 and the discharge air temperature as
easured by thermistor T2 was calculated. This difference was
esignated as A T ref.

B~HE H

eferring to Figure 2 this information is recorded on the
hsycrometric chart. The 70°F dry bulb temperature is identified
n the horizontal scale by the point identified as T ref.
ollowing the dotted line vertically from the point T ref the
intersection with the 70% relative humidity line 36 identifies
the point identified as "ref". T ref accordingly represents the
}o' room air temperature measured by the thermistor T1 in the
above described test. The .temperature T2 on the horizontal
temperature scale represents the temperature in the test
described, of the gir exiting from the indoor coil 11 as measured
Ly the thermistor T2. Again, following the dotted line
vertically upwardly to the saturation curve defines point 2, i.e.
the conditions of the air exiting from the indoor coil during the
test. Accordingly, following the path from the point identified
Ls "ref" to point 2 it will be noted that the temperature of the
ir decreased from the point "ref" to the left to the
intersection with the saturation curve without removing any

.
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oisture therefrom, and, from the intersection with the
aturation curve moved downwardly and to the left further
reducing the temperature and reducing, the amount of moisture in
the air. The term identified as A T ref is indicated below the
dry bulb temperature axis as being the difference between the
temperature at the point "ref" and the point 2.

For the givén system for which the value of the term A T ref has
been determined this value is programmed into the microprocessor
and is looked at by the system during operation to, compare an




3 Figure 2 is a sinplified psychonetric chart TEnga tye principals of
the present invention; and Figure 3 is a flow QM&QQmuﬂe ageflo | ogi C
prograpmed into the mcroprocessor of the heat pﬁmﬂg@ Figure 1.
Referring now to Figure 1, there is shown a heat 0 whi ch
includgs an indoor coil 11, an outdoor goil 12, a

actual A T to this value. If the actual A T is less than the A T
ref as illustrated by the example identified as A T 1 in Fiqure 2
jt will be known that the relative humidity of the room air, as
jdentified by the data of point 1, is greater than the 70%
relative humidity. Likewise, if the A T is greater that the A T
ref as identified by the example A T 1, and the corresponding
data peint "1 " it will be known by comparison to 4 T ref that
the relative humidity is less than the 70% reference relative
humidity; As will be seen now in connection with the description
of the programmed logic of Figure 3, given this information, the
microprocessor will run the system in the normal cooling or dry

imode as necessary.

Looking now at Figure 3 the logic programmed into the
nicroprocessor to carry out the determination of whether the
system shouid operate in the normal cool or dry mode is
illustrated. Beginning at the block 42 labeled "start"™ the first
step perférmed (44) is to ascertain the current mode of operation
of the system. If the system is in the automatic or dry mode of
operation the system moves to step 45. If the system is not in

auto or dry i.e., in heat or off, no action will be taken. In
step 45 the controller ascertains whether the room temperature
(as measured by thermistor T1l) is warmer than 2° centigrade below
the setpoint T set. If it is not the system continues to make
this comparison via path 50 until such condition is reached. If
the room temperature is warmer than 2° centigrade below the
setpoint the system moves via path 52 to step 54 to inquire as to
.fthe status of the cycle timer which is contained within the
microprocessor. If the cycle timer is not at 0 it means that the
cycle timer is performing its timing function for a particular
event, as will be seen and the system passes via path 56 back to
start 42. -If the cycle timer is equal to 0 the system then
proceeds to step 58 to set the system to the predetermined
conditions which will allow the A4 T at current conditions to be




conpressor 13 and a reversing valve 14. Installed in the I|ne 15 betmeen

t he i ndoor and outdoor coils 11 and 12 are expan$m9ﬁw¢ah 17 each
of which has a provision for bypassing refrlgerant t acting as
an expgnsion device. Al of these conponents oper t tiona
manner to provide a cooling function while operating |n the air
condltlonlng node and a heatlng functi 8n while operating in a heat punp
node. | ‘lusgtrated.the S 01s yi pped wi.th a variable
Speed deasRIBLER &P GUACHy A3ERLmRHRRLY LR thG: GELBE B BunAi tuRap e an
eIectrd@b@aahmgiynnstanddcabedr1@E€mbp058anhenfantspeéﬁldensée todaeti on
not or The C r 0 r C dequtdoprs.in a C re with
the outjgssr aBn €3 eqhgress0s BBy A9°ELE 8 IR e DBnECkARHS
communi jpatiétiens aﬁﬁetbeéGoFGFnatéetﬁﬁcésérﬁﬂméﬁ &5 skt é@ﬁptbssor and its

redetermined period of six minutes as indicated by step 60. The

ystem then continues in a holding pattern as indicated by step
2 until the cycled timer counts down to 0.

hen the six minute period is over and the system is at
upstantially steady state conditions, the system proceeds to
tep 64 where the temperature differential ascertained by the
hermistors Tl and T2 has been calculated as A T db, and, this
alue is compared to the A T ref which is stored in the
icroprocessor. If the A T db is greater than or equal to the A
reference it indicates that the relative humidity in the room
s less than the 70% reference humidity and the system moves on
he step 66 where the mode of operation of the system is
scertained. If the system is in the automatic mode it is then
et to normal cooling at sfep 68 and the cycle timer is set for
ne hour as indicated in step 70. At this point, once an hour,

t the start of the next compressor "on" cycle after the hour has
lapsed, the unit will re-evaluate the room humidity state as
escribed above beginning at the normal start point 42. If it is
etermined at step 66 that the system is operating in the dry

ode of operation the system control temperature will be returned
o the selected thermostat setting T set. This step 11 will be
etter understood after reading the description of the shifting

f the system to the dry mode of operation.

eturning now to step 64, if it is ascertained that the A T db is
ot greater than or equal to the A T ref the system then knows
hat the relative humidity in the room is greater than the
eference humidity of 70% and the microprocessor follows the no
ath 72 to step 74. At step 74 the inquiry is made as to whether




associ ated equi pnent . The conpressor speed controller 18 is electrically
connected to the conpressor 13 by electrical leads 19, and, to a unit

control
reversi
not or a
unit co
t enpera
enterin

er 21 by leads 22. The unit controller 21 is also connected to the
ng valve 14 by electrical leads 20 and to a nultiple speed electric
5soci ated wth an indoor coil faQ;24 via electrical |eads 26. The
ntroller 21 is also connected to an indoor coil discharge air
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system is in the auto mode it is immediately reset to the dry

ode  as indicated by step 76. At this point regardless of the
ath followed the system is in the dry mode and as indicated in
he two boxes, identified by reference number 78 a temporary set
oint T set is created by the microprocessor by subtracting 2°cC
rom the actual set point set of the room thermostat 46. This
1lows the system to continue operating in the dry mode even
fter the set point temperature has been reached in order to
emove the excess humidity from the room air. Accordingly, this
temporary control set point will operate in place of thé
thermostat set point. During a typical dry mode of operation the
indoor fans speed would be reduced in order to increase the
residence time of the room air in contact with the inside coil 11
and thereby to facilitate condensation of moisture from the air.

*ollowing the setting of the temporary setpoint it will be noted
that the cycle timer is again set to one hour so that the system
7i11 operate in the dry mode with the temporary set point.
*ollowing this, once an hour, at.the start of the next compressor
on" cycle, after the hour has elasped, the unit will re-evaluate
he humidity state beginning at the start step 42 following the

yrocedure described above.

This Sheet Has Been Reﬁi{ed
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4 purposes of the description of the invention the unit controller is
connected to a roomthernostat 46 via appropriate electrical leads 32. The
tenperature set by the user at the thernostat will hereinafter be referred
to as i set. The unit controller 21 is also usually adapted to control

ot her Bystem conponents, however, for pH%poses of this illustration and
description of the present invention such interconnections are not shown in
the drawing in order to sinplify desgyifghison of the invention.

what is claimed:

1. A method of detecting relative humidity of air
being passed in heat exchange relationship with a cooling coil
(11) comprising the steps of:

a. passing a flow of air of known temperature and
relative humidify through the cooling coil for a pre-determined
éeriod of time;

b. determining the temperature of the air exiting
from the cooling coil after the pre-determined period of time;
c. calculating a reference temperature differential
by subtracting the exiting temperature from the known
temperature:

4. passing a flow of air for which it is desired to
know the relative humidity through the cooling coil for the same
pre-determined period of time;

e. determining the temperature of the air entering
the cooling coil after the pre-determined period of time;

f. determining the temperature of the air exiting
rom the cooling coil after the pre-determined period of time;

g. calculating the temperature differential by
subtracting the exit temperature from the entrance temperature;

h. comparing the reference temperature differential
to.the temperature.differential calculated in step g, 'if the
Eemperature differential is smaller than the reference
temperature differential the air is more humid than the known
relative humidity, if the temperature differential is the same
‘he relative humidity is the same, and if the temperature
ifferential is greater the air is less humid than the known
relative humidity.
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The unit controller 21 conprises a progranmmabl e nicroprocessor which has

been programred to operate the heat punp systemin several

di f ferent nodes

of opetation. Included anong those nodes is a node hereinafter identified
as "auto" wherein the systemis set to automatically bring the room

t enper aturmwmerature set by the roomthernostat T set. In this

node t he s

| operate in a nobde of operation which is decided by the

m cropfocessor, based on the roomconditions and the tenperature set point,
T set, which is adjustabl emgfbose ufer. detar@igiiy nofket hees\astisrs my

sel ect| as ReRESSBYY ir? ARAlinAGrTRAS, sl%cémw(ifthoﬁ%d%ﬁn@nﬁ
nodes f oper at | on. One cooli % Tri’ eis a"nornal" %Sl | ng
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e EF mi%ed to be

“normal”. fhewnt sempeactture rode hsmidfey redrboghs thee dbdﬂ)ihgnmd:al n which
the system ppgrates if (RSwhOOM S ASA NG O Retem for a pre-

exit temperature is subtracted from the

determined period of time. The temperature of the air
existing from the cooling coil (12) after the pre-
determined period of time is measured. A reference
temperature differential is determined by subtracting
the exiting temperature from the known temperature of
the entering air. A flow of air for which it is desired
to know the relative humidity is then passed through the
cooling coil (12) for the same pre-determined period of
time. The temperature of the air entering the cooling
coil (12) and exiting from the cooling coil at the end
of this pre-determined period of time is determined. The

entering

temperature td provide the temperature differential for

the air of unknown .relative humidity. The reference

temperature differential is then compared

to the

calculated temperature differential. If the temperature

differential is smaller than the reference temperature

differential the air is then known to be more humid than

the known relative humidity. If the temperature

differential is the same, the relative humidity is the
same, and, if the temperature differential is greater

the air is less humid than the known relative humidity.
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"humi d". According to the present invention the m croprocessor of the
unit controller 21 has been programed with data relating to the
capabilities of the specific conmponents of the heat punp system Wich it-is
contr¢lling. This data enables the cont{pgler to process the inputs from

the iplet air tenperature thermstor Tl and the di schar Ges Shedt Hh S50 asure
thermjstor T2 when the systemis operating at given condi ke
a decifsion as to whether the air in the roomis humd an ﬂ ’
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descriled in connection with a sinplified psychronetric char
psychr tric chart is a graph of the tenp®fature-pressure r
steam (pat er vapor). The horizontal scale represents dry bulb tenperatures
I n degrfes F [err]. The values along the vertical scale represents grains

(1 graidn = 50.10 [err] ' ound (1 pound = 0.454 kg) of
Gy Pn T Theli000s o T CORSTART ERTHALP LBGES

sy§ten1shou|d operate in the dry or the cooling node of operatjo Replaced
Looki ng now at Figure 2 the principals of the present inveﬁ%‘ﬂiﬁiﬁﬂﬁimﬁl mir
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hum dity line or thelline of satur@ation is identified by reference ndfér al

34. Qrher lines of || dvey ygERIWUe hukidity areqgy st bally parallel to
he saturation}l ine 34 and qm i nes

and to the right of
identified by the llegemd—RH and beariing the ref H 36 is shown
sents the 70%

in the drawing. Thils line, for purpedes of |IIu
relative humdity |Tne. Val ues of relatlvé~hun|d|ty hi gher than the 70%
level would lie to the |eft o ; 0% 1 ne 36 whi |l e val ues of relative
humi dity |ess thanMERES : Y70% | i ne
36. According to the present i nvention the data necessary in order to
program the m croprocessor for use with a particular air conditioning

systemis obtai ned b¥ runni ng the systemat a given set of operating
condi t i ons Tvet Brafertr IPYBNE 5ot 0E_l3 RS R ppaathcdorninapparatus 14r at

known t enpgiakihenand hum'dwey o itwnin depaniat @Ss&@ﬁqpfﬂi‘bﬁiéﬂgtﬁémh a

flowof it s represgpted genergliy bg, Lef erence number
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A well designed complete air conditioning system is capable of
achieving the following goals:

1. Temperature control;

2. Humidity control;

3. Air movement and circulation; and

4. Air filtering, cleaning and purification.

In most residential air conditioning installations good
.engineering design_of the system including the compressor, heat
exchangers, fans expansion devices and other controls result in
accurate temperature control to a desired set point. Humidity
control generally is achieved by movement of the inside air past
the evaporator coil to reduce the temperature of the moisture
laden air to at least the dew point temperature in oxrder for
‘moisture to condense out of the air. Humidity controls for the
operator to set, or, for that matter, automatic control of
dehumidification is normally not provided in such systems as
accurate humidity sensors are quite expensive.

With.the development of air conditioning systems making use of
variable speed motors for driving the compressor and fans it has
become possible for an air conditioning system to be operated in
different modes of operatioﬁ depending upon the relative humidity
level in the air being cooled. In order to make use of such
capability it is necessary for the microprocessor controller of
such a system to have an input from a humidity measuring device.
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For exanple, in a systemof the type illustrated in Figure 1 with a
vari abl e speed conpressor, a specific conpressor speed and a specific
i ndoor fan speed is set and run for a predeternmi ned period of tine. As a
specific exanple, in one systemthe indoor fan is set to | ow speed and the
conpressor set to run at 45 hertz. A suppky of air having a dry bulb
tenperature of 21.1[err]C (70 [err]F) and

As pointed out above, such devices are quite expensive and do not

jend themselves to being economically incorporated into a small
room or residential air conditioning system.

1t is an object of the present invention to detect the relative
humidity in an interior space without using a special sensor
designed to detect relative humidity.

This and other objects of the present invention are carried out
by passing a flow of air of known temperature and humidity
through the cooling coil of a known air conditioning system for a
pre—determined period of time. The temperature of the air
exiting from the cooling coil after the pre-determined period of
time is measured. A reference temperature differential is
determined by subtracting the exiting temperature from the known
temperature of the entering air. A flow of air for which it is
desired to know the relative humidity is then passed through the
cooling coil for thé same pre-determined period of time. The
temperature of the air entering the cooling coil and exiting from
the cooling coil at the end of this pre-determined period of time
ijs determined. The exit temperature is subtracted from the
entering temperature to provide the temperature differential for
the air of unknown relative humidity. The reference temperature
differential is then compared to the calculated temperature
differential. If the temperature differential is smaller than
the reference temperature differential the air is then known to
be more humid then the known relative humidity. If the
temperature differential is the same, the relative humidity is
the same, and, if the temperature differential is greater the air
is less humid then the known relative humidity.

Figure 1 is.a schematic illustration of a heat pump system having
the present invention incorporated therein;

$
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6 arelative humdity of 70%is allowed to flow past the indoor <coil 11
for a period of six mnutes. At the end of the six mnute period, the

di fference between the roomair tenperature as neasured by therm stor T1
and the discharge air tenperature as neasured by therm stor T2 was
calculated. This difference was designated as [err] T ref. Referring to
Figure 2 this information is recorded on3the phsycronetric chart. The
70[err]F dry bulb tenperature is identified on the horizontal scale by the
poi nt i deRigRTed? aks T re¥mPIRd Jedhingy chismegaiceghbrheslhvewing athe from t he
point T rgfifh8€pals of the present invention; and

Figure 3 is a flow chart showing the logic programmed into the
microprocessor of the heat pump system of Figure 1.

Referring now to Figure 1, there is shown a heat pump system 10
which includes an indoor coil 11, an outdoor coil 12, a
compressor 13 and a reversing valve 14. 1Installed in the line 15
petween the indoor and outdoor coils 11 and 12 are expansion
valves 16 and 17 each of which has a provision for bypassing
refrigerant when it is not acting as an expansion device. 2all of
these components operate in a conventional manner to provide a
cooling function while operating in the air conditioning mode
and a heating function while operating in a heat pump mode.

As illustrated the heat pump system 10 is equipped with a
variable speéed compressor_dri&en by a variable speed motor such
as, for example, an electronically commutated motor (ECM) or an
inverter driven AC induction motor. The compressor 13 is
normally located outdoors in an enclosure with the outdoor coil
12, A compressor speed controller 18 is provided to communicate
with and to coordinate the operation of the compressor and its
associated equipment.

The compressor speed controller 18 is electrically connected to
the compressor 13 by electrical leads 19, and, to a unit
controller 21 by leads 22. The unit controller 21 is also
connected to the reversing valve 14 by electrical leads 20 and to
a mﬁltiple speed electric motor associated with an indoor coil
fan 24 via electrical leads 26. The unit controller 21 is also
connected to an indoor coil discharge air temperature sensor T2
via leads 28 and to a room air or indoor coil entering air
temperature sensor Tl via electrical leads 30. Finally, for




Intersection with the 70%relative humdity line 36 identifies the point
identified as "ref". T ref accordingly represents the 70[err] roomair
tenperature neasured by the therm stor Tl in the above described test. The
tenperature T2 on the horizontal tenperature scale represents the
tenperature in the test described, of the,air exiting fromthe indoor coil
11 as neasured by the thermstor T2. Again, following the dotted |ine

vertically upwardly ¢t @nbhgesatYEREEANCEUENE S?ﬁ‘wfzéﬂ@is xpom,t u?n t c?o 1
condi t i onPEPIFE élfl’ Qg%l tele%gwéogfn the | ndoor cpil ¢ Y St r

est

Accor di nglﬁs doinegfiefig tPhé parh F’t‘%ﬂ“?ﬁﬁaﬁof‘ﬁtv?ﬂeﬁ?’f?%‘%wé? lgotaigaloi nt

20t wil C‘f}, tod thak tBapteaperatsee by the aser detrdss ethdrmamttate widilnt
e

" f"ttlh ft_to th th th t
emovi ng draiISSRe B EPAPEBRE SAceS( FoRtEhe Tt auibt Hbsfthoied Fiods

sat ur at i ory &34 Wsuallyd adentedr Hpycantired ehber esystem t¢nnpinants 'n@c’t"wé’ er,
tenperature anqnﬁﬁg%%' 3% thhe 2MDUSEretiORi 8hdr@eédription of the present

invention such interconnections are not shown in the drawing in
order to simplify description of the invention.

The unit controller 21 comprises a programmable microprocessor
which has been programmed to operate the heat pump systen in
several different modes of operation. Included among those modes
is a mode hereinafter identified as "auto" wherein the system is
set to automatically bring the room temperature to the
temperature set by the room thermostat T set. In this mode the
system will operate in a mode of operation which is decided by
the microprocessor, based on the room conditions and the
temperature set point, T set, which is adjustable by the user.

In the auto mode the system may select, as necessary, a heating
mode, or an off mode or one of two cooling modes of operation.
One cooling mode is a "normal™ cooling mode of operation which
the system runs in if the room humidity is determined to be
Mnormal®. The other cooling mode is referred to as the "dry"
mode in which the system operates if the room is determined to be

“humid".

According to the present invention the microprocessor of the unit
‘controller 21 has been programmed with data relating to the
capaﬁilities of the specific components of the heat pump system
which it is controlling. This' data enables the controller to
proccss'the inputs from the inlet air temperature thermistor T1
And the discharge air temperature thermistor T2 when the system
is opera§in9“at_given conditions and to make a decision as to
whether the air in the room is humid and accordingly whether the
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the air. The termidentified as [err] T ref is indiy as plated dry bul b
tenperature axis as being the difference between t E at the
point "ref" and the point 2. For the given syste e val ue of

the term A T ref has been determned this value is programed into the

m croprocessor and is | ooked at by the sysstem during operation to, conpare

an
system should operate in the dry or the cooling mode of

operation.

Looking now at Figure 2 the principals of the present invention
will be described in connection with a simplified psychrometric
chart. The psychrometric chart is a graph of the temperature-
pressure relationship of steam (water vapor). The horizontal
scale represents dry bulb temperatures in degrees F°. The values
along the vertical scale represents grains of moisture per pound
of dry air. The 100% humidity line or the line of saturation is
jdentified by reference numeral 34. Other lines of lower
relative humidity are substantially parallel to and to the right
of the saturation line 34 and only one of those lines identified
by the legend RH and bearing the reference numeral 36 is shown in
+the drawing. This line, for purposes of illustration, represents
+the 70% relative humidity line. Values of relative humidity
higher than the 70% level would lie to the left of the 70% line
36 while values of relative humidity less than the 70% line 36
would lie to the right of the 70% line 3s6.

According to the present invention the data necessary in order to
program the microprocessor for use with a particular air |
conditioning system is obtained by running the system at a given
set of operating conditions with an air flow across the
evaporator or indoor coil 11 at known temperature and humidity
conditions. Apparatus for providing such a flow of air is
Tepresented generally be reference number 48.

For example, in a system of the type illustrated in Figure 1 with
a variable speed compressor, a 'specific compressor speed and a
specific indoor fan speed is 'set and run for a predetermined
period of time. As a specific example, in one system the indoor
fan is set to low speed and the compressor set to run at 45
hertz. A supply of air having a dry bulb temperature of 70°F and

REPLACEMENT SHEET
25 SEP 199¢




7 actual [err] T to this value. If the actual AT is less than the [err] T
ref as illustrated by the exanple identified as AT 1 in Figure 2 it wll
be known that the relative hunmidity of the roomair, as identified by the
data of point 1, is greater than the 70%relative humdity. Likew se, if
the AT is greater that the AT ref as identified by the exanple [err] T 1
and the correspondi ng data point "1" it wi&l be known by conparison to AT
ref that the relative hum dity is |less than the 70%reference relative

humi dity. Asreilptiye bBeBAARBW PhH THhneTtaloPYRd e Hd e pastpthenipfodtie

progranmed |94 §10fokl BuperBod 0b¥ estisk Misnitdor Mait aihe @ GirCEARr 8ERSSOr

wil run tzgjﬁ%igggk%gdt ghgoéfP%eééggérELé%eéHBQhe room air temperature as
measured by thermistor Tl and the discharge air temperature as
measured by thermistor T2 was calculated. This difference was
designated as A T ref.

Referring to Figure 2 this information is recorded on the
phsycrometric chart. The 70°F dry bulb temperature is identified
on the horizontal scale by the point identified as T ref.
Following the dotted line vertically from the point T ref the
jntersection with the 70% relative humidity line 36 identifies
the point identified as "ref'. T ref accordingly represents the
70°* room air temperature measured by the thermistor T1 in the
above described test. The .temperature T2 on the horizontal
temperature scale represents the temperature in the test
described, of the air exiting from the indoor coil 11 as measured
by the thermistor T2. Again, following the dotted line
vertically upwardly to the saturation curve defines point 2, i.e.
the conditions of the air exiting from the indoor coil during the
test. Accordingly, following the path from the point identified
as "ref" to point 2 it will be noted that the temperature of the
air decreased from the point "ref" to the left to the
intersection with the saturation curve without removing any
moisture therefrom, and, from the intersection with the
saturation curve moved downwardly and to the left further
reducing the temperature and reducing, the amount of meoisture in
the air. The term identified as A T ref is indicated below the
dry bulb temperature axis as being the difference between the
temperature at the point "ref" 'and the point 2.

For the givén system for which the value of the term A T ref has
been determined this value is programmed into the microprocessor
and is looked at by the system during operation to, compare an




node as necessary. Looki ng now at Figure 3 the |ogic progranmed into the
m croprocessor to carry out the determ nation of whether the system shoul d
operate in the normal cool or dry node is illustrated. Beginning at the
bl ock 42 | abeled "start” the first step performed (44) is to ascertain the
current node of operation of the system I|f the systemis in the automatic
or dry node of operation the systemnoves to step 45. If the systemis not
in auto or dry i.e., in heat or off, no aétion will be taken. In step 45
the controller ascertains whether the roomtenperature (as neasure

t her mi st oradtyal & arifethdfanasper r | LEchRe R EERRr bt Fvishd esét HBRRt tl’fesét
If it is note Q@ Syaistinatedt bpueRet exaniket hMdSnEdNpAT a0l @ a pat higQrenti |

such condition, Stx{]e%'%%- thhe! e POILL PORCR G M £y DR LLRA:2, as

centi gr adeibe¥i
jdentified by the data of point 1, is greater than the 70%

relative humidity. Likewise, if the A T is greater that the A T
ref as identified by the example A T 1, and the corresponding
data point "1 " it will be known by comparison to & T ref that
the relative humidity is less than the 70% reference relative
humidity. As will be seen now in connection with the description
of the programmed logic of Figure 3, given this information, the
microprocessor will run the system in the normal cooling or dry

mode as necessary.

Looking now at Figure 3 the logic programmed into the
microprocessor to carry out the determination of whether the
system should operate in the normal cool or dry mode is
illustrated. Beginning at the block 42 labeled "start" the first
step perfbrmed (44) is to ascertain the current mode of operation
of the system. If the system is in the automatic or dry mode of
operation the system moves to step 45. If the system is not in
auto or dry i.e:, in heat or off, no action will be taken. 1In
step 45 the controller ascertains whether the room temperature
(as measured by thermistor T1l) is warmer than 2°* centigrade below
the setpoint T set. If it is not the system continues to make
this comparison via path 50 until such condition is reached. If
the room temperature is warmer than 2° centigrade below the
setpoint the system moves via path 52 to step 54 to inquire as to
the status of the cycle timer which is contained within the
microprocessor. If the cycle timer is not at 0 it means that the
cycle timer is performing its timing function for a particular
event, as will be seen and the systemn passes via path 56 back to
start 42. If the cycle timer is equal to 0 the system then
proceeds to step 58 to set the system to the predetermined
conditions which will allow the A T at current conditions to be
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setpoint the systemnoves via path 52 to step 54 to inquire as to the
status of the cycle tinmer which is contained within the mcroprocessor. If
the cycle timer is not at O it neans that the cycle timer is performng its
timng function for a particular event, as will be seen and the system
passes via path 56 back to start 42. If the cycle tinmer is equal to O the
system then proceeds to step 58 to set th® systemto the predetern ned

conditions which will allow the A T, at, current, conditi.ons to \
calculated to allow determinatfon to the relat{Le hug%%lty.

accordingly as indicated in step 58 the fan speed is set to low
gpeed and the compressor speed is set to 45 hertz. Once these
conditions have been set, the cycled timer is set for the
predetermined.period of six minutes as indicated by step 60. The
gystem then continues in a holding pattern as indicated by step

62 until the cycled timer counts down to O.

When the six minute period is over and the system is at
substantially steady state_conditions, the system proceeds to
step 64 where the temperature differential ascertained by the
thérmistors T1 and T2 has been calculated as A T db, and, this
value'is compared to the A T ref which is stored in the
microprocessor. If the A T db is greater than-or equal to the A

reference it indicates that the relative humidity in the room
is less than the 70% reference humidity and the system moves on
tﬁe step 66'where'the mode of operation of the system is
ascertainéd.- If the system is in the automatic mode it is then
set to normal cooling at sfep 68 and the cycle timer is set for
one hour as indicated in step 70. At this point, once an hour,
at tﬁe start of the next compressor "on" cycle after the hour has
elapsed the unit will re-evaluate the room humidity state as
described above beginning at the normal start point 42. If it is
determined at step 66 that the system is operating in the dry
mode of operation the system control temperature will be returned
to the selected thermostat setting T set. This step 11 will be
better understood after reading the description of the shifting
of the system to the dry mode of operation.

Returning now to step 64, if it,is ascertained that the A T db is
not greater than or equal to ‘the 4 T ref the system then knows
that the relative humidity in the room is greater than the
reference humidity of 70% and the microprocessor follows the no
path 72 to step 74. At step 74 the ingquiry is made as to whether
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8 calculated to allow determ nation to the relative humdity. accordingly
as indicated in step 58 the fan speed is set to | ow speed and the
conpressor speed is set to 45 hertz. Once these conditions have been set,
the cycled tinmer is set for the predeterm ned period of six mnutes as

I ndi cated by step 60. The systemthen continues in a holding pattern as

I ndi cated by step 62 until the cycled ti counts down to O. When t he

condi t1 onenet RYSESE: ) o L0818 UEs” Eie o Mo PR O} SHRRRRTY  £f tHe

di fferent Qgt&ﬁ\cest dinné&theb puttioe mokder mtstm amﬁbmeﬂzr rmelj:eem ct&:lecmlrat ed

as [err] db anQnd&@é%ed by step 76. At this point regardless of the
path followed the system is in the dry mode and as indicated in
the two boxes, identified by reference number 78 a temporary set
point T set is created by the microprocessor by subtracting 2°cC
from the actual set point set of the room thermostat 46. This
allows the system to continue operating in the dry mode even
after the set point temperature has been reached in order to
yemove the excess humidity from the room air. Accordingly, this
temporary control set point will operate in place of the
tnermostat set point. During a typical dry mode of operation the
jndoor fans speed would be reduced in order to increase the
residence time of the room air in contact with the inside coil 11
and thereby to facilitate condensation of moisture from the air.

following the setting of the temporary setpoint it will be noted
that the cycle timer is again set to one hour so that the system
will operate in the dry mode with the temporary set point.
following this, once an hour, at.the start of the next compressor
#on® cycle, after the hour has elasped, the unit will re-evaluate
the humidity state beginning at the start step 42 following the
procedure described above.
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value is conpared to the [err] T ref which is stored in

€_m Croprocessor

If the AT db is greater than or equal to the A refereﬁ S 1 Bépdeged
that the relative humdity in the roomis less than the 7 ﬂ

hum dity and the system noves on the step 66 where the no of
the systemis ascertained. |If the systemis in the automatic node it 1S
then set to normal cooling at step 68 and %the cycle tinmer is set for one
hour as indicated in step 70. At this pqj once an hour, at the start of
t he next conpressor "on" cycle after th has el apsSed the unit wll

re-evaluate the roomhumdity state as descri bed above

nor na

oper at i ngWhatt A&

start _point_.42 _If it is determned at step 66 tqml nmu“imalmm
GHoIBSdE of |

operation the systemcontrol+tenperature will

be returned to the selected thernostat setting T set. This step 11 wll

better understood ahter hegdiRgdl b RIFIHINLFARLING MiniliRg of bhe
systemto the dry node of operation.

being passed in heat exchange relationship with a cooling coil
11) comprising the steps of:

a. passing a flow of air of known temperature and
relative humidify through the cooling coil for a pre-determined
period of time;

' b. determining the temperature of the air exiting
from the cooling coil after the pre-determined period of time;

c. calculating a reference temperature differential
by subtracting the exiting temperature from the known
temperature:

4. passing a flow of air for which it is desired to

know the relative humidity through the cooling coil for the same

pre-determined period of time;

e. determining the temperature of the air entering
the cooling coil after the pre-determined period of time;

f. determining the temperature of the air exiting
from the cooling coil after the pre-determined period of time;

g. calculating the temperature differential by
subtracting the exit temperature from the entrance temperature;

h. comparing the reference temperature differential
Eo the temperature'differential calculated in step g, 'if the
temperature differential is smaller than the reference
Eemperature differential the air is more humid than the known
relative humidity, if the temperature differential is the same
fhe relative humidity is the’ same, and if the temperature

differential is greater the air is less humid than the known

felative humidity.
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Returning now to step 64, if it is ascertained that the [err] T db is not
greater than or equal to the AT ref the systemthen knows that the
relative humdity in the roomis greater than the reference humdity of 70%
and the m croprocessor follows the no path 72 to step 74. At step 74 the
inquiry is made as to whet her 11

METHOD AND APPARATUS FOR DETECTING ROOM HUMIDITY
ABSTRACT

A method for determining the relative humidity in an
interior space without using a special humidity sensor.
Includes, passing a flow of air of known temperature and
humidity through the cooling coil of a known air
conditioning system for a pre-determined period of time.
The temperature of the air exiting from the cooling coil
after the pre-determined period of time is measured. A
reference temperature differential is determined by
subtracting the exiting temperature from the known
temperature of the entering air. A flow of air for which it
is desired to know the relative humidity is then passed
through the cooling coil for the same pre-determined period
of time. The exit temperature is subtracted from the
entering temperature to provide the temperature
differential for the air of unknown relative humidity. The
reference temperature differential is then compared to the
calculated temperature differential.

FIGURE 1.
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9 the systemis in the auto or the dry node of operation. If the systemis
in the auto node it is inmmediately reset to the dry Bode as indicated by
step 76. At this point regardless of the path followed the systemis in the
dry node and as indicated in the two boxes, identified by reference nunber
78 a tenporary set point T set is creategd by the mcroprocessor by
subtracting 2[err]C fromthe actual set point set of the roomthernostat

46. This allows the systemto continue operating in the dry node even after
the set point tenperature has been reached in order to renove the excess
humidity fromthe roomair. Accordingly, this tenporary control set point
will operate in place of the thernostat set point. During a typical dry
node of operation the indoor fans speed woul d be reduced in order to

i ncrease the residence tine of the roomair in contact wwth the inside coi
11
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and thereby to facilitate condensation of noisture fromthe air.

followng the setting of the tenporary setpoint it will be noted that the
cycle tinmer is again set to one hour so that the systemw || operate in the
dry node with the tenporary set point. followng this, once an hour, at the
start of the next conpressor "on" cycle, after the hour has el asped, the
unit will re-evaluate the humdity state begi Rning at the start step 42
foll owi ng the procedure described above.
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. Utsisy.
10 1. A nmethod of detecting relative humdity of air beiﬁg7
passed i n heat exchange relationship with a cooling coil (11) conprising
the steps of: a. passing a flow of air of known tenperature and
relative humdity through the cooling coil for a pre-determ ned period of
tinme; b. determning the tenperature of the air exiting fromthe
cooling coil after the pre-determ ned periqpd of tinmne; C.
calculating a reference tenperature differential by subtracting and
METHOD AND APPARATUS FOR DETECTING ROOM HUMIDITY

The present invention relates to a method and apparatus for determining
relative humidity in the air passing through the evaporator of an air conditioner.

A well designed complete air conditioning system is capable of achieving the
following goals:

Temperature control;
Humidity control;

Air movement and circulation; and

A

Air filtering, cleaning and purification.

In most residential air conditioning installations good engineering design of the
system including the compressor, heat exchangers, fans expansion devices
and the other controls result in accurate temperature control to a desired set
point. Humidity control generally is achieved by movement of the inside air past
the evap_onator'.:cdil to reduce the temperature of the moisture laden air to at
least the dew point temperature in order for moisture to condense out of the air.
Humidity controls for the operator to set, or, for that matter, automatic control
of dehumidification is normally not provided in such system as accurate

humidity sensors are quite expensive.

With the development of air conditioning systems making use of variable speed
motors for driving the compressor and fans it has become possible for an air
conditioning system to be operated in different modes of operation depending
upon the relative humidity level in the air being cooled. In order to make use

of such capability it is necessary for the microprocessor controller of such a

system to have an input from a ht_x_r_niq_i_t_y measuring _device.

e et REPLACEMENT SHEET
Do) e paged
S SR v o) paged T 1 10CT 997
- Cemnini o e o paged ...
Cledde 0 paged .....
i

e weener. MR |




exiting tenperature fromthe known tenperature; d. passing a fl ow
of air for which it is desired to know the relative humdity through the
cooling coil for the sane pre-determ ned period of tineg; e.

determ ning the tenperature of the air entering the cooling coil after the
pre-determ ned period of tine; f. determ ning the tenperature of
the air exiting fromthe cooling coil afgder the pre-determ ned period of
tinme; g. calculating the tenperature differential by subtracting

t he exit tenperature fromthe entrance tenperature; h. conpari ng
the reference nperature differential to the tenperature differential
cal cul at ed Syftes ébogld ppefate in dhesirutonitee goptieg enedeiof opesatign.er than the
reference tenperature differential the air is nore humd than the known
relative humdity, if the tenperature differential is the same the relative

hunmi dity i$ookingsaow a@nfiguret DetHee ppincRal ofdidd greséntalinehtiohelilerbd he

air is less humd than the known relative humdity.
described in connection with a simplified psychrometric chart. The
psychrometric chart is a graph of the temperature-pressure relationship of
steam (water vapor). The horizontal scale represents dry bulb temperatures. in
degrees F °. The values along the vertical scale represents grains (1 grain =
50.10 0 X9 ) of moisture per pound (1 pound = 0.454 kg) of dry air. The 100%
humidity line or the line of saturation is identified by reference numeral 34.
Other lines of lower relative humidity are substantially paralle! to and to the
right of the saturation line 34 and only one of those lines identified by the
legend RH and bearing the reference numeral 36 is shown in the drawing. This
line, for purposes of illustration, represents the 70% relative 'humidity line.
Values of relative humidity higher than the 70% level would lie to the left of the
70% line 36 while values of relative humidity less than the 70% line 36 would

lie to the right of the 70% line 36.

According to the present invention the data necessary in order to program the
microprocessor- for use with a particular air conditioning system is obtained by
running the system at a given set of operating conditions with an air flow
across the evaporator or indoor coil 11 at known temperature and humidity
conditions. Apparatus for providing such a flow of air is represented generally

be reference number 48.

For example, in a system of the type illustrated in Figure 1 with a variable
speed compressor, a specific compressor speed and a specific indoor fan
speed is set and run for a predetermined period of time. As a specific example,
in one system the indoor fan is set to low speed and the compressor set to run
at 45 hertz. A supply of air having a dry bulb temperature of 21.1 °C (70 °F)

and
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1. A method of detecting relative humidity of air being passed in heat
exchange relationship with a cooling coil (11) comprising the steps of:

a. passing a flow of air of known temperature and relative humidity
through the cooling coil for a pre-determined period of time;

b. determining the temperature of the air exiting from the cooling coil
after the pre-determined period of time; |

c. calculating a reference temperature differential by subtracting and
exiting temperature from the known temperature;

d. passing a flow of air for which it is desired to know the relative
humidity through the cooling coil for the same pre-determined period of time;

e. determining the temperature of the air entering the cooling coll
after the pre-determined period of time;

f. determining the temperature of the air exiting from the cooling coil
after the pre-determined period of time;

g. calculating the temperature differential by subtracting the exit
temperature frorﬁ the entrance temperature;

h. comparing the reference temperature differential to the
temperature differential calculated in step g, if the temperature differential is
smaller than the reference temperature differential the air is more humid than
the known relative humidity, if the temperature differential is the same the
relative humidity is the same, and if the temperature differential is greater the
air is less humid than the known relative humidity.

|
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