
1 

METHOD AND APPARATUS FOR DETECTING ROOM HUMIDITX 

i 
jThe present invention relates to a method and apparatus for 

!determining relative humidity in the air passing through the 
I . ievaporator of an air conditioner. 

l 

IA well designed complete air conditioning system. is capable of 

1
achieving the following goals: 

I 
I 
I 

1. 

2. 

3. 

4. 

Temperature control; 

Humidity control; 

Air m~vement and circulation; and 

Air filtering, cleaning and purification. 

1In most residential air conditioning installations good 

engineering design .of the system including the compressor, heat 

exchangers, fans expansio~ 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 

moisture to condense out of the air. Humidity controls for the 

joperator to set, or, for that matter, automatic control of 

{dehumidification is normally not provided in such systems as 
t 

jaccurate hwnidity sensors are quite expensive. 

l 
Jwith.the development of air conditioning systems making use of 

lvariable speed motors for driving the compressor and fans it has 

{become possible for an air conditioning system to be operated in 

f different modes of operation depending upon the relative humidity 

!level in the air being cooled. In order to make use of such 
i 
!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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jAS pointed out above, such devices are quite expensive and do not 
liend themselves to being economically incorporated into a small 
I room or residential air conditioning system. 

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 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 
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 

ltemp;rature differential is the same, the relative humidity is 

lthe same, and, if the temperature differential is greater the air 
is less humid then the known relative humidity. 

I 
I 
!Figure l is.a schematic illustration of a heat pump system having 
lthe present invention incorporated therein: 
I 
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i • 
~Figure 2 is a simplif~ed psychometric chart showing the 

I principals of the present invention; and 

!Figure 3 is a flow chart showing the logic programmed into the 

jmicroprocessor 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 

between 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 

icooling function while operating in the air conditioning mode 
i 
land a heating function while operating in a heat pump mode. 

I 
IAs illustrated the heat pump system 10 is equipped with a 

variable speed compressor .driven 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 

l
~a multiple 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 

tvia leads 28 and to a room air or indoor coil entering air 

jtemperature sensor Tl via electrical leads 30. Finally, for 

i 
; 



4 
! 

jpurposes of the description of the invention the unit controller 

is connected to a room thermostat 46 via appropriate electrical 

leads 32. The temperature set by the user at the thermostat will 

hereinafter be referred to as T set. The unit controller 21 is 

also usually adapted to control other system compdnents, however, 

for purposes of this illustration and description 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 system in 

several different modes of operation. Included among those modes 

fis a mode hereinafter identified as "auto" wherein the system is 
I 

1

1set to automatically bring the room temperature to the 

1
temperature set by the room the~ostat T set. In this mode the 
!system will operate in a mode of operation which is decided by 
! 

;th~ microproces~or, based on the room conditions and the 

;temperature set point, T set, which is adjustable by the user. 
:rn 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 

unormal". The other cooling mode is referred to as the "dry" 
mode in which the system operates if the room is determined to be 

·"humid" . 

ccording to the present invention the microprocessor of the unit 
cont~~ller 21 has been programmed with data relating to the 
apabilities of the specific components of the heat pump system 

"iChi..;it'··is controlling. This data enables the controller to 
.; .. ·=-~·:..?,;_ ... ~;,;.a· ... . . • • • • 
rocess·the·inputs from the inlet air temperature thermistor Tl 

. ..:..~~·:;._..~~~;-·" ·- ~ - - . 

. ~,!.~ .. d.f~charge air temperature thermistor T2 when the system 
.. ·• '>i;"··'•~5'."" ~ 

~lriq"f_at~:·given conditions and to make a decision as to 
;;$.• . 

, .. r' in the room is humid and accordingly whether the 
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system should operate in the dry or the cooling mode of 
operation. 

r.,ooking 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 0

• 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 
identified 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 
ry the legend RH and bearing the reference.numeral 36 is shown in 
~he drawing. This line, for purposes of illustration, represents 
I 

the 70% relative humidity line. Values of relative humidity 
higher than the 70% level would lie to the left of the 70% line 
I . 

36 while val~es of ·relative humidity less than the 70% line 36 
~ould lie to the right of the 70% line 36. 
I 
~ccording to the present invention the data necessary in order to 
program the microprocessor for use with a particular air 
bonditioning system is obtained by running the system at a given 
~et of operating conditions with an air flow across the 
rvaporator or indoor coil 11 at known temperature and humidity 

f 
onditions. Apparatus for providing such a flow of air is 
epresented generally be reference nwnber 48. 

~ 

~
or example, in a system of the type illustrated in Figure 1 with 
variable speed compressor, a specific compressor speed and a 

pecif ic indoor fan speed is set and run for a predetermined 
reri~d of time. As a specific example, in one system the indoor 
ran is set to low speed and the compressor set to run at 45 
rertz. A supply of air having a dry bulb temperature of 7o•F and 

I 
I 
f 
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a relative humidity of 70% is allowed to flow past the indoor 
oil 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 Tl and the discharge air temperature as 
easured by thermistor T2 was calculated. This difference was 
esignated as A T ref. 

referrinq to Figure 2 this information is recorded on the 
~hsycrometric chart. The 70"F dry bulb temperature is identified 
bn the horizontal scale by the point identified as T ref. 
~ollowing the dotted line vertically from the point T ref the 
kntersection with the 70% relative humidity line 36 identifies 
bhe point identified as "ref 11

• T ref accordingly represents the 
Po· room air temperature measured by the thermistor Tl in the 
above described test. The.temperature T2 on the horizontal 
~emperature scale represents the temperature in the test 
~escribed, of the air exiting from the indoor coil 11 as measured 
by the thermistor T2. Aga~n, following the dotted line 
~ertically upwardly to the saturation curve defines point 2, i.e. 
lhe conditions of the air exiting from the indoor coil during the 
~est. Accordingly, following the path from the point identified 
as "ref" to point 2 it will be noted that the temperature of the 

t
ir decreased from the point "ref" to the left to the 
ntersection with the saturation curve without removing any 
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 
~he air. The term identified as A T ref is indicated below the 
ary bulb temperature axis as being the difference between the 
temperature at the point "ref" and the point 2. 

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



7 

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 Figure 2 

it will be known that the relative humidity of the room air, as 

identified 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 11 it will be known by comparison to A 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. 

jLooking now at Figure 3 the logic programmed into the 

t~icroproces~or to carry out the ~etermination of whether the 

{
system should operate in the normal cool or dry mode is 

illustrated. Beginning ~t the block 42 labeled "start" the first 

!step perf~rmed (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 controlier ascertains whether the room temperature 

(as measured by thermistor Tl) 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 O 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 o 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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1a1cul~ted to allow determination to the relative humidity. 
kcordingly as indicated in step 58 the fan speed is set to low 

Jpeed and the compressor speed is set to 45 hertz. once these 
Jonditions have been set, the cycled timer is set for the 

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 o. 

len the Six minute period is over and the system is at 

lubstantially steady state conditions, the system proceeds to 

~tep 64 where the temperature differential ascertained by the 
bermistors Tl and T2 has been calculated as A T db, and, this 

fa1ue is compared to the A T ref which is stored in the 
licroprocessor. If the AT db is greater than-or equal to the A 
1 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 
lscertaine.d. If the system is in the automatic mode it is then 

let to normal cooling at step 68 and the cycle timer is set for 

~e.hour as indicated in step 70. At this point, once an hour, 
ft the start of the next compressor "on" cycle after the hour has 
l1apsed, the unit will re-evaluate the room humidity state as 
lescribed above beginning at the normal start point 42. If it is 

letermined at step 66 that the system is operating in the dry 
sode of operation the system control temperature will be returned 
lo the selected thermostat setting T set. This step 11 will be 

Jetter understood after reading the description of the shifting 

If 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 

fhat the relative humidity in the room is greater than the 

~ference humidity of 70% and the microprocessor follows the no 

fa.th 72 to step 74. At step 74 the inquiry is made as to whether 

l 
I 
~ 
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he system is in the auto or the dry mode of operation. If the 
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•c 
rom the actual set point set of the room thermostat 46. This 
i1ows 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 

· emporary control set point will operate in place of the 
hermostat set point. During a typical dry mode of operation the 
~ndoor fans speed would be reduced in order to increase the 
residence time of the room air in contact with the inside coil 11 
fnd thereby to facilitate condensation of moisture from the air. 

[
ollowing the sett~ng of the temporary setpoint it will be noted 
hat the cycle timer is again set to one hour so that the system 
~ill operate in the dry mode with the temporary set point. 
rollowing this, once an hour, at.the start of the next compressor 

I
on" cycle, after the hour has elasped, the unit will re-evaluate 
he h~midity state beginning at the start step 42 following the 

orocedure described above. 

<.: iiiiD 
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CLAIMS 

iWbat 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 

elative humidity through the cooling coil for a pre-determined 

period of time; I b. determining the temperature of the air exiting 

ifrom the cooling coil after the pre-determined period of time; I c. calculating a reference temperature differential 

by subtracting the exiting temperature from the known 

lemperature; 
1 d. passing a flow of air for which it is desired to 

tnow the relati.ve humidity through the cooling coil for the same 

pre-determined.period of time; l e. determining the temperature of the air entering 

the cooling coil after the pre-determined period of time; 

I f. determining the temperature of the air exiting 

rom the cooling coil after the pre-determined period of time; I g. calculating the temperature differential by 

subtracting the exit temperature from the entrance temperature; I h. comparing the reference temperature differential 

to the temperature differential calculated in step g, ·if the 

lemperature differential is smaller than the reference 

l~mp~rature differential the air is more humid than the known 

ielative humidity, if the temperature differential is the same 

lhe relative humidity is the same, and if the temperature 

!ifferential is greater the air is less humid than the known 

}elative humidity. 

I 
I 
l 
l 
! . 
i 
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