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ABSTRACT

The combination of several concepts of new energy technologies may make it possible to reduce the energy
needs for thermal comfort, especially cooling and dehumidification, in small sized, single-story commercial
buildings, The potentials and limitations of retrofit technology for these characteristic structures have
been the focus of the experience gained through the design and installation of a system adapted to a building
constructed in the early 1960's, The existing split package air conditioning system was combined with a
desiccant air-conditioning unit with a waste heat and solar heat reclaim component. While this retrofit
system is feasible, a number of questions remain to be considered regarding the design, installation and
operation of the total system. This paper focuses on the practical applications of such a hybrid system -
both architectural/construction issues and the mechanical components/system considerations.

INTRODUCTION
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A significant source of thermal discomfort in Air
the hot, humid climatological regions of the U.S5. is
the high humidities prevalent during much of the
year. The use of dehumidification systems has been
suggested as a means to remedy this condition.
Desiccant dehumidification, incorporating either a
liquid or solid desiccant, is considered a viable _’E‘hm’
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liquid desiccant becomes saturated with water, waste Storage Tank
heat from an air conditioning condensing unit is Heat Exchanger
combined with air heated passively in an attic to ( N
regenerate the desiccant., A prototype open-cycle, ‘\
liquid desiccant dehumidification system has been
adapted to the existing mechanical system of the
building (Figure 1). Guidelines for retrofitting
existing commercial buildings as well as design
concepts for new construction incorporating the Coedandng Uit
proposed hybrid system have been developed as a
result of this experience, Test data indicate that
the system can perform to achieve desired results.
The work necessary to optimize the design and
construction of a marketable system remains, Figure 1. Overall Mechanical System
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There are two major parts of the retrofitted handling unit and air distribution system of the

air conditioning system: the regenerator and its characteristic building.

supporting equipment and the dehumidifier. The

regenerator side of the system (Figure 2), includes REGENERATOR SIDE

a storage tank, a packed tower (the actual regenera-

tor) and a gas-to-liquid heat exchanger coupled to Storage Tank

an existing air conditioning condensing unit The brine solution is stored in a 360 gallon
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Figure 3. Hybrid System

(1363 liter) uninsulated plastic tank, Thermal
storage is not required of this part of the system.
This provides sufficient storage for those times
when regeneration is not possible, The solution
stratifies with the more dilute brine at the top and
the concentrated solution at the bottom of the tank.
A 42 percent, by weight, solution is produced by
mixing 1500 1bm (681 kilograms) of calcium chloride
with 200 gallons (756.7 liters) of water. The
regenerator is supplied from the top of the tank.

Heat Exchanger
As a preliminary step in the drying process,

the dilute solution is heated using the waste heat
of condensation of the existing air conditioning
equipment. This component consists of six heat
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exchanger tubes, each 8 feet (2.438 meters) in
length, Freon is contained in the inner tube, which
has a finned inner surface and a knurled outer
surface to enhance heat transfer. These units were
arranged as a palr of heat exchangers of three tubes
each to minimize pressure loss.

Regenerator

From the heat exchanger the hot salt solution
enters at a flow rate of 18 to 20 gallons per minute
(1.13 to 1.26 liters per second) The solution is
sprayed into the regenerator, essentially a fiber-
glass box 2 feet (0.609 meters) on a side by 8 feet
(2.438 meters) high, through a nozzle to distribute
it evenly across the top of the packing material, A
vapor barrier located above the spray nozzle prevents
the solution from being blown out of the top,.

Ducted from the attic, hot air in the tempera-
ture range of 130-148°F (55.8 to 64.8°C) 1is blown
into the regenerator at 900 cubic feet per minute
(427,3 liters per second) The salt solution
cascades down the packing material, meeting this
counterflowing hot air that carries away some of the
water in the solution. This air becomes saturated
and carries away moisture and is exhausted to the
outdoors. The salt solution that remains is
collected a: the base of the regenerator for
recirculation., On each pass through a small
quantity, one-half to one gallon (1.893 to 3.785
liters) per minute, is bled off and returned to the
storage tanlk to be used later in the dehumidifier,

DEHUMIDIFIER SIDE

The dehumidifier consists of two major parts: a
cross—flow, flat plate heat exchanger and a vapor
barrier., A demister is used to prevent solution from
being carried into the supply air stream.
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Return air from the conditioned space acts as a
cooling medium after it has been saturated with
water, lowering its temperature to 67°F (19.7°C) .

A fine spray of water both cools the air and coats
the surface of the heat exchanger, which enhances
its heat transfer characteristics. After passing
through the heat exchanger, this air is exhausted to
the outdoors,

Outside air enters the dehumidifier at 97°F DB
(36.4°C) and B80°F WB (27.0°C) at a flow rate of 1500
cubic feet per minute (712.1 liters per second),
This air is blown into the heat exchanger where it
is cocoled and dehumidified through contact with the
concentrated salt solution before being introduced
into the building, The liquid desiccant, a 42
percent calcium chloride solution, is sprayed into
the fresh outdoor air stream at a rate of 20 gallons
per minute (1.26 liters per second) The solution
absorbs 66 1bm/hr (30 kg/hr) of water from the air
stream, assuming an approach factor of 80 percent,
i.e., the desiccant absorbs 80 percent of the
theoretical maximum possible. The cooled outside
air enters the conditioned space at 78°F DB (25,9°C)
and 62°F WB (17,0°C) which produces the desired
thermal comfort level. The level of desiccant in
the dehumidifier is controlled by a float value as
the solution is fed to the unit by gravity from the
storage tank. A portion of the diluted solution is
returned to the regenerator. The air distribution
system prior to and after retrofit are shown in
Figures 5 and 6, respectively.

Many existing small commercial buildings,
especlally single-story structures, possess the
physical features that are necessary for retro-
fitting a dehumidification system, Generally
speaking, it is the character and construction of
the roof that is a deciding factor. If the roof is
not supported by prefabricated trusses, buildings
with either light wood or metal framing may be good
candidates for retrofit. When the roof support is a
braced-rafter framing system work in the attiec space
is more easily accomplished. A large attic volume
is desirable and this should be associated with high
roof slopes, in the order of 5 in 12 or greater.

The roofing material should be of a dark color,
Insulation must be provided between the attic heat
source and the conditioned space. If the insulation
has deteriorated, it should be replaced and
consideration should be given to the installation of
addirional insulation in most cases. Typically, the
structure should be a single-story in height, but
some two-story structures may be included, if the
roof construction characteristics are similar to
those indicated.

CONCLUSIONS

Further study of this system is necessary and a
number of areas for further development exist.
First, the major concern is the optimization of the
components and the total system, A life cycle cost
analysis is necessary to determine reductions in
both equipment first costs and system operating
costs, It is desirable to have all retrofit
components in one package or modules that can be
adapted to various site conditions. 1In a climatic
zone with mild winters equipment can be located
outdoors and exposed to the weather, yet
consideration should be given to the reduction of
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area and space requirements for the system. All of
the connections to the existing system, plumbing,
electrical, and mechanical need to be simplified,
Costs of retrofit installations will depend greatly
on the complexity of the control system and
electrical service requirements,
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