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Liquid desiccant is energy efficient for dehumidification in air-conditioning systems. In this study, a novel
dedicated outdoor air system (DOAS) adopting lithium chloride solution as liquid desiccant is proposed to
process supply air. The DOAS mainly consists of a membrane-based total heat exchanger, a liquid dehu-
midifier, a regenerator and a dry cooling coil. It can realize independent temperature and humidity con-
trols for supply air. Control strategies for the supply air dehumidification and cooling process as well as
the desiccant solution regeneration process in the DOAS are developed and verified. The control perfor-
mances of the proposed dedicated outdoor air system are investigated at different operation conditions
by simulation tests. The results show that the DOAS is more suitable for hot and humid climates. The
effects of the total heat exchanger on the performance of the DOAS are also evaluated. It can improve
the system energy performance by 19.9-34.8%.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Combining with parallel chilled ceiling systems or other sensi-
ble cooling terminals, dedicated outdoor air systems (DOAS) can
realize independent temperature, humidity and ventilation con-
trols in buildings. The DOAS-integrated system can provide a more
healthy and comfortable indoor environment as well as save en-
ergy consumption compared with traditional air-conditioning
schemes [1-3]. In the DOAS-integrated system, the DOAS subsys-
tem is responsible for treating the total latent load and a part of
sensible load of the conditioned space, and simultaneously meet-
ing the ventilation requirement of occupants in space, while the
parallel sensible cooling terminals bear the remainder sensible
cooling load of space.

In the DOAS, the dehumidification and cooling process of supply
air is energy-intensive, especially in hot and humid regions. Differ-
ent dehumidification methods can be adopted, including mechan-
ical dehumidification and desiccant dehumidification methods. In
the conventional mechanical dehumidification and cooling pro-
cess, in order to remove the moisture from the supply air, the pro-
cess air should be cooled below its dew-point temperature, and
reheating is needed to ensure comfortable supply air temperature.
In this situation, the cooling and reheating process wastes inten-
sive energy and it lowers the system energy efficiency. Meanwhile,
the cooling coil works under the wet condition, which may cause
health problems since the condensed water makes the coil surface
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a breeding ground for bacterial. In recent research, desiccants are
widely utilized to dehumidify air in the air-conditioning field.
The desiccant dehumidification schemes are more energy efficient
and healthy than the mechanical dehumidification manners
[1,4,5]. Desiccants may be either solid or liquid. Solid desiccants
widely used in air-conditioning systems include silica gel and
molecular sieves, while liquid desiccants include lithium chloride
(LiCl), lithium bromide (LiBr), calcium chloride (CaCl,), and trieth-
ylene glycol. Liquid desiccant dehumidification has some advanta-
ges over solid desiccant dehumidification [6]. The liquid desiccant
system can be driven by low-grade heat sources, such as solar en-
ergy or waste heat, and it has the capacity of energy storage.
Much research on fundamental analysis of the liquid desiccant
devices has been carried out. Fumo and Goswami [7] provided the-
oretical and experimental analysis on heat and mass transfer in
air-liquid (LiCl) desiccant packed towers of counter-flow configu-
ration. The finite difference model was used to predict dehumidifi-
cation and regeneration processes. It was found that desiccant
concentration, desiccant temperature, air flow rate and air humid-
ity ratio had the greatest impact on the performance of the dehu-
midifier, while desiccant temperature, desiccant concentration and
air flow rate had the greatest impact on the performance of the
regenerator. It was also noticed that the dehumidification or regen-
eration process was almost not affected by the air temperature and
the desiccant solution flow rate. Chen et al. [8] and Babakhani and
Soleymani [9] presented simplified analytical solutions of heat and
mass transfer processes occurring in counter-flow packed-type
liquid desiccant equipments. Using simple correlations, the influ-
ences of different design variables such as air and desiccant flow
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rates, air temperature and humidity, and desiccant temperature
and concentration, on the water condensation from the air and
evaporation rate from the desiccant solution were evaluated.

Recently, many research works on the performance study of the
liquid desiccant air-conditioning systems have been conducted.
Kinsara et al. [10,11] carried out a parametric study to investigate
the effects of different key variables on the coefficient of perfor-
mance (COP) of a hybrid air-conditioning system using CaCl, as
desiccant. The effect of key variables on the performance of the
system, such as the ambient temperature, inlet temperature of
the liquid desiccant, and effectiveness of the heat exchanger, was
presented in the paper. Tu et al. [12] proposed a novel energy effi-
cient air-conditioning system utilizing LiCl solution as liquid desic-
cant, and analyzed the effect of some key variables on the
performance of the system by simulation tests. Xiong et al. [13] re-
ported a novel two-stage liquid desiccant dehumidification system
assisted by CaCl, solution. The thermal coefficient performance of
the system can be increased from 0.24 to 0.73 under the given
conditions.

In the above reviewed studies, heat and mass transfer charac-
teristics and the performance analysis of liquid desiccant systems
were investigated. However, little control issue about the liquid
desiccant system was presented. In open literature, the supply
air state is not controlled and it always varies when the system
operation condition changes. But in practical applications, the sup-
ply air state is expected to be automatically regulated to meet the
pre-setting outlet state, which is determined by the instant cooling
load, i.e. sensible load and latent load of space. Hence, control
strategies for the liquid desiccant system are requisite to develop,
which are crucial to ensure the desiccant dehumidification system
continuously operate and achieve the expected supply air state.

In addition, because the DOAS is a 100-percent outdoor air sys-
tem, energy recovery is required in most cases according to ANSI/
ASHRAE/IESNA Standard 90.1-2007, and the energy-recovery sys-
tem should be with at least 50-percent recovery effectiveness
[14]. Both sensible heat exchanger and total heat exchanger can
be used for energy recovery. But for hot and humid climates, the
total heat exchanger is superior to sensible heat exchanger. Many
studies have been conducted in recent years on theoretical and
experimental analysis of energy recovery [15,16], and results re-
vealed that heat recovery could save 29-42% of primary energy
depending on the system involved [17]. Energy wheel and mem-
brane-based total heat exchanger are widely used and investigated
to recover energy from exhaust air. The membrane total heat ex-
changer has some merits over the energy wheel, such as no cross
contamination, no moving part and lower pressure drops.

In the present study, a dedicated outdoor air system adopting
liquid desiccant dehumidification is proposed. A membrane-based
total heat exchanger is applied to recover the heat and moisture
from exhaust air. Control strategies for supply air dehumidification
and cooling process as well as the desiccant solution regeneration
process in the DOAS are developed and illustrated. A simulator of
the DOAS, which takes into account all components, including
the membrane-based total heat exchanger, dehumidifier, regener-
ator, cooling coil and more, is built up on the simulation platform
of TRNSYS [18]. Control performances of the DOAS at different
operating conditions are investigated by simulation tests. More-
over, the effects of membrane-based total heat exchanger on the
system performances are also evaluated.

2. Proposed dedicated outdoor air system and control strategies

The schematic of the proposed liquid desiccant-based dedicated
outdoor air system and its control system is shown in Fig. 1. The

DOAS contains three loops: the process air loop, the liquid desic-
cant solution loop and the regeneration air loop.

The process air loop includes a membrane-based total heat ex-
changer, a liquid dehumidifier, and a dry cooling coil. In this loop,
fresh air from outside is firstly delivered through the membrane-
based total heat exchanger, where it transfers heat and humidity
with the return air from the conditioned space. Then the pre-con-
ditioned supply air is dehumidified by a liquid dehumidifier, and
lastly is sensibly cooled down by the dry cooling coil to the pre-set-
ting state to meet the comfort requirement in the conditioned
space. Return air from the conditioned space passes through the
membrane exchanger and exchanges heat and moisture with fresh
air before exhausted to outside.

The desiccant solution loop is critically important for continu-
ous air processing in the DOAS. It is composed of a water cooler,
a dehumidifier, a solution-to-solution heat exchanger (Sensible
HET), a heater and a regenerator. Lithium chloride solution is used
as the liquid desiccant in the dehumidification system. The re-con-
centrated solution from the regenerator is firstly pre-cooled by
sensible HE1 and then cooled by a water cooler before it is sprayed
into the dehumidifier for supply air dehumidifying. From the dehu-
midifier, the diluted solution is pre-heated by the sensible HE1 and
further heated by a heater, and finally re-concentrated in the
regenerator.

The regeneration air loop is comparatively simple. It consisted
of an air-to-air sensible heat exchanger (Sensible HE2) and a regen-
erator. The inlet air in the solution regeneration process is firstly
pre-heated in sensible HE2, and then fed into the regenerator to
absorb water vapor from weak solution. The temperature of the
air leaving from the regenerator is higher than that of the inlet
air. Hence, the outlet air can sensibly pre-heat the inlet air in sen-
sible HE2 before be discharged to outside.

In this study, control strategies for the supply air dehumidifica-
tion and cooling process as well as the desiccant solution regener-
ation process in the DOAS are developed. As shown in Fig. 1, the
supply air humidity ratio (Wg,.p) of the DOAS system is controlled
by regulating the strong solution inlet temperature into the liquid
dehumidifier, which is realized by adjusting the cooled water flow
rate entering the cooler. The supply air temperature (Tqsyp) is
maintained by modulating the supply cooled water flow rate into
the dry cooling coil. In the solution regeneration process, the outlet
solution concentration (Cs ) from the regenerator is controlled by
regulating the inlet solution temperature into the regenerator,
which can be achieved by adjusting the heat input. In the solution
regeneration process, the concentration of the desiccant solution
can be measured by a conductivity meter [19].

3. Mathematical modeling

The proposed liquid desiccant-based DOAS is consisted of sev-
eral components, as shown in Fig. 1. In this study, these compo-
nents are modeled and the whole system simulator is built up on
the platform of TRNSYS. The control performance of the DOAS will
be studied based on simulation tests.

3.1. Membrane-based total heat exchanger

In the modeling process, both finite difference model and effec-
tiveness-number transfer unit (¢-NTU) model can be adopted to
simulate the membrane-based total heat exchanger [20,21]. The fi-
nite difference model is detailed and accurate, but it is time-con-
suming. To simulate the cross-flow heat exchanger, if the finite
difference model is utilized, there is a large amount of control vol-
umes to calculate. It will influence the computing speed of the sim-
ulator. The ¢-NTU model is simple and fast, and it is reliable to
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