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AIR CONDITIONING CONTROL SYTEM FOR VARIABLE EVAPORATOR TEMPERA’I'URE

This invention relates to air conditioning improvements.
BACKGROUND OF THE INVENTION

An object of this invention is to assist in reducing energy required to
effect air conditioning while abtaining high performance standards over
the full operating range. Environment control by air conditioning means
involves more than simply increase or decrease of the total capacity, but
rather, dependent on the relative values of latent heat which are to be
simultaneously offset in a manner that the lag in the process of mass
transfer behind heat transfer does not contribute an energy penality.

The problem to which this invention is directed is the problem of how to
reduce energy required to effect acceptable refrigerant air conditioning
for comfort purposes. The system presented here resolves the chaos
arising from the contradictory effects of numerous variables in infinite
combinations which are involved in refrigerated air conditioning design.
Two of these unrelated variables, sensibie and latent heat appear in both
the room treated air and the outside air introduced for ventilation.
Sensible cooling and dehumidification pass through unrelated
processes. Heat transfer can occur with only a dry bulb temperature
difference between the air and the cooling coil whereas mass transfer will
not proceed at all without contact with a cooling surface which is below
that of the dew point temperature of the moist air. To put it in terms of the
partial pressure of the water vapour in the treated air, dehumidification
from the treated air will not proceed until there is a partial pressure
difference with the wetted interface of the cooling surface.

PRIOR ART

Closest prior art known to the Applicant are publications of Australian
Patents entitled "Method of Air Conditioning" AU-B-49875/79 (597757),
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condi tioning while obtaining high performance standards over the full

operating range. Environnment control by air conditioning neans
i nvol ves nmwed/é2925 Si nply increase or decrease of the ‘“ﬁ ,@4 Gcapam ty,
but rather, dependent on the relative val ues of |atent heat which are

to be si rrultaneously offset -in a manner that the lag 10 in the process of
mass transfer behind heat transfer does not contribute an energy
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effects of nunerous variables in infinite conbinations which are

i nvolved in refrd Lﬁﬂ ' nﬂg ' sign. Two of these unrel ated
vari abl es, é%éﬁg @S{Ydﬁf}a Woggpear in both the roomtreated
air and the outside air I ntroduced for ventilation. Sensible cooling
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5 system including refrigeration means to effect a highest evaporator
temperature for its refrigeration cycle when it treats either directly or
indirectly cooling and dehumidifying of air to be conditioned, dry bulb
temperature measuring means to measure the temperature of air within a
space to be conditioned, humidity measuring means to measure humidity

10  of air within the space to be conditioned, and control means adapted to
offset both sensible and latent heat loads of the air at each of the climatic
and interior building load conditions over the operating range of the air
conditioned system, and control means to establish humidity '
performance in the treated space at a high end of an acceptable range,

15  and, if a chiller is employed, at the high end of the acceptable coolant coil
velocity performance range, where the higher of these two properties
reach its set point value, in combination with the sensible heat and latent
heat loads being offset by the refrigeration cycle, will be generating the
value of an evaporator temperature set point which will be as high as

20 reasonably feasible to minimise input energy to the refrigeration
compressor and maintain high standard performance conditions for the
particular operating condition in the range and on a change of load, will
automatically vary the evaporator temperature set point so that it is
compatible with each of all the sensible and latent heat loads occurring

25 over the operating range of the system, the control means employed
would at each operating condition in the range determine the specific
volume at the saturated suction temperature of the refrigerant leaving the
evaporator to establish the higher of the said two constant space humidity
or coil coolant velocity set points and then calculate the evaporator set

30 point which in the case of this embodiment drives the variable speed
contro! of the compressor motor.

In an alternative description there is proposed method of capacity contral of an
air conditioning system including a compressor and evaporator in a
refrigeration cycle, heat exchanger means, coolant flow conduits, control
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20 di fference between the air and the cooling coil whereas nmass transfer

w | not proceed at all w thout contact with a cooling surface which
I s bel ow t h#WO 98f2%he dew poi nt tenperature of the nBic$iyysdide 6To put
it interms of the partial pressure of the wat er vapour In

treated air, dehurmidification fromthe treated air will not proceed
until there is a partial pressure difference wwth the wetted interface of
the cooling 25 surface. . PRI OR ART3 Cl osest prior art known to

the Applicant argquih b,hmblua @Impresseratibatonabemeans, proporﬁaﬁautdu?sd " Met hod
of Air Conditionj Pe,%r%tAU_ B- 498 5/ 79 (597 Condi ti oner and
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Condi ti oni ng forintiuding ddrich@irsan &vhgbrated présddre/temperature set point for the

evaporator as high as reasonably feasible for each of the operating internal
5 and external heat and moisture load conditions occurring over a total air
conditioning range.

In a further aiternative description there is proposed a refrigerant air
conditioning arrangement of a type including refrigeration means to provide a
cooling evaporator either directly for air to be conditioned or indirectly for the

10  air to be conditioned through a chiller, dry bulb temperature measuring means
to measure the temperature of air within a space being air conditioned, control
means connected to the dry bulb temperature measuring means effecting
control of the refrigerant flow and/or coolant flow through the area of cooling
surface available to the air being cooled, further characterised in that there are

15 included humidity measuring means to measure humidity of air within the
space being air conditioned, and further control means to effect a change in
the evaporator temperature in response to the treated space humidity
measuring means or the coolant velocity through the coolant coils interfacing
with the treated air means to maintain a refrigerant evaporator temperature

20 which is as high as reasonably feasible for each of the operating internal and
external heat and moisture load conditions occurring over a total air
conditioning range.

This invention is applicable to both constant air volume and variable air
volume refrigerant air conditioning systems, and enables higher

25 efficiencies in such air conditioning systems over that which is currently
the case.

This is achieved, by setting control means to use a highest feasible
evaporator temperature specific for each operating condition in the range
within the bounds of good performance standards including fluid flow,

30 heat and mass transfer principles as a priority.
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2 BRI EF SUMVARY OF THE | NVENTI ON In one formthe invention can
be said to reside in an air conditioning system I ncl udi ng
refrigerativoseaes to effect a highest evaporator tenpergdyi@shehsi tS
refrigeration cycle when it treats either directly or indirectly coollng
and 5 dehumdifying of air to be conditioned, dry bulb tenperature
measuring neans to nmeasure the tenperature of air within a space to
be conditioned, humdity . measuring greans to neasure humdity of air

wi thin the spaceanpippefBferestt trhéthed includes utilising a control system to effect
humidity control and coolant \)élocity control to use set points
representing a design space humidity or design coolant velocity through |
the tubes of the coils, whichever is the 'greater, with reference to their
5 respective set points. Thereby this control system will est'abli'sh'_a': highgst
acceptable evaporator temperature set point for that particular operatihg '
condition in the air conditioning range.

In the absence of chillers, when the evaporator interfaces directly with
the treated airstream there is only a humidity set point requiréd. However

10  when a humidity of air in the space to be conditioned does not reach its
set point, as may be the case during low humid outside air conditions, in
lieu of a secondary coolant velocity set point, a minimum speed setting of
the compressor determined by the compressor manufacturer can be
supplied within a variable speed control device as is employed in the

15 embodiment of this invention.

In explaining this invention | observe that there is complex
incompatibility in relationships between heat and mass transfer,
limitations applied to maintain turbulent coolant flow performance at the
heat exchangers and the problems arising when a ratio of internal

20 sensible heat loads to internal total heat loads present a design problem.
Reducing total heat loads are not necessarily associated with reducing
volume flow rate at the suction of the compressor and increasing total
heat loads are not necessarily associated with increasing the volume
flow rate at the suction of the compressor.

25  According to this invention there can now be provided a system of
capacity control of refrigerant air conditioning which will control whether a
volume flow rate of the refrigerant rises or falls on a change in detected
climatic and internal heat and moisture conditions. Should it fall, input
energy is reduced and treated spabe humidity or coolant velocity is

30 increased. According to this invention there is established a lowest
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and control neans adapted to offset both sensible and | atent heat | oads of
the air at each of the climatic and interior building | oad conditions
over the op¥@a23%f r ange 10 of the air conditioned syst g&yadéfhossgnt I Ol
means to establish humdity performance in the treated space at a
hi gh end of an acceptable range, and, if a chiller is enployed, at
the high end of the acceptable coolant coil velocity per f or mance
range, where the higher of .these two propgrties reach its set point

val ue, in conbi %IUrﬁEIﬂthrbtettbemammin bbguifeitreseldcizatoontitioned alroads bei ng
offset by 15 th aEﬁrlg}eratlon cycle, will be generating the value of an
evaporator tenp set point-varying to be as high as design
condition permts to mninmse input energy to the refrigeration

conpressor and ”p%&B@ Whidh 9:? ?D@Q%%Qeﬁl@% QeHRCGHycontrol mc%@qé%' ons

conpatible with the particula at e and on a

| conditron in th
change of |oad, biweemsinianpews d9hvmrd;fg qatien apgdrnoking Pracespes. 8ngr e set
poi nt so tha!r; Snstéltalht'ysarﬁ  fforh QBRI ﬁb\ﬁ Mlémhﬁé‘?dileﬁffro?ﬁ {ur&mgnﬂﬁns' bl'e and

| at ent heat occurrin over oper at i ng e system

the control mearf&nsitigndipuuwhen pdotal toad falls @aﬁ*h?%ﬁ@%a‘tol 76 OGloW P8&h in t he
range determ ne doBfing RRGL ThekPis'HI¥o 8h unbBsirable effect of high coolant flow

rising above known standards. The invention proposes having a control
priority of achieving a highest evaporator temperature feasible for

10  reduced input energy while overcoming these limitations.

The capacity control system in accord with this invention is compatible
with numerous conventional arrangements. Through the use of
embodiments employing an open reciprocating compressor with variable
speed control equipment, the system has been demonstrated for both a

15 constant air volume and variable air volume system. In addition to speed
control it is compatible with compressors employing cylinder unioading
and rotary screw compressors equipped with sliding valves. In the case
of centrifugal compressors it is compatible with pre-rotating vanes and
also multiple flow temperature systems.

20 Use of systems dependant solely on throttling the refrigerant as the
capacity cantrol means are not preferred nor hot gas bypass because of
their implicit inefficiency but can in the wider concept of this invention be
used.

Relevant to the degree of energy saved is the arrangement of the cails
25 and their circuiting. In one arrangement recommended and used in an -
embodiment of this invention as in Figure 8a and Figure 8c, the outside
air coil is employed at what it can do better than the return air coil. ltis
selected to not only cool and dehumidify the outside air to the supply
temperature of treated air that is introduced into the air conditioned space
30  but to have the capacity to dehumidify the air to offset all or a large part of
the internal latent heat loads when these are high, and also part of the
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saturated suction tenperature of the refrigerant |eaving the evaporator to

establish the higher of the said two constant space humdity or coil

cool ant velWep¥gsget 25 points and then cal cul ate the enMapoioRlosss Set

poi nt which in the case of this enbodi nent drives the vari ab?e speed

controlf of the conpressor notor. In an alternative description there
I s proposed nethod of capacity control of an air condi ti oni ng system
i ncluding a conpressor and .evaporator ing@ refrigeration cycle, heat

exchanger rre?|nS intewal Qér’lisitflb bwatioadst This is @Bfnieodlad By empid/iig alnet md'stlﬂa 30
conpr essor, oy contr mean r Oportiona us inte cpntrol out put
equi pnent and fi F°%&’F8&’"¢Fﬁ9&‘f§’%§&%®?&%ﬂ%‘%ﬁ&‘?#3{031%ﬁféii ng an

evapor at or thrpugts ther edtsideair adilbeforediowhny ob td serve ise mtampaintsils. t 0 vary
so as to be as high as sound engi neering principles permt in order
to address each of the different operating conditions occurring over

a total air condiihimmanger@isdempreatus: iserfdep apelanighraqughihe putsidegir
standards of sperhp i @rashcaly Yeduted dhd thhnds! tifriskires 1 weRsPintéithce
surfaces of this outside air coil during periods of high moisture content in
the air is as high as feasible. In this manner | create a coolant flow which '
approaches a sink temperature as indicated in Figure 1(a) in contrast to a
conventional outside air coil in the case as indicated in Figure 1(b). As a
10 - consequence in the case of Figure 1a, the low dew point temperature of
outside air leaving its coil, on mixing with the return air leaving its coil
results in a reduced dew point temperature of the supply air to the treated
spaces. The return air coil is smaller since the outside air coil handles
part of the room sensible heat load as well as part of or all of the latent
15 heat load.

By this arrangement not only is the lag of mass transfer behind heat ..
transfer overcome, but the reduction in treated space humidity pekmits the
evaporator temperature to increase to a higher value which is limited
only by design maximum set points for space humidity or a design

20 maximum set point for secondary coolant flow, whichever is the greater.
According to the capacity control system in accord with this invention, the
output from this set point determines the evaporator temperature set
point.

There are two major factors of significance namely, the capacity control
25 system and the arrangement of the coils and circuits which link the

capacity control system to the cooling and dehumidifying coils. However

other arrangements may also be admissible. A conventional temperate

climate arrangement which is also recommended particularly when the

outside air percent of supply air is low, is to simply mix the outside air with
30 return air and then passing it through a combined cooling coil as

indicated in Figure 8b and 8d.
l THIS SHEET HAS Brgs
REPLACED

This Sheet Has Been Re

LT



3 heat and mass transfer, fluid flow, energy mnimsation and hunman
heal th and confort. In a further alternative description there
I S proposedv@9%/e¥p2s gerant air conditioning ar r angenpeiyafésssy Pe
including refrigeration nmeans to provide a cooling 5 evapor at or either
directly for air to be conditioned or indirectly for the air to be

condi tioned through a chiller, dry bulb tenperature neasuring neans to
nmeasur e the tenperature of air withfn a space being air conditioned,
control neans The arrangement described above where a separate outside air coil and

separate return air coil is used can however be misapplied. If the outside
air consists of 20% of the supply air, in order to offset 1 gram of moisture
per kg. of dry air in the treated space, the outside air would have to

5 condense 5 grams of moisture per kg of dry air. If the outside air
consisted of only 10% of the supply air in order to reduce 1 gram of
moisture per kg of dry air, 10 grams of moisture would have had to be
condensed from the outside air.

In lieu of the use of the outside air and return air 2 coil arrangement

10  described in Table 1 for peak load condition on row 4a, when the
combined outside air and return air flow rates are employed in a single
coil arrangement as in Figure 8b, having the same geometry and depth of
row equivalent to Figure 8a the "off* condition is, in significant figures the
same as the supply air condition in the 2 coil arrangement described

15 above.

During dry outside air conditions, even with high outside air temperatures
the system according to this invention without any additional equipment
takes advantage of the low outside air dew point temperatures. On
mixing with the return air the internal latent heat loads in whole or in part
20 are offset and consequently reduce the use of energy to offset the internal
latent heat loads. The high return air coil coolant temperature prevents or
reduces dehumidification by the refrigeration system. This is further
described herein under the heading of "humidity economy cycle".

The contribution derived from this invention can best be revealed when

25 the capacity control system of this invention is assessed at the time the
system is at a balance point. At such times in the absence of this
invention, the humidity within the treated space may be at an acceptable
humidity below the maximum acceptable design set point in the humidity
range and below the maximum acbeptable design set point in the

30 secondary coolant velacity range. Since neither of these two controlied
values is at its respective maximum set point the svaporator
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connected to the dry bulb tenperature nmeasuring neans effecting control of

t he refrigerant flow and/or coolant flow through the area of cooling
surface avawbaphm2so 10 the air being cooled, further chpspgisdidesgd i N
that there are included humdity measuring means to maasure umdity
of air-within the space being air condi tioned, and further control
nmeans to effect a change in the evaporator tenperature in response to
the treated space hum dity measuring neang or the cool ant velocity

through the cool giipef@ut&pless@eliaronat iy (Srléférhé?i &ééﬁ%{%ltuﬁg AndBSoritfel 15
maintain a refri gerant evaporator te h as sound

engi neering pri neYSHE LN His pmbodiment féth quﬁﬁéﬂ%‘%m@éﬁ%“ﬁe‘{aﬁg@ﬂérat| ng

internal and tempdtateraBy rdiﬁﬁg iR Higher 61 these tvmﬁdaloemb it 3pectReUr ri ng
over a total air c ESJgltlom

11
ool bl et o botdmEn et St s wi| ehtRRRtthe hatanse BUR SGER by
refrigerant @r mahdumemagbexesﬁsﬁm thehdnﬂadi’qtﬂfebe tregtedrspaté tcca bighees i n

such air CROGdy Y51 18V61 BRI Y & redlibon th i eheiof HEE&bHY ' e case.

dehumidify the treated space. Apart from this reduction due to a higher
humidity design level, the mass flow rate at the suction of the compressor
at the lower evaporator temperature and the mass flow rate at the suction

10 of the compressor when at its higher design evaporator temperature for
its particular condition would be close to equal. It is only the volume flow
rate entering the suction of the compressor when it is at a lower
evaporator temperature which will be greater than the volume flow rate
entering the suction of compressor when it is at the higher evaporator

15 temperature. Thus this capacity control system is not invasive to the
traditional control methods such as regulating the flow rate of the coolant
when the dry bulb temperature of a treated space rises or falls. It simply
regulates the position of the evaporator temperature to be at a feasible
maximumn. (It is assumed that the coolant velocity set point is below the

20 humidity set point in this particular example).

In the case when the treated air transfers heat and moisture directly
toward the evaporator, the compressor speed must be above the
minimum permissible for the particular compressor employed. A
minimum speed setting is supplied within the Variable Speed Control

25 device. There is no fixed coil which has a fixed supply coolant
temperature that can service a complete range of say from peak to 35%
of peak load by establishing the highest evaporator set point.

Consider the peak load indicated in Table 1 where a full range in 12
steps from peak to min is considered for a CAV system. The coolant

30 supply temperature is 7°C. The peak refrigerant load is equal to top row
labelled 4 rows (4a) in Table 1. This value, the sum of total output
sensible and latent heat loads, is 16.51 kW +8.13 kW = 25.64 kW and
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This is achieved, by setting control neans to vary the value of a high
evapor at or tenperature to be conpatible with each operating condition
in the ran W'c/ﬁzﬁ'sn t he bounds of good performance standards
i ncl udi ng f1ui ow, heat and mass transfer 25  princi ple<Aqi% 8 her gy
mnimsation as a priority.. In preference the nmethod includes
utilising a control systemto effect humdity control and cool ant
velocity control to use set points repreEnti ng a desi gn space

8

vel ocity"cont rol t_poi .
i chevar 1 st nempIoys = §atudeep G Nk R ? L on baflebBlerd .
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accept abl e evaporat,or _t t. i i
opergti ng condPtsPBﬂlyit?f”fe’ﬁn%%i{%r‘é]zg%'fiﬁ?‘ﬁeggia%u{pgﬁaéemle and latﬁﬁﬂti%éﬁ £

_ i'ng e absence of
chillers, when the.eavdpar?7HkW atldiFakWs Thusdie Ryowideleptcoid, preciagiy dalf

ﬁlu :nsfjlr f';‘mo} hgre kihelrow ely Thfl! his 3% arPBha bef @At (1599958 B4y L' $80 2
= 56.12% of peak. It has a water velocity of 0.21 m/s. Clearly if this had
been run as a 4 row deep coil the water velocity would have been well
below 0.2 m/s in unstable transition flow mode.

Similarly consider the fixed 4 row-deep coils of Table 5. Here the peak

10 load is indicated in Table 5, where a range in 20 steps from a to s plus
row O' is considered for a Variable Air Volume system. The peak load,
top row "a" has a coolant supply temperature of 7°C. The peak load
refrigeration load is equal to 28.1 kW. Now consider the same 4 row
deep coil labelled Table 5 row O'. It too has a coolant supply

15 temperature of 7°C. lIts total refrigeration load is equal to 13.8 kW. Thisis
(13.8/28.1)(100) = 49.1% of peak. lts coolant velocity is far below the
acceptable water velocity of 0.20 m/s. ltis equal to 0.1 m/s and is no
longer in turbulent flow and is unacceptable. Now compare the condition
of row O with the very similar but unsatisfactory performing condition of

20 row O'., at supply temperature of 7°C. The major difference is that row O
has a coolant supply temperature of 9°C and water velocity is acceptable
at 0.2 m/s. It should be noted that the only reason the 4 row coil
performance of rows p, q and r has a sufficiently high return air coil water
velocity is that similar to row o, the capacity control system of the

25 invention had increased the chilled water supply temperature from 7°C.
Otherwise, like the performance of row o', the system would have
performed unstably at water velocities well below 0.2 m/s.

Table 5, row s performance is a very special case involving an outside air
condition which has a dew point temperature below that of the dew point

30 temperature of the supply air. This will be discussed when the new
"Humidity Economy Cycle" of this system will be explained in conjunction
with Tables 3 and 4.
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4 air in the space to be conditioned does not reach its set point, as
may be the case during low hum d outside air conditions, in lieu of a
secondary. C@"Qﬂf gy €l ocity set poi nt, a m nimum speed setting of the
conpressor determ ned by the conpr essor manuf act ur ePFCHAHISWES38ppl i ed
wi thin a variable speed control device 5 as is enployed in the

enbodi nent of this invention or equivalent neans to I ncrease the
saturated suction tenperatqre/pressure o;othe evapor at or .

BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS

Examples of the invention are described hereunder in some detail with
reference to, and are illustrated in, the accompanying drawings and
charts wherein:

5 Fig 1a refers to the performance of the outside air coil in the
arrangement of separate outside air and return air coils discussed in
detail above. It is of advantage where a signiﬁcant' outside air percent of
the supply air of about 15% or more is required. Otherwise a
conventional combined outside air plus return air coil should be

10 considered. Fig 1b represents a conventional outside air coil
performance where the coolant does not flow on to the return air coil;

Fig 2 shows this pressure/enthalpy diagram to demonstrate the
higher evaporator temperature/pressure that can be achieved through
this invention over numerous conditions over its operating range and

15 thus substantially reduces the enthalpy difference across the compressor

Fig 3 is a compressor horsepower selector graph on which is
compared a higher suction temperature, 10.0°C (50°F) with a lower
suction temperature, -1.1°C (30°F) when the output refrigeration capacity
is 35.2 kW (10 tons of refrigeration) or 120,000 Btu/Hr to indicate that

20 there is a substantial reduction in the brake horsepower required by the
higher suction temperature cycle. The higher suction temperature cycle
requires only 9.1 horsepower, 6.8 kW, whereas the lower suction
temperature cycle requires 11.4 horsepower, 8.5 kW, to deliver the same
output refrigeration capacity of 35.2 kw;

25 Fig 4 is a graph of compressor performance on which is related the
higher suction temperature of Fig 3 to a 616 RPM of the compressor and
lower suction temperature of Fig 3 to a 914 RPM of the compressor when
an open reciprocating compressor of this embodiment is compared for
the same output refrigeration capacity of 35.2 kW (10 tons of refrigeration)

30 or 120,000 Btu/Hr;
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In explaining this invention | observe that there is conpl ex

I nconpatibility in rel ati onshi ps between heat and mass transfer,
l'imtationsyaelybssd to maintain turbul ent cool ant fl ow performance at
t he heat exchangers and the problens 10 arising when a rP&ITAY9800536t er nal
sensi bl e heat | oads to internal total heat | oads present a design
probl em Reducing total heat |oads are not necessarily associ at ed

with reducing volune flow rate at the sugtgi on of the conpressor and
i ncreasing total heat_.| ads are not necessar,il soci.ated wi.th increasing
the Vol unre 11 olfi9 18 SRR PRBSNSH g Hortes B oot oM 9 Hidron
vol ume fl ow r at emefnd by whidh ihgesonirol byﬁtem%dﬁanatgmw s‘éleﬁmf thatrighidst ch i s
associated with chan in heat | oads, enser refrigerant vapour
Serving an | nor cAUT gD avPRTAP eiidranye dyoush (ETind G Rt he 1L
Accordi ng to thi spemganpiessortinehis etabodimentos! the invertioh.altdy tHrewghothiscapaci ty
contr ol of r LhWaerant ..ai r_conditi.oning whic 1] _cont.rol ether a
vol une fl ow rsat e’"8§r‘% Hga%?%% reradgfzﬁﬁggiggg%lnpytslggsgyrega%% Wﬁ'"ﬁa'ﬂ'ﬂgﬁé% in
climatic and i ntteatetl spaee camditions &t higk engineering performance standards. Fig

5 will be discussed in detail under section describing the control system;

Fig 6 shows the controllers Set Point Diagram which constrains the
evaporator temperature to either a maximum acceptable Humidity Set
10  Point or maximum Coolant Velobity Set Point, whichever is the higher of
the two values and thus achieves reduced energy input to the
refrigeration plant by establishing the highest evaporator set point while
maintaining high standards of performance;

Fig 7a represents a block diagram of the Control System of this
15 invention when the evaporator coil interfaces directly with the airstream.

Fig 7b is a block diagram of the invention's Control System linked
to a constant air volume system employing a chiller. The range of the
system from peak to minimum heat load performance is wide requiring 3
stages of active coil sizes so that they are compatible with the sizes of the

20 heat and moisture loads;

Fig 7c is a block diagram of the inventions Control System linked
to a variable air volume system employing a chiller. Cooling coil sizes
are also indicated for a very wide range in Fig 7¢. Table 5 only indicates
data for a fixed 4 row deep coil that has a low range, requiring only a

25 fixed return air cooling coil;

Fig 8 are psychometric chart sketches displaying the air flow paths
of two arrangements;

Figs 8a and 8¢ represent the 2 coil arrangement described in the
embodiment of this invention. Figs 8b and 8d represent another
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conditions. Should it fall, input energy is reduced and treated space

hum dity or cool ant velocity is increased. According to this
i nvention t 7ol sestabl i shed a | owest volune flow rate to maintain
required preselected conditioned air charact eri sti c$CT/ARE8/005Fact or S

whi ch can pose problens in capacity control include | ag between

si mul t aneous dehum di fication and cooling processes, and instability
arising from cool ant fIOM/which haq fallen fromturbulent to
transition flow when, g total % t 0. 50% bel ow

| o
ook conng | oabEebihie hanoeRef \gﬁemssﬁ"ﬂ%l%lcsm%medt PRI i o

cool ant flow ri souigidetaiv and retum ait ismiapldyedThe i nventi on proposes 30
having a control priority of achieving a h| ghest evaporator tenperature
feasible for reduced i nput ener whil e overcom ng these limtations.
The capacity control KHgsPamndrbbapreseat ther BuseathDeta fos Singapeenad i bl e

‘é“n{)g di ment Snumer RUSIafRESPELREBR, rirkéd B¢ TaRed- estaiRHRG dmiSiehtSdesiin loci
5 for dry bulb day time temperatures. They are displayed together to
indicate two very differing climates in their moisture content which can be
handled by the same air conditioning design system of this invention
when the overall total refrigerating capacity is the same; and

Fig 10 is a diagrammatic representation of a variable speed control
10 module.

The term reasonably feasible is utilised herein with respect to air-
conditioning performance standards. This invention has been written on
the assumption that the standards of the American Society of Heating,
Refrigerating and Air conditioning Engineers Inc, ASHRAE, will be

i5 observed and also the following limits apply. The control system allows
designers to select their preferred operating conditions within the range
provided by these standards.

Relative Humidity Maximum 60%
Relative Humidity Minimum 30%

20 Cooling Coil Chilled Water Velocity Maximum 27mfs
Cooling Coil Chilled Water Velocity Minimum 0.15 m/s
Ventitation I1AQ (depends on various factors) ASHRAE 62-1989
Coolant Supply Temperature 7°Cto 17°C
Evaporator Temperature -1.1°C to 15°C

25  Air Pressure Drop Through Cooling Coils Maximum 200 Pa
Air Face Velocity Maximum 3 mfs
Chilled Water Pressure Drop Maximum 60 kPa
Compressor speed minimum and maximum variable, determined by
manufacturer.
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enpl oyi ng an open reciprocating conpressor with variable speed control
equi pnent, the system has been denonstrated for both a constant air

vol ume . andgvari able air volunme system In addition to speed control
it is conpdf? BBt h conpressors enpl oyi ng cyl i ndefCHAVEAOBHg and
rotary screw conpressors . equi pped with sliding valves. In the case of

centrifugal conpressors it is 5 conpatible with pre-rotating vanes and
also multiple flow tenperature systens. i3

In the event that these limitations are not to control the equipment
parameters as for example when relative humidity may be permitted to
rise to 70% of the energy savings are greater than if the upper limit of
60% is observed. '

5 In this embodiment of the invention the design is achieved by regulating
the compressor speed to obtain the highest evaporator temperature that
is compatible for each specific condition of heat and moisture load over
the full operating range. This embodiment of the invention employs an
open positive displacement reciprocating compressor with variable

10 speed control (VSC) to relate to performance at all outside air and
internal heat and moisture load conditions. See Figure 10. The cost and
size of modern variable speed equipment is competitive in this
application.

The important influence in obtaining maximum energy conservation

15  through this system occurs when the control system acts to establish a

| high evaporator temperature as for example by means of regulating the

compressor RPM. The pressure-enthalpy diagram of Fig 2 relates to a
standard refrigeration cycle. When the evaporator temperature/pressure
is raised the performance of the cycle moves up from the refrigeration

20 effect of hy- hg to hy - hg. This relates to the output refrigeration capacity
required to offset the heat and moisture loads.

The energy input referred to achieve this is the work of the compressor.

When the evaporator temperature/pressure is raised the work of the

compressor per unit mass of refrigeration through compressor is reduced
25 by the difference between the value of (hz - hy) - (h2 - hy).

Under conditions of a constant compressor RPM a fall in load would send
a signal to the expansion valve of Fig 2 to throttle the refrigerant to a
lower pressure. One example is indicated in Fig 5 where condition A
moves to B, resulting in an excess input refrigeration capacity for this

30 refrigeration requirement. This path is precisely opposite to the purpose
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Use of systens d

ependent solely on throttling the refrigerant as the

In

capacity control neans are not preferred nor hot gas bypass because

of their i nRbisciodors i nefficiency. Rel evant to the degree of

energy saved i s the arrangement of the coils and their 10PC“BF$@Uﬁ¥ing.

one "arrangenent -r ecommended .and used in an enbodi nent of this

I nvention as in Figure la and Figure 8a top, the outside air coil is

enpl oyed at what it can do better than the return air coil. It is

selected to not only cool..and .dehum di fy. he side air to the
Pl PP I PS0Y s saverotiiBal s nboate o ife

supply tenperatu

condi ti oned spacevdpdratbotdmperatune and e degrease frethencatngressdrepragsuré o of f set

all or a 15 Ilar
hi gh, and also p

Gl fhed Rnd ol ThAUE Restllleras 8 Iyl bR, &' °

achi eved by enpl 6@M(goafficient ohparformance)efor this ratiopuifrigeratienyeffeck s thar i ng t he

peak si nul tangou
before flowi ng o

Rl 1 HRUALE) IF MR B Hhlfssor s vl T ©°
denominator:

COP =

Output Refrigeration Capacity = Useful Cooling & Dehumidifying

10

15

20

25
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input Refrigeration Capacity The Work Necessary to Achieve this_

Often there is a failure when evaporator temperatures and coolant
temperatures are not controlled to be compatible during many variable
simultaneous conditions arising over the climatic range. In this
embodiment the problem is resolved.

THE CAPACITY CONTROL SYSTEM

Reference is now made to the control system, illustrated in Figs 6, and 7a,
b, c. The benefit of energy savings is accessible to each combination of
heat load occurring over the full operating range according to the control
system described below:

The control system comprises the essential components of room humidity
control and coolant velocity control, each generating an evaporator
pressure set point (that is, a point beyond which evaporator pressure will
not increase).

The individual control outputs are proportional plus integral that
continuously readjusts the output value to obtain either of the two input

signals at a specified maximum value.

The higher of the two output values at any instant is the required set
point to achieve minimum energy input to the refrigeration plant.

AS BEEM



In this manner the tenperature rise of the coolant through the outside air
coil is 20 drastically reduced and the nmass transfer at the wetted

i nterface of this outside air coil during periods of high
noi st ure cgﬁ?E%FE?% the air is high. In this rrannerg GTAYYA6 f1ow i s
created whi ch approaches a sink tenperature as indicated in Figure 1
(a) in contrast to a conventional outside air coil in the case as indicated
in Figure 1 (b). As a consequence l the case of Figure 1 a, the | ow

dow point 2% U PERG AEuRl RS po?"taf?'sgé‘?@s"?%%ﬁse%@é%% GagmeR? " "

tenperature of t@Genisalyisterair to the treated spaces. The return air
coil is smaller since the outside air coil handles part of the room
sensi ble heat |oad as well as part of or all of the | atent heat | oad.

By this arrangenB8t7argPressnis ine simale cagegrhergdbe evapreky ijeHacRs heat

transfer 30 Ovaféﬁwuthhuétrfea@edaﬂur:rglmdeébr’bé@@ts‘s@tem@ﬁwm alty pernmits
t he evaporat or erature to increase to a sgqgg ¥'alue which is

limted only Sy %g‘?rg’ha iaf{om with a coggfanh,air NPIM&.$Y RURUR8F or a
desi gn nmaxi mum sgdil i Nhcther sta§sNEIgI 36 describes a system employing a chiller in

association with a variable volume system. Fig 7b relates to the
performance reported in Table 1, Fig 7¢ to the performance in Table 5.

Through this control system the means are imparted to automatically
10 select whether the evaporator temperature should rise or fall.

In Figs 6, 7a and 7b a humidity sensor 10 is located within a treated
space , and a coolant velocity sensor 11 in a coolant line. Each is
associated with a respective set point 12a and 12b which imparts limits
on the values as described above. They are then fed to a discriminating

15 device 13 which is responsive only to the higher of the two signals, and
adjusts the evaporator pressure 14 or chiller control 14 in this
embodiment to provide an evaporator pressure which maintains the
higher of the two set points at its maximum set point condition. This
constitutes a proportional control plus integral action. The sensors may

20 be electrical, pneumatic or hydraulic, or any combination thereof. For
example, if electric the device 13 may need to be only diodes. If
pneumatic, device 13 may be, for example, a Honeywell selector relay
RD405. The arrangement is essentially of mathematical functions, and
need not comprise separate discrete devices. A microprocessor may be

25 used to achieve the same functions. A room thermostat 17 with valves
MV17a, b and ¢ for Constant Air Volume System, (Fig 7b) and damper 18
plus a supply air thermostat 19 associated with valves MV17a, band ¢
are indicated for Variable Air Volume system (Fig 7c).

In comparing energy requirements for different COP values, the percent
30 of greater input energy required by the lower COP value over that of the
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cool ant flow, whichever is the greater. According to the capacity control

systemin 6 accord
with this iW&%E‘/EJg?ﬁ’ the output fromthis set point determnes the

evapor at or enperature set point. There are PRAHAHEHAEP3Sf act or s
of significance.nanely, the_capacity control system and t he

arrangenent of the coils and circuits which link the capacity control
systemto the 5 cool ing and dehumi di fy1i6ng coils.

higher COP value when relating to the same output refrigeration capacity
is determined as follows: '

If the lower COP = 2 and higher COP =3

per cent of additional =100 (COP=3-COP=2) = 100 (3-2) =
5 energy required by COP=2 COP=2 2

50% more input energy for COP2

A higher evaporator temperature reduces heat transfer across the heat
exchangers. In the case where there is a chiller supplying a cooling coil
interfacing with the treated air there is a corresponding rise in the coolant
10 temperature which is offset by conventional controls. A conventional
modulating valve opens to increase the coolant flow through the _booling
coil, thus maintaining the treated space dry bulb temperature at its design
setting. The higher evaporator temperature causes a rise of humidity in
the treated space. The control system described above and illustrated in
15 Figs 6, 7a, 7b and 7c prevents it from rising above a humidity destgn set
point and a coolant velocity set point. In this manner the control system
provides the maximum COP and the least Input Refrigeration Capacity
compatible with performances at good engineering standards. |

In the case of a direct expansion air conditioning system where the

20 evaporator interfaces directly with the treated air in lieu of the secondary
coolant velocity set point a minimum speed control set point is supplied
within the Variable Speed Control Device.

When there is a fall in output refrigeration capacity there is not
necessarily a fali in compressor speed and a rise in evaporator

25 temperature as is indicated in Fig 5 in the change from point A to C,
though this direction is preferred from the point of reduction in input
energy. For example, a fall in output refrigeration capacity from set point
E at 670 RPM may find the controf system signalling for a rise in the
compressor RPM to 700 RPM and a reduction in evaporator temperature

. BEEN
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The arrangenent descri bed above where a separate outside air coil and

separate return air coil is used can however be m sapplied. If the
out si de airy, §95}§£§ 4 S of 20% of the supply air, in order to offset 1
gram of noi sture” per of dry air in the treated SPEAPIBQRI out si de

air -woul d have to condense S grams of noisture per kg 10 of dry air. If
the outside air consisted of only 10% of the supply air in order to
reduce 1 gram of noisture per kg of dry 3 10 gram; of noi sture woul d
have had to pe condensed fromthe utS| de air,. sgite, of this

limtation the r¥bthiRdrrleg|ina change t.peint &y Poit may ?igﬁ’ﬁlé?r tdlda th gh enough

not to be adverSﬁerr@'ééc&cRm andanse ir évdpoeatopfe Spb@awﬁ@td)bOIh?EaQB’déLdf ahr
or &ea oa

and return air arr epent

condition on r ov&qﬁ&i a‘?ﬁ'ﬂ‘"ﬁﬁ%g Be 'Pﬁ’“ﬁ?”@ re 'gesﬁﬁwaﬁa@rﬂﬂ'&f M@y require either a

i ndi cated in Fi gfaBlr tisgpinthecemprassog RPM asifroat painyerte i orsE ty Drig Rids.

conbi ned m xture of both outside air and return air is very limted

in application.
5 The system according to one or more embodiment is to respond to the

simultaneous needs for heat and mass transfer and automatically select
a correct choice of compressor speed to ofiset both the sensible and
latent heat loads at each condition over the full operating range and to do
so at minimum energy input.

10  For a given load a rise in evaporator temperature is indicative of a
condition wherein both the space humidity and the coolant velocity are
below their design set points. A fall in the evaporator temperature is a
response to a signal to either increase dehumidification or decrease
coolant velocity. '

15  This system of air conditioning is compatible with other compressor
systems as well as the system of compressor speed adjustment as
described in this embodiment selected to demonstrate this invention.
See Figure 10 for the diagram of the variable speed control maodule.

These other systems include:

20 (a) Rotary Screw Compressors equipped with sliding valves for
capacity control. These have large capacity coverage but there is some
loss of efficiency in capacity reduction.

(b) Open centrifugal machine having automatic speed control from
steam and gas turbines. Control of surging is a factor here.

25 (o) Centrifugal Compressors with pre-rotating vanes.

(d) Multiple flow temperature systems are also to be considered.

Staging and flash gas removal are compatible with the system.

An objective is efficient compressors exhibiting high coefficients of
performance wherein the evaporator temperatures can be maintained as
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When a single coil is enployed to treat both the ventilation air and the

return air, two very differing conbinations of sensible and | atent
heat | oads 95604:8,P€ of fset 20 simul taneously with the same cooling
surface. The conSéquence is an energy wast ef ul syst BRI/AUR¥O8F¥6unat el y
this is a very popular systemin nediumand | ow hum dity climtes. It
is a systemwhich, as far as energy savings is concerned, is based on
fall aci ous reasoni ng. The out si de i r conbi nati on of sensible and

| atent heat |oads jmy.re erature that is
very low, see fi %BX cgagag@t?frpr%cgnqmonéo ge%@o‘?’r%ﬂé‘?? bgatsd sensibl e

and | atent heat gpagds meélahefs sten wnd‘udnscth@%vdmraiarYemperaturbIngaer

cnor gy uas not BRI @Lt‘?wﬁﬁsﬂ»peﬁwteh@h?ﬁeglepﬁeh'&%éw%eﬁ?rbﬁpé’ BT s a

a high devalpw avaribbleres démorstrated vthearhisodimenipgf thistievgrgioal 4 e may be
necessary to 230 S : fernal room

| oads are ové3 "(%‘CT eage oL 'f‘%]b‘?eé ?%ﬂatﬁ‘l ﬁé%p%ﬁgqg s%‘%haﬁ% %%8?}% rP’rmst be

r eheat ed. hereunder on zoning which relates to the coolant temperature variations.

In the embodiments presented here in Table 1 and Table 5 a single peak
size range of approximately 28 kW is presented. However any size
range can be develdped having the same performance characteristics.

10 Thus a consulting engineer or a rﬁanufacturer can develop a complete
line of coverage for all size ranges.

For example employing the range selected here as a datum, the range
can be doubled by simply doubling the width of the heat exchangers and
doubling the number of circuits to maintain the same coolant velocity

15 range and coolant pressure drop range. Obviously the treated air face
area has also been doubled maintaining again the same face velocity
and the same air pressure drop. Similarly the number of vertically
spaced tubes could be doubled and again number of circuits doubled
thus in combination with the doubled width the datum size range has

20 been quadrupled. By similarly halving width, halving tube height of the
datum size results in a total of eight size ranges from minimum to
maximum. Thus a universal system covering all desired sizes can be
formed.

In a system which is sensitively responding to room sensible and latent

25 heat loads to reduce energy input it is useful to consider the matter of
zoning in applications such as high rise buildings. In most buildings
simultaneous variations in Room Sensible Heat Ratio are not very large.
In these cases small differences can readily be handled by selecting the
maximum humidity set point of the control system about 2% lower in

30 terms of relative humidity than would be necessary for a single zone
system. For example a set point of 58% RH(relative humidity) wouild
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7 In sonme cases the designer nmanages to avoid part or all of the

reheating by allowing the roomdry bulb tenperature to be | ower.
Nevert hel egf od/b20 %ss still wast eful since the larger_return air
portion of The Gitside air, return air conbination RGHAH8499536y o

cool ed unnecessarily. In the absence of reheating, the treated 5 space
is often too cold for confort for the occupants dressed in their sumrer

?tti re. The use of the single coil |s an exanpl e where the driving
orce for dehum dification
when it is m xedPRVEM qanditiops Wl’h\{vpulpraglmvogtnge irind R 1o°60% i o8 kel ©910¢

where the RH is not sensed. An examination of Tabie & indicates that
most of the time the Control System high coolant velocity set point
prevents the zone to reach 60% RH. A careful examination of zoning for
5 this system and the employment of multi-chiller systems can lead to the
benefits of this invention in high rise building applications. Table 5
indicates the employment of VAV system in a multizone situation as
described above where the variation of treated space humidity is minor.

An additional means for applying this system to multizone buildings is to

10 sense the dew point temperature'or the Relative Humidity on Equipment
by the main control system in all zones and applying the lowest design
humidity set point reading to affect the control of evaporator temperature.
Thus with only a minor loss of energy savings, a considerable advantage
in system energy savings remain.

15 A HUMIDITY ECONOMY CYCLE

The conditions encountered by the cooling and dehumidifying coils vary
very much over a climatic range. There are numerous occasions where
energy can be reduced by preventing dehumidification by the
refrigeration system.

20 For designers identifying economy cycles as associated with reducing
sensible heat loads it may appear unusual to find that through the
invention an economy cycle can occur at outside air conditions as high
as 35°C dry bulb temperature. Furthermore no special requirement or
control is necessary. It occurs automatically in this system to resuit in a

25 large reduction of both output and input refrigeration capacity by
offsetting all or part of the treated space latent heat loads.

A "humidity economy cycle” can be a part of the system during non-humid
weather when the outside air is below the dew point of the supply air, the
inlet and outlet refrigeration capacities can be reduced well below

30 present practice. Conventional design pays little attention to energy

I
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the treated space. During dry outside air conditions, even with high
outside air dry bulb tenperatures 10 the system according to this

i nvention ;/w(in ei?f oy| ng separate outside air and return air coils

wi t hout an &d*%tonal equi prent takes advant age of outsi BelAVIS08DE

poi nt tenperatures bel ow that of the supply air dew point tenperature to

t he treated space. On mixing with the return air the internal Iatent
heat |oads in whole or in part are 8ffset and consequently reduces
t he use of input energy tq offset i nt er nal

high return air COBPEVERY) dring ?a&f‘ﬁ' %V%}‘;E\?Hﬁlflglﬁla Condeixont at glgoads. The

dehum di fi cat i ofrdepehingin’ tﬂélﬁy denates 0 Mheycdotant té’u’nperajtmeflsjdeieamnédsnrl bed

h d he h

Contributi on dedcred YL e akire Faparb Rt ioly fn RSt (ne
capaci ty contr olthe yaluerof tie t:dmlmtmekmrtylommhe s Hasudy tatobtaheammiputhe
system i's at 3 2 oo LASCTRR Abundth SU5ahi VERGil Herheratlie thAs 86 N1 S

i nvention,
high as feaSIbIe for most efficient performance. During non- hum|d

weather high coolant temperatures exceeding the dew point temperature
of the supply air to the treated spaces will often occur. Consequently
dehumidification from the supply air by the refrigeration system will be

10 prevented. Thus the latent heat loads of the treated spaces would be
offset at no energy cost since under such conditions the cooling coils are
dry. Tables 3 and 4 indicate the case of a zero latent heat load penalty
on the refrigeration system. Tables 3 and 4 indicate in detail the
performance of the humidity economy cycle during an outside air dry bulb

15 temperature of 30°C. Table 3 details performance at an average room .
latent heat load bearing a Room Sensible Heat Ratio of 0.85 and Table 4,
at a very high room latent load having a Room Sensible Heat Ratio of
0.70. This "Humidity Economy Cycle" is relevant for both the
arrangements of this embodiment where a separate return air conl and a

20 separate outside air coil is employed (Fig 8a and 8c) or in the simpler
arrangement where the return air is first combined with the outside air to
pass through a single coil, (Fig 8b and 8d). The cycle will occur as long
as the supply air to the treated space has a dew point temperature equal
or below the temperature of the coolant. Tables 3 and 4 high coolant

25 temperatures of 14.2C and 13.0C are indicative of not only a savings of
refrigeration capacity to offset room latent heat loads but also to increase
the COP of the system and further considerably reduce the input energy
to the refrigeration system.

Modifying the system to carry out the invention has the advantage of also
30 providing a means for automatic reduction of output refrigeration
capacity:
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the treated space may be both at an acceptable hum dity bel ow t he maxi num
accept abl e design set point in the humdity range and bel ow t he nmaxi num
accept abl.e \9834/0%9 set point in the liquid coolant velocity range. Since
nei t her of Phese two controlled values is at its reéﬁé@ép 30853 xi mum
set -point the evaporator 25 tenperature/pressure is not at its preferred
design setting and the control system i n this enbodi nent of the
i nvention increases the evaporator tenperature by rai sing the higher
of these two values tq its respective ¢ Afrol se oint.. This wl|
not Upsot the. balEngeS g AGNERBaG i aat 95 Pymiar RAPREEPBOAERPSe o ri se
Itﬂet Ee it e}/af][%ﬁhﬁgtghid?wé @@gh&mﬁe%ﬂmhtedtr_ange.rmacmddmlhthis_a rise in
umdity of the 30 _treate ac r.a ri.se in.the coolant velocity b
t he proporti onal MEPTHON; Ht‘%@"reté‘ﬁ"edst% se(?%(gﬁl[ag 8?3'999{“8'}#'&‘5 (if?lo ?f’mﬁnt i on gndy
thus a rT ﬁdU_ct i oncanitrot bystemedt gy nsaciesdgly site of this rardgeh UFtisliregultste & r eat ed
space. e invent.ion i ot intrusive.t L St t . rt from
this reducti dwgﬁ?roe'ihﬁﬂjl‘@ ee#ib%%ﬁt'?@@@ g{ndpgébe'l' rééﬂ%@\‘/jetf)atrﬁgu%@s
flow rate at theemthalpy aliffevénceheFameramnie on aa85tthdryl e teraperptira day

L emperature ﬁingh %lgggﬁaﬁi%it%sfé A% TrffeRatb Huifaif ol 462890kt 4 BRNGPRRIG S SO

supply temperature of 11°C.  Table 2B indicates that when this
performance is compared with the 49% room relative humidity room at a

10 chilled water supply of 7°C. there is 10.5% greater output refrigeration
capacity required.

In the "The Capacity Contro! System" reference was made to a horizontal
line in Fig 5 which represented a line along which the Capacity Control
System locates the balance point for a particular operating condition in
15 the air conditioning range. However where there is a reduction of output
refrigeration capacity this line slopes down to the right reflecting the
reduction in output energy as the relative humidity within the treated
space rises to a higher set point. This fall in the output refrigeration
capacity again further reduces the input energy of the compressor.

20 A further advantage is that the cooling coil can have an increased range
of cooling which resolves unstable flow conditions:

This is a further advantage when working to higher evaporator
temperature conditions when coolants such as chilled water are
employed. -As is commonly the case with conventional systems coolant

25 flow rates through coils fall drastically at part load conditions. Numerous
tests indicate that in most cases the Reynolds number and water velocity
changes from desired turbulent flow to unstable transition flow is at a
point of about 30% to 50% below peak load. In the case of this invention
the range of the cooling coil size is enlarged. This occurs as a result of

30 the rise of the evaporator temperature which causes a greater demand
for the warmer coolant as is indicated above in the section relating to
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evaporator tenperature for its particular condition in the operating range
woul d be 8 close to
equal . It- i§oQhhN,4 he volume flow rate entering the suction of the

conpr essor V\ﬁen 't is at a |l ower evapor at or tenper at ure WRFEWUIRQ0536he
greater than . the volune flow rate entering the suction of conpressor
when it is at the higher evaporat or tenperature. Thus this capacity
control systemis not invasive to the 5 traditional cont rol met hods such
as regulating the flowrate of the coola

tenperature of aGAMEYRTLE EB‘&C’S“"W@?WF’@&W SAcq:qrdg}g% the F"ﬁ&l oitﬂé% Ceihe

is enlarged. In Table 2A the part load condition for the return air coil
water velocity is 0.35 m/s when the chilled water supply temperature is
7°C. This condition occurs here at 62% of the total peak load when the
5 chilled water velocity is approaching its minimum 0.2 m/s value. For the

identical system part load condition, when the chilled water supply
temperature is 11.2°C, the chilled water velocity is 2.26 m/s. The
invention enables performance to be tailored for each operating
condition with each design having broad climatic coverage. There are

10  further advantages in addition to energy conservation. In the process of
maintaining the highest evaporator temperature for each individual
operating condition it overcomes contradictions arising from many
unrelated variables. The compressor is compatible with its refrigeration
cycle. The variation of size of the heat loads is compatible with the

15  variation in compressor RPM. A new sensitivity to each specific operating
condition is gained.

The above advantages have been found to be extendable to cover -
different climatic areas using the same design. A VAV system presented
hereunder which covers many different climatic ranges having widely

20 different room sensible heat ratios. Humid, tropical Singapore and hot,
dry Adelaide can be served by the identical selection. The difference
becomes evident when reference is made to psychometric charts
displaying for Singapore and Adelaide, Fig 9 conditions for ambient
design loci exceeding 10% of operating hours for day time. An

25 examination of the respective humidity ratios for these areas reveal how
their design conditions are very dissimilar. The humidity ratio for
Singapore design locus is between 21 and 22 g/kg. The humidity ratio
for Adelaide is between 10 and 12 g/kg/. The broad coverage of this
design is such that these two very dissimilar climates are efficiently

30 served by the identical selection without any energy or performance
penalty as long as both systems are compatible with the range of sizes of
the heat loads.
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position of the evaporator tenperature to be at a maxi mumvalue that is

conpati ble with the existing bal ance point condition.

In the case

when the. tr@gé§%9%r interfaces directly with the evaporator, the 10
st

conpr essor

be above the mini num perni ssi bl e f oPCTHEIHSIG cul ar

conpr essor errpl_oyed. A m ni num speed setting is supplied within the
Vari abl e Speed Control device. There is no fixed coil which has a
fi xed supply cool ant tenperature that can service a conpl ete range of

est abl i shin

f k t 9 of
S0 ot o ol TabI8 5, 5% B seRtesenipeak SnERh A AR At e

t he hi ghest
nbodi nent of

the i nvention em:épwsengs pealo Asieraide edmdition. vol une systemw th a separate

outside air and return air coil. Air conditioning

st andar ds, when

|l iquid coolants are enpl oyed demand turbulent flow at all - operating
condi tions. Thi sThe engtgypennseped thramghtthis inkentionc nvolves copsiderationiofat i ¢

range when the sypibindnRBRA LAY berfits*@il opBRIting FaRHS. eTS Roct fligr n i r coi |

during

5 purpose, numerous representative conditions for tropical and temperate
climates have been studied. There is no single answer to how much

energy is saved since it involves comparisons with humerous

conventional systems having different energy and performance |
characteristics. Furthermore each climate has different lengths of peak
10 and part [oad needs. For example a dry climate would have the

enormous advantage of the humidity economy cycle described above
whereas a tropical climate would have a cooling season that covers the
full year of which 25% of the time it is below 27°C dry bulb temperature
when the coolént supply temperature would rise from 7°C to above 10°C

15 when this invention is applied.

Data for open type reciprocating compressors are used hereunder to -

assist in an appraisal of the invention. This is taken from a reliable

publication, the "Terry Engineering Manual for Belt Driven Equipment”.
Reference is made to two Terry performance graphs drawn for R22

20 Refrigerant, Fig 4, (Terry Fig 15E) and Fig 3, (Terry Fig 21). Comparison
is made with the performance at an evaporator temperature of -1.1°C
(30°F) with that of an evaporator temperature of 10°C (50°F) when in both
cases they serve the same Output Refrigeration Capacity of 35.2kW,
(120,000 Btu/Hr or 10 tons of Refrigeration The condensing temperature

25 will be assumed as constant at 43.3 C (110 F). From Fig 4 (Terry Fig

15E), follow the arrow from the upper set of curves to the lower set ending
at the value of 35.2kW, (120,000 Btu/Hr). The RPM of the compressor at
10 C (50 F) evaporator temperature is 616 and for -1.1 C (30 F) run, itis
914. This variation in RPM is within the manufacturer's approved limits.

30 Fig 3 (Terry Fig 21), will now indicate the input energy that the two runs
required to satisfy the Output Refrigeration Capacity of 35.2kW, (120,000
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20 peak load in Table 1 row 4a has a chilled water velocity of 2.23 nis.

However at a part load condition, Table 1, row 4e the chilled water
vel ocity . has reduced exponentlally to a value of only 0.25 m's. A
further snmf9°°PaPP in I oad woul d result in unst abl é’ﬁ?é#‘f’é@?ﬁéﬁce into
transition flow where the Reynolds nunber is bel ow 2300 and the
coolant velocity is below 0.2 ms. 25 |In this enbodi nent of the invention
turbul ence i s nmaintained by reduci ng the S|ze of the return air coil

from4 rows to 2 rows as i s denonstrated?n

ble 1
to row 2a whi ch Bugr gr pedigted inthe kigpre, {Qdeps 9@]%%9?’?" %“% the uppe

Simlarly Tabl e geadefrifits bt moa(sw)laml-et 1acr(3w) dhe nsovettenheigBl3 cespond
with a changqe)ln Si ze

| F
exanpl e condi ti dhTQFWR¥RVA @Ugenﬂ'gétel&‘[‘] réﬁllé? "B%a&%&ﬁ%{ﬁoéﬁﬁgg‘&gﬁeenpg: ature
of 9c, (asslom ?tg%waoht wﬁyfrmmnon Capa@ty?ﬂﬁeemmzkwe(ﬂpeom uflaéfngeﬁarﬁt
m ni mum cool ant _vel ocj a fall i
over froma 2 rd&wWosti ﬁ")é‘f%{/\f'ghe 95"’3‘)2 W%WFGE%\%’ g%ﬂrglﬁaf\owhg@g Z? 9

"Brake Horsepower Required" is indicated.

convertlng

The 10 C (50 F) evaporator temperature run has an input power

requirement of 6.7kW (9BHP) and a COP = 5.24, the -1.1 C (30 F)

evaporator temperature run has an input power requirement of 8.5kW,
10 (11.4BHP)andaCOP=4.14.

The energy Input Refrigeration Capacity for the -1.1 C (30 F) run is 26.7%
greater than the 10 C (50 F) run when handling the same heat loads.
Few designeré are aware of the enormous energy savings achieved
through higher evaporator temperature. '

e
e

15 The above results can also be indicated on the capacity versus
evaporator temperature plot of Fig 5 which is derived from Fig 4.
Consider a conventional hermetic reciprocating compressor operating at
a fixed RPM of 914 serving a higher heat load at some point A of Fig 5.
On a fall of load to 35.2kW the action of the expansion valve would be to

20 throttle the refrigerant down the 914 RPM condensing unit line to point B,
rather than in the case of this system where the control system would
select the highest evaporator temperature which would offset the
sensible and latent heat loads occurring at that instant, point C in this
example, at-616 RPM and 10 C (50 F) unless one of the two capacity

25 control set points are reached earlier.

SUMMARY OF ADVANTAGES

Tables 1 and 5 (CAV and VAV systems) indicate that in some prior art itis
common for unstable flow conditions of coolant to exist at low flow rates.
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simlar |load conditions but has the higher chilled water velocity of 1.25

m s. 9 In the case of
Tabl es 2a, I»%C) ogzgnd 4 increase in the evaporator set point |eadin

to a highe RO¥P2d wat er supply tenperature not only dec‘?%‘é‘@’“ﬁ?‘grgy

i nput and energy output but_also serves to maintain turbulence |evels

t hrough the capacity control systemof this invention. 5 Table 5
al so indicates the inportapce of this inggease i n evaporator tenperature

It is common for air conditioning design to fail to determine the details of
performance over a range. These details have been partially displayed
in Table 1, for a CAV system, and Table 5, for a VAV system. It is known
that unstable performance can occur as discussed in the sections above
5 regarding part load performance beiow 50% of peak load. A further

example is illustrated in Table & run o representing a part load condition
performing at a minimum acceptable chilled water velocity through the

return air coil. This occurs at 0.2 m/s and in this case is at a temperature

of 9 C. The identical condition was repeated at run o’at bottom of Table 5

10 representing a conventional system at 7 C chilled water supply
temperature. It has a water velbcity of 0.1 m/s through the return air coil.
This is at too low a Reynolds Number and is in transition flow which
performs unstably.

The above is only one of many examples. There are cther digressions

15 from standard practice that similarly occur, often to overcome problems.
An unacceptable solution is reduction of the outside air intake
requirement for ventilation. The use of desiccant wheels is an expensive
replacement, and over-cooling and reheating is also expensive and
considerable discomfort arises when reheating is omitted.

20 Clearly a comparative appraisal cannot be given here. Instead a range is
presented referring to the percent over the full climatic range of the
cooling system. When at all conditions, engineering standards are
satisfied, it is estimated that combined energy savings are in range of
40% to 60%, comprising:

25 (a) Input Refrigeration Capacity Control System which maintains
an evaporator temperature as high as feasible 10% to 26%
including the humidity economy cycle. '

(b) Output Refrigeration Capacity Reduction (based on humidity
set point in treated space being maintained high in the acceptable
30 performance range) 5% to 12%
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set point. See section bel ow under headi ng: SUMVARY OF ADVANTAGES.

Tables 3 and 4 are very special cases involving an outside air condition

whi ch has a_dew point tenperature below that of the dew point

t enper at ur ¥PHE suppl y air. This will be di scusS&d’AMEPIBhe new

"Hum dity Econqny Cycle" of this 10 systemw || be explained on page 18.
BRI EF DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Exanpl es of the

i nvention are described hereunder in song detail wth reference to,

and are illustrated in, the acconpanyin W ngs,, an r Jein:
Fig 1 (a) refer§¥to th@lﬁeﬂq‘ﬁ?fﬁ'ﬂﬁ'@é‘%ic%%?@'%ﬁegg @ I“S'?"W“g
arrangement of ééono?ﬂg cifé)ﬂmﬂﬂfeﬂudﬁorﬂbfth@réﬁe@} tqured to offédttheltreatesised in

detai |l above on page inning with Iine 10. It_j advant age
where a signi f i EB@ge Btansihgat lgﬁggper cent of % Yo 8y

(d) Based on the arrangement of the components, their sizing and
5 circuiting in order to maintain an evaporator temperature as high as
reasonably feasible with performance at good engineering standards
20% to 40%.

(e) When we relate to energy requirements of conventional

systems we must make allowance for correction of the energy employed
10 by these systems under conditions of satisfying performance standards

as we do in this invention. Therefore a correction factor is applicable.

10% to 20%

Obviously the factors listed above in a to e are not additive. As indicated
above, estimate that energy savings will be approximately within the 40
15 to 60% range.

in addition there are capital cost savings, reduced design time, reduced
service space, and performance meeting engineering standards over full
range.

Further advantages include:

20 (a) All conditions which can occur at any point within the operating
range are treated individually with an evaporator temperature and
coolant supply temperature which is automatically selected for that
particular condition.

(b) System performance which can be tailored to the individual
25 conditions occurring extends the system capacity to handle a wider
climatic range.
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the supply air of about 15%or nore is required. G herwi se a nodified
arrangenent of outside air plus return air coil should be considered. Fig 1
(b) B & Qts a conventional outside air coil perfornmance where the
cool ant supg 37’37% flows in parallel to the outside air aRCTADIRIEOSIEI I

coi l-. Fig 2 shows this pressure/enthal py diagramto denonstrate the
hi gher evapor at or t enperature/ pressure that can be achi eved through
this invention over numnerous condltlons over its operating range and
t hus substantlal I}/ redu s “the enthal p di fference across the

conpr essor ; Fi g 3 ystem W@@emwg%&%fo%@hé@i@ra@rtﬁpﬁ on whi ch

is conpared a hlnmesens:ble he&t/&id &'feﬂt@:@ﬁ?fo%'ﬂb'%?e oﬂaéét% ﬁ{éﬂ: mﬁﬁﬁ%edtr] F) with
a | ower suction tegﬁgature -1.1[err]C (30[err] en the out put

refrigeration calf¥ENENEY QCHE 2 KW (10 tons of refrlgeratlon) : or
120,000 Btu/H to indicate that there is a substantial reduction in the

B ake. her shoy TBROVE" E58hT GoR briRGed beBHing 16 th b HHBR hitiing Y ©! ©
5 coolant performance in turbulent mode and does not reduce coolant flow

to the unstable transition mode.

) Simple controls are not invasive. They operate to improve
energy savings for most conventional air conditioning systems.

(f System adheres to high Engineering Performance Standards
10 (ASHRAE Standards were applied in the described embodiments)

(@) The'invention is compatible with VAV and CAV designs and
with direct expansion air conditioning.

(h) The described systems do not intrude adversely on any
acceptable design as long as provision exists for variation to the

15  evaporator temperature and as long as unnecessary throttling or
inefficient capacity control methods are not employed.

In summary:
The energy savings go hand in hand with improved performance.

It has been demonstrated that by means of a control system associated

20 with maintaihing the maximum evaporator temperature compatible with
high engineering standards of performance, the complex problems,
which arise from the presence of numerous unrelated variables, have
been resolved. These variables occur simultaneously and successively
with the changes in outside air and internal sensible and latent heat

25 loads. They can best be controlled when each point in time within the
operating range is individually addressed.
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?0 tenperature cycle requires only 9.1 horsepower,
ower

6.8 kW whereas the

10

suction

tenperature cycle requires 11.4 horsepower, 8.5 kW to deliver the same

out put ref MAMERSon capacity of 35.2 kW Fig 4 | PCI/AJBPIPIOT
conpressor performance on which is related the higher suction

t enperat ure of F| g 3to a 616 RPM of the conpressor and | ower suction 5
tenperature of Fig 3 to a 914 RPM of thezsconpressor when an open

In all cases where the system is employed the key: objective is to

maximise the evaporator temperature in order to conserve both Input and
Output Refrigeration Capacity. in the embodiments described an open
type compressor was employed. The speed of the compressor is varied
5 responsive to the Evaporator Temperature/Pressure Set Point. When

heat and moisture loads fall or rise the speed is reduced or increased
(not necessarily respectively) until either one of the treated space,
maximum relative humidity design set paints, or maximum coolant
velocity design set points, is reached, whereupon the capacity control

10 has efficiently established the balance point for that operating condition.
As a result the compressor performance closely relates to the existing
moisture loads. In lieu of simply throttling the refrigerant to reduce the
evaporator temperature on a fall of heat loads or other inefficient capacity
control means, the balance point of the system is located at the highest

15  evaporator temperature compatible with the heat and moisture loads

occurring at that time. Thus assuring minimum input energy by the

refrigeration compressor.

In this design the fluid flow characteristic of turbulent flow is maintained

by means of a coolant velocity design maximum. There is also a
20  minimum limit which varies the active size of the cooling coils to put the
size of the load where very wide range occur between peak and minor

loads.

A very important advantage is associated with the variations in coolant
supply temperatures. The range of acceptable cooling coil performance

25 between peak to minimum is very much increased.

Furthermore, the system has been shown to have the capacity to adjust
its performance to suit each individual condition including variations in
climate and room sensible heat ratio through the flexibility gained from
having a variable coolant supply témperature and a variable evaporator

30 temperature/pressure.
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reci procating conpressor of this enbodinment is conpared for the sane output
refrigeration capacity of 35.2 kW (10 tons of refrigeration) or 120,000
Btu/ Hr; - w099)@'9955 is a performance diagramderived fromFig 4. It points
to the neans by whi ch the control system aut omati calPCy/Adi88/058& t he

hi ghest adm ssi bl e evaporatar 10 tenperature through regulating the RPM of
t he open conpressor in this enbodi nent of the invention. It is

t hrough this neans that both reduced ener i nput is assured while

mai ntai ning the treated space conditions<% high engineering .
performance st an@RHbRergekAtion franaciy iyp yaluenal readily Msible to dgsignersetlnon

descri bi ng thidgregentation e/ SibRifltandPof a Fhfatfle ShapsratditempBidigiel ers Set
Poi nt Di agram whi ¢ const ralfgggba%‘evapo[ at or thgs erature to either a

maxi num accept ab? BEHESPYN Bie coplanh igmpgrature nafesaedci ty Set
Poi nt, whi cheverSysteingeerplefitg stigd dsimpresivon) inesicédlthgl fissh gas remagdli eves

reduced energy 1 oRitedu2ibn 5t Condendig temperiuiie ardappitatie 1 this & 1 @
invention. An important principle has been applied here and numerous
advantages derived from the use of this principle to air conditioning
design. By working to the highest feasible evaporator temperature (and
thereby coolant temperature), compatible with good performance to

10 achieve the lowest feasible energy input requirement, there is

thermodynamically a greater energy savings with this increase of
evaporator pressure, and maintaining condenser pressure'constant, than
maintaining evaporator pressure constant and decreasing condenser
pressure.

15 It is estimated that the energy required by conventional systems is 40 to
60% more than what is necessary for this design.

DESCRIPTIONS OF THE PREFERRED EMBODIMENTS

Embodiments of the invention are described hereunder in some detail
with reference to and are illustrated in the accompanying Tables and
20 Drawings, wherein:

Table 1 indicates an example of performance over a range where the
invention is applied to a constant air volume system utilising chilled water
fed to an outside air coil first as described in detail above.

Table 2a compares the same sensible heat load conditions at different
25 chilled water supply temperatures. Table 2a indicates a supply coolant
temperature of 7 C having a total output refrigeration load of 15.82kW
whereas at 11.2 C this load is 15.25 kW a difference of only 3.6% saving.
The total saving is not visible here since it depends on the input energy to
the compressor. The saving is very much greater approximately 20 per
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hi ghest evaporator set point while maintaining high standards of
performance; 20 Fig 7a represents a bl ock diagram of the Control System
of this invggthmasvhen the evaporator coil interfaces directly with
the airstream Fig 7b is a bl ock diagram of the i nTERAUHO0836CoNt r ol
System|linked to a constant .air vol ume system enpl oying a chiller.
The range of the systemfrompeak to m ni mum heat | oad perfornmance is
w de, requiring 3 stages of active coil bzes so 25 that they are

conpatible with th | Z of the heat and;noistyre | aads. Fig 7c is
a bl ock di agram W?F‘i‘gnﬁﬁ?/m EHRTO¥ ST PO RS ?ﬁﬁrﬁ'qq?%glf IBINSreRSONAR e ai r
vol ume syst em enitilogitevgtion is lgivened . méintdining adigh esaporatoapeessus® | ndi cat ed
for a wide range in Fig 7c. Table 5 only indicates data for a fixed 4

row deep coil and atwo ~  rowcoil. The range of the Variable Air
Vol ume syst em i sTahle2bdgiasiniia; sompaesauto tabigda.y ithias a mepreyigblg e i s

controlled to a ddvitRf dfauEE% J'96edndysiCimdr 3kbic¢h: "Reduction of Output
5 Refrigeration Capacity". In addition it has a high input energy saving due
to its higher C.O.P.

Table 3 represents a Humidity Economy Cycle indicating a room latent
heat load of zero energy penalty in offsetting the room latent heat losses.
It indicates the effect of the capacity control system to drive the coolant
10 temperature upwards in 8 steps, to achieve excellent performance when
the chilled water temperature is doubled from 7 C to 14.2 C at a very
much higher evaporator pressure resulting in a very much reduced input
energy. Both énergy savings in offsetting the total latent heat load
without any energy penalty and input energy savings are realised.

15 Table 4 again indicates Humidity Economy Cycle similar to Table 3 with a
very high room latent heat load that is again fully offset with zero energy
penalty '

Table 5 indicates an example of performance over a range where the

invention is applied to a variable air volume system utilising chilled water
20 fed to an outside air coil first. The same comparison as for a constant air

volume system as in Table 1. See conventional row o' performance

compared with row o performance of invention under ‘SUMMARY OF
ADVANTAGES' above.

Figure 1a compares the performance of the outside air coil in the

25 arrangement of separate outside air and return air coils of this
embodiment with Fig 1b which represents a conventional outside air coil
application.
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whereas the supply air tenperature in the Constant Air Volume systemis a
vari abl e. 11 Hence t he
variable air volune systemis |[imted to only one changeover otherw se

t he vari abiveo gva29230l une fl ow rate of the supply air coul dedeatsa@ossew f or
good - performance during |low total heat | oads. The variable air
vol ume systemrange is |imted so as not to reduce the supply air

31
Fig 2 graphically shows how the raising of pressure (and thereby
refrigerant temperature) can result in a savings of energy.

Fig 3 shows graphically how an increase in suction temperature from -1.1
C to 10 C (30 F to 50 F) can reduce the Brake Horsepower Requirement
5 by some 26.7%.

Fig 4 can be read in conjunction with Fig 3 and illustrates how the
compressor speed for the 30 °F condition is 914 RPM and for the 50°F

condition it is 616 RPM for the same refrigeration capacity load of 35.2
kW (10 tons of refrigeration).

10  Fig 5 which is derived from Fig 4, illustrates the savings that can be
achieved under conditions of increased suction temperature for the same
refrigeration output.

Fig 6 is a graph showing how humidity proportional plus integral output
set point and coolant velocity proportional plus integral output set point

15  will generate a high evaporator pressure set point and consequently a
high coolant supply temperature as used in the invention.

Fig 7a is a block diagram of the evaporator pressure control system.
Here the evaporator interchanges directly with the treated air. It shows
the control arrangement which is used in the invention, wherein the

20 humidity is sensed to provide a proportional plus integral output set point.

Fig 7b and Fig 7c are block diagrams of the coolant supply temperature
control system Here the evaporator temperature indirectly exchanges
with the treated air. it shows the control arrangement which is used in the
invention, wherein the humidity is sensed to provide a proportional plus

25 integral output set point and the velocity of the coolant is sensed to
provide a proportional plus integrai set point, the two outputs passing
through a comparator and the maximum of those two outputs establishing
an evaporator pressure set point indirectly through the coolant supply
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5 flowto the treated space bel ow approximately half of the peak air flow

required in order not to do away wth the Coanda Effect. However it

i s possible to enlarge the range further by changing to a constant

ai r vol ure wg9ve9s Fig 8 indicates psychronetric cpefhussiisshes of 2
different cooling coil systens. Fig 8a top and bottom sketches
represent a design enploying a separate outside air 10 coil with a
separate return air coil. The two fig 8b sketches represent a design

enpl oying a single coil handling the mxgare of outside air and air
returning from té@perature thatadjastsInevariadibispesd BpttRe copgiresshraoi thatipei gn i s

very commonly enpl oyed in tenperate climtes thaugh it.is often

m sused. Singl e%@gp&gt%ﬂfg%%%pggp(%ft il compatll:)@?wlgrr H}vgr‘gggeraqf&h? g“i’ rn air
conditions can nytpualinitgs treat economically with large 15 di f f erences
between the nature of the outside air and the return air sensible and

| at ent heat | oads. Fig 8b top represents the case for a high outside
air humidity whifith7bdsjusedto eontrohthe capacity in a constant air volume air

5 conditioning system, employing a chiller

in this embodiment employing a four row deep return air cooling coil, all

valves are open when at peak load. Modulating Valve 17a throttles until

the treated space portion of load it shares with the outside air coil falls to

65% of load approximately when Valve 17a closes Valve 17b begins to
10 throttle to about 35% of load.

When Valve 17b closes then Valve 17¢ begins to throttle to minimum
load at approximately 256% of peak load. Valve 17c is not closed during
the full operating range and therefore the velocity sensor is located at this
particular valve. One scenario, If room is above 24°C at start up all

15 valves will be open, if room above 23.3 °C valve 17b and 17¢ will be
open and if above 22.6°C, then only valve 17c will be open.

There is no transition or laminar flow in the major active coil portion and
no large step changes in the control operation.

Table 1 represents a constant air volume system performance over a
20 range corresponding to Fig 7b.

Fig 7c is a drawing which corresponds to Fig 7b where a variable air
volume configuration employing a chiller is presented. Note though 3
modulating valves are shown for a very wide range climatic condition,
table 5 employed only one valve.

25 The valves modulate to maintain to maintain a constant supply air
temperature.

Table 5 represents Fig 7c performance over a range.
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tenperature coolant to offset the |atent heat |oad, whereas return air from
t he treated space has a | ow room sensi bl e heat | oad and a hi gh room
sensible heat 20 ratio would be satisfactorily offset by a nmuch hi gher

cool ant tefyseaR®se and cool ant vel ocity. The probl &ri/Acespyager bat ed
by the fact that usually the outside air is but a small fraction of
the total supply air to the-treated space. It is a very high ener gy
penalty to unnecessarily have to enploy a | ow tenperature coolant for all
the air. This energy penaltfy due to the 3®er-cooling nay then require

reheating to 25F|g P irlictés psyehometld charbékeidtwest sfepareshgupterts. Piystdacul arly
since the occupa ed I n _their

Furt hernore t heaf‘g\%cd'SBreéﬁ?t tp@%p%‘?‘ t%Fa@W"F 881?3%d8%%9“@896‘&?’!@fbe| ow
turbul ent flow. this inventién an@Bsdsow amt 8drrepiezent 4aingtmceil deamgerhentt es i n

sharp contrast S aved when a treat ed space has a
hi gh room | aten&hq? EP%BP?% t?'ihﬁe'n\ﬁ e air o

5 Fig 9a and Fig 9b indicate present Weather Bureau Data for Singapore
and Adelaide respectively marked by curves establishing design loci for
the dry bulb day time temperatures. Two very different climates such as
these can be treated by the same design by this invention. '

Fig 10 shows diagrammatically a variable speed control module.
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systemof this invention to increase
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mar ked by curves establishing anbi ent design
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prior to pa

| oads at no energy cost by the low humdity
reau Data f

with the return air
Fig 9 presents Wath¥* Bu

t he control

t he cool ant tenperature and of f set

hum dity ratio is below that of the supply air tenperature.
"the room | atent heat

out si de ai {ygYophd3s

single coil.
Adel ai de respectively,

conbi nati on drives

12

Air Flow (ASHRAE Std. Conditions) - Supply Air. 1020.0 Ips.
Room Dry Bulb Temperature 24.0°C.

Chilled waler fed to O/A caoil first.

TABLE 1

Configuration: Draw-through

CAV System

Type: Typical Floor
Separate O/A and R/A coils; Parallel airflow, series waterflow

. Chilled water flow rate through O/A coil fixed at 1.55Ips.

Outside Air 200.0 Ips.

Active Coll Ch. Water Ret Air Coll | Ch. Water Relative Output Tot. Output | Tot. Output | Outside Alr
Depth Supply Water Vel Flow Rate Humidity % | Room Sens. | Sensible Senslible Latent Heat | Condition
Temp. °C mis Ips Refrig. Heat Ratio | Refr. Capacity kW | dbuwbt °C
m_m 8a (22) capacity kW capacity kW
4 Rows (4a) 7.00 2.23 1.56 51.2 12.9 0.88 16.51 9.13 | 35.0/28.0
4 Rows (4b) ! 9.20 196 1.37 56.7 11.0 0.87 14.25 8.28 | 33.5/27.5
4 Rows (4¢) 11.20° 226 1.58 57.4 10.5 0.88 12.89 237 130.0121.0
4 Rows (4d) 9,00 0.70 0.49 508 10.0 0.86 13.00 7.55 | 32.5127.0
4 Rows (de) 8.00 0.25 0.17 60,6 8.5 0.82 T 1137 4.67 | 32.0124.0
2 Rows (2a) 8.00 1,96 0.69 58.1 8.5 0.82 11.37 496 [320P4.0
2 Rows (2b) 14.20 217 0.76 47.1 6.0 0.85 8.38 0.00 | 30.0/17.0
2 Rows (2¢) 13.00 1.46 0.51 60,3 6.0 0.70 8.38 0.00 | 30.0117.0
J 2 Rows (2d) 7.00 0.21 0.07 50.7 5.8 0.75 7.64 6.75 | 28.0/24.9
B Row (1a) 7.00 211 0.37 58.7 5.8 0.76 7.64 6.86 | 26.0/24.9
1 Row (1b) 10.00 0.43 0.08 594 4.4 0.80 4.85 6.24 | 24.0124.0
-1 Row (1¢) 7.00 0.30 0.05 59.6 4.4 0.69 5.31 6.94 | 24.024.0
>
.w *See Table 2a for comparison of this identical condition with performance when 7°C chilled water in lieu of the 11.2°C chilled water temperature is supplied
by the chiller indicaled here. .
0
— !
a2 It should be noted that the maximum control system set point limit determining the evaporator lemperature/pressure is
underlined. (See columns entitled Return Air Coil Velocity and Relative Humidity to determine which value is at maximum
Slimit.)
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5 tenperatures. They are displayed together to indicate two very differing

climtes in their noisture content which can be handl ed by the sane
air conditioning design system of this invention when the overall
total refrigerating capacity is the sane; and Fig 10 is a

di agranmat i ove spezesent ati on of a variable speed control nodule. 10 = This
I nvention has been witten on the 3aSsunption that the st antE/4Lo89sehe
Anerican Society of Heating, Refrigerating and Air conditioning Engineers

I nc, ASHRAE, wi fI|{ e obsdrved and al so t e"f"g_"l"l'g'w,"‘hg limts apply.
The control sysgem aI§ gwﬁ designers to sél pqe tEeEf preferred
operating conditions s range pr ¢¥|-gexs8yaf hese st andards.
perating dit H‘N_?m ge p h t andard
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TABLE3 ©

A HUMIDITY ECONOMY CYCLE
Outside Air at 30°C dbt, 17°C wbt

and

Room Sensible Heat Ralio = 0.85

Chilled Water Room dbt °C Room wbt °C | Return Air Coll Room Room Room Relative Latent Heat Total Heat
mcvv_% Temp Water Velocity | Sensible Heat | Sensible Heat Humidity % kWR kKWR
Cc mis load kW Ratio
7 24.0 18.6 0.15 6.0 0.85 46.2 0.10 8.5
8 24.0 16.6 0.19 6.0 0.85 47.1 0.0 8.4
9 24.0 16.6 0.23 6.0 0.85 47.1 0.0 8.4
10 24.0 16.6 0.28 6.0 0.85 47.1 0.0 8.4
11 24.0 16.6 0.35 6.0 0.85 47.1 0.0 8.4
12 24.0 16.6 0.47 6.0 0.85 47.1 0.0 B.4
13 24.0 16.6 0.70 6.0 0,85 47.1 0.0 B.4
14.2 24.0 16.6 2.17 6.0 0.85 47.4 0.0 8.4
|
TABLE 4
A HUMIDITY ECONOMY CYCLE
. Outside Air at 30°C dbt, 17°C wbt
and
Room Sensible Heat Ratio = 0.70
Chilled Water Room dbt ’c Room wbt °C R/A Coll Ch Room Room Room Relative Latent Heat Total Heat
m:v!& Temp Water Velocity | Sensible Heat | Sensible Heat Humldity % Load kWR kWR
C m/s Load kWR Ratio
4 24 18,51 0.182 6.0 0.70 59.4 0.11 8.49
12 24 18.65 0.783 6.0 0.70 60.3 0.00 8.39
13 24 18.65 1.464 - 6.0 0.70 60.3 0.00 8.39
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det er m ned by
PCT/AU98/00536

TABLE 5
Configuration: Draw-through ~ Type: Typical Floor
Separate O/A and R/A coils: Parallel airflow, series waterflow, 4 row active depth of OA and RA coil
VAV SYSTEM
Chilled water fed to O/A coil first

THIS SHEET HAS BEEM

REPLACED

Chilled water flow rate through OJA coil fixed at 1.8 Lps
Air Flow (ASHRAE Std. Conditions) - Supply Air - 1020.0 Lps Outside Air 200.0 Lps
Variable Air - 400 Lps to 1060 Lps
Room Dry Bulb Temperature 24.0 C
Room Supply Air Dry Bulb Temperature 14.4 C

limtati ons above are not to

paranmeters as for exanple when relative
37

In the event that these

Pressure Drop Maxi mum 60 kPa
Conpressor speed m ni mum and maxi mum vari abl e,

Chilled Water
trol the equipment
hum dity mgyo faesrmtted to rise to

13
manuf act ur er.

control

SUBSTITUTE SHEET (RULE 26)

eplaced

Al

Comments Ch. Water | RetAleColl | Ch.Water | Relative Output Room Tot Output Tot Output Tot Output Outside
Supply Water Vel Flow Rate | Humidity | Room Sens | Sensible Heal | Sensible Refr, Latent Heat Refrigeration | Alr Cond.
Temp C m/s ips % Refrig. Ratio Capacity k"W | Capacity kW | Capacity kW Dbtiwbt C
Capacity
BT

a 7.0 20 1.000 57.8 125 07 16.1 - 120 28.1 3s/28
b _ Slngapore Peak 17 21 1.100 532 125 08 15.7 108 265 3328
[ . 85 18 1.000 §0.2 119 09 15.5 as 243 35/28
d 85 25 1.300 58,9 95 07 17 85 202 30125
e Adelalde Peak 8s 20 1.100 529 125 08 1691 30 19.9 38/21.8
{ 7.0 0.6 0.300 §94 95 0.7 11.2 80 19.2 28124
g 70 0.s 0.300 598 9.0 0.7 9.7 a8 18.4 2424
(] 10.0 21 1.400 §4.7 95 11 ] 1.2 6.8 18.0 28724
| Humidity economy cycle 90 - 22 1.200 50.4 125 0.9 16.1+ 10 17.2 35119
i 95 10 0.500 60.0 80 07 86 8.3 16.9 24724
k 105 23 1.200 51.9 9.0 0.9 97 88 185 2424

I Humidity economy cycle 9.0 22 1.200 - 520 125 08 . 149 1.5 16.4 o7
m 70 0.2 0.100 - §0.9 70 0.7 75 76 15.1 24724
n 10.0 .21 1.100 523 106 08 129 ’ 1.0 13.9 aon?
] 2.0 0.2 0.100 §09 | 6.0 0.7. 64 7.2 13.6 24124
] 110 24 1.200 522 - 5.0 08 53 65 11.8 2424
q Humldity economy cycle 1.0 24 1.200 522 9.0 08 11.4 06 1" on7
r 110 0.2 0.100 894 45 0.8 4.8 8.3 1.1 2424
s Humidity economy cycle 13.4 21 1.400 4713 47 08 64 , 00 6.4 onz
o Unstable Conventional 7.0 0.1 0.006 §9.3 6.0 0.8 6.4 74 13.8 24/24

It should be noted lhat the maximum control system set point limit determining the evaporalor temperature is
underlined. (See column entilled Return Air Coil Water Velocity and Relative Humidity to determine which value is al

maximum limit.)

Ml
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5 70% the energy savings would be greater than if the upper limt of 60%
S observed. The enployment of this invention with such a variation
will be consi dered an infringement of this patent. In this
enbodi ment WO 99/me24 nvention the design is achieved by r egpbphbiiookise

conpr essor speed to obtain the hi ghest evapor at or tenperature that is 10

full operating range. This enbodi nent of t herjidanehtihaRettEplaays an
open positive di spl acenent reci p?dcating conmp i abl e
speed control (VSC) to relate to performance %EIWEW&{H‘I Lair and
i nternal heat Gh8IM®i sture | oad condi ti ons. he cost
and size of nodern variable speed 15 equi pnent is conpetitive in this
application. The inportant influence in obtaining maxi num ener gy

conservation t{ur gaddir édniditioning systeratietiudinguefrigeteationtrheamoiu ¢ftdct ay st em acts
to establish a high cVaRYAOF temperature for its refrigeration cycle when it treats
either directly or indirectly cooling and dehumidifying of airtobe
5 conditioned, dry bulb temperature measuring means to measure the
temperature of air within a space to be conditioned, humidity
measuring means to measure humidity of air within the space to be
conditioned, and control means adapted to offset both sensible and
latent heat loads of the air at each of the climatic and interior building
10 load conditions over the operating range of the air conditioned
system, and control means to establish set points by the designers for
humidity performance in the treated space at a high end of an
acceptable range, and, if a chiller is employed, at the high end of the
acceptable coolant coil velocity performance range, where the higher
15 of these two changing properties reaching its preselected set point
value, in combination with the sensible heat and latent heat loads
being offset by the refrigeration cycle, will be selecting the value of an
evaparator temperature set point which will be as high as reasonably
feasible to minimise input energy to the refrigeration compressor and
20 maintain high standard performance conditions for the particular
operating condition in the range and on a change of load, will
automatically vary the evaporator temperature set point so that it is
compatible with each of all the sensible and latent heat loads
-occurring over the operating range of the system, the control means
25 employed being to change the specific volume at the saturated
suction temperature of the refrigerant leaving the evaporator to
establish the higher of the said two constant space humidity or coil
coolant velocity set points and thus to effect a high evaporator
temperature/pressure set point..

30 2. A method of capacity control of an air conditioning system including a
compressor and evaporator in a refrigeration cycle, heat exchanger
means, coolant flow conduits, control equipment including compressor,
flow control means, proportional plus integral control output equipment and
final control means said method including generating an evaporator
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tenperature as for exanple by neans of regulating the conpressor RPM The
pressure-ent hal py di agrnaspb: fek Beed REgHca €S to a standard refrigeration

cycle. Wien 20

t he evap ture/pressure is raised the
per f or manc v@$9/eems cycl eﬂmﬂﬁmwmgmp fromthe refrigergéRosibdsgct Of

hl- .h4 to hl'

h4' . Thi out put refrigeration

capacity required to of fset the heat and noi sture | oads. The ener gy
input required to achieve this is theagork of the corrpressor When t he

evapor at or tenpe
unit 25 mass
di f ference

AHiBBEPaRHYS 1ol Pl T6Tnk ekt dts BE SORBRSHRY I

febsiblecion eable of theueparitiid iIhternhlland exteial hebfland mo:sture Under

o the expansi orfogaroRalpREBReERng aver BBl & eohPubSRY kBl " o2’ ouer

pressure. One
to B, resulting

for this rgfrlger

10
15
20
4
25
5

30

(N A A L HEET HAS

exanple is indicated in Fig 5 where condi-ti on A noves

Agteﬁigef‘%ﬁ\t anr%@ﬁ%ﬁﬁ@ Arrnigdnent o RUypé Fidildifgat | on capacity

n requirement
refrigeration means to provide an evaporator either directly for air to

be conditioned or indirectly for the air to be conditioned through a
chiller, dry bulb temperature measuring means to measure the
temperature of air within a space being air conditioned, control means
concurrent with temperature measuring means of the coolant supply -
leaving the chiller or the evaporator measuring means effecting
control either of the velocity of coolant passing through the cooling
means and/or the area of cooling surface available to the air being
cooled, further characterised in that there are included humidity
measuring means to measure humidity of air within the space being
air conditioned, and further control means to effect a change in the
evaporator temperature in response to the higher of the humidity
measuring means or the velocity of coolant means whereby to
maintain a refrigerant evaporator temperature which is as high as
reasonably feasible for each of the operating internal and external
heat and moisture load conditions occurring over a total air
conditioning range.

.- A refrigerant air conditioning system as in claim 3 further

characterised in that the control means to effect a change in the
temperature of the refrigerant evaporator includes means to achieve a
temperature change by effecting a change in the speed of a motor
driving the refrigerant compressor to a speed directed in response to
the control means.

. A refrigerant air conditioning system as in either one of preceding

claim 3 or 4 further characterised in that the control means include
means to control the flow rate of coolant through the chiller and
cooling coils and in the event of directing a lower than selected flow

SUBSTITUTE SHEET (Rule 26) THIS SHEET HAS BEEN




This path is precisely dpi8keettas BegnRbpecglur pose of this invention, wherein

energy is saved thr ase of the evaporator tenperature
and the decrease in the r pressure differential when A noves
to C. This Woe92s under st 00 PCT/AU9R/00536

14 . through the term COP (coefficient of performance) ftor % 'S ratio,

refrigeration effect IS the nunerator and the enthal py difference
across the conpressor is the dend® nat or :

rate, effecting a reduction in the extent of chiller and coolant coil size
to be used.

6. A refrigerant air conditioning system as in any one of preceding
claims 3,4 or 5 further characterised in that there are means to effect
5 a change in the evaporator temperature/pressure in response to
directions from the control means.

7. A method of effecting refrigerant air conditioning including using
refrigeration means to provide a cooling evaporator either directly for
air to be conditioned or indirectly for the air to be conditioned through

10 a chiller, dry bulb temperature measuring means to measure the
temperature of air within a space being air conditioned, control means
connected to the dry bulb temperature measuring means effecting
control either of the velocity of air passing the cooling means and/or
the area of cooling surface available to the air being cooled, further

16 characterised in that there are included humidity measuring means to
measure humidity of air within the space being air conditioned, gnd__'
further control means effect a change in the evaporator temperaturé' in
response to the humidity measuring means whereby maintaining a
refrigerant evaporator temperature which is as high as reasonably

20 feasible for each of the operating internal and external heat and
moisture load conditions occurring over a total air conditicning range.

8. A method of effecting refrigerant air conditioning as in claim 7 further
characterised in that the refrigeration means to effect a selected extent
of cooling by a refrigerant evaporator includes a compressor and

25 means which effect a change in the speed of a motor driving the
motor to a speed directed in response to the control means.

9. A method of effecting refrigerant air conditioning as in either one of
preceding claim 7 or 8 further characterised in that the control means
include means to control the flow rate of coolant through the chiller

30 and in the event of directing a lower than selected flow rate, effecting
a deactivation of a portion of the evaporator coils to be used.
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Achi eve this Oten t re when evaporator tenperatures
and cool antWQ ¥MR¥sat ur es trolled to be cramswssibsssduri ng
many variabl e sinultaneous condltlons arising over the climatic
range. In this enbodiment the problemis resolved. 10 THE CAPACI TY
CONTROL SYSTEM Ref erence is now4thade to the control system

|| Tustrated inyghAfefio %‘?@ﬁg&mgbnefr@erant air cﬁlﬂ diteéysterffasSR@riPorigaVi NOS i's

accessi bl e to each COIT%I nati on occurri nﬁ ovér the full
operating range atpreceding cladms Be706% Mhewba@ﬁ%@ermb*&it ere arepe| ow;

means effecting a change in the pressure of the evaporator in
response to directions from the control means.

CoP = 5 Qut put Refri ger,aty on acit Useful Cooling &
Dehum di fyi ng | nput Hﬁ ﬁ acity The Wrk Necessary to

5 11. A method of effecting air conditioning of a space including
refrigeration means to effect a selected extent of cooling by a
refrigerant evaporator to effect either directly or indirectly a cooling of
air to be conditioned, temperature measuring means to measure the
temperature of air within a space being air conditioned, Humidity

10 measuring means to measure humidity of air within the space being
air conditioned and control means to effect a change in an amount of
air being subject to the cooling means, and further to control an '
extent of cooling effect available from the evaporator, the control
means effecting control of the air conditioning elements by effecting a

15 priority in changing the controliable elements in response to a
change in input so as to direct these toward maintaining a refrigerant
evaporator temperature which is enabled thereby to be setto a Sef
point as high as reasonably feasible in response to any of a range of
temperature and humidity.

20 12.A method of effecting air conditioning of a space as in claim 7 wherein
said proportional and integral control output equipment is coupled to
.said humidity control means and also to said coolant velocity control
means where chillers are employed, said method further comprising
establishing the governing set point for establishing the governing

25 evaporator temperature determined by the humidity control means or
the coolant velocity means set point value which is first reached after
start up and after transfer of heat and moisture loads to the controlled
environment and thereby in turn controlling said evaporator
pressure/temperature to be as high as reasonably feasible for the

30 particular balance point in the range.

THIS SHEET HAS BEEXM
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pressure set point that nt at which the evapor at or pressure
will be as high as the p condition in the range
permts towmggmmzse i nput energy and ITB.I ntai n hi gh standacgmuyoesnoesss Of
per f ormance. The i ndi vi dual co(r}{{ ol outputs are proportional plus

i ntegral that contl nuously readjusts the output value to obtain

ei ther of thel3.Aomethpdtacsonging o claima12 peghér eamprising conliniuousiyval ue.

The hi gher of t t Ipd set
point to I:H:andﬁdé@gg’m ni nu%ﬂé%g?e Bfthar})étrigtgﬁt?)ﬁ sy'sgafn& :agearh% %n?pl ant. The
hi gher val ue i sloaddesp-thatssaid magimym Sl@bphmmm humidiy ar veppat wlocity

generate an evaporator pressureftemperature set point and thereby a
5 coolant supply temperature set point where chillers are employed to
be as high as reasonably feasible.

15 The control system.co € entf{g £spential conponents of room humdity
control and cool iﬁ mIE trol, each generating an evaporator

14.A method according to 12 further including resetting one of input
evaporator pressure signal, and input coolant supply temperature
signal so as to maintain evaporator temperature compatible with the

10 greater of said maximum humidity and coolant velocity set paints.
effecting said resetting by varying input capacity of a compressor, by
varying one or more of the following: speed, sliding valves, pre-
rotating vanes, or cylinder unloading devices whereby to in turn adjust
its capacity to achieve an evaporator set point to each of all specific

15 environmental operating conditions in said range.

'15.A method according to 14 wherein said compressor has a range of
speeds between a minimum and a maximum, speed control means
coupled to said compressor, and wherein there is no secondary
coolant nor chiller but treated air interfaces with said evaporator in a

20 heat exchange, said method comprising establishing as a minimum
set point said minimum compressor speed, such that in the case
where said design input value of humidity set point is not reached, the
evaporator temperature will be determined by the compressor at the

" manufacturers minimum speed setting and be supplied within the
25 variable speed control device or equivalent control.

16.A method according to 14 including a capacity control system
establishing one of said coolant input values to reach its design set
point and thereby a balance point having a mass flow rate of
refrigerant which is generally constant for each specific refrigeration

30 output load, and when the proportional plus integral output calculated
set point in combination with the process variable signal from either

¥ B S BEENM
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Fig 6 is a Cont

evaporator inte
a system enpl oy

rol Vs Set point Diagramand Fig 7 is a Bl ock D agram of
Cont r ol Syst em Thlss}“’“jiﬁiiﬁﬁir%resents the sinple case where the
h

rfaces di
ing a chi

Ik

system Theyg®lpys air coil has 3 active stages. Fig 7c

15 descri’bes a system enpl oyi ng4§ chiller in associ®ati VR TH a

vari abl e vol une

10

15 17.

18.

20

the evaporator bressure sensor or in the case of chiller from the
coolant supply temperature sensor signals a reduction in the
compressor revolutions per minute it is at a relatively high specific
volume and is at a relatively low suction pressure, if the treated space
humidity is below its set point and the coolant velocity is also below its
set point then readjusting said flow rate to a relatively low specific
volume and a suction pressure which is relatively high and thus
generate an evaporator temperature/pressure set point as high as
reasonably feasible for its particular operating condition based on
having established the higher of the treated space humidity or coolant
velocity set points, and if this signal had demanded an increase in
compressor rpm, then this lower evaporator temperature would also
be as high as is reasonably feasible in order to maintain high
performance standards.

A method according to claim 1 wherein the configuration comprises a
single coil with outside air and return air combined together to from
the supply air to the treated space.

A method according to any one of the preceding method claims
further including an outside air coil and a return air coil, further
including cooling and dehumidifying outside air through said outside
air coil, , passing most but not all return air leaving air from treated

- space through said return air coil and mixing with said cooled and

25

19.

30

dehumidified outside air as the remainder of said supply air, and
passing coolant first through said outside air coil and subsequently
through said return air cail.

A method according to any one of the preceding method claims
further including a single coil with outside air and return air combined
to pass through a single coil to form the supply air to the treated
space, said method including the steps of mixing low dew point
temperature outside air with return air to produce said supply air,
enabling the low dew point temperature of the outside air to offset at

treated air. Fig 7b descri bes
ation with a 30 constant air

vol une
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system The return air gQi heepgangenq& i@ stages. Fig 7b relates to the
per f or mance report Fig 7c to the performance in Table
5. Through this c I m

the neans are inparted to
automati cal ly sel ect evapor at or tenper at ure should rise or

fall. WO 90/3292k 9S 6 7a and 7b a hum dity sensor 10 w? ?{ QM thin
the treated space, and - a coolant velocity sensor in the cooling
coil circuit which is always active vitien the coil is in operation.

Each is associ an@%ﬁ@rgwoapéreéﬁ@@ylcbgt éﬂhemeﬁthéata@amd the fleated  Which
inparts [imts on the val ues

descri bed re then fed to a1 0
di scri mi nati ng &BﬁF%QUQ@Wﬁ @9%I%/apgga[ggrgq(ﬁ%oﬁﬂnt);epwye{%grqﬁ gRlings ¢ he two
si gnal s, Ffh B high Svhferafy 3ePpoinbfromrtBRSiumiditg eebnehy tyele, control 14
in this enbodi nent to provi de an evaporator pressure which maintains

t he higher of the two set points at Its maxi num set point condition.
Thi s constit uResA methashacqordinglto caimrwheteirs upon maiatiaining the kighésin. The

sensors may be &l 86404 G3kmpBRRHTELSHR whYH it kS eittPr diRu§ QP! nat i on
indirectly the air to be conditioned, the effect of the higher treated
space evaporator set points in addition to reducing the input enérgy to
the compressor also reduces the output refrigeration capacity over.
lower treated space humidity set point as for the identical sensible
10 and latent heat loads to the system.

21.The method according to claim 7 enables performance to be tailored
for each operating condition, with each design having broad climatic
coverage due to the flexibility of the system to offset the infinite
combinations of internal heat and moisture loads over wide climatic

15 range, with the consequence the same system has a universal

application to fit numerous climates with the limitation being only that
of size range a universal system covering all desired size ranges can
readily be established.

22. A method according to any one of the preceding method claims

20 further including an outside air coil and a return air coil, and
.employing during non-hymid weather when outside air is below dew
point temperature of the supply air to the treated space, said method
including the steps of mixing low dew point temperature leaving
outside air with leaving return air to produce said supply air, enabling

25 the low dew point temperature of the outside air to offset at no energy
cost all or part of the latent heat load in the treated space due to the
high evaporator and coclant temperatures resulting from the high
evaporator temperature set point making possible this economy cycle.

23.A variable air volume refrigerant air conditioning system comprising a
30 compressor, a refrigerant evaporator, a condenser, a chiller for
chilling said liquid, and said chilled liquid means for controlling the
SUBSTITUTE SHEET (Rule 26)
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15 thereof. For exanpQneciHas 8tc@REgliced t he device 13 may need to be only

di odes. |If pneunat may be, for exanple, a Honeywell
an mt enent is essentially of mathenatical

sel ector relay RD405.
separate discrete devices. A

functions, and need not
m cropr oceweop/onry be used to achieve the sane functi onspCBAUssHEsisher nost at
20 17 with valve W1 7a is indicateg.for Constant Air Volune System (Fig
7b). A roomthernostat 18 associated with a danper 1 8a plus a supply
ai r thernostat S9pply air deyudiz lemperature Rndaaitpalied by impellen gpecuitd f or

Variable Air Vol sSHdchAy fibvof said lmEéWed air throug{h' &r 9&%&%3@@” gy

requi rements for different™ COP val ues, percen greater I nput
energy required UW@H@“FQW?"W&?&I% bélma'ﬁe"m%@t“fﬁ- aﬂﬁé’“?ﬁ"@f‘ﬁ@re val ue

when rel ating t qufifent JERCRY bPEStH RigevsitahioRBh SaRPEVpYratSr &%d er m ned as

fol |l ows:
5 chilled liquid through said heat exchangers to retain turbulent flow of
said chilled liquid through said heat exchangers.

24 A method of air conditioning as in any one of the preceding method
claims further characterised in that the system is a constant air
volume air conditioning system and includes a compressor, a
10 refrigerant evaporator, a condenser, an air flow impeller with air
cooled in said evaporator in absence of a chiller, and said, means for
controliing treated space dry bulb temperature.

25.A method of air conditioning as in any one of the preceding method
claims further characterised in that the system includes a heat
15 exchanger having a coil of variable active size.

26. A method of air conditioning as in any one of the preceding method
claims further characterised in that the system maintains coolant
within an heat exchanger at a turbuient velocity.
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If the lower COP =2 and higher COP = 3
requi red by COP=
)(3-2))/2=50% 30

16

- S@tooworees | nput energy for COP2

per cent of additional energy
100 (COP=3-COP=2) = (100
CoP=2
PCT/AU98/00536
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A hi gher evaporator tenperature reduces heat transfer across the heat
exchangers. In the case where there is a chiller supplying a cooling coil

i nterfacing with the treated air there is a corresponding rise in the
cool ant tefeMdR®se which is 5 offset by conventional rrmwdusskesss A
conventional nodul ating valve 1 7a opens to I ncrease the cool ant flow
t hrough the cooling coil, thus maintaining the treated space dry bulb
tenperature at its design setting 17 in the case of the constant air volune
systemfig 7b. Al'so” a conventional nodul ating valyéed s9aB@pRepicedo

I ncrease the coolant flowin the 10 case of the vari ahl '
system fig 7c thus maintaining the supply air dry M““ ure
at its design setting 19. In conjunction with this aro rnost at ,

18 regul ates the supply air flow2/RPough the air danper, 18a to control
the air flowrate to be conpatible with the roomdry bulb tenperature.
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The hi gher evaporator tenperature causes a rise of humdity in the treated
space. 15 The control system descri bed above and illustrated in Figs 6,
7a, 7b and 7c prevents it fromrising above a hum dity design set
poi nt and awedrarf vel ocity set point. In this mangef.tdamesgnt r ol
syst.em provi des the maxi nrum COP and the | east | nput Refrigeration
Capacity conpati ble with pefformances at good engi neering st andar ds.
20 In the case of a direct expansion air conditioning systemwhere the
evapor at or interfaces directly with the treatedpdl died: fad HebtRephacddhe

secondary cool ant velocity set point a mninums t t
point is supplied within the Variabl e Speed Contq H“lH
t

When there is a fall in output refrigeration capacity
necessarily a fall in 25 conpressor speed and a rise in evaporator
tenperature as is indicated in FiQ/éoin the change frompoint Ato C
though this direction is preferred fromthe point of
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reduction in input energy. For exanple,

capacity from
signalling for a rise in the

a fall

set point E at 670 RPM may find the control

conpr essor

reducti on i WOP#8292% at or tenperature as is 30

In output refrigeration

system
RPMto 700 RPM and a

I ndi cat ed | pcvabbsdass t O

point C, or

it may signal for

a fall

I n the conpressor

RPM

and a ri se

in evaporator tenperature to point F-at 616 RPM Simlarly a rise in

output refrigeration capaci ty may require either a falthis SieetliasBeeh Refiideel
conpressor RPM as frompoint Cto Eor Cto Din
17
4/10
Tons
xw ] Refridgeration
13
42.2|12
38.7| 11 A/ D/ . A/ s
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The system according to one or nore enbodinents is to respond to the

si mul t aneous needs for heat and nass transfer and automatically select a
correct choi ce of conpressor speed to offset both the sensible and

| at ent héatwoOees2sat each condition over the full opgrgivdegossgnge and
to do so at m nimum energy input. 5 For a given load a rise in
evaporator tenperature is indicative of a condition wherein both the
space hum dity and the coolant velocity are bel ow their design set

points. A fall in the evapdrator tenperature is a respegs§ed: adoest Rpabedt O
ei t her i ncrease dehum di fi cat isgrioor decr ease cool i J
This systemof air conditioning is conpatible wth ot heﬂl“ﬂﬁrﬂ &mlukst ens.

as 10 well as the system of conpressor speed adjustne in
this embodi ngnt gRELectled Q‘”gﬁmt rate this invention. See Figure 10
for the di agrianygidifyhef—v-a Pail onta 4 control nodul e.
Sensor Cutput _ o
Calculate
j Set Points
10 12a
Calculated
Y Set Polnt
14
Evaporator P+1 Cantrot
Pressure > of Evaporator
Sensor T/P
4 Process l
Variable <
System r
_ Variable Speed
r Cantrol
L—'w |
Compressor .
Compressar Motor _
Supply Air >
_ to Rooms
—
,_,,i_,_ Evaporator
o Entering Air
Expansion Valves | o Evaporator
FIG 7a
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These ot her systens include:
equi pped with sliding valves for capacity 15

reduct i on. wo 9902925 ( b)

control
here. .

(d)

Reducti on of condensing tehperature,

from st

eam

(e)

Centri fuga

conpatible with the system

(a)

Rotary Screw Conpressors

Contro

control .
capacity coverage but there is sonme |oss of efficiency in

Open centrifuga
and gas turbines.

These have | arge

capacity

Conpressors with pre-rotating vanes.
Mul tiple flow tenperature systens are al so to be consi dered.

6/10
(2]
g l
2 1o X Z \.._ﬂ @
8 “ N\ ( ¥ N .3 .
o O
- ~ =
= - =
<
=
S
2
N o
EG 9 )
[\ e« \_1
253 :’éif% -@}‘—
5<0O &) O
O —{( )
\ 1 T~ o8
\/\'\/ =
- -~ -
=
a8
-]
(7]
© €
2 se v 2 = L
232| 38 |228e a5 8
o358 c L] .93—3'.5 3‘5‘5
TOZse| 9 [TOBS 2 5 2
saug T 1 BNE - Cag
Q0T 220‘% %gm )
= o £
B2~ |85° [ 8"
=] [=]
1 S \\ L]
| | <
- Q9
- v ~ (0] =
© O e L) Q
z-ga-- %>ga— wE o %
§68F| |gFogZ T 5 5
EEO S8ES 80 g
£ >& ke O
[0 £
= N
= 1_ 8 - L____ 5 !
2y 2ES 2 11
ES g c 8B g :
SES 38z E '
» 80 G
pu 4 \ D:O% 8
= b=
eet Has Been Replaced

i,

staging and flash gas renoval

FIG 7b

Coolant Return
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Expansion Valves
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An objective is efficient conpressors exhibiting high coefficients of

per f or mance wherein the evaporator tenperatures can be maintained as
hi gh as treated space 25 hum dity and cool ant flow conditions permt. To
meet the swid@maenditions the evapor at or tenper at pgaiBs/fus¥al | abl e

and the tenperature of the coolant chilled water or brine, etc is

al so a variable as denonstrated in the enbodi nent of this I nventi on,
as illustrated in Tables 1 and 5. Reference is also nade to a section

her eunder on zoning which rel ates to7/t1r2)e cool ant tenperature variations.
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In the enbodi nents presented here in Table 1 and Table 5 a single
peak size

range of approximtely 28 kWis presented. However any size
range can be devel oped havi ng the sane performance characteristics.
Thus a con¥$ P{0#3s engi neer or a nmanufacturer can JdEGFEAYEMNSIFoNpI| et e
line of coverage for all size 5 ranges. For exanpl e enpl oying the
range sel ected here as a datum the range can be doubl ed by sinply
doubling the width of the heat exchangers and doubling the nunber of
circuits to nmaintain the sane cool ant velocity range and cool ant pressure
drop range. Cbviously the treategiair face area has al so been doubled

mai ntai ning 10 again the sane face velocity and the sane air pressure

dr op. Slnllarlyothe nunber of vertically spaced tubes could be
doubl ed and agaln nunber of circuits doubl ed

ghus in conbination with
t he doubl ed wi digh the datum size range has been < quadrupled. By
simlarly halvi r%g wi @& h, talving tube height pf thefdatum size
a X % % § 8 '=|:
SR P
TN g i33
3 5 '
g8 S 85 3
£a b g 38 |
22 \\. <) s S
£3 s ™ 8 £°1 u,
8w E w B e E H .
2 2 e 8 !

suppl
Condijion

return air coll

Outside AIrON o eeeemaerneesnemnaafacnnnn s sse e
Outsida Alf on

'~ foad ratio line

roomconditlon JUTRpppeeS PP PTT EYTTELLELS Chhbbieisanbi s

retusn air coil
foad ratia line

FIG 8a
outside air coil
FIG 8c

mix & supply air 7
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results in a total of seven size ranges frommnimumto maxi rum Thus a

uni versal 15 systemcovering all desired sizes can be forned. In a
system whi ch is sensitively responding to room sensible and | atent heat

| oads W 3 2&Fuce energy input it is useful to consi deaT/Atvenosst er of
zoni.ng in applications such as high rise buildings. In nost buildings
si mul t aneous variations in Room Sensi ble Heat Ratio are not very

| arge. In these cases small differences can 20 readily be handl ed by

sel ecting the maxi mum humi dity set point of the control syst em about
2% lower in ternms of relative humdity than woul d be necessary for a

single zone system For exanple a set point of 58% RH(relative humdity)
woul d prevent conditions which would allow a rise inits RHto 60%in the

ar ea where the RHis not senggdo 25 A HUM DI TY ECONOMY CYCLE

MOISTURE CONTENT (g Water/Kg Dry Alr)
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First let it be clear this is not a Conventional Econony Cycle though it
could | ead up to one there is no increase in the outside air intake
required for this humdity econony cycle to function. The conditions
encount er edVBY*PH25 cool i ng and dehumi di fyi ng coi | s PermUsssmosasnuch
over- a climatic_range. There are nunerous 30 occasions where energy can
be reduced by preventing dehumdification by the refrigeration
system For designers identifying econony cycles as associated with

reduci ng sensi bl e heat |oads it nmay appear unusual to find that
through this invention, an econony ;10
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19 cycle can occur at outside air conditions as high as 35 &F)
bul b tenperature. Furt hernore no special requirement Rgcew ¥

necessary. It

zaapge

occurs automatically in this systemto result in a

| arge reduction of both output and inpult refrigeration capacity by

of fsetting all

preventing the refrigeration cycle fromdehumdifying to offset the treated

or part of the treated space |atent heat |oads by 5

space | at ent _heat | oads when_dehum dification c chi eved
narural |y dur NG CONOITIONING LANF G, STaM: FOShVAARLE AT ch s at the
flow rate det @VAPORATORSTEMPERATURE  pur poses. A "humdity

econony cycl e'
when the outsi

and out ITils ineénmtionarehitesto airgurditionirg inwroveenentsiuced wel |

practice.

' can be a part of the systemduring non-humd 10 weather
de air is below the dew point of the supply air, the inlet

Conventional design pays little attention to energy

conservation during dry

10

15

20

25

BACKGROUND OF THE INVENTION

An object of this invention is to assist in reducing energy required to effect air
conditioning while obtaining high performance standards over the full operating
range. Environment control by air conditioning means involves more than simply
increase or decrease of the total capacity, but rather, dependent on the relative
values of latent heat which are to be simultaneously offset in a manner that the lag
in the process of mass transfer behind heat transfer does not contribute an energy

penalty.

The problem to which this invention is directed is the problem of how to reduce
energy required to effect acceptable refrigerant air conditioning for comfort
purposes. The system presented here resolves the chaos arising from the
contradictory effects of numerous variables in infinite combinations which are
involved in refrigerated air conditioning design. Two of these unrelated variables,
sensible and latent heat appear in both the room treated air and the outside air
introduced for ventilation. Sensible cooling and dehumidification pass through
unrelated processes. Heat transfer can occur with only a dry bulb temperature
difference between the air and the cooling coil whereas mass transfer will not
proceed at all without contact with a cooling surface which is below that of the dew
point temperature of the moist air. To put it in terms of the partial pressure of the
water vapour in the treated air, dehumidification from the treated air will not proceed
until there is a partial pressure difference with the wetted interface of the cooling
surface.

PRIOCR ART

Closest prior art known to the Applicant are publications of Australian Patents

30

entitled "Method of Air Conditioning" AU-B-49875/79 (597757),

"Air Conditioner and Method of Dehumidifier Control" AU-B-81946/87 (662336),
and "Air Conditioning for Humid Climates" AU-B-18873/92.
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weat her even though it is a condition that occurs frequently in nﬁ} AU98/00§33
climates. The cool ant tenperature is determned in acksf¥ t Potoust L

i nvention by the capacity 15 control systemwhich selects the value of the
cool ant velocity or the roomhumdity to obtain an output set point
value. This results in a cool ant terrper%ture that is too hi gh for the

refrigerant tog QW@WM R%Fnﬂ_igqmvéwﬁcmweat her hi gh cool ant

t enper at ures exceedi ng e dew point tenperature of the supply air to the
treated spaces will often occur. Consequently dehumdification fromthe

supply air 20 Inﬁbé f?ﬁﬁtﬁeeﬁ(/éﬂﬁfnaédrfﬁb §2i8t& rasid ih dh%u%cﬁidﬂi&hﬁ“@s Steps the

| at ent heat spac, at no, ener gy

cost since u nd'EP ludingrefrigatation sraansie egfect a h'SE%‘FtleNSp‘B@quée@Pﬁraé‘l"? forilh| es™ 3

an]gi 4 indi cat erefﬂyéréﬁbﬁﬁbyelb wherit Pedtsleithér diretly boiadirectly coouwgrmidy on the
refri geratl on

perfor mancé of‘?‘%"ﬁ‘tﬁﬁ]&w&b 9" é%Bﬁ&%Dé'H ?%Ccﬁnﬁp‘tp(}e&w gﬁﬂ"& @gaﬁwn%ma[}ﬁlt% 25

t enper at ur e of megafererth€teripdraturg of air avithin @ space Wweeccormiitionedhumidity r oom
| atent heat eﬁsurﬂ?djmgsﬁé {d Wheds R HUNGRP bAiFwitiA thd 8hdd 1Bbe ediuitiidd, ab! €

4, at a very h
and control means adapted to offset both sensible and latent heat loads of the air

at each of the climatic and interior building load conditions over the operating range
10  of the air conditioned system, and control means to establish humidity
performance in the treated space at a high end of an acceptable range, and, if a
chiller is employed, at the high end of the acceptable coolant coil velocity
performance range, where the higher of these two properties reach its set point
value, in combination with the sensible heat and latent heat loads being offset by
15 the refrigeration cycle, will be generating the value of an evaporator temperature
set point varying to be as high as design condition permits to minimise input
energy to the refrigeration compressor and maintain high standard performance
conditions compatible with the particular operating condition in the range and on a
change of load, will automatically vary the evaporator temperature set point so that
20 it is again compatible with each of all the sensible and latent heat loads occurting
over the operating range of the system, the control means employed would at
each operating condition in the range determine the specific volume at the
saturated suction temperature of the refrigerant leaving the evaporator to establish
the higher of the said two constant space humidity or coil coolant velocity set
25 points and then calculate the evaporator set point which in the case of this
embodiment drives the variable speed control of the compressor motor.

In an alternative description there is proposed method of capacity control of an air
conditioning system including a compressor and evaporator in a refrigeration cycle,
heat exchanger means, coolant flow conduits, control equipment including

30  compressor, flow control means, proportional plus integral control output
equipment and final control means said method including generating an evaporator
pressure/temperature set point for the evaporator to vary so as to be as high as
sound engineering principles permit in order to address each of the different
operating conditions occurring over a total air conditioning range and not to depart

35 from the high standards of performance govemed by the principles of combined

AMENDED SHEET
IPEA/AU



' - . : : : 98/00536

room | atent | oad having a Room Sensi bl e Heat Ratio of 0.70. SThi.s FCRAY e
b . Regei ed(} 99

Econony Cycle" is relevant for both the arrangenents of thi oai ment

wher e a separate return air coil and a separate outside air coil is

enpl oyed (Fig 8a) or in 30 the sinpl ergarrangenent where the return air is

first conbined with the outside air to pass through a single coil,

(Fi g 8b). Howeyalk apd s thaster dRid W,iﬁﬁgmmiséﬁbrp&ﬁd'human hehfy\amdini di ty

outside air climatic regions as I1s In I n detall under discussions
regardi ng Fi g @fofthe cycle will always occur as long as the supply air to
t he treated space has a dew point tenperature above the tenperature
of the outsid wth return air. | d.4. high

cool ant t enpeﬁg%ﬁpg@er{ﬁ%&&e@eé&q?@i@nétﬁqeis Bropeseys 8 r?fﬁgér'a@gk gfr/ 88,%‘?'@9{5?9 only
a savings of rafanggeneritioba typpiaciutingtrefrigeration means to provide a cooling
5 evaporator either directly for air to be conditioned or indirectly for the air to be
conditioned through a chiller, dry bulb temperature measuring means to measure
the temperature of air within a space being air conditioned, control means
connected to the dry bulb temperature measuring means effecting control of the
refrigerant flow and/or coolant flow through the area of cooling surface available to
10 the air being cooled, further characterised in that there are included humidity
measuring means to measure humidity of air within the space being air
conditioned, and further control means to effect a change in the evaporator
temperature in response to the treated space humidity measuring means or the
coolant velocity through the coolant coils interfacing with the treated air means to
15 maintain a refrigerant evaporator temperature which is as high as sound
engineering principles permit in order to address each of the operating intemal and
extemal heat and moisture load conditions occurring over a total air conditioning
range.

This invention is applicable to both constant air volume and variable air volume
20 refrigerant air conditioning systems, and enables higher efficiencies in such air
conditioning systems over that which is currently the case.

This is achieved, by setting control means to vary the value of a high evaporator

temperature to be compatible with each operating condition in the range within the

bounds of good performance standards including fluid flow, heat and mass transfer
25 principles and energy minimisation as a priority.

In preference the method includes utilising a control system to effect humidity
control and coolant velacity control to use set points representing a design space
humidity or design coolant velocity through the tubes of the coils, whichever is the
greater, with reference to their respective set points. Thereby this control system

30  will establish a highest acceptable evaporator temperature set point for that
particular operating condition in the air conditioning range.

In the absence of chillers, when the evaporator interfaces directly with the treated
airstream there is only a humidity set point required. However when a humidity of
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system and thus consi derably reduce the input energy RepeivggI> October 1599

refrigeration system Modi fying the systemto carry out the
i nvention has the advantage of al so providing a neans for automatic
reduction of output refrigeration capac‘f’ty: 5 The desi gn engi neering

standards for agpiﬁftﬂé EP&?é to%@%ﬁ?i%eﬁ%%ﬁ%?&dﬂ%et p.Oint.i ag*g\rag?%rtrﬁg gﬁ&@ r-a

wi de stipul ated range n accord. this invention, 'it
to select the mgéwv HUH“\'Q}IPW‘@&"’ ?ﬂﬂdﬁpnﬁ,fmt"ﬁ@ ot;eﬁeemdagyswﬁma{elm $€hr

tpetﬂi gh | paintdd riihinblith Spead $BttinGhdfthé 88miprésdon detdimim&] betiidhal py val ue
(0] e alr eavl

ng t he cooling coil .and.tp a reduced enthgl .
i fforence. FOOMBIERHTaRHIaCtItaTcARTe SAPige Within 3 Yarahie sperd Pl feyige) o
2B i ndi cat 8s aayisetnployadindhé emnbodiment of this i ritidnar equivalent means to
increase the saturated suction temperature/pressure of the evaporator.

20 offset room | atent heat | oads but also to increase theﬁgg’m&%{qg 36

In explaining this invention | observe that there is complex incompatibility in
relationships between heat and mass transfer, limitations applied to maintain
turbulent coolant flow performance at the heat exchangers and the problems

10  arising when a ratio of intemal sensible heat loads to intemal total heat loads
present a design problem. Reducing total heat loads are not necessarily
associated with reducing volume flow rate at the suction of the compressor and
increasing total heat loads are not necessarily associated with increasing the
volume flow rate at the suction of the compressor. It is not volume flow rate of

16  refrigerant but rather mass flow rate which is associated with changes in heat loads.
A denser refrigerant vapour serving an increasing load will have a reduced volume
flow rate.

According to this invention there can now be provided a system of capacity control
of refrigerant air conditioning which will control whether a volume flow rate of the

20 refrigerant rises or falls on a change in climatic and intemal heat and moisture
conditions. Should it fall, input energy is reduced and treated space humidity or
coolant velocity is increased. According to this invention there is established a
lowest volume flow rate to maintain required preselected conditioned air
characteristics.

25  Factors which can pose problems in capacity control include lag between
simultaneous dehumidification and cooling processes, and instability arising from
coolant flow which has fallen from turbulent to transition flow when a total load falls
to about 30% to 50% below peak cooling loads. There is also an undesirable
effect of high coolant flow rising above known standards. The invention proposes

30 having a control priority of achieving a highest evaporator temperature feasible for
reduced input energy while overcoming these limitations.

The capacity control system in accord with this invention is compatible with
numerous conventional arrangements. Through the use of embodiments
employing an open reciprocating compressor with variable speed control
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chilled water supply tenperature of 11 [err]C. Table 2B indi cat esPERAUMRIEIO

this performance is conpared with the 49% roomrelati vEeqquﬂﬂ:ﬁ?Q"‘Peééﬂqg
at a chilled water supply of 7[err]C. there is 10.5% greater output
refrigeration capacity required by the conventional chilled water

supply tenperature froma chiller. 15 n the "The Capacity Control

System' section_above ef erenc S de to orizontal .line in Fig
5" ch T epr e<BAUBRER, e sTBRT a3 Rie dementiuded for ot A dcbRtant ar vajue o

| ocat es the babanadwarigtie air iolume spstetri. dn hdditiom & qmeeut_ycom«m?itﬁs compatibléevithi r
conditioning r : . .
refrigerati gn mﬁreg%g%’ﬁb&%@"b?ﬁé@é%%@% Eﬁgxﬁ‘%%’ﬁ‘é’ C?Jm?‘gﬁoﬁl ecting
the reduction equippegwithslidingyah@s. Indthetcase obtentrifugahcormpriesgonsiitisi n t he
treated spage Ebﬁ@étilt)l@ vith preliBlati@lvanes 2nd aldd multipld flow tem?él%tﬁrg%[yﬁfétn'?é’.t
refrigeration capacity again furtfer reduces the I'nput energy o e

conpr essor. A further advantage is that the cooling coil can have an

i ncreased ranggsefof gpstbiridiependent solely on throttling the refrigerant as the capacity
control means are not preferred nor hot gas bypass because of their implicit
inefficiency.

Relevant to the degree of energy saved is the arrangement of the coils and their

10 circuiting. In one arrangement recommended and used in an embodiment of this
invention as in Figure 1a and Figure 8a top, the outside air coil is employed at what
it can do better than the retum air coil. It is selected to not only cool and dehumidify
the outside air to the supply temperature of treated air that is introduced into the air
conditioned space but to have the capacity to dehumidify the air to offset all or a

15  large part of the intemal latent heat loads when these are high, and also part of the
intemal sensible heat loads. This is achieved by employing all or most of the
coolant required during the peak simultaneous load to flow first through the outside
air coil before flowing on to serve the retum air coils.

In this manner the temperature rise of the coolant through the outside air coil is

20 drastically reduced and the mass transfer at the wetted interface surfaces of this
outside air coil during periods of high moisture content in the air is high. In this
manner a coolant flow is created which approaches a sink temperature as indicated
in Figure 1 (a) in contrast to a conventional outside air coil in the case as indicated in
Figure 1 (b). As a consequence in the case of Figure 1 a, the low dew point

25 temperature of outside air leaving its coil, on mixing with the retum air leaving its coil
results in a reduced dew point temperature of the supply air to the treated spaces.
The retum air coil is smaller since the outside air coil handles part of the room
sensible heat load as well as part of or all of the latent heat load.

By this arrangement not only is the lag of mass transfer behind heat transfer

30 . overcome, but the reduction in treated space humidity permits the evaporator
temperature to increase to a higher value which is limited only by design maximum
set points for space humidity or a design maximum set point for secondary
coolant flow, whichever is the greater. According to the capacity control system in
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whi ch resolves unstable flow conditions: 25 This is a further PQ@W&Q 36
when wor ki ng to higher évaporator tenperature condi t i Beeervg &3, October 1999 _
cool ants such as chilled water are enployed. As is commonly the case
wi th conventional systens coolant flowgates through coils fall drastically
at part | oad conditions. Numerous tests indicate that in nost cases

the Reynol ds accord WRHIHI m@&‘ihdfﬂlﬁodtﬁhﬁ?drh!h@ %éf'&ﬁﬁt dété’m\lﬂéﬂrf@é\léﬁ&éwl' ent

flow to unstable 30 tran5|t|on flowis at a point of about 30%to 50%

bel ow peak | 0d8MPEFAIRSE ROIt of this invention the range of the
cooling coil size is enlarged This occurs as a result of the rise of
t he evapor at or.t enper at ure. h causes a greater demand

war mer cool ant1 g8 ngge Wdﬁé@f %88@971@%5‘% ’laé'(l,?qy'éﬁe FéP%‘EWﬁ&“{'BFSryéfﬁR?PBn
of i nput the arrangement of the coils and circuits which link the capacity control system to the

5 cooling and dehumidifying coils.

The arrangement described above where a separate outside air coil and separate
retum air coil is used can however be misapplied. If the outside air consists of 20%
of the supply air, in order to offset 1 gram of moisture per kg. of dry air in the
treated space, the outside air would have to condense 5 grams of moisture per kg

10  of dry air. If the outside air consisted of only 10% of the supply air in order to
reduce 1 gram of moisture per kg of dry air, 10 grams of moisture would have had
to be condensed from the outside air. In spite of this limitation the room sensible
heat ratio is in most cases high enough not to be adversely affected.

In lieu of the use of the outside air and retum air 2 coil arrangement described in

15 Table 1 for peak load condition on row 4a and also as in Fig 8a, an altemative, as
indicated in Fig 8b top where a single coil arrangement serving the combined
mixture of both outside air and retum air is very limited in application.

When a single coil is employed to treat both the ventilation air and the retum air,
two very differing combinations of sensible and latent heat loads are to be offset

20 simultaneously with the same cooling surface. The consequence is an energy
wasteful system. Unfortunately this is a very popular system in medium and low
humidity climates. It is a system which, as far as energy savings is concemed, is
based on fallacious reasoning.

The outside air combination of sensible and latent heat loads may require a coolant
25 supply temperature that is very low, see fig 8b top, whereas retum air

combination of sensible and latent heat loads may be offset with a considerably

higher coolant supply temperature. Again, this relates to the early days when

energy was not'considered important. At the time when the outside air is at a high

~ dew point temperature, a low coolant supply temperature may be necessary to

30 offset the loads. This means that smaller intemal room loads are over cooled. Then

the supply air to the rooms must be reheated.
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21 refrigeration capacity. Accordingly, the range of the cBFI/AUP8/00536
enl arged. In Tgbl e 2A thep y part |oad condition for theReceivedhS QerodberdPPo
wat er velocity is 0.35 mis when the chilled wat er supply tenperature
is 7[err]C. This condition occurs hereflt 62% of the total peak | oad
when the chilled water velocity is approaching its mninum0.2 ms 5
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There are further advantages I n addition to ener conservatjon. In

t he process o#’aﬁ’&%ﬂé?"ﬁf ﬁ&'_ﬁﬁé’"ﬁ?@?ﬁs@ﬂ'}’e{fhﬁsmﬁggq _@frfﬁEP%tﬂ vé"_‘q B’?atf@ each

i ndi vi dual 50pgpate RobiRATEd b?l@ﬁor é%mmrf@mmwopamgdrﬁsee _ihgth%irl s_armhﬁeff &ttire.

?2? ?/i gerati ggﬁi{gﬁsg_dof)flﬁpre'siﬁgle%%il isT an eﬁgrrl]leeev\sl ore the dﬁ\ﬁf%’ ?otrc':e }oer d’é"hhmic'iiﬁcsation
from the outside air is very much reduced when it is mixed with the retum air from

the treated space.

During dry outside air conditions, even with high outside air dry bulb temperatures

10 the system according to this invention when employing separate outside air and
retum air coils without any additional equipment takes advantage of outside air dew
point temperatures below that of the supply air dew point temperature to the
treated space. On mixing with the retum air the intemal latent heat loads in whole or
in part are offset and consequently reduces the use of input energy to offset the

15 intemal latent heat loads. The high retum air coil coolant temperature prevents or
reduces dehumidification by the refrigeration system. This is further described
herein under the heading of "humidity economy cycle" on page 18.

The contribution derived from this invention can best be revealed when the
capacity control system of this invention is assessed at the time the system is at a
20 balance point. At such times in the absence of this invention, the humidity within
the treated space may be both at an acceptable humidity below the maximum
acceptable design set point in the humidity range and below the maximum
acceptable design set point in the liquid coolant velocity range. Since neither of
these two controlled values is at its respective maximum set point the evaporator
25 temperature/pressure is not at its preferred design setting and the control system
in this embodiment of the invention increases the evaporator temperature by
raising the higher of these two values to its respective control set point. This will
not upset the balance point except favourably in that there will be a rise in the
evaporator and coolant supply temperatures due to a rise in the humidity of the
30 treated space or a rise in the coolant velocity by the proportional plus integral
control system of this invention and thus a reduction in the energy necessary to
dehumidify the treated space. The invention is not intrusive to existing methods.
Apart from this reduction due to a higher evaporative temperature level the mass
flow rate at the suction of the compressor at the lower evaporator temperature and
35 the mass flow rate at the suction of the compressor when at its higher design
evaporator temperature for its particular condition in the operating range would be
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variation of size of the heat loads is conpatible with the vari atRCHHAPR/00536

conpr essor RPM A new sensitivity to each specific opéﬁ@&Q‘Yﬁd5 October 1999
condition is gained. The above advant ages have been found to be
extendable to cover different 15 climagic areas using the sane design. A
VAV systemis presented hereunder whi ch covers many different
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g/ kg, The hur Y16 Emabrde 3 & iR dhacBTEs or fals. il ¥6Giates J8C, 22
broad cover agepesitiamoftheeyapgorater temparatuegt tothecata maximumyvalliesthatis| ar 25
climates are efdhpafiiié Withifé ¥%ietiny balBRceé PSRt boditicre! ection wi thout any

energy or

In the case when the treated air interfaces directly with the evaporator, the

10 compressor speed must be above the minimum permissible for the particular
compressor employed. A minimum speed setting is supplied within the Variable
Speed Control device. There is no fixed coil which has a fixed supply coolant
temperature that can service a complete range of say from peak to 35% of peak
load by estabilishing the highest evaporator temperature set point.

15 Table 1 represents an embodiment of the invention employing a constant air
volume system with a separate outside air and retum air coil. Air conditioning
standards, when liquid coolants are employed demand turbulent flow at all
operating conditions. This is not possible over the usual cooling season climatic
range when the supply temperature is fixed. For example the retum air coil during

20 peak load in Table 1 row 4a has a chilled water velocity of 2.23 m/s. However at
a part load condition, Table 1, row 4e the chilled water velocity has reduced
exponentially to a value of only 0.25 m/s. A further small fall in load would resuit in
unstable performance into transition flow where the Reynolds number is below
2300 and the coolant velocity is below 0.2 m/s.

25 Inthis embodiment of the invention turbulence is maintained by reducing the size
of the retum air coil from 4 rows to 2 rows as is demonstrated in Table 1 row 4e
converting to row 2a which has a retum air coil water velocity of 1.96 mvs.

Similarly Table 5 representing a variable air volume system will respond with a
change in size ¢f cooling coil to fit the size range. For example condition o which

30 has a higher peak coolant supply temperature of 9c, (associated with a higher
evaporaEJr temperature), is at minimum coolant velocity of 0.2 m/s on a fall in load
would change over from a 4 row coil, row o, to a 2 row coil row r, which is also at
similar load conditions but has the higher chilled water velocity of 1.25 nvs.
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erformance penalty as long as both systens are conpatible wi th thBCT/AIS8/00536
gf Si zgs of %/he heatgl oads and %/he rati o of outside airReceivedl®October 1999
supply air to the treated spaces. In Table 5, row b represents
peak Singapore condition and row e represents 30 peak Adel ai de condition.
The energy conserved through this inventi on invol ves consideration of

' | g ; this o
purpose, . RURLESE0nTeBles A 251 2 0Rhfeetd i HeifapPByBEEH el Teacing
tenperate cli mie&shighee chilled water supplyitethperature rict onty decrgasesienergy t o
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conventional systens hav erent energy
>c/:apacny control system of this invention.

5 Table 5 also indicates the importance of this increase in evaporator temperature
set point. See section below under heading: SUMMARY OF ADVANTAGES.

Tables 3 and 4 are very special cases involving an outside air condition which has
a dew point temperature below that of the dew point temperature of the supply
air. This will be discussed when the new "Humidity Economy Cycle" of this

10  system will be explained on page 18.

BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS

Examples of the invention are described hereunder in some detail with reference
to, and are illustrated in, the accompanying drawings and charts wherein:

Fig 1 (a) refers to the performance of the outside air coil in the arrangement of
15 separate outside air and retum air coils discussed in detail above on page 5
beginning with line 10. It is of advantage where a significant outside air percent of
the supply air of about 15% or more is required. Otherwise a modified
arrangement of outside air plus retum air coil should be considered. Fig 1 (b)
represents a conventional outside air coil performance where the coolant supply
20 flows in parallel to the outside air and retum air coil.

Fig 2 shows this pressure/enthalpy diagram to demonstrate the higher evaporator
temperature/pressure that can be achieved through this invention over numerous
conditions over its operating range and thus substantially reduces the enthalpy
difference across the compressor;

25 Fig 3 is a compressor horsepower selector graph on which is compared a higher
suction tempera"hjre, 10.0°C (50°F) with a lower suction temperature, -1.1°C
(30°F) when the output refrigeration capacity is 35.2 kW (10 tons of refrigeration)
or 120,000 BtwHr to indicate that there is a substantial reduction in the brake
horsepower required by the higher suction temperature cycle. The higher suction

30 temperature cycle requires only 9.1 horsepower, 6.8 kW, whereas the lower
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22 - performance characteristics. Furthernore each clinmate hadCT/AU98/00536
different |engths of peak and part | oad needs. For examgtaived 14Ogtober 1999
climate woul d have the enornous advant age of the hum dity econony
cycl e descri bed above whereas a tropi climate woul d have a cooling
season that covers the full year of which 25%of the 5 time it is bel ow

27[err] C dry luttior RS it T hariepdWep!8/5 KWITRE dalivérehe same
would rise fro erfr .0 aboveezbgréé when this invention is applied.
Data for open%@@ PIBtIgR SRPAYY

ors are used hereunder to assi st
in an apprai sal of the invention. This is taken froma reliable

Egg : Lﬁgm o Rﬁ@f« é%% ghah %894?%%%‘3% "WHWhiER s RRitbd Hid Ni§Rer suction
temperature of Fig 3 to a 616 RPM of the compressor and lower suction
5 temperature of Fig 3 to a 914 RPM of the compressor when an open
reciprocating compressor of this embodiment is compared for the same output
refrigeration capacity of 35.2 kW (10 tons of refrigeration) or 120,000 Btu/Hr;

Fig 5 is a performance diagram derived from Fig 4. It points to the means by
which the control system automatically selects the highest admissible evaporator

10 temperature through regulating the RPM of the open compressor in this
embodiment of the invention. It is through this means that both reduced energy
input is assured while maintaining the treated space conditions to high engineering
performance standards. Fig 5 will be discussed in detail under section describing
the control system;

15  Fig 6 shows the controllers Set Point Diagram which constrains the evaporator
temperature to either a maximum acceptable Humidity Set Point or maximum
Coolant Velocity Set Point, whichever is the higher of the two values and thus
achieves reduced energy input to the refrigeration plant by establishing the
highest evaporator set point while maintaining high standards of performance;

20 Fig 7arepresents a block diagram of the Control System of this invention when
the evaporator coil interfaces directly with the airstream.

Fig 7b is a block diagram of the invention's Control System linked to a constant air

volume system employing a chiller. The range of the system from peak to

minimum heat load performance is wide, requiring 3 stages of active coil sizes so
25 that they are compatible with the sizes of the heat and moisture loads;

Fig 7c is a block diagram of the inventions Control System linked to a variable air
volume system employing a chiller. Cooling coil sizes are also indicated for a wide
range in Fig 7c. Table 5 only indicates data for a fixed 4 row deep coil and a two
row coil. The range of the Variable Air Volume system is limited because the

30 supply air temperature is controlled to a fixed lower dry blub temperature
whereas the supply air temperature in the Constant Air Volume system is a
variable.
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Fig 8 indicates psychrometric chart sketches of 2 different cooling coil systems. Fig
8a top and bottom sketches represent a design employing a separate outside air
coil with a separate retum air coil. The two fig 8b sketches represent a design
employing a single coil handling the mixture of outside air and air retuming from the
treated space. This single cocling coil design is very commonly employed in
temperate climates though it is often misused. Single coils which serve both
outside air and retum air conditions can not always treat economically with large
differences between the nature of the outside air and the retum air sensible and
latent heat loads.

Fig 8b top represents the case for a high outside air humidity which requires a low
temperature coolant to offset the latent heat load, whereas retum air from the
treated space has a low room sensible heat load and a high room sensible heat
ratio would be satisfactorily offset by a much higher coolant temperature and
coolant velocity. The problem is exacerbated by the fact that usually the outside
air is but a small fraction of the total supply air to the treated space. It is a very high
energy penalty to unnecessarily have to employ a low temperature coolant for all
the air. This energy penalty due to the over-cooling may then require reheating to
prevent over-cooling of the treated spaces particularly since the occupants are
dressed in their summer attire.

Furthermore the low coolant temperature may reduce coolant velocity below
turbulent flow.

'Fig 8b bottom, on the other hand demonstrates in sharp contrast the energy that is
saved when a treated space has a high room latent heat load while the outside air
humidity ratio is below that of the supply air temperature. This combination drives
the control system of this invention to increase the coolant temperature and offset
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ferrperature line. Move down to the |ower graph Qutput Refrigerati dCT/AU98/00536

Capacity 25

val ue 35.2kW (10 tons of Refrigerant is what is Receivesdl5Qctobier1999

graph). Now conti nue to the right ordinate where "Brake Horsepower
Required” is indicated. The 10 q%SO F) evaporator tenperature run

has an i nput power requirenent of
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marked by curves establishing ambient design loci for dry bulb day time
temperatures. They are displayed together to indicate two very differing climates
in their moisture content which can be handled by the same air conditioning design
system of this invention when the overall total refrigerating capacity is the same;
and

Fig 10 is a diagrammatic representation of a variable speed control module.

This invention has been written on the assumption that the standards of the
American Society of Heating, Refrigerating and Air conditioning Engineers Inc,
ASHRAE, will be observed and also the following limits apply. The control
system allows designers to select their preferred operating conditions within the
range provided by these standards.

Relative Humidity Maximum 60%

Relative Humidity Minimum 30%

Cooling Coil Chilled Water Velocity Maximum 2.7 m/s

Cooling Coil Chilled Water Velocity Minimum  0.15 m/s

Ventilation IAQ (depends on various factors) ASHRAE 62-1989

Coolant Supply Temperature 6°C to 17°C

Evaporator Temperature -1.1 °C to 15°C

Air Pressure Drop Through Cooling Coils Maximum 200 Pa

| Aif_?azebVelocity Maximum 3m/s

Chilled Water Pressure Drop Maximum 60 kPa
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Consi der a conventi onal hermetic reciprocating conpressor operating at
a fixed RPM of 914 serving a hi ghle% heat Ioad at sonme point A of Fig
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parameters as for example when relative humidity may be pemnitted to rise to

5 70%, the energy savings would be greater than if the upper limit of 60% is
observed. The employment of this invention with such a variation will be
considered an infringement of this patent.

In this embodiment of the invention the design is achieved by regulating the
compressor speed to obtain the highest evaporator temperature that is

10 compatible for each specific condition of heat and moisture load over the full
operating range. This embodiment of the invention employs an open positive
displacement reciprocating compressor with variable speed control (VSC) to
relate to performance at all outside air and intemal heat and moisture load
conditions. See Figure 10. The cost and size of modem variable speed

15  equipment is competitive in this application.

The important influence in obtaining maximum energy conservation through this
system occurs when the control system acts to establish a high evaporator
temperature as for example by means of regulating the compressor RPM. The
pressure-enthalpy diagram of Fig 2 relates to a standard refrigeration cycle. When

20 the evaporator temperature/pressure is raised the performance of the cycle
moves up from the refrigeration effect of h1- h4 to h1' - h4'. This relates to the
output refrigeration capacity required to offset the heat and moisture loads.

The energy input required to achieve this is the work of the compressor. When the
evaporator temperature/pressure is raised the work of the compressor per unit

25 mass of refrigeration through the compressor is reduced by the difference
between the value of (h2 - h1) - (h2' - h1').

Under conditions of a constant compressor RPM a fall in load would send a signal
to the expansion valve of Fig 2 to throttle the refrigerant to a lower pressure. One
~ example is indicated in Fig 5 where condition A moves to B, resulting in an
30 unnecessary excess input refrigeration capacity for this refrigeration requirement
This path is precisely opposite to the purpose of this invention, wherein energy is
saved through the increase of the evaporator temperature and the decrease in the
compressor pressure differential when A moves to C. This is best understood
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that in some prior art it is commnfor unstable fl ow ¢ 13 AEo0sE
coolant to exist at low flow rates. is common for air
conditioning designers to fail to deterg ne the details of 15 per f or mance
over a range. These details have been rtlaIIy di spl ayed in Table 1,

for & AV Syst i e Tahh B chaifcnt BYosHeRtRke)br S8 B cRhioH eed ©

per f or mance ca drscu ove r'e |ng art

| oad per isdheratmerator and oerdhalpy difference. acuosajhe ngmpeeamp isethes
i['lustrated i ngdabhfafor run o representing a part | oad condition
performng at a n1n|nun1acceptable chilled 20 wat er vel ocity through the
return air coil. This occurs at 0.2 rn/s and in this case is at a
tenperature of o= The identical condition was repeated at run o' at

bot t om of Tabl e 5 representing a conventional systemat 7 C chilled
wat er supply

5 Qutput Refrigeration Capacity = Useful Cooling & Dehumidifying
Input Refrigeration Capacity The Work Necessary to Achieve this

Often there is a failure when evaporator temperatures and coolant temperatures
are not controlled to be compatible during many variable simultaneous conditions
arising over the climatic range. In this embodiment the problem is resolved.

10 THE CAPACITY CONTROL SYSTEM

Reference is now made to the control system, illustrated in Figs 6, and 7a, b, ¢.
The benefit of energy savings is accessible to each combination of heat load

occurring over the full operating range according to the control system described
below:

15  The control system comprises the essential components of room humidity control
and coolant velocity control, each generating an evaporator pressure set point that
is a point at which the evaporator pressure will be as high as the particular design
condition in the range permits to minimise input energy and maintain high standards
of performance.

20 The individual control outputs are proportional plus integral that continuously
readjusts the output value to obtain either of the two input signals at a specified
maximum value.

The higher of the two output values at any instant is the required set point to
achieve minimum energy input to the refrigeration plant. The higher value is under-
25 lined in both Table 1 and Table 5.

Fig 6 is a Control Vs Set point Diagram and Fig 7 is a Block Diagram of Control
System.

Fig 7a represents the simple case where the evaporator interfaces directly with the
treated air. Fig 7b describes a system employing a chiller in association with a
30 constant air volume system. The retum air coil has 3 active stages. Fig 7¢
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tenperature. It has a water velocity of 0.1 m's through the retur RCHAU98/00536

coil. This is at too | ow a Reynol ds Number and is in tReesivpd 15Qctples P99
whi ch performs unstably. 25 The above is only one of many exanpl es.
There are other digressions from 1% andard practice that simlarly

occur, often to overcone problens. An unaccept abl e sol ut!lon i's -
ducti of t i L4 A ' ] . n. e

use of desi coagesibES ESslirh ohiHiifig nERE B Etockion with 2 vatEbld vl R

and reheating Bystamsdhe setumsaiveoi hasaanuvmgeﬂ.@gwbmiategmtm??w?mlmc? t

wh heat i | I I kL 5 ed to offse aten
en [ eheat i NOrdoredih TBIe 1 Thto iftFpitdmiahoB VP TaE8 Y.

heat | oad en a sin I han the outside air and the
return air flow quantities. Clearly a conparative appraisal cannot

be gi ven her e. Thitiighatis@ohBidysiein the meas &arpafted & Stitohidicalfy selsctper cent
of energy ss’:\ved

whether tﬁehgvgp%r:l\to?{e'mngetrﬁﬁj ré gl'rw]guﬁd %se or fall.
In Figs 6, 7a and 7b a humidity sensor 10 is located within the treated space, and
a coolant velocity sensor 11 in the cooling coil circuit which is always active when
the coil is in operation. Each is associated with a respective set point 12a and 12b
which imparts limits on the values as described above. They are then fed to a

10  discriminating device 13 which is responsive only to the higher of the two signals,
and adjusts the evaporator pressure 14 or chiller control 14 in this embodiment to
provide an evaporator pressure which maintains the higher of the two set points at
its maximum set point condition. This constitutes a proportional control plus integral
action. The sensors may be electrical, pneumatic or hydraulic, or any combination

15 thereof. For example, if electric the device 13 may need to be only diodes. If
pneumatic, device 13 may be, for example, a Honeywell selector relay RD405.

The arrangement is essentially of mathematical functions, and need not comprise
separate discrete devices.

A microprocessor may be used to achieve the same functions. A room thermostat
20 17 with valve MV17a is indicated for Constant Air Volume System, (Fig 7b). A
room thermostat 18 associated with a damper 18a plus a supply air thermostat 19

associated with valve MV19a are indicated for Variable Air Volume system (Fig
7c).

In comparing energy requirements for different COP values, the percent of greater
25  input energy required by the lower COP value over that of the higher COP value
when relating to the same output refrigeration capacity is determined as follows:

If the lower COP =2 and higher COP =3
~ per cent of additional energy required by COP=
100 (COP=3-COP=2) = (100 )(3-2))}/2=50%

30 COP=2
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24 the cooling system Wen at all conditions, engineering ﬁg@%ﬁ%ﬁg
are satisfied, it is estimated that conbi ned energy sa\ﬁ"ﬁ’g‘? d et
range of 40%to 60% conpri sing: (a) Input Refrigeration Capacity
Control System whi ch mai ntains an vapor ator tenperature as high as
feasible including the humdity econony cycle. 5

10% to 26% oz ( i jpger ati on Capacity Reduction (based on
hum dity set p%(l){?trhbre mpl"’%@%&t@gé?gge bei ng mai ntained high in the

accept abl e performance range
A higher evaporator temperature reduces heat transfer across the heat

exchangers. In the case where there is a chiller supplying a cooling coil interfacing
with the treated air there is a corresponding rise in the coolant temperature which is

5 offset by conventional controls. A conventional modulating valve 17a opens to
increase the coolant flow through the cooling coil, thus maintaining the treated space
dry bulb temperature at its design setting 17 in the case of the constant air volume
system fig 7b.

Also a conventional modulating valve 19a opens to increase the coolant flow in the

10 case of the variable air volume system, fig 7c thus maintaining the supply air dry
buib temperature at its design setting 19. In conjunction with this a room
thermostat, 18 regulates the supply air flow through the air damper, 18a to control
the air flow rate to be compatible with the room dry bulb temperature.

The higher evaporator temperature causes a rise of humidity in the treated space.

15  The control system described above and illustrated in Figs 6, 7a, 7b and 7¢
prevents it from rising above a humidity design set point and a coolant velocity set
point. In this manner the control system provides the maximum COP and the least
Input Refrigeration Capacity compatible with performances at good engineering
standards.

20 Inthe case of a direct expansion air conditioning system where the evaporator
interfaces directly with the treated air in lieu of the secondary coolant velocity set
point a minimum speed control set point is supplied within the Variable Speed
Control Device.

When there is a fall in output refrigeration capacity there is not necessarily a fall in
25 compressor speed and a rise in evaporator temperature as is indicated in Fig 5 in
the change from point A to C, though this direction is preferred from the point of
reduction in input energy. For example, a fall in output refrigeration capacity from
set point E at 670 RPM may find the control system signalling for a rise in the
~ compressor RPM to 700 RPM and a reduction in evaporator temperature as is
30 indicatedina change to point C, or it may signal for a fall in the compressor RPM
and a rise in evaporator temperature to point F at 616 RPM. Similarly a rise in
output refrigeration capacity may require either a fall or rise in the compressor RPM
as from point C to E or C to D in Fig 5.
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t hrough increase of the evaporator tenperature an increase of nglg(&}tjo?ﬂergﬂ 09

suppl y tenperature) . Receiv

to 12% 10 (c) Qut put Refrigeration Capacity Reduction (based on
hum dity econony cycle) with reduﬁtion of the energy required to
of fset the treated space | atent heat | oads even during very high

outside air difpe nﬁﬁE&ﬂ'ﬂﬁ‘\g% © or more embodiments is 1p respond to the
5%to 20% B on the arrangenent of the conponents,

. Se t

their sizing §H&J'@"PQU§ peeds f95he%t@npﬁg@ss( W%@"ﬂ@ﬂ%@'%ﬁﬂﬁﬁa GOt
surfaces perf @rBiceldf comphédsor sPedd fteffded both the sERkIBIeAard Rifer\Hu® Icdide at
tenperature as hh%h @ rg';ood ﬁnghl[leerl n standargs gﬁe.rm t. .
20%to 40% eachtop ﬁ° ovefdne Bk ensiraliiasrange 3nd i de sp ) aHpIMM Snewy: igPdh
t he heat and noisture | oads occurring simultaneously. Furthernore
when ve 1 eé ateqtg g?v'la%r 184d a rise in evaporator temperature is indicative of a condition

wherein both the space humidity and the coolant velocity are below their design

set points. A fall in the evaporator temperature is a response to a signal to either

increase dehumidification or decrease coolant velocity.

This system of air conditioning is compatible with other compressor systems as

10  well as the system of compressor speed adjustment as described in this
embodiment selected to demonstrate this invention. See Figure 10 for the
diagram of the variable speed control module.

These other systems include:

(@) Rotary Screw Compressors equipped with sliding valves for capacity
15 control. These have large capacity coverage but there is some loss of efficiency in
capacity reduction.

(b) Open centrifugal machine having automatic speed control from steam
and gas turbines. Control of surging is a factor here.

(c) Centrifugal Compressors with pre-rotating vanes.
20 (d) Multiple flow temperature systems are also to be considered.

Reduction of condensing temperature, staging and flash gas removal are
compatible with the system.

An objective is efficient compressors exhibiting high coefficients of performance
wherein the eva'bdrator temperatures can be maintained as high as treated space
25  humidity and coolant flow conditions permit. To meet the system conditions the
evaporator temperature is a variable and the temperature of the coolant chilled
water or brine, efc is also a variable as demonstrated in the embodiment of this
invention, as illustrated in Tables 1 and 5. Reference is also made to a section
hereunder on zoning which relates to the coolant temperature variations.
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20 requirenents of conventional systems we nust make al |l owance fBET/A1®8/00536
correction of the energy enployed by these systenms undBeceivedhif Ostabps 1999
of satisfying performance standards as we do in this invention.
Therefore a correction factor is aqr;pl i cabl e which has a highly

vari abl e range dependi ng on the conventli®nal system enpl oyed. For

I nae ! | on ety b e o
R T T e
cooled to range ofapnroximatelyafck\Wtis presanted. iowevatanyssize tangs carcbe
accept abl e tregpgéioped ha\(fifﬁ§?rfé9s£'g¥ pQHanérﬁ%%%ﬁ}dﬂén%ﬁcs. Thus a consult

10% to 50% . avl Nngs occur en at | ow heat anlc?grrpi sture
| oads in the r&RgEeeher amanufactyrercan develpp agemplate ling of eoveragr fos all size
efficientlysfitarfgdsover heat |oad range.

5% to 15%

For example employing the range selected here as a datum, the range can be
doubled by simply doubling the width of the heat exchangers and doubling the
number of circuits to maintain the same coolant velocity range and coolant pressure
drop range. Obviously the treated air face area has also been doubled maintaining
10  again the same face velocity and the same air pressure drop. Similarly the number
of vertically spaced tubes couid be doubled and again number of circuits doubled
thus in combination with the doubled width the datum size range has been
quadrupled. By similarly halving width, halving tube height of the datum size
results in a total of seven size ranges from minimum to maximum. Thus a universal
15  system covering all desired sizes can be formed.

In a system which is sensitively responding to room sensible and latent heat loads
to reduce energy input it is useful to consider the matter of zoning in applications
such as high rise buildings. In most buildings simultaneous variations in Room
Sensible Heat Ratio are not very large. In these cases small differences can

20 readily be handled by selecting the maximum humidity set point of the control
system about 2% lower in terms of relative humidity than would be necessary for
a single zone system. For example a set point of 58% RH(relative humidity)
would prevent conditions which would allow a rise in its RH to 60% in the area
where the RH is not sensed.

25 A HUMIDITY ECONOMY CYCLE

First let it be clear this is not a Conventional Economy Cycle though it could lead
up to one there is no increase in the outside air intake required for this humidity
economy cycle to function. The conditions encountered by the cooling and
dehumidifying coils vary very much over a climatic range. There are numerous

30  occasions where energy can be reduced by preventing dehumidification by the
refrigeration system.

For designers identifying economy cycles as associated with reducing sensible
heat loads it may appear unusual to find that through this invention, an economy
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25 Qoviously the factors listed above in a to f are not adleth\’/‘%w:Aggggg
I ndi cat ed above, estimate that energy savings will be éﬁﬁfﬁ‘@ﬂ 158 Va
within the 40 to 60% range is conservative. In those cases where a

single coil

serves both the outside aijgand the return air a saving of

80% i s possi bI e. 5 In addition there are capital cost savings, reduced

design tinme,
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ndards over fu % ur t her advant ages k (1

rt ermore no speCIaI requwe ent or control is necessary. It occu automa ica ﬁl
in this system to result in a large reduction of both output and input refrigeration
capacity by offsetting all or part of the treated space latent heat loads by
preventing the refrigeration cycle from dehumidifying to offset the treated space
latent heat loads when dehumidification can be achieved naturally during low
humidity outside air conditions which is at the flow rate determined by ventilation

purposes.

A "humidity economy cycle" can be a part of the system during non-humid
weather when the outside air is below the dew point of the supply air, the inlet and
outlet refrigeration capacities can be reduced well below present practice.
Conventional design pays little attention to energy conservation during dry
weather even though it is a condition that occurs frequently in many climates.

The coolant temperature is determined in accord with this invention by the capacity
control system which selects the value of the coolant velocity or the room humidity
to obtain an output set point value. This results in a coolant temperature that is too
high for the refrigerant to dehumidify. During non- humid weather high coolant
temperatures exceeding the dew point temperature of the supply air to the
treated spaces will often occur. Consequently dehumidification from the supply air
by the refrigeration system will be prevented. Thus the latent heat loads of the
treated spaces would be offset at no energy cost since under such conditions the
cooling coils are dry. Tables 3 and 4 indicate the case of a zero latent heat load
penalty on the refrigeration system. Tables 3 and 4 indicate in detail the
performance of the humidity economy cycle during an outside air dry bulb
temperature of 30°C. Table 3 details performance at an average room latent heat
load bearing a Room Sensible Heat Ratio of 0.85 and Table 4, at a very high
room latent load having a Room Sensible Heat Ratio of 0.70. This "Humidity
Economy Cycle" is relevant for both the arrangements of this embodiment where
a separate retum air coil and a separate outside air coil is employed (Fig 8a) orin
the simpler arrangement where the retum air is first combined with the outside air to
pass through a'éihgle coil, (Fig 8b). However single coil design is limited to only
low humidity outside air climatic regions as is indicated in detail under discussions
regardina Fig 8b. The cycle will always occur as long as the supply air to the
treated space has a dew point temperature above the temperature of the outside
air which mixes with retum air. In Tables 3 and 4, high coolant temperatures of 1
4.2C and 1 3.0C are indicative of not only a savings of refrigeration capacity to
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(a) Al'l conditions which can occur at any point wthin the POB(AAII8/0H536
range are treated individually with an evaporator tenperat urReaived 190ctober 1999
cool ant supply tenperature which is automatically determ ned for that
particul ar condition. (b) st em performance whi ch can be
tailored to the individual conditions 2 occurring extends the system

capacity to handle a w der, .clipati a L Sys ot
wast eful |y ové?r}gEEW"\éV’aq?'M@éma s%aﬁgﬁg}ncﬁp@e@g%@ﬁ&f meegwi%?agﬁﬁﬁug

| atent heat | cuomsiderablpfddies the input epexgydo therefrigerativresystéray occur.

(d) System when arranged according to this invention nmaintains

cool ant performance in turbulent node and does not reduce cool ant flow
to t he unst ablModifyingthe systemdecarry out the invention has the advantage of also

providing a means for automatic reduction of output refrigeration capacity:

5 The design engineering standards for comfort air conditioning accepts room
humidifies over a wide stipulated range. In accord with this invention, it is preferred
to select the design humidity set point of the control system at or near the high
side of this range. This results in a higher enthalpy value of the air leaving the
cooling coil and to a reduced enthalpy difference. For example on a 35°C dry

10  bulb temperature day Table 2B indicates a rise in relative humidity to 58.8% at a
chilled water supply temperature of 11 °C. Table 2B indicates that when this
performance is compared with the 43% room relative humidity room at a chilled
water supply of 7°C. there is 10.5% greater output refrigeration capacity required
by the conventional chilled water supply temperature from a chiller.

15  Inthe "The Capacity Control System" section above, reference was made to a
horizontal line in Fig 5 which represented a line along which the Capacity Control
System locates the balance point for a particular operating condition in the air
conditioning range. However where there is a reduction of output refrigeration
capacity this line slopes down to the right reflecting the reduction in output energy

20 as the relative humidity within the treated space rises to a higher set point. This fall
in the output refrigeration capacity again further reduces the input energy of the
COMpressor.

A further advantage is that the cooling coil can have an increased range of cooling
which resolves unstable flow conditions:

25 This is a further advantage when working to higher evaporator temperature
conditions when coolants such as chilled water are employed. As is commonly the
case with conventional systems coolant flow rates through coils fall drastically at
part load conditions. Numerous tests indicate that in most cases the Reynolds
number and water velocity changes from desired turbulent flow to unstable

30 transition flow is at a point of about 30% to 50% below peak load. In the case of
this invention the range of the cooling coil size is enlarged. This occurs as a resuit of
the rise of the evaporator temperature which causes a greater demand for the
warmer coolant as is indicated above in the section relating to reduction of input
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(e) Sinple controls are not invasive they performas an ov_equTa{ UPR{0 g
exi sting control practice. They operate to inprove energy sMﬁb‘?lfs ctohgk 19

conventional air conditioning systens. () System adheres to
hi gh Engi neering Performance Standards (ASHRAE St andards were applied
I n the described enbodi nents) (%j The invention is conpatible
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peak load when the chilied water velocity is approaching its minimum 0.2 m/s

5 value. For the identical system part load condition, when the chilled water supply
temperature is 11.2°C, the chilled water velocity is 2.26 m/s. The invention
enables performance to be tailored for each operating condition with each design
having broad climatic coverage. There are further advantages in addition to energy
conservation. In the process of maintaining the highest evaporator temperature for
10 each individual operating condition it overcomes contradictions arising from many

unrelated variables. The compressor is compatible with its refrigeration cycle. The
variation of size of the heat loads is compatible with the variation in compressor

RPM. A new sensitivity to each specific operating condition is gained.

The above advantages have been found to be extendable to cover different

15 climatic areas using the same design. A VAV system is presented hereunder
which covers many different climatic ranges having widely different room sensible
heat ratios. Humid, tropical Singapore and hot, dry Adelaide can be served by the
identical selection. The difference becomes evident when reference is made to
psychometric charts displaying for Singapore and Adelaide, Fig 9 conditions for

20 ambient design loci exceeding 10% of operating hours for day time. An
examination of the respective humidity ratios for these areas reveal how their
design conditions are very dissimilar. The humidity ratio for Singapore design locus
is between 21 and 22 g/kg. The humidity ratio for Adelaide is between 10 and 12
g/kg/. The broad coverage of this design is such that these two very dissimilar

25 climates are efficiently served by the identical selection without any energy or
performance penalty as long as both systems are compatible with the range of
sizes of the heat loads and the ratio of outside air to total supply air to the treated
spaces.

In Table 5, row b represents peak Singapore condition and row e represents
30 peak Adelaide condition.

- The energy conserved through this invention involves consideration of
performance of a system over its full operating range. To meet this purpose,
numerous representative conditions for tropical and temperate climates have been
studied. There is no single answer to how much energy is saved since it involves

35 comparisons with numerous conventional systems having different energy and
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26 readily fit as retrofit for poor functioning systems. THRCEAUPHAIS36

Is user friendly, has uni versal application, reduces dRes¢ivad 15i bgi P99
is lowin first cost when conpared wi th conventional systens which

al so neet perfornmance standards at al IZQperati ng conditions from peak
to m ni mum r ange. 5 In summary: The energy savings go hand in

hand wi th i mproyRemBRéd SidrEdEfstics. Furthermore each climate has different lengths of peak
and part load needs. For example a dry climate would have the enormous
advantage of the humidity economy cycle described above whereas a tropical
climate would have a cooling season that covers the full year of which 25% of the
5 timeitis below 27°C dry bulb temperature when the coolant supply temperature
would rise from 7°C to above 1 0°C when this invention is applied.

Data for open type reciprocating compressors are used hereunder to assist in an
appraisal of the invention. This is taken from a reliable publication, the "Terry
Engineering Manual for Belt Driven Equipment". Reference is made to two Terry

10 performance graphs drawn for R22 Refrigerant, Fig 4, (Terry Fig 15E) and Fig 3,
(Terry Fig 21). Comparison is made with the performance at an evaporator
temperature of -1.1 °C (30°F) with that of an evaporator temperature of 1 0°C
(50°F) when in both cases they serve the same Output Refrigeration Capacity of
35.2kW, (120,000 Btu/Hr or 10 tons of Refrigeration. The condensing

15 temperature will be assumed as constant at 43.3 C (110 F). From Fig 4 (Terry Fig
1 5E), follow the arrow from the upper set of curves to the lower set ending at the
value of 35.2kW, (120,000 Btu/Hr). The RPM of the compressor at 10 C (50 F)
evaporator temperature is 616 and for -1.1 C (30 F) run, it is 914. These
variations in RPM are within the manufacturer's approved limits.

20 Fig 3 (Terry Fig 21), will now indicate the input energy that the two runs required to
satisfy the Output Refrigeration Capacity of 35.2kW, (120,000 Btu/Hr or as listed
in the Figure, 10 tons of refrigeration). Enter the upper graph ordinate at 10 C (50
F) and -1.1 C (30 F) and move to the 43.3 C (110 F) curve condensing
temperature line. Move down to the lower graph Output Refrigeration Capacity

25 value 35.2kW (10 tons of Refrigerant is what is listed in the graph). Now continue
to the right ordinate where "Brake Horsepower Required"” is indicated.

The 10 C (50 F) evaporator temperature run has an input power requirement of
6.7kW (9BHP) and a COP = 5.24, the -1.1 C (30 F) evaporator temperature run
has an input power requirement of 8.5kW, (11.4 BHP) and a COP = 4.14,

30 The energy Input Refrigeration Capacity for the -1.1 C (30 F) run is 26.7% greater
than the 10 C (50 F) run when handling the same heat loads. Few designers are
aware of the enormous energy savings achieved through a higher evaporator
temperature.
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It has been denpbnstrated that by neans of a control system associ BEEHAURSPR36
mai nt ai ni ng the maxi num evapor at or tenperature conpati bl e wiRageiMgdyld October 1999
engi neering standards of performance, the conpl ex problens, which arise
from10 the presence of numerous unre% ted variabl es, have been resol ved.
These vari abl es occur simnultaneolSly and successively with the
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respectivel y) contriol systemerould seletct thedrighest evaporator temperature which would

offset the sensible and latent heat loads occurring at that instant, point C in this

example, at 616 RPM and 10 C (50 F) unless one of the two capacity control set

10  points are reached earlier.

SUMMARY OF ADVANTAGES

Tables 1 and 5 (CAV and VAV systems) indicate that in some prior art it is
common for unstable flow conditions of coolant to exist at low flow rates.

It is common for air conditioning designers to fail to determine the details of

15  performance over a range. These details have been partially displayed in Table
1, for a CAV system, and Table 5, for a VAV system. It is known that unstable
performance can occur as discussed in the sections above regarding part load
performance below 50% of peak load. A further example is illustrated in Table 5
run o representing a part load condition performing at a minimum acceptable chilled

20 water velocity through the retum air coil. This occurs at 0.2 m/s and in this case is at
a temperature of 9 C. The identical condition was repeated at run o' at bottom of
Table 5 representing a conventional system at 7 C chilled water supply
temperature. It has a water velocity of 0.1 m/s through the retum air coil. This is at
too low a Reynolds Number and is in transition flow which performs unstably.

25 The above is only one of many examples. There are other digressions from
standard practice that similarly occur, often to overcome problems. An
unacceptable solution is reduction of the outside air intake requirement for
ventilation. The use of desiccant wheels is an expensive replacement, and
over-cooling and 'reheating is also expensive and considerable discomfort arises

30  when reheating is omitted when all the air is over-cooled to offset latent heat load
when a single coil handles both the outside air and the retum air flow quantities.

Clearly a comparative appraisal cannot be given here. Instead a range is
presented referring to the percent of energy saved over the full climatic range of
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the size of the load in the cases where i ¢ e
n peak and m ni nrum | oads. %’6%‘% ﬁ%

(b) Output Refrigeration Capacity Reduction (based on humidity set point
in treated space being maintained high in the acceptable perfformance range
through increase of the evaporator temperature an increase of chilled water supply
temperature) . 5% to 12%

© Output Refrigeration Capacity Reduction (based on humidity economy
cycle) with reduction of the energy required to offset the treated space latent heat
loads even during very high outside air dry bulb temperatures.

5% to 20%

(d) Based on the arrangement of the components, their sizing and circuiting
so that the cooling and dehumidifying surfaces perform efficiently in order to
maintain an evaporator temperature as high as good engineering standards
permit. 20% to 40%.

(e)  The control system of this invention offsets only the heat and moisture
loads occuring simultaneously. Furthermore when we relate to energy
requirements of conventional systems we must make allowance for the correction
of the energy employed by these systems under conditions of satisfying
performance standards as we do in this invention. Therefore a correction factor is
applicable which has a highly variable range depending on the conventional
system employed. For example a single coil treating both a relatively high humid
outside air and low latent heat retum air together where all the air must be cooled to
a low enough temperature and then reheated to maintain acceptable treated

space dry bulb temperature. 10% to
50% '
(f) T Savings occur when at low heat and moisture loads in the range the

active size of the cooling can reduce to efficiently fit a lower heat load range.
5% to 15%.
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27 A very inportant advantage is associated with the vari at PEREAY3§/00536
cool ant supply tenperatures. The range of acceptable cB@?eFVﬁ@%QWb“ 1999
per f ormance between peak to mninmumis very nuch increased.

Furthernore, the system has been showrbr g0 have the capacity to adjust its

5 performance to suit each individ condition including variations in

?' ' rraLe and r Wouslyf the?ﬁ&@@hsﬁea aBbvé M a‘t?o f Qfe%tﬂ:égtﬁli}ﬁef §§Md?¢été€l§ébﬁ% ned
eﬂgg‘or Ztvg['gt 2@%&!&1‘&&&% gggrgylﬁaé{mgs will f)e a%p¥oxnmgpe y Wlthit;'ﬁhe % to 6\6%} range Vis
conservative. In those cases where a single coil serves both the outside air and

the retum air a saving of 80% is possible.

5 In addition there are capital cost savings, reduced design time, reduced service
space, and performance meeting engineering standards over full range.

Further advantages include:

(@ All conditions which can occur at any point within the operating
range are treated individually with an evaporator temperature and

10  coolant supply temperature which is automatically determined for that
particular condition.

(b) System performance which can be tailored to the individual conditions
occurring extends the system capacity to handle a wider climatic range.

(© System does not wastefully over cool or reheat at any time. The
15 sensible heat and latent heat loads are offset in the proportion at which they occur.

(d) System when arranged according to this invention maintains
coolant performance in turbulent mode and does not reduce coolant fiow
to the unstable transition mode.

(e) Simple controls are not invasive they perform as an over lay to
20 existing control practice. They operate to improve energy savings for most
conventional air conditioning systems.

® System adheres to high Engineering Performance Standards
(ASHRAE Standards were applied in the described embodiments)

(Q) The invention is compatible with VAV and CAV designs and with
25  direct expansion air conditioning.

(h) The described systems do not intrude adversely on any acceptable
conventional design as long as provision exists for variation to the evaporator
temperature and coolant supply temperature the system of this invention will

ANAEI\D T 0
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II nput Refrigeration Capacity is a value not readily visible to_dé’& P8/00536

In this presentation the significance of a variable e\?szRbYeétlé ctober 1999
tenperature and a 10 correspondi ng vari abl e cool ant supply tenperature
has been present ed. Syst ens errplggi ng stage conpression,

I ntercooling, flash gas renoval and reducti on of condensing
temper at ur es JeadfiPRldsGaitom tbbddbiindiBHR!Sy8eme\The syster RRRSer Mindl has! P! e
has been applied Her g n,unge%us aéévaﬁt@a es deri__veg fromthe use of

this principl eurtlv)eraalrean%@%non; raduggs design imemnd s low jyfirstcast whengpogware

feasi bl e evapogihi esnventiondlalystemsiRieh lermeat rermahcd StaREaRIsH all operating
conpati bl e e to achieves the | owest feasible

wi t h_good performnc
ener gy i nput r%wp@ﬁé'ﬁmpeﬁ‘tommly“déggﬁners thi nk that because they

often enpl oy | ow condensi ng pressure that they are achieving the sane

| nput ener gy S'ﬁ\é:‘i’ﬁﬁﬁ @s wi th an equival ent high evapor at or pressure.
Whol Iy apaft f ¥t act that there is t hernodynam cally a 20 greater

energy savings with the increase of evaporator pressure w th condenser

bressur e constAd ehd) shiingd BotRicRA HEna it ARERONd Seripidpe i Lh the

evapor at or pressure nst a evaporation pressure in this invention is
i nked

It has been demonstrated that by means of a control system associated with
maintaining the maximum evaporator temperature compatible with high
engineering standards of performance, the complex problems, which arise from

10 the presence of numerous unrelated variables, have been resolved. These
variables occur simultaneously and successively with the changes in outside air
and intemal sensible and latent heat loads. They can best be controlled when each
point in time within the operating range is individually addressed.

In all cases where the system is employed the key objective is to maximise the

15 evaporator temperature in order to conserve both Input and Output Refrigeration
Capacity. In the embodiments described, an open type compressor was
employed. The speed of the compressor is varied responsive to the Evaporator
Temperature/Pressure Set Point. When heat and moisture loads fall or rise the
speed is reduced or increased (not necessarily respectively) until either one of the

20 treated space, maximum relative humidity design set points, or maximum coolant
velocity design set points, is reached, whereupon the capacity control has
efficiently established the balance point for that operating condition. In lieu of
simply throttling the refrigerant to reduce the evaporator temperature on a fall of
heat loads or other inefficient capacity control means, the balance point of the

25 system is located at the highest evaporator temperature compatible with the heat
and moisture loads occurring at that time. Thus assuring minimum input energy by
the refrigeration compressor.

In this design thé fluid flow characteristic of turbulent flow is maintained within
~ performance bounds of a coolant velocity design maximum and minimum fimit
30 which varies the active size of the cooling coils to fit the size of the load in the cases
where wide range occurs between peak and minimum loads.
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to the cooling and dehum di fyi ng processes through a proportionalp [A]498/00536
i nt egr al ° control syste% which is key to the performan®eceived 1 Qgtober 183
above this system 25 al so can enpl oy reduced condensi ng pressure.

DESCRI PTI ONS OF THE PREFERRED ENMBCDI I\/F%FS Enbodi ments of the

I nvention are described hereunder in sonme detail with reference to

and are illusty %@%bﬁn&%&%ﬁg@%@&iﬁém tﬂégaﬁéﬁﬂsﬂﬁ%oo%?ﬁgéﬂy

Table 1 indicates”an exa e o ormance qver a range where t
i nvention i s lempemiyeseline pngecdrecapiabla ¢ooling ¢at Pefaieance: hatwepnpeakity | ed

vwater fed to aRinphifiigieerpiniuch increaséd.! first as described in detail above.

Furthermore, the system has been shown to have the capacity to adjust its

5 performance to suit each individual condition including variations in climate and room
sensible heat ratio through the flexibility gained from having a variable coolant
supply temperature and a variable evaporator temperature/pressure.

Input Refrigeration Capacity is a value not readily visible to designers. In this
presentation the significance of a variable evaporator temperature and a
10 corresponding variable coolant supply temperature has been presented.
Systems employing stage compression, intercooling, flash gas removal and
reduction of condensing temperatures are applicable to this invention. An
important principle has been applied here and numerous advantages derived
from the use of this principle to air conditioning design. By working to the highest
15 feasible evaporator temperature (and thereby coolant temperature), compatible
with good performance to achieves the lowest feasible energy input requirement.
Many designers think that because they often employ low condensing pressure
that they are achieving the same input energy savings as with an equivalent high
evaporator pressure. Wholly apart from the fact that there is thermodynamically a
20 greater energy savings with the increase of evaporator pressure with condenser
pressure constant than is the decrease of condensing pressure with the
evaporator pressure constant, the evaporation pressure in this invention is linked
to the cooling and dehumidifying processes through a proportional plus integral
control system which is key to the performance. As indicated above this system
25 also can employ reduced condensing pressure.

DESCRIPTIONS OF THE PREFERRED EMBODIMENTS

Embodiments of the invention are described hereunder in some detail with
reference to and are illustrated in the accompanying Tables and Drawings, wherein:

Table 1 indicates an example of performance over a range where the invention is
30 applied to a constant air volume system utilising chilled water fed to an outside air
coil first as described in detail above.
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28 Tabl e 2a conpares the sane sensible heat | oad conditions PGT/AU98/00536

different chilled wat er supply tenperatures. Table 2a iReaqived; 1§ Octpber 1999
supply cool ant tenperature of 7c having a total output refrigeration
| oad of 1 5.82kWwhereas at 11.2 C thiggload is 15.25 kWa difference

of only 3.6% saving. The total saving is not visible here 5 since it
depends on t héablepla compams the sahe sengibleheatrload benditiorisnat different shilled: h

o eater 2Pr O B} o RSl RS AT Ph AR s GRBNAbdy SERpHGA Yt 7o
mai nt ai ni ng a Havigiy atoaloutputirefrigeratiop leadofr £5.82kW whereas.ab1r.2 C this loadrigbl e
2b i's a siml a5 SORRAL GHPeAR SPHIF36% shiingPhétdiR vigSis Mot visiid Rem Of
5 since it depends on the input energy to the compressor. The saving is very much
greater approximately 20 per cent when the input energy is considered. Perhaps
this is the reason so little attention is given to maintaining a high evaporator
pressure, a higher C.O.P.

Table 2b is a similar comparison to table 2a. It has a more visible savings of

10  10.6%. See analysis under section: "Reduction of Output Refrigeration Capacity”
on page 25 part (c). In addition it has a high input energy saving due to its higher
C.O.P.

Table 3 represents a Humidity Economy Cycle indicating a room latent heat load
of zero energy penalty in offsetting the room latent heat losses. It indicates the

15 effect of the capacity control system to drive the coolant temperature upwards in 8
steps, to achieve excellent performance when the chilled water temperature is
doubled from 7 C to 14.2 C at a very much higher evaporator pressure resulting
in a very much reduced input energy. Both energy savings in offsetting the total
latent heat load without any energy penalty and input energy savings are realised.

20  Uniike the conventional economy cycle, the outside air intake is not increased
neither is the room relative humidity. The limiting factor is coolant velocity has

reached it maximum design setting at 2.2 m/s in this case through the retum air
cooling coil.

Table 4 again indicates Humidity Economy Cycle similar to Table 3 with a very
25 high room latent heat load that is again fully offset with zero energy penalty.

Table 5 indicates an example of performance over a range where the invention is
applied to a variable air volume system utilising chilled water fed to an outside air
coll first. The same comparison as for a constant air volume system as in Table 1.
See conventional row o' performance compared with row o performance of

30 invention under 'SUMMARY OF ADVANTAGES' above.

Fig 1a compares the performance of the outside air coil in the arrangement of
separate outside air and retum air coils of this embodiment with Fig 1 b which
represents a conventional outside air coil application.
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10 10.6% See anal ysis under section: "Reduction of Qutput RefrPGEARPS/H0536

Capacity" on page 25 part (c). In addition it has a hiRggeiverplitOatobsr {399
saving due to its higher C.OP. Table 3 represents a Hum dity
Econony Cycle indicating a room | atent2dieat | oad of zero energy

penalty in offsetting the roomlatent heat |osses. It indicates the 15
ef fect of the Figiparaphicallyrshowis hows themaisinglofipressiune (arabtherebytrefrigerartur e

upwards in 8 ' per f ormance when the chilled
wat er tenper att rpgera?ﬁr@féan P%gﬁﬁ‘é%ﬁp@ﬁﬁ%@f@% 14.2 C at a very much hi gher

evaporator pressure resulting in a very much reduced input energy.

Both ener gy > ¥ig B%ho qﬁﬁtﬁ@él@ﬂ?ﬂvéﬁﬁc’i’éﬁs@m suction t'eﬁ‘ip;ég%lul;@ﬁémt?aidc 4 fgout

any energy pena an ner savings are re y Unl T ke the
conventi onal @ﬁ)@amrﬁé%@{@ BeakgiHorsapawer Requisementby same

nei ther isgt h@gmr_n relative humdity. The limting factor is cool ant

vel ocity has reached it maxi num design setting at 2.2 mis in this
case through the return air cooling coil.

Fig 4 can be read in conjunction with Fig 3 and illustrates how the compressor
speed for the -1.1°C (30 °F) condition is 914 RPM and for the 10°C (50°F)
condition it is 616 RPM for the same refrigeration capacity load of 35.2 kW (10
tons of refrigeration).

10  Fig 5 which is derived from Fig 4, illustrates the savings that can be achieved under
conditions of increased suction temperature for the same refrigeration output.

Fig 6 is a graph showing how treated space humidity proportional plus integral

output set point and coolant velocity proportional plus integral output set point will

generate a high evaporator pressure set point and consequently a high coolant
15 supply temperature as used in the invention.

Fig 7a is a block diagram of the evaporator pressure control system. Here the
evaporator interchanges directly with the treated air. It shows the control
arrangement which is used in the invention, wherein the humidity is sensed to
provide a proportional plus integral output set point.

20 Fig 7b and Fig 7c are block diagrams of the coolant supply temperature control
system Here the evaporator temperature indirectly exchanges with the treated air.
It shows the control arrangement which is used in the invention, wherein the treated
space humidity is sensed to provide a proportional plus integral output set point
and the velocity of the coolant through the cooing coil tubes is sensed to provide a

25 proportional plus integral set point, the two outputs passing through a comparator
and the maximum of those two outputs establishing an evaporator pressure set
point indirectly through the coolant supply temperature that adjusts the variable
speed of the compressor so that the evaporator pressure set point is compatible
with the higher of the two output limits.

30 Inaddition to the proportional plus integral control system described above in
relation to generating a variable evaporation temperature set point there is another
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Tabl e 4 again indicates Humi dity Econony Cycle simlar to Tabl e 3 RUTYAU2B/00536
very 25 high roomlatent heat load that is again fully off Reteivadtlh Qctober 1999

energy penalty. Tabl e 5 indicates an exanpl e of performance over a
range where the invention is appé' ed to a variable air volune system
utilising chilled water fed to an outside air coil first. The sane

conpar 't son las éd?ﬁroﬁsm&?utdﬂ@tramg ind@périderiilys ?%%oé@ isTtQ]EEs?atﬂish the factivg@e
conventi onal rqQw O er rmance conpareg w rOW.O rtor nce .0

venti on andize SUNRRRNS S oA SRas bl WA the Sz oF i igal 10Rds JR IRILO! he
performance ofmeéiethe pefomearerstartddrds at Alhsperatiray@miditiohs @f the range abminiaum

outside air and ret;ljrn air coils of this enbodinent with Fig 1 b which
represents a RGN ?V(ﬁlﬁd outside air coil application.

5 This embodiment of the invention employs a four row deep cooling coil for a

constant air volume system as presented in Table 1 and in Figure 7b. It employs
two solenoid valves enabling the coil to perform as a four row, a two row and a
one row active coil. On a fall of load when the chilled water velocity sensor, Fig.
7b, item 21 measures a chilled water velocity of about 0.15m/s, solenoid valve

10 21acloses and the cooling coil will perform as a two row deep active coil. When
both solenoid valves 21a and 21b are closed it will perform as a one row coil. In
this manner the retum air cooling coil fits the size of the refrigeration capacity range
as it varies from peak to minimum design so as to maintain turbulent flow at all
times.

15  When both solenoid valves are closed and there is a rise of load, the chilled water
velocity sensor, 21, at approximately 2.7m/s opens solenoid valve 21b first and
when the chilled water velocity rises again to 2.7m/s, solenoid valve 21a opens to
a fully active four row deep coil.

in this embodiment each active size has been designed o fiil the full face area of

20 the coil, each circuit is of the same length and has the same number of bends and
the same number of passes to ensure that at each balance point in the range the
coolant flow is relatively uniform as well as in turbulent flow.

A variable air volume system is presented in Table 5 and in Figure 7c. The control
of the coil active size is similar to the constant air volume system of Table 1 and
25 Figure 7b with the following exceptions.

The modulating valve located downstream of the cooling coil after all coolant flow
has combined, Fig 7c no. 19a controls the supply air dry bulb temperature, no.

19, to the treated space and not the treated space dry bulb temperature. Thisisa
‘common practice for variable air volume systems though exceptions occur.

30
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29 Fig 2 graphically shows how the raising of pressure- (ancPQ’lHéch%ﬂ 0536

refrigerant tenperature) can result in a savings of e ﬂ\f’dlso 1999
_Fig 3 shows graphically how an increasg in suction tenperature from-1.1 C
to 10 C (30 Fto 50 F) can reduc % he Brake Hor sepower Requi renent by

3 : . . . . .
T Pt o oiicatat Pl e YAy 453, g WAL b Hheferde 2
condi tion is 9EmiReiments”,flig 8alepre8kntsriivG psychromeétiio charts describing asysiem i s
616 RPM for thgniiing &66paal01t88e GRRABlinG cdiPaf Blurt AircobiNd 8. Fig 8a top
represents a peak, high humidity level climate. Fig 8a bottom represents a low
5 humidity level climate. Fig 8b employs a single coil handling both outside air and
retumn air. Fig 8b top represents a peak high humidity level and Fig 8b bottom
represents a low humidity level climate.

Fig 9 indicates present Weather Bureau Data for Singapore and Adelaide marked
by curves establishing design loci for the dry bulb day time temperatures. Two

10  very different climates such as these can be treated by the same design by this
invention.

Fig 10 shows diagrammatically a variable speed control module.

This Sheet Has Been R
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10 Fig 5 which is derived from Fig 4, PCT/AU98/00536

refrigeration).
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illustrates the savings that can_be_achieved under
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20 Fig 7b and Fig 7c are bl ock di agrans o?athe cool ant supply t eCPALASIN0S36

control system Here the evaporator tenperature indi recRbopwedd:haﬁgw 1999
with the treated air. [g Tr—stpws the control arfgreerprt—ywhi ch is used
in the invention, wher¢ix]s et reated space h gld Vi@ |sensed to
provi de a proportional |gus i|At &ytal output set poipa|™ " [N <rd the
vel ocity of the eool ant&fhrodgh The cooing coil tub rs-serrsgd to provide
a 25 proportiogal plys 819;: a} set point, the t S D e L passi ng
t hrough a conpar &t or =| and e maxi num of those/ZWo guT gutls
establishing an &/aporatn;;) pressufe set poi nt[ tdiT[ectry through the
cool ant supply térrperata:r m%_ Ba:ij usts the vari abl 685 o> Pged of the
conpressor so that the @/Eporgg_r pressure set poi tEl_-éspcwmtibl e
with the higher & the @ olfplt|limits. 30 In dd@ididTro|the
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coolant flowis relatively uniformas well as in turbulent flow. PCT/AU98/OI%ggg
variabl e air v Shee HeBebEBpla&dPr esented in Table 5 and in FB&?&%VS‘W%QW

control I ive size is simlar to the constant air vol une
syst em of Tabl il]g’,@&“ﬂ%gmw gure 7b @6th the follow ng exceptions.
The nodul ati ng downstream of the cooling coil after all

cool ant fl ow has conbined, Fig 7c no. 1 9a controls the supply air
dry bul b tenpgiajys. no. 19, to the treated space and not the
treated space dry bulb tenperature. This is a comon practice for

vari abl e air volune systens though exceptions occur. 30
1. An air conditioning system including refrigeration means to effect a highest

evaporator temperature for its refrigeration cycle when it treats either directly or
indirectly cooling and dehumidifying of air to be conditioned, dry bulb temperature
5 measuring means to measure the temperature of air within a space to be

conditioned, humidity measuring means to measure humidity of air within the space
to be conditioned, and control means adapted to offset both sensible and latent
heat loads of the air at each of the climatic and interior building load conditions over
the operating range of the air conditioned system, and control means to establish

10  set points by the designers for humidity performance in the treated space at a high
end of an acceptable range, and, if a chiller is employed, at the high end of the
acceptable coolant coil velocity performance range, where the higher of these two
changing properties reaching its preselected set point value, in combination with
the sensible heat and latent heat loads being offset by the refrigeration cycle, will

15 be selecting the value of an evaporator temperature set point which will be as high
as reasonably feasible to minimise input energy to the refrigeration compressor
and maintain high standard performance conditions for the particular operating
condition in the range and on a change of load, will automatically vary the
evaporator temperature set point so that it is compatible with each of all the

20 sensible and latent heat loads occurring over the operating range of the system,
the control means employed being to change the specific volume at the saturated
suction temperature of the refrigerant leaving the evaporator to establish the higher
of the said two constant space humidity or coil coolant velocity set points and thus
to effect a high evaporator temperature/pressure set point at low energy input.

25 2. A method of capacity control of an air conditioning system including a
compressor and evaporator in a refrigeration cycle, heat exchanger means, coolant
flow conduits, control equipment including compressor, flow control means,
proportional plus integral control output equipment and final control means said
method including generating an evaporator pressure/temperature set point for the

30 evaporator as high as performance standards permit for each of the operating
intemal and extemal heat and moisture load conditions occurring over a total air

- conditioning range at low energy input.

3. A refrigerant air conditioning arrangement of a type including refrigeration
means to provide an evaporator either directly for air to be conditioned or indirectly
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34 As ThldSKeétt}EddemHleacgdhe headi ng above, "Brief Descripti T@gﬁ%gsn

Preferred Fig 8a represents two psychror?ﬁ?"t‘Y 999
describing a HW%I oying a separate outside air cooling coil and
return air cool | ng Fig 8a t®p represents a peak, high humdity

| evel climate. Fig 8a bottom represents a low humdity level climte.

Fi g 8b enpl oydortheiairtpdexsnditioned thm@h a chillet dnhbulbtemperadiire ragasurisgur n
air. Fig 8b tQReakPlotEadiite thdBRiperatiRe H1UTF WithiX a space being air conditioned,
control means concurrent with temperature measuring means of the coolant supply
leaving the chiller or the evaporator measuring means effecting control either of the
5 velocity of coolant passing through the cooling means such as increasing the flow
rate or changing the active size of cooling surface available to the air being cooled,
further characterised in that there are included humidity measuring means to
measure humidity of air within the space being air conditioned, and to measure
coolant velocity through the heat exchangers and further control means to effect a
10 change in the evaporator temperature in response to the higher set point output of
the humidity measuring means or set point output of the velocity of coolant means
whereby to maintain a refrigerant evaporator temperature which is as high as
performance standards permit for each of the operating intemal and extemal heat
and moisture load conditions occurting over a total air conditioning range and in the
15  event of directing a higher or lower than pemissible flow rate than performance
standards permit effecting an increase or decrease in the extent of chiller and or
cooling coil size to be used and thus perform within the bounds of permissible
standards for coolant velocity.

4, A refrigerant air conditioning system as in claim 3 further characterised in that

20 the control means to effect a change in the temperature of the refrigerant
evaporator includes means to achieve a temperature change by effecting a
change in the speed of a motor driving the refrigerant compressor to a speed
directed in response to the control means.

5. A refrigerant air conditioning system as in either one of preceding claim 3 or

25 4 further characterised in that the control means include means to control the flow
rate of coolant through the chiller and cooling coils and in the event of directing a
lower than selected flow rate, effecting a reduction in the extent of chiller and/or
coolant coil size to be used.

6. A refrigerant air conditioning system as in any one of preceding claims 3,4
30 or5 further characterised in that there are means to effect a change in the

evaporator temperature/pressure in response to directions from the control
means.”

7. A method of effecting refrigerant air conditioning including using refrigeration
means to provide a cooling evaporator either directly for air to be conditioned or
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| evel and Fi @usﬁleélﬂtawtmlm gedsents a |ow hunidity level climate. PCT/AU98/00536
When a single ed to treat both the ventil ati ofeggiveddi@Pctaber 1999
returnlO ai se with Fig 8b top, two very differing

onbi nati ons omsens mﬁ and | at@t heat loads are to be of fset
5| mul t aneously with the sane coo @_? surface. The consequence is an
ener gy wast ef undieaelly fantheair ¢e be gandifignedthrough a chiller agd\eseljng.epl gmployingde m

i n nmedi um and depardty %hté‘:dé’au?hh@ﬁts%ﬁardté rétﬁmaauﬁd&dnﬁ@con d bt tefhp e?a‘?tuife.éIr as

energy savings is concerned, is based al I aci ouys 1 reas nlng

outside air cdReAHINGMeIS @éﬂ%@%{r@t@n"émm%‘? ‘Pf@d'tw!tm'aéssPﬁﬁ? eing air reqw re
a cool ant suppjonditieee controbmicans cofndéd td ¢, drybeibatafm hﬁul‘@mééﬁum

d
o e o iR Db o Ao BR PELL Ly Bror
early days whahe enehrwneaas and/octhesire obcbaling sutfacd avaliablelte the aie beimgn t he
oy b ™" el Ryl BBt o Ak P
i nt ernal r oommeasure humidity of air within the space being air conditioned, and further controI
means effecting a change in the evaporator temperature in response to the
10  humidity measuring means and/or the coolant velocity measuring means whereby
maintaining variable refrigerant evaporator temperatures which are as high as
performance standards and design applications permit for each of the operating
intemal and external heat and moisture load conditions occurring over a total air
conditioning range.

15 8. A method of effecting refrigerant air conditioning as in claim 7 further
characterised in that the refrigeration means to effect a selected extent of cooling
by a refrigerant evaporator includes a compressor and means which effect a
change in the speed of a motor drive in reponse to the control means.

9. A method of effecting refrigerant air conditioning as in either one of

20 preceding claim 7 or 8 further characterised in that the control means include means
to control the flow rate of coolant through the chiller and in the event of directing a
lower than selected flow rate, effecting a deactivation of a portion of the cooling coil
to be used.

10. A method of effecting refrigerant air conditioning system as in any one of

25 preceding claims 6, 7 or 8 further characterised in that there are means effecting a
change in the pressure of the evaporator in response to directions from the control
means.

11. A method of effecting air conditioning of a space including refrigeration
means to effect-a selected extent of cooling by a refrigerant evaporator to effect
30 either directly or indirectly a cooling and dehumidifying of air to be conditioned,
temperdiure measuring means to measure the temperature of air within a space
being air conditioned, humidity measuring means to measure humidity of air within
the space being air conditioned and control means to effect a change in an amount
of air being subject to the cooling means, and further to control an extent of cooling
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are over cool edhlssmeraiMnB@ppddy air to the rooms nust be reheat eBCT/AVU8HAE36
cases the desi g av0| d part or all of the reheaRécsiyedls October 1999
al I owi ng Ibterrperatureto be | ower. Neverthel ess, it
still is wastefu the largé® return air portion of the out si de

air-return air conblnatlon had been over cooled. In the absence of
reheating, t heeftackavailablafrars thesevanasator, dae control maging effectingseandiol of the aime

occupant s dr essiionridabieRTEseRlihg Bbriory n chafibifighid AL dihane'

Weat her Bureau i nga @%/ curves

est abl i shi ng d@ﬁ‘%ﬁ"ﬁé‘&? C'P"tﬂget‘ﬂé"m eNBraysofas tordingst t@ege tQ aiptaining a Two
very differentrefi émﬁt@lapuﬁloﬂ&rﬁdmm@wmohﬁs bhﬁﬂb&dhél‘éby Iftsebe set to §§éleb|
SSZ'egncg%t r%hl s sg\:[n ' l'?as performance sc{ané)aras a‘“’é d%SIg applica ttlons pex'nﬁll yartabie

response to any of a range of temperature and humidity.

12, A method of effecting air conditioning of a space as in claim 7 wherein said
proportional and integral control output equipment is coupled to said humidity
control means and also to said coolant velocity control means where chillers are

10 employed, said method further comprising establishing the governing set point for
the evaporator temperature to be determined by the humidity control means or
the coolant velocity means set point value whichever is the higher after start up
and after transfer of heat and moisture loads to the controlled environment and
thereby in tum controlling said evaporator pressure/temperature to be as high as

15 performance standards and design applications pemnit for the particular balance
point in the range.

13. A method according to claim 12 further comprising continuously
readjusting, the performance of the refrigeration system on change of loads so that
said maximum set points of humidity or coolant velocity generate an evaporator

20 pressure/temperature set point and thereby a coolant supply temperature set
point where chillers are employed to be as high as performance standards and
design applications permit.

14, A method according to 12 further including resetting one of input

evaporator pressure signal, and input coolant supply temperature signal so as to
25 maintain evaporator temperature compatible with the greater of said maximum

humidity and coolant velocity set points, effecting said resetting by varying input

capacity when employing other altemative compressors with different speed

regulation means such as sliding valves, prerotating vanes, or cylinder unloading

devices whereby to in tum adjust its capacity to achieve an evaporator set point to
30 each of all specific environmental operating conditions in said range.

15. ~ "A method according to 14 wherein said compressor has a range of
speeds between a minimum and a maximum, speed control means coupled to
said compressor, and wherein there is no secondary coolant nor chiller but treated
air interfaces with said evaporator in a heat exchange, said method comprising

TN
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establishing as a minimum set point said minimum compressor speed, such that in

the case where said design input value of humidity set point is not reached, the

evaporator temperature will be determined by the compressor at the

manufacturers minimum speed setting and be supplied within the variable speed
5 control device or equivalent control.

16. A method according to 14 including a capacity control system establishing
one of said coolant input values to reach its design set point and thereby a
balance point having a mass flow rate of refrigerant which is generally constant for
each specific refrigeration output load, and when the proportional plus integral

10  output calculated set point in combination with the process variable signal from
either the evaporator pressure sensor or in the case of chiller from the coolant
supply temperature sensor signals a reduction in the compressor revolutions per
minute it is at a relatively high specific volume and is at a relatively low suction
pressure, if the treated space humidity is below its set point and the coolant

15  velocity is also below its set point then readjusting said flow rate to a relatively low
specific volume and a suction pressure which is relatively high and thus generate
an evaporator temperature/pressure set point as high as reasonably feasible for
its particular operating condition based on having established the higher of the
treated space humidity or coolant velocity set points, and if this signal had

20 demanded an increase in compressor rpm, then this lower evaporator
temperature would also be as high as performance standards and design
applications permit.

17. A method according to claim 1 wherein the configuration comprises a
single coil servicing outside air and retum air combined together to form the supply

25  air to the treated space. This single coil method to be empioyed only in
consistently low humidity climates wherein the outside air does not exceed the
maximum dew point temperature permissible by engineering standards for indoor
conditions.

30 18. A method according to any one of the preceding method claims including an
outside air coil and a retum air coil in an arrangement of passing all or most of the
liquid coolant required for the total system to pass first through the outside air coll,
thus inteérfacing with the relatively small outside air fraction of total supply air and thus
having a low coolant temperature rise when leaving the outside air coil to be the

35 source of the coolant flowing through said retum air coil and thus overcoming the lag
of mass transfer behind heat transfer arising from the failure of retum air coils
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handling high treated space dew point temperatures to sufficiently offset the
treated space latent heat loads since when the treated outside air mixes with the
treated retum air, the outside air coolant has contributed in offsetting all or part of the
latent heat load of the treated space and furthermore has contributed in offsetting
part of the sensible heat loads of the treated space, resulting in a reduced the size
of the retum air cooling coil being acceptable.

19. A method according to any one of the preceding method claims further
including a single coil with outside air and retumn air combined to pass through a
single coil to form the supply air to the treated space, said method including the
steps of mixing low dew point temperature outside air with retumn air to produce
said supply air, enabling the low dew point temperature of the outside air to offset
at no energy or part energy cost the latent heat loads in the treated space due to
the high evaporator and coolant temperatures resulting from the high evaporator
set point from this humidity economy cycle.

20. A method according to claim 7 wherein upon maintaining the highest
evaporator temperature compatible with the design and not exceeding maximum
acceptable performance standards when it treats either directly or indirectly the air
that is to be conditioned, the effect of the higher treated space evaporator set
points in addition to reducing the input energy to the compressor also reduces the
output refrigeration capacity when increasing to a higher but acceptable room
humidity while fully offsetting the latent heat loads to the system, the output
energy requirement is reduced, thus the input energy to the system is further
reduced.

21.  The method according to claim 7 enables performance to be tailored for
each operating condition, with each design having broad climatic coverage due to
the flexibility of the system to offset the infinite combinations of intemal heat and
moisture loads over wide climatic range, with the consequence the same system
has a universal application to fit numerous climates with the limitation being mainly
that of size range and variation in ratio of outside air to total supply air, a universal
system covering all desired size ranges can readily be established.

22. A method according to any one of the preceding method claims further
including an outside air coil and a retum air coil, and automatically employing during
non-humid weather when outside air is below dew point temperature of the
supply air to the treated space, said method including the steps of mixing low
dew point temperature leaving outside air with leaving retum air to produce said

supply AMENDED Sy THIS SHEET HAS BEEN
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air, enabling the low dew point temperature of the outside air to offset at no
energy cost all or part of the latent heat load in the treated space due to the high
evaporator and coolant temperatures resulting from the high evaporator
temperature set point making possible this humidity economy cycle when at high
outside air dry bulb temperatures and also offsetting part of the treated space
sensible heat load to in effect reduce the size of the retum air coil.

23. A variable air volume refrigerant air conditioning system comprising a
compressor, a refrigerant evaporator, a condenser, a chiller for chillihg liquid coolant,
and said chilled liquid means for controlling the supply air dry bulb temperature and
air impelled by impeller, conduit means directing flow of said impelled air through
air volume dampers for regulating treated space dry bulb temperature, and means
to effect sufficient mass flow of refrigerant through said evaporator and velocity of
chilled liquid through said heat exchangers to retain turbulent flow of said chilled
liquid through said heat exchangers.

24, A method of air conditioning as in any one of the preceding method claims
further characterised in that the system is a constant air volume air conditioning
system and includes a compressor, a refrigerant evaporator, a condenser, an air

flow impeller with air cooled in said evaporator in absence of a chiller, and said

means for controlling treated space dry bulb temperature by regulating the density
of the refrigerant maintaining the relative humidity set point for the treated space.

25. A method of air conditioning as in any one of the preceding method claims
further characterised in that the system includes a heat exchanger having a coil of
variable active size.

26. A method of air conditioning as in any one of the preceding method claims
further characterised in that the system maintains coolant within a heat exchanger at

a turbulent velocity.
R R
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syst em bei ng capable of treating a conditioned space by at |east ng@c‘ﬁ?ﬁé}gg
return air fromthe conditioned space in return air coils, “QF

condi tioning system havi ng at | east one conpressor and an
evaporator and circulating a cool ant through the return air
coils, the return air coils having contx/o val ves capabl e of

regul ating coolant flow, and having a size that is able to be
vari ed between a m ni num and a maxi mum wherein the nethod includes: 10
(a) setting desired tenperature and hum dity set points for the

conditi ongd space; (b) setting dgsired maxi num and m ni num
cool ant velocity set points for the velocity of cool ant
through the return air coils; (c) measuring the conditioned
space tenloer ature and providing a 15 tenperature contr ol
si gnal copput froma deviation val ue of t he conditioned
space tenperaj 98} the tenperature set I}poi nt, the
tenperatuje d ue bei ng represent atji ve
changed sgnsi pl e heat | requirenments;
W |
A A

FIG 1a FIG 1b

Pressure, kPa

f ﬂ}%

o Enthalpy, kJ/kg

FIG 2
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(d) measuring the coolant velocity through the return air _coi. Igfg@go e??ggg
providing a coolant velocity control signal conputed f r om a Recelv
devi ation value of the coolant velocity fromthe nmaxi num

cool ant velocity set point; (e) measuring the conditioned
space humdity and providing a 2/10 hum dity control signal
conputed froma deviation value of the 25 condi ti oned space
hum dity from the conditioned space hum dity set point,
the hum dity devi ation val ue bei ng representative of
changed evaporator,tenperature and | atent heat | oad
requi renent|{sC |°F (f) in response to the tenperature control
si gnal , Var¥10@)§{’+§@: 30 coolant flow tao the return air coils
by regul ati ﬁ cont r ol “ vial ves| to et the changed
sensiblegwéamd,l Qa¢l H—egu ; gy —4-hn— 2 to the cool ant
velocitywmqntrgl signal{ varf\ 1 he Size pf the return
air coil ﬁquqh t'_b@ thal cha Irze nrleventis
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the cool ant velocity from exceedi ng sai d naxi mum cool ant Recetved ¢
~velocity or fromreduci ng bel ow said m ni mum cool ant vel ocity;

(h) subsequent to a variation in size of the return air coils, providing
an adj usted cool ant velocity control sggggl; and 5 (i) in response
to the higher of the coolant velocity control signals
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and the humdity control signal, providing an evaporator EdeSOader”9

tenperature control signal to adjust the evaporator tenpera
to a maxi mumto thereby optim ze input energy reduction. 10 2. A

met hod according to claim 1 wherein the air conditioning system
additionally treats ventilation air fromoutside the conditioned space in
outside air coils and m'xes the treated/80Qtside air with the return air

bef ore —sHppPtpi Ng the treated m xture to the conditioned space,

t he cool ant Eg;jeﬁmmplrculatlng through the outside air coils before
passi ng td‘% e r—corts—t5 3~ A-metirod—accordrng—to—cthai m 1
I ncluding,|if coolant velaocity through the return air doils
i s bel ow tihe m nj mum cool ant velocity set poi nt, increasing t he
cool ant vell ociitylto at or above the M ni mum cool ant vel ocity set pointf by

decreasing the sjze of the return air coils.
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20 4.
systemis a

A nmet hod according to claim1l wherein the air con_diﬁﬁ;y@U
variabl e or constant air vol ume systR§FY P

~or indirectly treats the
A nmet hod according to claim1l wherein the air conditioning systemis a
vari able or constant air volunme systemwhere indirectly a coolant treats

air

in the conditioned space.

00536
Akt
25 5.

t he air in the conditioned space and utilizes a chiller as at
| east part of that treatment. g :’1.39 6. A et hod according to
claiml1l wherein the adjustnment of the evapér at or tenperature is
effected by controlling conpressor capacity.
Room Humidity Set
Humidity Point Control
Sensor QOutput
Calculate
/ Set Points
10 12a
Calculated
Set Point
—
Evaporator 14 P+l Control
Pressure L of Evaporator
Sensor T/P
Process
Variable <
System
I Variable Speed
Control
[ +r s )
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¢
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Block Diagram of Evaporator Pressure Control System

Evaporator interchanging directly with treated air
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system bei ng capable of treating a conditioned space by at eastpgéﬁgm

return air fromthe conditioned space, the air conditioni ngR 4 ﬁ?/‘?eﬁ
at | east one conpressor with é”&%det erm ned m nigum conpr essor
Speed ertrel—ertt C‘rupurﬁﬁ-l IJIVVTU'I i) Jreert——e Ph return air
and outside dim 10 the evaporator having™g si s able to be
vari ed betwedn@ ni ni num
includes: s | & XN

points foiTtHeo condi ti oned spade; (b)
measuring f he %)ndlwon‘e\d space\t eratuge awd prgviding a 15 g
t enper at dogtrol signal conpyted from a devi ati onfvallue of ]
t he condi el space terrperatu e fromthe t enper afufe get 7
poi nt, theft enperattre ucvrcunun re—erno-represeht atli ve of g
changed sensible heat |0 ts; (c) measuri ngQ hes
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- 39- 9. A method accor di ng to claim8 wherein the air PCT/AU98/00536

condi tioning system additionally treats outsi deRa¢eaivedd§ Octoberr1999
air in separate evaporators, or in separate portions of
evaporators, and mxes the treated outside air with the treated

return air before supplying the m xture 9d1bhe condi t i oned space. 5

10. A nethod according to claim8 wherein the air conditioning systemis a
vari able or constant air volume systemthat directly treats the air in the
condi ti oned space.

MOISTURE CONTENT (g Water/Kg Dry Air)
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10 11. A method accor di ng to claim8 wherein the control signal BCT/AURBI0A536

to hunmi dity and tenperature are provided by propReceiveht Ogbhes 1999
integral controllers. 12. A nethod according to claim38
wherein the adjustnment of the evaporatpg/1® ~ o ot enperature is effected
by controlling conpressor capacity. 13. SAgpa&ratus for controlling

an air conditfontng system tnejair conditioning.’ 2 system bei ng
capable of trpating a conditiongd space by at | t Leat i ng

return air frpmthe conditioned|space in retur cgids, the air

condi tioning RO syst ey havi at | east ng'bessor and an
evaporator anfl circulating a I; ,f' :] cool ar:: qg:%t he return air

coils, the return air coils h ng si ze that'--i;s"---t-'
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able to be varied between a nininmumand a maxi num the app@? 3t Ro 1248

i ncl udi ng: (a) a conditioned space humi dity sensor?o% wpy!
condi tioned space 25 tenperature sgnsor—and—a-cootant

vel ocity sensor for det ermi ni ng |t EPLACKNENT, SHIEET he

cool ant entering the return air co[ts; b) an
evaporator tenperature controller; (c) rr?apxr‘frpl’g“ﬁ} gviding a

t enperature control signal computed 30 ‘rom™a devi dtipn val ue
of conditioned space tenperature froma tenperature set

poi nt ; 34 :

10

15

20

25

30

As indicated under the heading above, “Brief Description of the Preferred
Embodiments”, Fig 8a represents two psychrometric charts describing a
system employing a separate outside air cooling coil and return air cooling
coil. Fig 8a top represents a peak, high humidity level climate. Fig 8a bottom
represents a low humidity level climate. Fig 8b employs a single coil handling
both outside air and return air. Fig 8b top represents a peak high humidity
level and Fig 8b bottom represents a low humidity level climate.

When a single coil is employed to treat both the ventilation air and the return
air as is the case with Fig 8b top, two very differing combinations of sensible
and latent heat loads are to be offset simultaneously with the same cooling
surface. The consequence is an energy wasteful system. Unfortunately this is
a very popular system in medium and low humidity climates. It is a system
which, as far as energy savings is concerned, is based on fallacious
reasoning. The outside air combination of sensible and latent heat loads may
require a coolant supply temperature that is very low, whereas the return air
combination of sensible and latent heat loads may be offset with a
considerably higher coolant supply temperature. Again, this relates to the
early days when energy was not considered important. At the time when the
outside air is at a high humidity, a low coolant supply temperature may be
necessary to offset the loads. This means that the smaller internal room loads
are over cooled. Then the supply air to the rooms must be reheated. In some
cases the desigher manages to avoid part or all of the reheating by allowing
the room dry bulb temperature to be lower. Nevertheless, it still is wasteful
since the larger return air portion of the outside air-return air combination had
been over cooled. In the absence of reheating, the treated space is often too
cold for comfort for the occupants dressed in their summer attire.

Fig 9 indicates present Weather Bureau Data for Singapore and Adelaide
marked by curves establishing design loci for the dry bulb day time
temperatures. Two very different climates such as these can be treated by the
same design by this invention.

Fig 10 shows diagrammatically a variable speed control module.
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(h) “control means capabl e of receiving the humdity contthtost ga\a;b/;)"(“'g
and the coolant velocity control signal, selecting the highe,¢ e/’

control signal
tenperature controller to adjust the evapggator tenper at
maxi numto thereby optim ze input energy requirenents.
Apparatus according to claim 13 wherein the air conditjoping system nf

additionally includes outside air coil sd_g‘mﬁr eating vefht{! 8t3 ofAMRIPEIZ ro

out si de

cool ant circulating 20 t her et hrough, and a neang m Xi ng Ut
treated outsjde ajr with t treated return hi
the mixture t-o tHd el Pf)ﬁ@ﬂt@w%ean air Cond'ﬂgn'nQAﬁﬁé?E’c ea@'&ﬁ%a%

and providing a control signal to the evaporator

the conditioned spa out si de i c0|Is haV|n

claim 13 wherei n d g deifig (bbb Festit) 8"2driifoned space by at least treating

5

10

15

20

25

30

return air from the conditioned space in return air coils, the air conditioning

system having at least one compressor and an evaporator and circulating a

coolant through the return air coils, the return air coils having control valves

capable of regulating coolant flow, and having a size that is able to be
varied between a minimum and a maximum, wherein the method includes:

(a) setting desired temperature and humidity set points for the
conditioned space;

(b) setting desired maximum and minimum coolant velocity set
points for the velocity of coolant through the return air coils;

(¢) measuring the conditioned space temperature and providing a
temperature control signal computed from a deviation value of
the conditioned space temperature from the temperature set
point, the temperature deviation value being representative of
changed sensible heat load requirements;

(d) measuring the coolant velocity through the return air coils and
providing a coolant velocity control signal computed from a
deviation value of the coolant velocity from the maximum
coolant velocity set point;

(e) measuring the conditioned space humidity and providing a
humidity control signal computed from a deviation value of the
conditioned space humidity from the conditioned space
humidity set point, the humidity deviation value being
representative of changed evaporator temperature and latent
heat load requirements;

4] in response to the temperature control signal, varying the
coolant flow to the return air coils by regulating the control
valves to meet the changed sensible heat load requirements;

(@) in response to the coolant velocity control signal, varying the
size of the return air coils such that the changed size prevents

* c L M H *
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vari abl e or constant air volune systemthat indirectly,

~t--eat-s-—t-he—at+—
condi ti oned space. 16.  Appar at usREPELACEMBNTt SHEER

13 wherein the air conditioning systemis a VII rabteor—conkt Ant

t he 25

air volune systemwhere indirectly cool apntg7t.reats the
condi ti oned space and utilizes a chiller as at |east par

treat nent.

10

15

20

25

30

-

VR

the coolant velocity from exceeding said | maximum coolant

velocity or from reducing below said minimum coolant velocity;
(h)  subsequent to a variation in size of the return air coils, providing
an adjusted coolant velocity control signal; and
(i) in response to the higher of the coolant velocity control signals
and the humidity control signal, providing an evaporator
temperature control signal to adjust the evaporator temperature
to a maximum to thereby optimize input energy reduction.

A method according to claim 1 wherein the air conditioning system
additionally treats ventilation air from outside the conditioned space in
outside air coils and mixes the treated outside air with the return air before
supplying the treated mixture to the conditioned space, the coolant
circulating through the outside air coils before passing to the return air coils.

A method according to claim 1 including, if the coolant velocity through the
return air coils is below the minimum coolant velocity set point, increasing
the coolant velocity to at or above the minimum coolant velocity set point by
decreasing the size of the return air coils.

A method according to claim 1 wherein the air conditioning system is a
variable or constant air volume system that directly or indirectly treats the
air in the conditioned space.

A method according to claim 1 wherein the air conditioning system is a
variable or constant air volume system where indirectly a coolant treats the
air in the conditioned space and utilizes a chiller as at least part of that
treatment.

A method according to claim 1 wherein the adjustment of the evaporator

temperature is effected by controlling compressor capacity.

AR
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-41- 17. Apparatus according to claim13 wherei n—t4

signals relating to hum dity, tenperature an RﬁﬂhhﬁﬁMENg(§HEEJ
are provided by proportional plus integral contffolTérs.

18. Apparatus according to claim 13 wherggn the adjust nengt @h tﬁ hﬂz
evapor at or tenperature is effected by control |ng co#pressor
capacity. 19. Apparatus for controlling an air cpn fFIﬂﬁ#ﬁg‘SySf

the air conditionin . t ej T

condi ti oned paceAb&egfoq ggg{)rd["piﬁ?i ﬁg]'ﬁo* %&%ﬂfg%%r%"a ﬁéﬁ%g %éatlng 1o~

condi ti oned spacehurhlthtypitemperdtuie @Rtdngoasisnt eslobityiarg ptovided by proportional
plus integral controllers.

5 8. A method of controlling an air conditioning system, the air conditioning
system being capable of treating a conditioned space by at least treating
return air from the conditioned space, the air conditioning system having at
least one compressor with a predetermined minimum compressor speed
and an evaporator providing heat exchange with return air and outside air,

10 the evaporator having a size that is able to be varied between a minimum
and a maximum, wherein the method includes:

(@) setting desired temperature and humidity set points for the
conditioned space;

(b) measuring the conditioned space temperature and providing a

15 temperature control signal computed from a deviation value of
the conditioned space temperature from the temperature set
point, the temperature deviation value being representative of
changed sensible heat load requirements;

(c) measuring the conditioned space humidity and providing a

20 humidity control signal computed from a deviation value of the
conditioned space humidity from the humidity set point, the
humidity deviation value being representative of changed
evaporator temperature and latent heat load requirements;

(d) in response to the temperature control signal, varying flow of

25 refrigerant in the evaporator such that the changed sensible
heat load requirements are met;

(e) in response to the humidity control signal, providing an
evaporator temperature control signal to adjust the evaporator
temperature to a maximum to thereby optimize input energy

30 requirements, said maximum evaporator temperature being
limited such that the compressor speed does not reduce below
the predetermined minimum compressor speed.

* c L M S *



| east one conpressor with a predeterm ned m ni num CorrpreséglhﬁﬁgﬁE@ENJ §|-|EET

and an evaporator providing heat exchange with return air

the evaporator having a size that is able to be varied be en m ni rgum
and a maxi mum of its operating range, the qgpparatus includingd 35JAN 2802 (p)
a conditioned space humdity sensor and a conditioned spage

t enper at ure sensor; (b) an evaporator. tenperafure controller;
(c) means §or 0 rggu r h{) opal d_._ o]
froma devi a?l on 5amée1h§€ %%(Ih(ﬁapgoned&gb C ng 634] aﬂ@ @(f I0BHIg SYS stenm

t enperature set paddltlonally treats outside) air @ﬁdn@tdmranpﬁm%eﬁam %vbpmaibﬁsy or in
control signal vi ati on val ue of

condi ti oned space%ﬁgg? P?R‘Ppﬁﬂfﬁvﬁgﬂ'ia@?rﬁyand mlxes S the treated owsiderir with the
(e) neans for Vﬁéé{ﬂeﬂg'eh.l?ﬁ a?r']?fBF@él?ﬁplﬁhﬁ?hé MikGrER TR ddhdithed space.

tenperature control signa
5
10. A method according to claim 8 wherein the air conditioning system is a
variable or constant air volume system that directly treats the air in the

conditioned space.

10 11. A method according to claim 8 wherein the control signals relating to
humidity and temperature are provided by proportional plus integral
controllers.

12. A method according to claim 8 wherein the adjustment of the evaporator
15 temperature is effected by controlling compressor capacity.

13.  Apparatus for controlling an air conditioning system, the air conditioning
system being capable of treating a conditioned space by at least treating
return air from the conditioned space in return air coils, the air conditioning

20 system having at least one compressor and an evaporator and circulating a
coolant through the return air coils, the return air coils having a size that is
able to be varied between a minimum and a maximum, the apparatus
including:

(a) a conditioned space humidity sensor, a conditioned space

25 temperature  sensor, and a coolant velocity sensor for

determining the velocity of the coolant entering the return air
coils;

(b)  an evaporator temperature controller;

(c) means for providing a temperature control signal computed

30 from a deviation value of conditioned space temperature from a

temperature set point;

A



(f) 'control nmeans capable of receiving the humdity contREP|ACEMENT SHEET
and providing a control signal to the evaporator tenperatufe

controller to adjust the evaporator tenperature to a nax rrur’rbtao 2082
t hereby optim ze input energy requirenmentgqg said maxi munj 3p JAN 2
evaporator tenperature being limted such that the conprpgsgor

speed does not reduce bel ow the predeterm ned m ni num

o)
=

A
conpressor speed.y  means for providing a humidity control signal computed from a

deviation value of conditioned space humidity from a humidity
set point;
(e) means for providing a coolant velocity control signal computed
5 from a deviation value of coolant velocity from a coolant velocity
set point;
(" means for varying the return air coil size in response to the
coolant velocity control signal;
(@) means for varying the coolant velocity to the return air coils in
10 response to the temperature control signal; and
(h)  control means capable of receiving the humidity control signal
and the coolant velocity control signal, selecting the higher
control signal and providing a control signal to the evaporator
temperature controller to adjust the evaporator temperature to a
15 maximum to thereby optimize input energy requirements.

14.  Apparatus according to claim 13 wherein the air conditioning system
additionally includes outside air coils for treating ventilation air from outside
the conditioned space, the outside air coils having coolant circulating

20 therethrough, and a means for mixing the treated outside air with the
treated return air before supplying the mixture to the conditioned space.

15.  Apparatus according to claim 13 wherein the air conditioning system is a
variable or constant air volume system that indirectly treats the air in the
25 conditioned space.

16.  Apparatus according to claim 13 wherein the air conditioning system is a
variable or constant air volume system where indirectly coolant treats the
air in the conditioned space and utilizes a chiller as at least part of that

30 treatment.
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20. Apparatus according to claim19 wherein the air conﬁmmﬁﬁma\lh&iﬁﬁﬁ

utilizes an evaporator for treating both veptjTation air—TTjo
out side the conditioned space and return aif,|tfe tcr ?
having refrigerant circul ating -4qtheret hroughf pnd* a%ﬁgg‘@ r ;'
mxing the treated outside air with the 5 treate .cm.. &t

before supplying the mxture to the conditioned space.
Appar at us acgpr di I r t

VrTabl 6 or UonstApards Beirhd 5 R, tatwiblelf IRE (A okl e R B
condi ti oned spacehuriidity, temﬁératurépand actoaﬂ;aracwlodltyl@re Cprovviglieth IW proportiomat he
air conditioning Sést em varl abl e or constant air vol une

system where an & Hliﬁgr@?cﬁmf%'l,eﬁy treat

5 18. Apparatus according to claim 13 wherein the adjustment of the evaporator
temperature is effected by controlling compressor capacity.

19. Apparatus for controlling an air conditioning system, the air conditioning
system being capable of treating a conditioned space by at least treating
10 return air from the conditioned space, the air conditioning system having at
least one compressor with a predetermined minimum compressor speed
and an evaporator providing heat exchange with return air and outside air,
the evaporator having a size that is able to be varied between a minimum
and a maximum of its operating range, the apparatus including:
15 (a) a conditioned space humidity sensor and a conditioned space
temperature sensor;
(b)  an evaporator temperature controller;
(c) means for providing a temperature control signal computed
from a deviation value of conditioned space temperature from a
20 temperature set point;
(d) means for providing a humidity control signal computed from a
deviation value of conditioned space humidity from a humidity
set point;
() means for varying the evaporator size in response to the
25 temperature control signal; and
\j) control means capable of receiving the humidity control signal
and providing a control signal to the evaporator temperature
controlier to adjust the evaporator temperature to a maximum to
thereby optimize input energy requirements, said maximum
30 evaporator temperature being limited such that the compressor
speed does not reduce below the predetermined minimum
compressor speed.
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t he éir In the conditioned space and utilizes a refriger ET
| east part of that treatnent. 15 23. Mﬂ?ﬁm

to claim19 wherein the control signals relating to ZC!'!I y amd
tenperature are provided by proportional pfus integral 03 JAN il

controllers. 20 24. Apparatus according to claim19 jwierein_ the
adj ust nent of the evaporator tenperature is dffected by

control l'ing ognpr &sparatG&BaCrdihg to claim 19 whersin the air conditidhing system utilizes
an evaporator for treating both ventilation air from outside the conditioned

space and return air, the evaporator having refrigerant circulating
therethrough, and a means for mixing the treated outside air with the
5 treated return air before supplying the mixture to the conditioned space.

21. Apparatus according to claim 19 wherein the air conditioning system is a
variable or constant air volume system that directly treats the air in the
conditioned space.

10
22.  Apparatus according to claim 19 wherein the air conditioning system is a
variable or constant air volume system where an evaporator directly treats
the air in the conditioned space and utilizes a refrigerant cycle as at least
part of that treatment.
15

23.  Apparatus according to claim 19 wherein the control signals relating to
humidity and temperature are provided by proportional plus integral
controllers.

20 24. Apparatus according to claim 19 wherein the adjustment of the evaporator
temperature is effected by controlling compressor capacity.
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