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(54) A ROOFTOP AIR CONDITIONING UNIT

(57) A rooftop air conditioning unit, RTU, (100) is
disclosed. The RTU (100) comprises an absorber
(102) configured in a supply airstream (SA), a desorber
(104) configured in a regeneration airstream (RA),
wherein the desorber (104) is fluidically connected to
the absorber (102) via a liquid desiccant system (106)
and an interchange heat exchanger (108). The RTU
(100) further comprises a first heat exchanger (110-1)
configured upstream of the absorber (102) in the supply
air stream (SA), a second heat exchanger (110-2) con-
figured upstream of the desorber (104) in the regenera-
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tion airstream (RA), wherein the first heat exchanger
(110-1) is fluidically connected to the second heat ex-
changer (110-2) via a vapor compression system (112),
and one or more secondary heat exchangers (114-1,
114-2) configured between the vapor compression sys-
tem (112) and the liquid desiccant system (106), wherein
the one or more secondary heat exchangers (114-1,
114-2) are operable to control temperature of a desiccant
associated with the liquid desiccant system (106) into the
absorber (102) and/or into the desorber (104).
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Description
BACKGROUND

[0001] This invention relates to the field of rooftop air
conditioning units, and more particularly, a simple, im-
proved, and efficient liquid desiccant-based rooftop air
conditioning units.

[0002] Existing rooftop air conditioning units (RTUs)
may involve a liquid desiccant system to provide dehu-
midification capabilities with a liquid desiccant contact
media device installed downstream of an evaporator in
the supply airstream. The non-isothermic process of the
media device may condition the supply airstream. How-
ever, additional cooling or heating of the airstream prior to
being supplied to space may be needed due to the state
of the air coming out of the liquid desiccant device.

SUMMARY

[0003] Described herein is a rooftop air conditioning
unit (RTU). The RTU comprises an absorber configured
in a supply airstream, and a desorber configured in a
regeneration airstream, wherein the desorber is fluidi-
cally connected to the absorber via a liquid desiccant
system and an interchange heat exchanger. The RTU
comprises a first heat exchanger configured upstream of
the absorber in the supply air stream, a second heat
exchanger configured upstream of the desorber in the
regeneration airstream, wherein the first heat exchanger
is fluidically connected to the second heat exchanger via
a vapor compression system, and one or more second-
ary heat exchangers configured between the vapor com-
pression system and the liquid desiccant system, where-
in the one or more secondary heat exchangers are oper-
able to control the temperature of a desiccant associated
with the liquid desiccant system into the absorber and/or
into the desorber.

[0004] In one or more embodiments the one or more
secondary heat exchangers comprise a third heat ex-
changer configured in a desiccant upstream of the ab-
sorber.

[0005] In one or more embodiments, the one or more
secondary heat exchangers comprise a fourth heat ex-
changer configured in a desiccant upstream of the des-
orber.

[0006] In one or more embodiments, the first heat
exchanger, and a refrigerant side of the third heat ex-
changer are fluidically coupled to the second heat ex-
changer, and a refrigerant side of the fourth heat exchan-
ger via the vapor compression system.

[0007] In one or more embodiments, a desiccant side
of the third heat exchanger is fluidically coupled to a
desiccant side of the fourth heat exchanger via the inter-
change heat exchanger and the liquid desiccant system.
[0008] In one or more embodiments, the one or more
secondary heat exchangers are operable to control tem-
perature of the desiccant supplied to the absorber to
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adjust the temperature and humidity of the supply air-
stream downstream of the absorber to predefined values.
[0009] In one or more embodiments, the predefined
value of the temperature of the airstream downstream of
the absorber is in a range of 70°F to 75°F.

[0010] In one or more embodiments, the third heat
exchanger is operated as an evaporator when the de-
siccant supplied to the absorber is to be cooled for
adjusting the temperature and the humidity of the supply
airstream downstream of the absorber to the predefined
values.

[0011] In one or more embodiments, the third heat
exchanger is operated as a condenser when the desic-
cant supplied to the absorber is to be heated for adjusting
the temperature and the humidity of the supply airstream
downstream of the absorber to the predefined values.
[0012] In one or more embodiments, the one or more
secondary heat exchangers are operable to control the
temperature of the desiccant flowing into the absorber to
a first predefined desiccant temperature to control mass
transfer potential from the desiccant to the regeneration
airstream at the absorber.

[0013] In one or more embodiments, the one or more
secondary heat exchangers are operable to increase the
temperature of the desiccant flowing into the desorber to
a second predefined desiccant temperature to control
mass transfer potential from the desiccant to the regen-
eration airstream at the desorber..

[0014] In one or more embodiments, the one or more
secondary heat exchangers is a brazed-plate heat ex-
changer.

[0015] In one or more embodiments, the one or more
secondary heat exchangers further comprise an up-
stream metering device or an expansion device for a
refrigerant when the corresponding secondary heat ex-
changer is operated as an evaporator.

[0016] In one or more embodiments, the RTU is
adapted to be configured at an area of interest (AQOI) to
supply the airstream having the predefined values of the
temperature and humidity at the AOI, and further receive
the return airstream from the AOIL.

[0017] In one or more embodiments, the RTU com-
prises a controller that is configured to receive a set of
instructions pertaining to the predefined values of the
airstream to be supplied at the AOI, and control operation
of one or more of the heat exchangers associated with the
system to supply the airstream having the predefined
values of the temperature and humidity to the AQI.
[0018] Also described herein is a liquid desiccant-
based outdoor air system. The system comprises an
absorber configured in a supply airstream, and a deso-
rber configured in a regeneration airstream, wherein the
desorber is fluidically connected to the absorber via a
liquid desiccant system and an interchange heat exchan-
ger. The system comprises a first heat exchanger con-
figured upstream of the absorberin the supply air stream,
a second heat exchanger configured upstream of the
desorber in the regeneration airstream, wherein the first
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heat exchanger is fluidically connected to the second
heat exchanger via a vapor compression system, and
one or more secondary heat exchangers configured
between the vapor compression system and the liquid
desiccant system, wherein the one or more secondary
heat exchangers are operable to control the temperature
of a desiccant associated with the liquid desiccant sys-
tem into the absorber and/or into the desorber.

[0019] The foregoingsummaryisillustrative only andis
not intended to be in any way limiting. In addition to the
illustrative aspects, embodiments, and features de-
scribed above, further aspects, embodiments, features,
and techniques of the invention will become more ap-
parent from the following description taken in conjunction
with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings are included to
provide a further understanding of the invention. The
drawings illustrate exemplary embodiments of the inven-
tion and, together with the description, serve to explain
the principles of the invention. However, the scope of the
invention is defined only by the claims.

[0021] In the drawings, similar components and/or
features may have the same reference label. Further,
various components of the same type may be distin-
guished by following the reference label with a second
label that distinguishes among the similar components. If
only the first reference label is used in the specification,
the description is applicable to any one of the similar
components having the same first reference label irre-
spective of the second reference label.

FIG. 1 illustrates an exemplary representation of a
liquid desiccant-based rooftop air conditioning unit
(RTU) that is also capable of handling outside air
(ventilation).

FIG. 2A illustrates an exemplary representation of
the RTU when the supply airstream is to be cooled to
provide a neutral or user-defined supply airstream
downstream of the absorber.

FIG. 2B illustrates an exemplary psychrometric chart
depicting the temperature and humidity of air in the
supply airstream and regeneration airstream in the
RTU of FIG. 2A.

FIG. 3 illustrates an exemplary block diagram of the
RTU of FIG. 1.

DETAILED DESCRIPTION

[0022] The following is a detailed description of embo-
diments depicted in the accompanying drawings. The
embodiments are in such detail as to clearly communi-
cate the invention. However, the amount of detail offered
is not intended to limit the scope of the invention; on the
contrary, the intention is to cover all modifications,
equivalents, and alternatives of these embodiments fall-
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ing within the scope of the subjectinvention as defined by
the appended claims.

[0023] Various terms are used herein. To the extent a
term used in a claim is not defined below, it should be
given the broadest definition persons in the pertinent art
have given that term as reflected in printed publications
and issued patents at the time of filing.

[0024] In the specification, reference may be made to
the spatial relationships between various components
and to the spatial orientation of various aspects of com-
ponents as the devices are depicted in the attached
drawings. However, as will be recognized by those skilled
in the art after a complete reading of the subject disclo-
sure, the components of this invention. described herein
may be positioned in any desired orientation. Thus, the
use of terms such as "above," "below," "upper," "lower,"
"first", "second" or other like terms to describe a spatial
relationship between various components or to describe
the spatial orientation of aspects of such components
should be understood to describe a relative relationship
between the components or a spatial orientation of as-
pects of such components, respectively, as the outdoor
air system, liquid desiccant system, absorber, desorber,
heat exchangers, vapor compression system, and cor-
responding components, described herein may be or-
iented in any desired direction.

[0025] Existing rooftop air conditioning units (RTUs)
typically include a supply airstream, a regeneration air-
stream, and a return airstream. RTUs may also involve a
liquid-desiccant system to condition the supply air
stream. When humidification and cooling are required
to condition the outdoor air to neutral conditions before
supplying to a space where the RTU is installed, ambient
or outside air is allowed to enter into the system from
outdoors and is cooled down to a lower temperature and
saturated state at an evaporator part of a vapor compres-
sion system installed in the supply airstream. The cooled
supply airstream is then supplied through and dehumi-
dified at a contact media device (absorber or dehumidi-
fier) associated with a liquid desiccant system where a
concentrated solution of liquid desiccant is sprayed or
blown across the supply airstream. The absorber or
media device is installed downstream of the evaporator
part in the supply airstream, in a process that decreases
the air dew point and increases its dry bulb temperature.
However, at this point of the process, the air downstream
of the absorber or media device may either be warmer or
colder than a user-defined range making it inconvenient
forthe usersin the space. The cooling or heating of the air
downstream of the absorber or media device in the ex-
isting system is typically done by integrating additional
heat exchangers and passive thermal devices such as
enthalpy wheels and recirculated fluid loops in the supply
airstream, regeneration airstream, and/or the return air-
stream. This makes the overall RTU bulky and expen-
sive. There is therefore a need to overcome the depen-
dence on additional heat exchangers and passive ther-
mal devices in the airstreams of the RTU to adjust the
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temperature and humidity of the supply airstream to a
user-defined range or a neutral range of 70°F to 75°F (21
°C to 24°C)..

[0026] This invention provides a simple, improved,
efficient, and cost-effective liquid desiccant-based roof-
top air conditioning unit. The RTU may be capable of
handling outdoor air (ventilation). The RTU conditions the
supply airstream downstream of the absorber in a com-
fortable or neutral range by controlling the temperature of
the desiccantliquid itself such that heat exchange, as well
as water mass transfer capability at the absorber and/or
the desorber, may be improved without the use of addi-
tional heat exchangers and passive thermal devices in
the airstreams, thereby efficiently and cost-effectively
controlling the temperature and humidity of the supply
airstream to a user-defined range or neutral range.
[0027] Referring to FIGs. 1 and 3, the rooftop air con-
ditioning unit "RTU" 100 capable of handling outdoor air
(ventilation) at an area of interest or space is disclosed.
The RTU 100 may include an absorber 102 (also referred
to as dehumidifier 102, herein) configured in a supply
airstream (SA), and a desorber 104 (also referred to as
regenerator 104, herein) configured in a regeneration
airstream (RA). The desorber 104 may be fluidically
connected to the absorber 102 via a liquid desiccant
system 106 and an interchange heat exchanger 108.
The RTU 100 may further include a first heat exchanger
110-1 configured upstream of the absorber 102 in the
supply airstream SA, and a second heat exchanger 110-2
configured upstream of the desorber 104 in the regen-
eration airstream RA. The firstheat exchanger 110-1 may
be fluidically connected to the second heat exchanger
110-2 via a vapor compression system 112. In addition,
the RTU 100 may include one or more secondary heat
exchangers 114-1, 114-2 configured between the vapor
compression system 112 and the liquid desiccant system
106. The secondary heat exchangers 114-1, 114-2 are
operable to control the temperature of a liquid desiccant
(alsoreferred to as desiccant, herein) associated with the
liquid desiccant system 106 into the absorber 102 and/or
into the desorber 104 to adjust the temperature and
humidity of the supply airstream downstream of the ab-
sorber 102 to predefined or user-defined values. In one or
more embodiments, the predefined value of the tempera-
ture of the airstream downstream of the absorber 102 is in
aneutral or comfort range of 70°F to 75°F but is not limited
to the like. The supply airstream (SA) may be the condi-
tioned outside air, however, the supply air stream may
also be a conditioned return airstream, or a mixture of the
outside air and return airstream.

[0028] In one or more embodiments, the secondary
heat exchangers 114-1, 114-2 may be a brazed-plate
heat exchanger, but is not limited to the like. The sec-
ondary heat exchangers may include a third heat ex-
changer 114-1 configured in a desiccant upstream of the
absorber 102 and a fourth heat exchanger 114-2 config-
ured in a desiccant upstream of the desorber 104.
Further, the first heat exchanger 110-1 and the refrigerant
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side of the third heat exchanger 114-1 may be fluidically
coupled to the second heat exchanger 110-2, and the
refrigerant side of the fourth heat exchanger 114-2 via the
vapor compression system 112. Furthermore, a desic-
cant side of the third heat exchanger 114-1 may be
fluidically coupled to a desiccant side of the fourth heat
exchanger 114-2 via the interchange heat exchanger 108
and the liquid desiccant system 106. In one or more
embodiments, the secondary heat exchangers 114-1,
114-2 may further comprise an upstream metering device
or an expansion device for a refrigerant when the corre-
sponding secondary heat exchanger 114-1, 114-2 is
operated as an evaporator.

[0029] The heat exchangers 110-1, 110-2, 114-1,
114-2 of the RTU 100 may be operated as an evaporator
and/or a condenser to control the temperature of the
desiccant supplied to the absorber 102 and/or the des-
orber 104, thereby adjusting the temperature and humid-
ity of the supply airstream downstream of the absorber
102 and also facilitating controlling the mass transfer
potential between the desiccant and the airstream at
the absorber 102 and the desorber 104.

[0030] In one or more embodiments, the third heat
exchanger 114-1 may be operated as an evaporator
when the desiccant supplied to the absorber 102 is to
be cooled for lowering the temperature and the humidity
of the supply airstream downstream of the absorber 102,
compared to the existing solutions where the supply
airstream downstream of the absorber 102 is much war-
mer if there is no third heat exchanger 114-1. At the
absorber 102, the heat released due to the conversion
of water vapor to liquid diluted into the desiccant solution,
goes mostly to the supply airstream to increase the
temperature of the supply airstream, but at the same
time, the supply airstream rejects heat to the cool desic-
cant. As a result, the increase in temperature of the
supply airstream is not as high as it would be if there is
no active cooling of the desiccant in the third heat ex-
changer 114-1. Further, the third heat exchanger 114-1
may be operated as a condenser when the desiccant
supplied to the absorber 102 is to be heated for adjusting
the temperature and the humidity of the supply airstream
downstream of the absorber 102 to the predefined va-
lues.

[0031] In one or more embodiments, the secondary
heat exchanger 114-1, 114-2 may be operated as an
evaporator and/or condenser to adjust the temperature
of the desiccant flowing into the absorber 102 to a first
predefined desiccant temperature to control mass trans-
fer potential from the desiccant to the regeneration air-
stream at the absorber 102. Further, the secondary heat
exchanger 114-1, 114-2 may be operated as an evapora-
tor and/or condenser to control the temperature of the
desiccant flowing into the desorber 104 to a second
predefined desiccant temperature to control mass trans-
fer potential from the desiccant to the regeneration air-
stream at the desorber 104.

[0032] In the liquid desiccant system 106, the desic-
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cant circulates between the absorber 102 and the des-
orber 104. In the absorber 102 (humidifier), a concen-
trated solution of the desiccant is distributed over a con-
tact media device while ambient air or outdoor airis blown
across the desiccant stream. The desiccant stream ab-
sorbs moisture from the air and is simultaneously cooled
down. The results of this process are the cool dry air
downstream of the absorber 102 and the diluted desic-
cant solution. In the desorber 104 (regenerator), the
diluted desiccant solution from the absorber 102 is dis-
tributed over a contact media device, and the ambient air
is blown across the desiccant solution stream. Accord-
ingly, some moisture/water is taken away from the diluted
desiccant solution by the ambient air while the desiccant
is heated. The resulting concentrated desiccant solution
is then collected, and hot humid air is rejected to the
ambient. Further, the collected concentrated desiccant
solution is circulated back to the absorber 102. The RTU
100 conditions the desiccant with the interchange heat
exchanger (IHX) 108 by allowing hot desiccant down-
stream of the desorber 104 to cool down before entering
the absorber 102, thereby improving water mass transfer
from the air to the desiccant. Further, the IHX 108 allows
cold desiccant downstream of the absorber 102 to heat
up before it enters the desorber 104, thereby improving
water mass transfer from the desiccant to air.

[0033] Inoneor more embodiments, the RTU 100 may
be adapted to be configured or installed at an area of
interest (AOI) to supply the air having the predefined
values of the temperature and humidity at the AOI, and
further, receive the return airstream from the AOI. Refer-
ring to FIG. 3, the RTU 100 may further comprise a
controller 302 that may be configured to receive a set
of instructions pertaining to the predefined values of the
airstream to be supplied at the AOI. Users at the AOI or
remote location may select the predefined values of the
temperature and humidity of the air to be supplied at the
AOI. Accordingly, the controller 302 can operate the heat
exchangers associated with the RTU 100 as an evapora-
tor and/or condenser to supply the airstream having the
predefined values, which may also facilitate in condition-
ing the outside air to provide ventilation at the AOI. In one
or more embodiments, when the heat exchangers 114-1,
114-2 are operated as an evaporator, the upstream me-
tering device or expansion device may meter and control
the flow of fluid into the heat exchangers 114-1, 114-2 to
control heat transfer. Further, when the exchangers
114-1, 114-2 are operated as a condenser, a three-way
valve may be employed to meter and control the amount
of flow into the condenser coil and the heat exchangers
114-1, 114-2.

[0034] The RTU 100 generally has two separate func-
tions. The conditioning side or supply airstream side of
the RTU 100 provides conditioning of air to the user-
defined conditions or ventilation at the AOI or space
where the RTU 100 is installed, which may be set using
thermostats or humidistats. The regeneration side of the
RTU 100 provides a reconditioning function of the liquid
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desiccant so that the desiccant can be reused on the
conditioning side. The controller 302 is used to properly
balance the liquid desiccant between the two sides as
conditions necessitate and that excess heat and moist-
ure are properly dealt with without leading to over-con-
centrating or under-concentrating the desiccant.

[0035] The RTU 100 may include one or more humidity
sensors 304 and one or more temperature sensors 306
installed in the supply airstream, regeneration airstream,
and return airstream to monitor the temperature and
humidity of air throughout the RTU 100. Further, tem-
perature sensors 306 and flow sensors 308 may also be
installed in the liquid desiccant system 106 to monitor
temperature and pressure or flow rate circulated between
the absorber 102 and desorber 104. The controller 302
may include a processor coupled to a memory storing
instructions executable by the processor, which enables
the controller 302 to receive the temperature, pressure,
and humidity data from the corresponding sensors in-
stalled in the RTU 100. The controller 302 also receives
user-defined conditions of air to be supplied at the AOI,
which may be set using thermostats or humidistats 310.
Accordingly, the controller 302 may actuate the one or
more components associated with the RTU 100 to adjust
the temperature of the desiccant, thereby adjusting the
temperature and humidity of the supply airstream to user-
defined values or a neutral range of 70°F to 75°F (21 °C to
24 °C)..

[0036] Referring to FIG. 2A and 2B, a psychrometric
chart of the processes involved in the RTU 100 when the
supply airstream is to be cooled to provide the user-
defined or neutral supply airstream downstream of the
absorberis disclosed. The RTU 100 takes in ambient/out-
side air OA1 or SA1 in the supply airstream, whose
temperature may be lowered by additional energy recov-
ery devices such as enthalpy wheel and the like (not
shown) that may be installed upstream of the first heat
exchanger 110-1 to provide SA2, however, the humidity
of the SA1 and SA2 remains the same. The first heat
exchanger 110-1 acting as an evaporator subsequently
cools the SA2 upstream and provides cool SA3 to the
absorber 102 where the air can lose moisture from SA2 to
SA3e. The cool SA3 is then passed through the absorber
102 where the SA3 is dehumidified in a process where
the third heat exchanger 114-1 is operated as an eva-
poratorto cool the desiccant supplied to the absorber 102
and a concentrated solution of the cool desiccant is
distributed over while SA3 is blown across the desiccant
stream. The desiccant stream absorbs moisture from the
SA3 that is simultaneously cooled down to keep the SA4
downstream of the absorber 102 cool and dehumidified in
the neutral range or user-defined range. Finally, the cool
and dehumidified SA4 is supplied to the AOI or space
where the RTU 100 is employed.

[0037] The RTU 100 also takes in ambient/outside air
OA1 in the regeneration airstream. The second heat
exchanger 110-2 acting as a condenser subsequently
heats the OA1 upstream of the second heat exchanger
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110-2 and provides heated OA2 to the desorber 104,
however, the humidity of the OA1 and OA2 remains the
same. Further, the OA2 is then passed through the
desorber 104 where the fourth heat exchanger 114-2 is
operated as a condenser to further heat the desiccant
supplied to the desorber 104. The diluted desiccant
solution from the absorber 102 is heated by the fourth
heat exchanger 114-2 before reaching the desorber 104
and the OA2 is blown across the desiccant solution
stream. Accordingly, at the desorber 104, some moist-
ure/water is taken away from the diluted desiccant solu-
tion by the OA2 while the desiccant is heated. The
resulting concentrated desiccant solution is then col-
lected, and hot humid air OA3 downstream of the deso-
rber 104 is rejected to the ambient.

[0038] Further, the concentrated desiccant solution
collected from the desorber 104 is further circulated back
to the absorber 102. The RTU 100 conditions the desic-
cant with the interchange heat exchanger 108 (IHX) by
allowing hot desiccant downstream of the desorber 104
to cool down before entering the absorber 102 and/or the
third heat exchanger 114-1, thereby improving water
mass transfer from the air to the desiccant. Further, the
IHX 108 and fourth heat exchanger 114-2 allow cold
desiccant downstream of the absorber 102 to heat up
before it enters the desorber 104, thereby improving
water mass transfer from the desiccant to the air.
[0039] Thus, the use of secondary heat exchangers
114-1, 114-2 in the liquid desiccant system of the RTU,
eliminates the dependence on additional devices having
bulky, space consuming coils, downstream of the absor-
ber 102 and the desorber 104 in the supply airstream as
generally employed in existing technologies, by control-
ling the temperature of the desiccant liquid itself to adjust
the temperature and humidity of the supply airstream.
Thus, the RTU offers a space-saving and cost-saving
alternative. Moreover, conditioning the desiccant with the
vapor compression system 112 also enhances the mass
transfer potential at the absorber 102 and the desorber
104.

[0040] Also described herein is a liquid desiccant-
based outdoor air system (LDOAS). The LDOAS may
include an absorber configured in a supply airstream, and
a desorber configured in a regeneration airstream. The
desorber may be fluidically connected to the absorber via
a liquid desiccant system and an interchange heat ex-
changer. The LDOAS may further include a first heat
exchanger configured upstream of the absorber in the
supply air stream, and a second heat exchanger config-
ured upstream of the desorber in the regeneration air-
stream. The first heat exchanger may be fluidically con-
nected to the second heat exchanger via a vapor com-
pression system. Further, the LDOAS may include one or
more secondary heat exchangers configured between
the vapor compression system and the liquid desiccant
system, where the one or more secondary heat exchan-
gers are operable to control the temperature of a desic-
cant associated with the liquid desiccant system into the
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absorber and/or into the desorber.

[0041] In one or more embodiments, the first heat
exchanger, and a refrigerant side of the third heat ex-
changer may be fluidically coupled to the second heat
exchanger, and a refrigerant side of the fourth heat ex-
changer via the vapor compression system. Further, a
desiccant side of the third heat exchanger may be fluidi-
cally coupled to a desiccant side of the fourth heat ex-
changer via the interchange heat exchanger and the
liquid desiccant system the one or more secondary heat
exchangers may be operable as a condenser and/or an
evaporator to control the temperature of the desiccant
supplied to the absorber to adjust the temperature and
humidity of the supply airstream downstream of the ab-
sorber to predefined values. The overall working and
functional elements of the LDOAS may remain same
as the RTU 100 as explained in the above paragraphs.
[0042] While the invention has been described with
reference to exemplary embodiments, it will be under-
stood by those skilled in the art that various changes may
be made and equivalents may be substituted for ele-
ments of the exemplary embodiments without departing
from the scope of the invention as defined by the ap-
pended claims. Modifications may be made to adopt a
particular situation or material to the teachings of the
invention without departing from the scope thereof.
Therefore, it is intended that the invention not be limited
to the particular embodiment disclosed, but that the in-
vention includes all embodiments falling within the scope
of the invention as defined by the appended claims.
[0043] Ininterpreting the specification, all terms should
be interpreted in the broadest possible manner consis-
tent with the context. In particular, the terms "comprises”
and "comprising" should be interpreted as referring to
elements, components, or steps in a non-exclusive man-
ner, indicating that the referenced elements, compo-
nents, or steps may be present, or utilized, or combined
with other elements, components, or steps that are not
expressly referenced. Where the specification claims
refer to at least one of something selected from the group
consisting of A, B, C ....and N, the text should be inter-
preted as requiring only one element from the group, not
A plus N, or B plus N, etc.

Claims

1. A rooftop air conditioning unit, RTU, (100) compris-
ing:

an absorber (102) configured in a supply air-
stream (SA);

a desorber (104) configured in a regeneration
airstream (RA), wherein the desorber is fluidi-
cally connected to the absorber via a liquid
desiccant system (106) and an interchange heat
exchanger (108);

a first heat exchanger (110-1) configured up-
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stream of the absorber in the supply air stream;
a second heat exchanger (111-2) configured
upstream of the desorber in the regeneration
airstream, wherein the first heat exchanger is
fluidically connected to the second heat exchan-
ger via a vapor compression system (112); and
one or more secondary heatexchangers (114-1,
114-2) configured between the vapor compres-
sion system and the liquid desiccant system,
wherein the one or more secondary heat ex-
changers are operable to control temperature
of a desiccant associated with the liquid desic-
cant system into the absorber and/or into the
desorber.

The RTU of claim 1, wherein the one or more sec-
ondary heat exchanger comprise a third heat ex-
changer (114-1) configured in a desiccant upstream
of the absorber, and/or a fourth heat exchanger
(114-2) configured in a desiccant upstream of the
desorber.

The RTU of claim 2, wherein the first heat exchanger,
and a refrigerant side of the third heat exchanger are
fluidically coupled to the second heat exchanger, and
arefrigerant side of the fourth heat exchanger via the
vapor compression system.

The RTU of any one of claims 2 to 3, wherein a
desiccant side of the third heat exchanger is fluidi-
cally coupled to a desiccant side of the fourth heat
exchanger via the interchange heat exchanger and
the liquid desiccant system.

The RTU of any one of claims 1 to 4, wherein the one
or more secondary heat exchangers are operable to
control the temperature of the desiccant supplied to
the absorber to adjust the temperature and humidity
of the supply airstream downstream of the absorber
to predefined values, optionally wherein the prede-
fined value of the temperature of the airstream down-
stream of the absorber is in a range of 70°F to 75°F
(21 °C to 24 °C).

The RTU of any one of claims 1 to 5, wherein the third
heat exchanger is operated as an evaporator when
the desiccant supplied to the absorber is to be cooled
for adjusting the temperature and the humidity of the
supply airstream downstream of the absorber to
predefined values; and/or

wherein the third heat exchanger is operated as a
condenser when the desiccant supplied to the ab-
sorber is to be heated for adjusting the temperature
and the humidity of the supply airstream downstream
of the absorber to predefined values.

The RTU of any one of claims 1 to 6, wherein the one
or more secondary heat exchangers are operable to
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1.

control the temperature of the desiccant flowing into
the absorber to a first predefined desiccant tempera-
ture to control mass transfer potential from the de-
siccant to the regeneration airstream at the absor-
ber; and/or

wherein the one or more secondary heat exchangers
are operable to increase the temperature of the
desiccant flowing into the desorber to a second pre-
defined desiccanttemperature to control mass trans-
fer potential from the desiccant to the regeneration
airstream at the desorber.

The RTU of any one of claims 1 to 7, wherein the one
or more secondary heat exchanger is a brazed-plate
heat exchanger.

The RTU of any one of claims 1 to 8, wherein the one
or more secondary heat exchangers further com-
prise an upstream metering device or an expansion
device for a refrigerant when the corresponding
secondary heat exchanger is operated as an eva-
porator.

The RTU of any one of claims 110 9, wherein the RTU
is adapted to be configured at an area of interest
(AOI) to supply an airstream having predefined va-
lues of the temperature and humidity at the AOI, and
furtherreceive the return airstream from the AOI, and
optionally wherein the RTU comprises a controller
that is configured to:

receive a set of instructions pertaining to the
predefined values of the airstream to be sup-
plied at the AOI; and

control operation of one or more of the heat
exchangers associated with the system to sup-
ply the airstream having the predefined values of
the temperature and humidity to the AOI.

Aliquid desiccant based outdoor air system compris-
ing:

an absorber configured in a supply airstream;
a desorber configured in a regeneration air-
stream, wherein the desorber is fluidically con-
nected to the absorber via a liquid desiccant
system and an interchange heat exchanger;

a first heat exchanger configured upstream of
the absorber in the supply air stream;

a second heat exchanger configured upstream
of the desorber in the regeneration airstream,
wherein the first heat exchanger is fluidically
connected to the second heat exchanger via a
vapor compression system; and

one or more secondary heat exchangers con-
figured between the vapor compression system
and the liquid desiccant system, wherein the one
or more secondary heat exchangers are oper-
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able to control temperature of a desiccant asso-
ciated with the liquid desiccant system into the
absorber and/or into the desorber.

The system of claim 11, wherein the one or more
secondary heat exchanger comprise:

a third heat exchanger configured in a desiccant
upstream of the absorber; and a fourth heat exchan-
ger configured in a desiccant upstream of the des-
orber.

The system of claim 12, wherein the first heat ex-
changer, and a refrigerant side of the third heat
exchanger are fluidically coupled to the second heat
exchanger, and a refrigerant side of the fourth heat
exchanger via the vapor compression system.

The system of any one of claims12 and 13, wherein a
desiccant side of the third heat exchanger is fluidi-
cally coupled to a desiccant side of the fourth heat
exchanger via the interchange heat exchanger and
the liquid desiccant system.

The system of any one of claims 11 to 14, wherein the
one or more secondary heat exchangers are oper-
able as a condenser and/or an evaporator to control
the temperature of the desiccant supplied to the
absorber to adjust the temperature and humidity of
the supply airstream downstream of the absorber to
predefined values.
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