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PROTOTYPE OF AT AUTOTOTOUS AHU1, WITH A SOPID DESICCATT
DEHUTIDIFIER

BACKGROUTD
With the development of this prototype it was intended to appropriate an air conditioning
technology in fast expansion, highly favourable from the environmental point of view, where the
most of the driving energy is thermal energy at a low temperature level ( ~ 80 /C). This technology
uses as sole working fluids air and water. As with all pieces of equipment where air is the main
working fluid, they rapidly become quite voluminous as their rated capacity increases. On the other
hand such AHU,s combine in a single unit the three main components of a conventional air
conditioning plant: The chiller, the cooling tower and the AHU.

Figure 1 - Schematic of a conventional Air Handling Unit.

In a conventional AHU, Figure 1, the air dehumidification takes place by superficial
condensation of the air humidity, which requires that the surface of the cooling coil (4) be maintained
at a temperature lower than the dew point of the air to be dehumidified. In this process the air itself
is considerably cooled down (sensible heat) requiring rehumidification (3) and reheating (2) to attain
the supply conditions desired at the conditioned space. The cooling/dehumidification is done with
chilled water, generated by a chiller, which in most cases requires a cooling tower in order to
dissipate the extracted thermal energy plus that supplied to its compressor(s).
When dehumidifying with solid desiccants, the water vapour from the air is adsorbed by the
desiccant, while its condensation enthalpy is transported by the air itself as sensible heat. This
thermal energy is recovered in C, Figure 2, by the return air, as pre-heating for the regeneration of
the desiccant. The use of systems for air dehumidification by adsorption with a solid desiccant,
allows for the advantageous combination in a AHU of all required functions, avoiding in most cases
the installation of a chiller and the associated cooling tower. A schematic of one such AHU is
depicted in Figure 2.

1

Air Handling Unit.
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The thermal level of the regeneration energy varies between 70 to 80 /C for LiCl and 95 to
160 /C for silica gel. Other desiccants may require regeneration temperatures between these two
extreme levels. The low end temperatures may be obtained from solar collectors of good quality.
Higher temperatures may require concentrators or other heat sources, such as cogeneration thermal
effluents, for example.
The air humidifiers are of the air-washer type, for evaporative cooling of both the return and
the supply air. Figure 2 does not show the possibility of air re-circulation, particularly interesting for
Winter operation. A typical Summer operating cycle is shown in Figure 3, while Figure 4 shows a
typical Winter operating cycle for south European climates.

Figure 2 - Schematic of an autonomous AHU with a desiccant rotor.

Figure 3 - Typical Summer operation processes in an AHU with a desiccant rotor.
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Figure 4 - Typical Winter operating conditions of an AHU with a desiccant rotor in
a South European climate.

PROPOSED OBJECTIVES
It has been proposed to develop a prototype AHU, using the principles succinctly described
above, for a cooling capacity of 15 to 25 kW. It should be possible to operate the developed
prototype with thermal energy of solar source, natural gas and thermal effluents of adequate
temperature level as well. As desiccant it has been proposed to use silica-gel matrices and eventually
others on a cellulose substrate. The control system has not been the subject of any particular
specification in the proposed objectives, in the November 1997 reformulation of the Project Proposal.
ACCOTPPISHED DEVEPOPTETTS
An autonomous AHU with a nominal external capacity2 of ~ 35 kW and an internal one of
~ 16 kW has been developed in this part of the ECOCLIMAT PROJECT for the following design
conditions:
TDB [/C]

n [%]

Outside Air

35

50

Supply Air

20

60

Return Air

26

60

The prototype, with the P&I diagram depicted in Figure 5, integrates a rotor with LiCl as
desiccant on a cellulose matrix, a heat recovery rotor, two air-washers, two ventilators of the plug
type, air filters of two different grades, a regeneration coil, a heating coil for Winter operation and
a rather sophisticated control system (complete drawings of the unit are included as Annex I)3.

2

3

(Referred to Figure 2).
Not included in this summary.
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Figure 5 - P&I Diagram of the DEC AHU prototype.
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We will briefly characterize those components in the following.
–

Desiccant Rotor
The desiccant rotor, has a diameter of 960 mm and is 450 mm deep; It is driven by a speed
controlled motor, at 20 rph for Summer operation and 10 rpm for Winter operation; The
temperature required for of the regeneration air varies between 50 and 70 /C.

Figure 6 - Sorption isotherms of LiCl - H2O solutions between -40 and 110 /C,

Figure 7 - Operating characteristics of the desiccant rotor at a constant temperature
of the outside air. XOUT is the humidity ratio of the air at the rotor outlet and TOUT
its dry bulb temperature. TR is the regeneration temperature and uF the face velocity
of the air at inlet.
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The drying properties of the desiccant are described in Figure 6, by its sorption isotherms4.
Figures 7 and 8 illustrate typical characteristics of operation of the rotor, for given conditions
of the outside air and of the regeneration temperature. As may be observed from the P&I
diagram of Figure 5, the prototype is equipped with by-passes to the desiccant rotor,
controlled by D2 and D4, in order to allow a better controlability of the operating conditions
and savings of the regeneration energy.

Figure 8 - Operating characteristics of the desiccant rotor at constant humidity ratio
of the outside air.

Figure 9 - Characteristics of the heat recovery rotor, temperature effectiveness vs
rotation velocity.

4

Conde M. R. Properties of aqueous solutions of lithium and calcium chlorides: Formulations for use in
air conditioning equipment design, Submited for publication in IJTS.
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Heat Recovery Rotor
This is a sensible heat recovery heat exchanger under normal operating conditions. It was
initially thought that a compact plate-fin heat exchanger could be used. In fact, with a
temperature effectivenes of about 60 % it would not reach the level of heat recovery
required for the prototype, besides having high pressure losses. On the other hand, the rotary
heat exchanger attains temperature effectivenesses of some 80 % at normal operating
conditions, as shown in Figure 9.

Figure 10 - P&I Diagram of the air-washers for the DEC AHU prototype.

–

Air Washers
The air humidifiers were developed in the Project, specifically for this prototype, and are
shown schematically in Figure 10. The humidifiers were developed to allow a completely
autonomous operation between services, namely through the automatization of the water
level control, automatic rinsing of the water pan and water replacement after attaining a
certain level of concentration (salts and particles). Two nozzle assemblies were therefore
designed, one for the atomization of water for humidification, the other for the rinsing
operation. The characteristics and form of the sprays depend upon the function of the
nozzles: Rinsing nozzles produce a flat jet while the humidifying nozzles produce a full cone
of water droplets. The pressure-flowrate characteristic of the atomizer nozzles, as well as
the distribution and sizes of the droplets, are determinant factors of the humidification
efficiency of the air-washers5. The pressure-flowrate characteristic of the atomizing nozzles
is depicted in Figure 11, together with its experimental verification at the IST-LASIQ6
(Caravana 20007).

5

Conde, M. R. 2000. Humidificadores de ar por atomização: Bases, Processos, Caracterização, Modelos,
O Instalador, 51/52, 26.
6

IST - LASIQ, Institute of Technology (IST) of the Technical University of Lisbon (UTL), Laboratory of
Environmental and Industrial Combustion Systems.
7

Caravana, A. 2000. Avaliação da Eficiência de Lavadores de Ar e sua Caracterização, Final Term Paper
at the DEM - IST - UTL.
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Figure 11 - Pressure-Flowrate characteristics of the BETE FOG NOZZLE, Inc. Nozzle
1/4 TF6 60/ NN1, R1/4 60 / PVC (Data from Caravana 2000).

Caravana has also studied the characteristic droplet diameter, D32, using a Malvern
Instruments 2200 Particle Sizer. The results of this study are depicted in Figure 12.

Figure 12 - Characteristic droplet diameter, D32, at two
distances from the nozzle, as function of the water pressure
(Caravana 2000).

–

Ventilators
The ventilators selected for the prototype are of the plug type, with free discharge from the
wheel. Their rotation velocity is controlled in order to obtain the right flow rate at all
conditions. Figure 13 shows a graph with the map of characteristics of the ventilators. The
convergent at the inlet is a standard nozzle, which allows for using it as a flowmeter with
acceptable accuracy. This is used as input to the control system.
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Figure 13 - Characteristic map of the ventilators selected for the DEC AHU
prototype.

–

Air Filters
The air filter system includes an EU-3 Class pre-filter and an EU-6 Class fine filter on the
return air and an EU-3 Class plus an EU-7 Class fine filter on the inlet air. The pressure loss
on both filter assemblies is monitored by the control system in order to determine when a
service or a filter replacement shall be requested. The set values for the service request were
established based on experience in other AHU types and are to be adapted with further
experience with this unit.

–

Regeneration and Winter Season Backup Heat Exchangers
These are finned-tube coils, with copper tubes and aluminum fins. Both are individually fed
with circulator pumps. The inlet temperature of the brine (water ethylene glycol) is controlled
through mixing valves, in accordance with system needs. This is described in detail in the
specification of the control system.

–

Control System
The control system for this prototype is the result of a cooperative work among M. Conde
Engineering (Zurich - Switzerland), FCT/UNL - DEE8 (Caparica - Portugal) and the main
contractor (Sintra - Portugal). The synoptic of the control system is depicted in Figure 14.
The specification of the control system describes sixteen (16) main sequences, including the
control of the cooling, ventilation, heating and safety functions, as well as special functions
for fault detection and their registration and the automatic operation of the air-washers.
Figure 15 depicts the synoptic of the air-washers control subsystem. The full specification
of the control system is included as Appendix III9.

8

Faculty of Sciences and Technology (FCT) of the New University Lisbon (UNL), Department of
Electrotechnical Engineering (DEE).
9

Not included in this summary.

Sensor Tipo
Txx
Mxx
Fxx
Pxx
Dxx

Designação
Formato
Temperatura
xxx.x °C
Humidade Rel.
xx.x %
Caudal Vol.
xxxx.x m3/h
Pressão
xxx.x Pa
Posição
xxx.x %
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Figure 14 - Synoptic of the global DEC AHU prototype control system.

0 ou 1 ou mudança de cor

HD01..08
Excepto
HD03
HD05
HL01
HL02
HPP1
HFF1
HF01
HP01
HP02
HC01

0 . . 100 %
1-3 ou 2-3
normal or low ou mudança de cor
normal or high ou mudança de cor
ON or OFF ou mudança de cor
normal or rinse ou mudança de cor
caudal de água
xxx.x litro/min
pressão
x.x bar
pressão
x.x bar
thick count
x.x

Display

Field
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Figure 15 - Synoptic of the air-washers control system for the DEC AHU prototype.
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Figure 16 - Pictographic description of the operation of the control system of the
DEC AHU Prototype.

Besides the sensors and actuators shown schematically in Figures 11 to 15, the control
system is built up of three main modules, Data Acquisition, Central Module and Interface,
as described in detail in Annex IV9. The pictograph of Figure 16 shows the working principle
of the Central Module.
RESUPTS OBTAITED
In engineering terms, manufacturing and assembling we believe to have attained the objectives
proposed for this development. The prototype has been completed in all its aspects, except for
laboratory tests. Figure 17 depicts an image of it during the final assembling stages.

Figure 17 - View of the DEC AHU prototype during the final assembling stages.

It has not been possible, due to time limitations, to test the prototype in the laboratory,
although tests to individual components have been carried out during assembly, including the control
system. The equipment is ready for comprehensive testing in the laboratory under all interesting
conditions. It should be remarked that as in first prototypes adjustments and eventually reassessment
of some components may be required in order to obtain the best performance of the equipment under
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the most frequent operating conditions.
Tests carried out on the air-washers in cooperation with the IST-LASIQ have suggested that
the humidification efficiency may not be as expected, with the current construction and nozzle
assemblies. Although those results are not conclusive, it appears that the Bete nozzles, used instead
of the Spray Systems’ nozzles specified, may either have to be operated at higher pressures, or
replaced by the originally specified nozzles (finer atomization of the water). On the other hand, the
measurements taken during the tests on the prototype10 were not done under acceptable conditions.
Namely, they did not wait for the system to attain steady state operation, so the water was filled-in
immediately before the tests and was at a temperature (~10 /C) substantially lower than the dew
point temperature of the air ( ~ 23 /C). What happened in reality was a dehumidification of the air
even when the measured outlet relative humidity was higher than that at inlet. This was a typical
case of simultaneous cooling and dehumidification.
Figure 18 shows two images of the construction of the air-washers.

Figure 18 - Construction details of the air-washers for the DEC AHU prototype: Left details of the
humidifying and the rinsing nozzles; Right piping layout.

The equipment developed represents, from the environmental point of view implied in the
proposal for this Project, a significant step forward in terms of the technology available to the main
contractor. This prototype, more than any of the other prototypes developed in the Project, is
suitable for operation with solar energy.
COTCPUSIOTS ATD OUTPOOK
In engineering terms, all objectives proposed in the Project have been attained in this
prototype. Comprehensive laboratory tests, to be carried out yet, may eventually determine the need
to reassess some of the assumptions made and further optimization of some parts in order to
optimize the equipment as a whole. The tests, eventually field tests as well are absolutely needed
to verify the functionality of the control system developed.
In terms of future developments, it is necessary to extend the range of rated capacities
available. However, given the nature of the equipment, its technology and the incipient market
demand, it is perhaps wise to consider individual developments instead of a complete range of
equipment capacities. The flexibility and functionality of the control system should let it be used for
equipments of any size. Eventually, in special cases, such as OP and clean rooms, some refinements
might still be required, and will depend upon specifications that do not apply to common air
conditioning applications.

10

Those tests were carried out in the production hall during a rather hot Summer week.

14 / 14 DEC AHU Prototype

M. CONDE ENGINEERING 2002

The stage of development attained by this prototype compares well with that of the products
currently marketed by the main contractor. In order to increase its market potential, well directed
actions of information and demonstration will be necessary. These shall be directed preferably at
installers, planners and architects. Some preferential applications, such as museums, clean rooms,
large supermarkets, etc., represent first rate candidates for the marketing effort.

