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This research assessed alternatives for air Heating, Ventilation, and Air Conditioning (HVAC) systems to minimize
Sick Building Syndrome and improve air quality while considering international programs/standards. For this
purpose, an alternative technology known as desiccant wheels was studied by analyzing their principles and types
when the existing selection software for these types of equipment was performed. In addition, energy-efficiency
programs worldwide and in the Brazilian context were analyzed while aiming at implementing strategies in which
desiccant wheels are appropriate. Finally, some examples of commercial software for desiccant wheels were

compared to identify the different tools available in the air conditioning market.
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| 1. Background

In 1951, Carl Munters filed a patent for a desiccant-based drying system. He realized the potential for attracting
water molecules and materials such as silica gel. This concept began the process and development of drying

technology using desiccant wheels [,

Desiccant wheels (Figure 1) are based on a wheel with desiccant crystals impregnated and grown on a fiberglass
substrate. The lightweight wheel has a high surface-area-to-airflow ratio [&. The desiccant wheel is a passive
desiccant wheel or enthalpy wheel when there is no regeneration air heater. At the same time, it is called an active
desiccant wheel when it is provided with an air heater, and the regeneration and process air sides are slatted apart.
The wheel is installed with thermal insulation and air-proof material so there is no mass and energy exchange with

the surroundings 1.
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Figure 1. Desiccant wheel &,

During operation, the wheel rotates continuously, and the desiccant cycles through adsorption, regeneration, and
cooling every 4-5 min. Drying air is constantly regenerated in a closed circuit. The hot regeneration air passes
through the desiccant medium, releasing the released moisture into the atmosphere 4 No ambient air is
introduced into the process because desiccant cooling is conducted using dry air. The desired dew point is
achieved by changing the spin speed and other dryer variables without excessively drying the thermally sensitive
materials 2. Desiccant wheels are used in various heating and residential environments to prevent the growth of
mold and mildew. As conventional air conditioning systems are limited, desiccants remove moisture (latent energy)
in hot and humid climates [,

| 2. Types of Desiccant Dehumidification Systems
2.1. Spray Drying Tower

The spray drying tower has two tanks corresponding to the condenser and the regenerator. In this system, the
humid air enters the segment of the condenser and passes through a saline fog that will capture the humidity of the
air while the dry air is inflated for the process. At the bottom of the condenser tank, the saline solution is pumped to
the second tank (regenerator), through which the second flow of high-temperature external air passes, causing the
saline solution to lose moisture to the regeneration air. Thus, the hygroscopic material returns to the condenser
tank [,

2.2. Dual-Tower Desiccant Dryers
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The dual-tower desiccant dryers have two vessels (one for process and another for regeneration), as shown in
Figure 2; each vessel has solid silica gel inside. Moist air passes through the first pressurized cylinder, trapping
moisture in the silica gel until it saturates the hygroscopic material. After the saturation of the first cylinder, the

direction of the process air to the second cylinder is reversed, the first being regenerated with external and heated
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Figure 2. Dual-tower desiccant dryer scheme. Source: 2.

2.3. Tray Dryer

The spray dryer has two air flows (process and regeneration), as presented in Figure 3. The hygroscopic material
responsible for capturing the humidity from the air is arranged in trays; the humid air passes through the process
air sector, and the external air of the regeneration passes through 1/4 of the trays. The trays rotate so the silica gel

passes from the process to the regeneration sector 19,

https://encyclopedia.pub/entry/48126 3/11



Desiccant Technologies: An Overview of the Brazilian Scenario | Encyclopedia.pub

Q—Q@ @—0

Sorption Desorption

Honizontal rotating
desiccant bed

Process air
entering

Figure 3. Tray dryer scheme. Source: &,

2.4. Multi-Belt Dryer

The multi-belt dryer has two streams of trays arranged vertically (Figure 4) in which the granular hygroscopic
material is installed, and the humid process air passes through the trays. After the silica gel saturation, the tray

rotates to the regeneration sector, where the moisture impregnated on the silica gel is eliminated 11,
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Figure 4. Multi-belt dryer scheme. Source: [,

2.5. Desiccant Dehumidifier

Figure 5 shows the working principle of the desiccant dehumidifier, which has two air flows; the first occupies % of
the wheel and is responsible for adsorbing all excess moisture from the air. After the air passes through the rotor, it
is inflated with low moisture content 121,
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Figure 5. Desiccant dehumidifier scheme. Source: £,

The second airflow, called regeneration air, occupies ¥ of the rotor and is responsible for extracting moisture in a
vapor state from the desiccant rotor using a flow of heated air. The rotor structure is constructed in the shape of a
beehive in order to have the largest possible area of hygroscopic material in contact with the air 13l The

hygroscopic material may be silica gel or a mixture of silica gel and zeolites 141,

| 3. Desiccant Dehumidification by Heat-Recovery Wheel

Heat-recovery wheels have different operating characteristics from desiccant wheels; their main objective is to
promote heat transfer and humidity between the two existing air flows in the equipment 2. These types of
equipment also can minimize cross-contamination due to exhaust and supply airflows and provide high-efficiency
systems with a low-pressure drop in the airflows [28l. Thus, some technologies, such as cross-flow heat exchangers
and enthalpy wheels were developed 27,

3.1. Enthalpy Wheels

The rotary heat exchanger (Figure 6), commonly known as an enthalpy wheel, is an “air-air’-type heat exchanger
that works on the principle of sensible heat (temperature) and latent heat (humidity) exchange between the flow of
renewal air and the flow of exhaust air 28], Enthalpy wheels can be classified as sensible heat wheels and enthalpy

wheels. The denomination for these two types is due to their application, where the sensible heat wheels act with
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the function of only exchanging the sensible heat, while the enthalpy wheel works completely between the energies
of the air (the sensible heat and the latent heat). These two processes occur between the two air masses that
travel through the equipment 221,

AN

Figure 6. Enthalpy wheel (18],

The enthalpy wheel is an essential piece of equipment for building air-treatment systems that has some
advantages and disadvantages. As an advantage, it can be mentioned that it is a technology that reaches
efficiencies of around 50% to 80% [29. |ts operation and high operating flows provide energy savings since the
cooling system that works after the enthalpy wheel can have a lower cooling load than the conventional one
(without using the enthalpy wheel) (21, For any design to meet the Green Building certifications, some minimum
assumptions must be met, including the rate of air renewal of the central systems. Thus, it is possible to reduce the
size of the cooling or heating coils of the air-treatment units (22, Its main disadvantage is the initial investment in

the system; however, this value has a short payback period 23!,

3.2. Cross-Flow Heat Exchangers

The cross-flow heat exchanger is an “air-to-air” static heat exchanger. Like the enthalpy wheel, the cross-flow heat
exchanger can be classified into two types [24l. The sensible cross-flow heat exchanger performs the function of
only sensible heat exchange between the two air masses, and the conventional cross-flow heat exchanger (Figure

7) exchanges sensible heat and latent heat during the thermal exchange process of the equipment 22,
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Figure 7. Cross-flow heat exchangers.

Cross-flow heat exchangers are generally used for gas-to-liquid heat-transfer applications in which the gas is on
the outside and the liquid is on the tube side of the heat exchanger. Most of these exchangers have fins that
increase the surface area and improve heat transfer. In most sensible heat-transfer applications, the external fluid
is treated as unmixed flow, while the tube-side fluid is treated as mixed flow (28, Nasif 2] found that cross-flow heat
exchangers significantly reduce energy consumption. They reduces the latent load in hot and humid environments

and provide 100% external air to the environment in question.

| 4. Software for Selecting Desiccant Wheels

Selecting a suitable desiccant requires that the involved dehumidification process be simulated. This can be quite
time-consuming depending on the level of detail necessary for a specific simulation and a considerable amount of
operating and construction data related to the wheel, as shown in previous works [28I29B0B1I As a result,
commercial software became available to facilitate the selection process of dehumidifiers while considering human
breathing. This section presented software for selecting desiccant wheels provided by manufacturers, and some

characteristics were analyzed

Several companies that develop heat-recovery technologies using desiccant wheels are recognized by
international organizations such as Eurovent and AHR Exhibition and by Brazilian agencies such as ABRAVA and
the South Brazilian Association of Refrigeration, Air Conditioning, Heating and Ventilation (ASBRAV) were studied.
The research on commercial software for the technologies studied (Table 1) does not present a careful analysis of
the operating results over a year; in most cases, the software only shows the efficiency and output data. In
addition, it is necessary that for all software, the user must have external knowledge of thermal engineering to be

able to analyze a project.

Table 1. Software comparison.
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Novel Aire Munters Rotor Source Puresci

Input data
Process inlet dry bulb temperature X X X X
Absolute humidity entering the process X X X X
Regeneration inlet dry bulb temperature X X X X
Absolute inlet humidity in regeneration X X X X
Dry bulb temperature after heating in regeneration X X X X
Output data
Output dry bulb temperature in the process X X X X
Output absolute humidity in the process X X X X
Dry bulb temperature after regeneration output X X X X
Output absolute humidity at regeneration output X X X X
Moisture removal charge X X
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