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ABSTRACT

Thepurposeof thisstudy istoinvestigatethe performance
of a thermally regenerated desiccant system at two extreme
ambient conditions (high sensible and high latent load) and to
report the results using quantitative measures, such as latent
capacity and latent coefficient of performance (COP), that
better describe the efficiency of the moisture removal process.
For this study, latent COP is defined as the latent capacity
divided by the total energy input of the process. In addition to
testing at two different inlet air conditions, several operating
parameters, such as desiccant wheel speed, regeneration
temperature, and face velocity, were varied to quantify their
impact on system performance. The results will be used to
improve the understanding of the operation of desiccant
systemsandto optimizetheir performanceby changing certain
operating parameters or improving components.

Desiccant spaceconditioning systemdesignsaretypically
specified for a 95°F (35°C) dry-bulb temperature and 75°F
(23.9°C) wet-bulb temperature outdoor ambient condition
(condition 1in ARl Sandard 940-98). However, most systems
operateat thisconditionlessthan 2% of theyear. Amoremean-
ingful indication of desiccant system performanceis shown by
testing at an ambient condition that reflects a higher latent
load and isexperienced for agreater number of hours, suchas
condition 2 in ARI Sandard 940-98, which specifies an 80°F
(26.7°C) dry-bulb temperature and a 75°F (23.9°C) wet-bulb
temperature. In order to evaluate the performance of a desic-
cant system against conventional vapor compression equip-
ment, this ambient condition would also give a better
comparison since the efficiency for air-conditioning equip-
ment is determined at 82°F (27.8°C) (ARl 1998).

Thermally regenerated desiccant systems, which are used
to reduce the moisture (latent load) of the conditioned air in
buildings, are specified on the basis of grain depression
(grainsof water removed per pound of dry air) for agivenface
velocity at a specified dry bulb and humidity ratio. Whilegrain
depression gives an indication of the performance of the
system, it does not adequately describe the efficiency of the
moistureremoval process. Several oper ating parameters, such
as desiccant wheel speed, face vel ocity, regeneration temper -
ature, wheel thickness, sector angles, and desiccant loading,
affect the ability of the desiccant dehumidification system to
remove moisture. There are so many design parameters that
influence the operation of a desiccant systemthat it isdifficult
to quantify theimpact fromthe interactions on system perfor-
mance. Thus, thisstudy seeksto quantify theimpact of varying
some of the most important operating design parametersindi-
vidually soastoisolatethechangesand report theresultsusing
terms, such as capacity and COP, that are common to the air-
conditioning industry.

For bothinletair conditions, thelatent capacityincreased
significantly as desiccant wheel speed, regeneration temper-
ature, and face velocity increased. The results also indicate
that latent capacity increased significantly more for the 80°F
(26.7°C) dry-bulb temperature, 75°F (23.9°C) wet-bulb
temperature condition as these variables increased. This
suggests that the moisture removal of the desiccant systemis
much improved over that indicated by testing at design condi-
tion 1. Theresultsfor thelatent COP were much different from
those for the latent capacity. As desiccant wheel speed
increased, the latent COP increased. However, as the regen-
erationtemperatureincreased, thelatent COP showed a slight
decrease. The latent COP was quite sensitive to face velocity
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and showed a maximumat a particular face velocity that best
matched the other system operating/design conditions. Latent
COPs for the 80°F (26.7°C) dry-bulb temperature, 75°F
(23.9°C) wet-bulb temperature condition were dightly less
than those for the higher temperature condition. Thisresultis
most likely caused by the increased energy that must be
supplied on the regeneration side of the wheel to heat the air
due to the lower entering temperature of the outside air.

INTRODUCTION

Thiswork was performed under an industry/government
cooperative research and development agreement (CRADA)
established to evaluate and test design concepts for desiccant
units using advanced materials and components. The objec-
tives were to (1) significantly improve indoor air quality in
buildings, (2) decrease the use of vapor-compression equip-
ment that uses halogenated refrigerants, (3) reduce primary
electrical energy consumption resulting in corresponding
reductions in carbon dioxide emissions, (4) introduce new
products and markets for U.S. industry through expanded
utilization of desiccant dehumidification systems, and (5) use
the data generated from the study to eval uate proposed rating/
certification standards for desiccant systems.

Recently, design dew-point temperatures for 239 loca-
tionsin the United States have been introduced by the Amer-
ican Society of Heating, Refrigerating and Air-Conditioning
Engineers, Inc. (ASHRAE) to be used by specifiersto sizeand
select building heating, ventilation, and air-conditioning
(HVAC) equipment (ASHRAE 1997). In 1990, ASHRAE
made recommendations in ANSI/ASHRAE Sandard 62-1989
that indoor levels of relative humidity be maintained between
30% and 60% and that ventilation rates be increased to
improve indoor air quality (ASHRAE 1990). Unfortunately,
increasing the ventilation rates and specifying HVAC equip-
ment on the basis of dew-point temperature increases the
amount of latent load that must be handled by the building
HVAC system. In response to this problem, desiccant dehu-
midification systems have been identified as an emerging
technology to control the increased latent load in buildings.
The conventional approach to controlling the latent load has
been to use air-conditioning equipment to reduce moisturein
the airstream to acceptable levels or to reduce the quantity of
ventilation air. Using conventional air-conditioning equip-
ment usually requiresthe airstream to be reheated since over-
cooling occurs—often an unacceptable aternative in light of
present energy costs. Using desiccant dehumidification
systemsto reduce the latent load in combination with conven-
tional air-conditioning equipment can lead to a significant
downsizing of the air-conditioning unit since cooling is only
required to reduce the sensible load. This particular arrange-
ment yields an improved control of the relative humidity and
can, depending on the source of energy for the regeneration
process, reduce energy costs.

Advances in desiccant materials have enabled the tech-
nology to become more practical for space-conditioning

applications. However, additional work needs to be done to
improve system efficiency and expand the application oppor-
tunities for desiccant-based systems. Studies have shown that
the cooling load accompanying ventilation air can be domi-
nated by the latent component in some climates (Harriman et
al. 1997). This suggests that applications can benefit tremen-
dously from desiccant technology where the ventilation
requirements are significantly increased by ANSI/ASHRAE
Sandard 62-1989.

BACKGROUND

Energy concerns in the late 1970s led researchers to
investigate the possibilities of using desiccant dehumidifica-
tioninresidential and commercial air conditioning. Problems
wereinitially encountered because desi ccant systemsrequired
large amounts of fan power to compensate for the high pres-
sure drops associated with the packed silica gel beds. Large
pressure drops required different desiccant materials or
system setup for usein air-conditioning applications (Slayzak
et a. 1996). Companiesin the early 1980s started using lith-
ium chloridein fluted wheel s as a possible answer to the prob-
lem. The fluted wheels allowed for lower pressure drops and
the wheel design was better suited for air-conditioning appli-
cations. Theonly problemwasthat thelithium chloride started
weeping at high relative humidities, requiring anew material
to be chosen. Realizing that silica gel did not have this prob-
lem, companies developed a silica gel that could be formed
into afluted wheel. Optimization of the silicagel/fluted wheel
design process for air-conditioning applications was pursued
by companies through funding from the natural gas industry.
Different formulations/formations of desiccant materials
allowed for different amounts of moisture removal. Titanium
silicate was proven to have a larger saturation capacity than
regular silicagel and was sel ected for usein desiccant systems
to be marketed in conjunction with air-conditioning units
(Slayzak et al. 1996).

Several research organizations, are presently anayzing
commercia desiccant systems to improve their performance.
The federal government, along with the natural gas industry,
is funding this research to help understand how desiccant
systems operate in the field in different building applications
at high relative humidity conditions and to determine the
effects of different design parameters on their performance.

Asshownin Figure 1, two airstreams, process and regen-
eration, areinvolved in the active desiccant dehumidification
system. Asthe process air flows through the desiccant wheel,
the moisture is removed from the airstream. The desiccant is
restored to itsdry state by exposureto the heated regeneration
airstream asit rotates. Dueto the heat transfer from the regen-
eration sideviatherotating wheel and thelatent heat effect, the
process airstream is heated during the dehumidification
process. This necessitates post cooling for comfort.

To reduce the energy consumption associated with the
post cooling, the processair exiting the desi ccant wheel can be
partially cooled viaaheat recovery wheel. Asthe heat recov-
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Figurel Desiccant dehumidification system schematic.

ery wheel rotates, heat is transferred from the process stream
to theincoming regeneration air. Consequently, the relatively
cool incoming regeneration air is preheated, thus reducing the
energy required to heat the regeneration airstream. The
amount of heat transferred by the heat recovery whedl is
dependent on its rotational speed. In many systems, a direct
evaporative cooler is also incorporated on the regeneration
side, upstream of the heat recovery wheel (Figure1). Whenthe
evaporative cooling unit is activated, the incoming regenera-
tion air is cooled to a temperature at or near the wet-bulb
temperature of the entering air. This improves the cooling
performance but diminishesthe preheating effect of thewheel.
For this study, the evaporative cooler was not used.

Heat pipes may be used in desiccant systems in lieu of
thermal recovery wheels, which permit moisture migration
from the regeneration to the process stream due to the air
exchange facilitated by the porous wheel matrix. This mois-
ture migration results in the humidity ratio of the process air
increasing and that of the regeneration air decreasing, both of
which affect theoverall performance of the system. Thiseffect
is further magnified when evaporative cooling is used to
condition the incoming regeneration air. Heat pipes do not
share thislimitation since there is no moisture migration from
the airstreams.

The performance of this system, from the standpoint of
dehumidification capacity and energy efficiency, depends
upon a number of factors, including the type of desiccant
material, regeneration temperature setpoint, process and
regeneration face velocities, and the rotational speeds and
physical characteristic of the two wheels. Optimum operation
of these systemsnecessitatesexpl oring thecomplex inter-rel a-
tionships among these variables. Recent studies have
presented parametric analyses relating the performance of
commercialy available, rotary, gas-fired, desiccant systemsto
anumber of operational variables (Vineyard et al. 2000; Jala
Izadeh-Azar et al. 2000). An additional study anaytically
evaluated the optimum values of the desiccant wheel rota-
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Heat Recovery Wheel

tional speed and theregeneration massflow rateinminimizing
the thermal energy required for regeneration (Van den Bulck
et al. 1986).

This study is intended to characterize system perfor-
mance at a high sensible and high latent load condition while
varying some of the operational parameters, such as desiccant
wheel speed, face velocity, and regeneration temperature.
Desiccant system performance at a higher humidity is more
indicative of anormal ambient condition and provides useful
information to HVAC system designers when comparing the
performance of a desiccant system to conventional vapor
compression equipment as an aternative means of removing
moisture.

EXPERIMENTAL PLAN

There are three basic modes of operation for desiccant
systems—(1) recirculation mode, where the unit treats return
air from the building and uses outdoor air to regenerate the
desiccant; (2) ventilation mode, where the unit conditions
outdoor air beforeit isintroduced to the space and regenerates
the desiccant with outdoor air; and (3) ventilation with heat
recovery mode, where the unit conditions outdoor air being
supplied to the space and uses exhaust air from the building to
regenerate the desiccant (CDH 1995). All the testing
performed on the unit in this study wasin the ventilation mode
since it represents the majority of applications for desiccant
dehumidification systems. An additional benefit from this
study is that the results can be compared to numerous field
tests presently being conducted to evaluate problems with
poor performance.

Thetest plan was devel oped to analyze the impact of the
main operational design variables that affect system perfor-
mance. Thetest matrix (Table 1) wasdesigned to minimizethe
number of data pointsrequired to obtain adequateinformation
on the impact of each operational parameter. As shown in
Table 1, the regeneration temperature was varied from 180°F
t0 230°F (82.2°C to 110°C); face velocity for both the process



TABLE 1
Baseline and Parametric System Operation Values

Operational Parameters Baseline Values Parametric Variations
Process/regeneration dry-bulb temperatures 95°F (35°C) 80°F (26.7°C)
Process/regeneration wet-bulb temperature 75°F (23.9°C)

Desiccant wheel speed 58 rph 33-76 rph
Thermal wheel speed 10 rpm -
Process/regeneration 476.2 ft/min 238.1-523.8 ft/min
face velocity (145.1 m/min) (72.6-159.7 m/min)
Regeneration temperature 190°F (87.8°C) 180°u-230°F (82.2°.-110°C)
TABLE 2

Desiccant Test Instrumentation

M easurement Sensor Precision/Accuracy
Temperature Averaging RTD +0.24% at 70°F (21.1°C)
Range = -50°F-275°F (—45.6°+~135°C)
Air flow Fan evaluator +2%
Range 500-5000 ft3/min (14.2-141.6 m%min)
Water flow Turbine meter +0.5% of reading

Range 2.5-29.0 gal/min (9.5-109.8 L/min)

Dew-point temperature Chilled mirror

Dew point: £0.2°C (—80°+~95°C)

Power Watt transducer (2)

+0.5% of full scale
Range = 0-40000 watts
0-500 watts

and regeneration airstreamsranged from 238.1 ft/min to 523.8
ft/min (72.6 m/min to 159.7 m/min); and desiccant wheel
speed was varied from 33 to 76 revolutions per hour (rph). In
addition to the baseline tests performed at a 95°F (35°C) dry-
bulb temperature, 75°F (23.9°C) wet-bulb temperature, tests
were also performed at an 80°F (26.7°C) dry-bulb tempera-
ture, 75°F (23.9°C) wet-bulb temperature, to evaluate the
system performance at a higher latent load condition.

TEST FACILITY

Experimental dataweretaken using adesiccant dehumid-
ification system with the same features as shown in Figure 1,
with the exception of the evaporative cooler, which wasdisen-
gaged. Thefacility is equipped with the necessary instrumen-
tation to measure air dry-bulb and dew-point temperatures at
the principal points (Figure 1) and process and regeneration
airflow rates. Requirements for accuracy of test instrumenta-
tion are in accordance with ANSI/ASHRAE Sandard 139-
1998 (ASHRAE 1998). A chilled mirror was used to measure
dew-point temperature on the basis of previous research,
showing improved accuracy for evaluation of the humidity
ratio via dew-point temperature as compared to relative
humidity and dry-bulb temperature measurements (Jalalza-
deh-Azar et a. 1996). The dry-bulb and dew-point tempera-
tures were used to determine the enthalpy and absolute

humidity ratio. From these properties, the latent capacity and
latent COP can be determined.

Theinlet dry-bulb temperature for the process airstream
was maintained at +0.52F (0.32C) by using a 10 kW heater
along with exhaust air from the regeneration outlet. For the
regeneration airstream, a 30 kW heater was used to regulate
the dry-bulb temperature. Wet-bulb temperatures on both
airstreams were maintained at +0.5°F (0.3°C) by introducing
steam from process lines.

Wheel speeds for both the desiccant and thermal wheels
were determined by marking the perimeter of the rotors and
counting the revolutions while measuring time with a stop-
watch accurate to 1/100 second. The sheet metal panel on the
process section between the desiccant and thermal wheel was
replaced with a plexiglass panel to allow viewing of the
wheel sto ensure proper rotation and convenient measurement
of wheel speeds.

TEST PROCEDURES

Testswere conducted to determine theimpact from vary-
ing several design parameters on the latent capacity and latent
COP of the desiccant dehumidification system. The latent
capacity is derived from the following equation:

Latent Capacity = mg, X (05 — ®gyt) X Nyater X 60 (1)
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TABLE 3
ARI Standard Rating Conditions’

Process Air Inlet Condition Regeneration Air Inlet Condition
Condition Number Dry Bulb Wet Bulb Dry Bulb Wet Bulb
1 95°F (35°C) 75°F (23.9°C) 95°F (35°C) 75°F (23.9°C)
2 80°F (26.7°C) 75°F (23.9°C) 80°F (26.7°C) 75°F (3.9°C)
3 80°F (26.7°C) 67°F (19.4°C) 95°F (35°C) 15°F (239°C)
4 45°F (7.2°C) 45°F (7.2°C) 80°F (26.7°C) 75°F (23.9°C)

* Thetolerance for all temperatures during the test is +0.5°F (+0.3°C)

where my;, represents the mass flow rate of air, @ represents
the absolute humidity ratio, and h is the heat of vaporization
for water. The latent COP, a measure of the overall system
efficiency, isdetermined by dividing thelatent capacity by the
total energy input of the process. The energy input was deter-
mined from measurements of the thermal energy supplied to
the heat exchanger for the regeneration process and the elec-
trical power to the fans and motors. Electrical power,
measured in kilowatts, was converted to thermal energy using
aconversion factor (3413 Btu/kWh). It is noted that an addi-
tional factor could be applied so that the electrical energy
input is taken directly back to the power plant (primary
energy). Since the mgjority of the input energy isthe thermal
energy for the heat exchanger, using primary energy for the
fans and motors would only increase the total energy a small
amount and result in a slight reduction in the latent COP.

Testswere performed at conditions 1 and 2 listed in ARI
Standard 940-98 (Table 3), which calls for the process and
regeneration air inlet conditions to be controlled at 95°F
(35°C) and 80°F (26.7°C) dry-bulb temperatures and 75°F
(23.9°C) wet-bulb temperature (ARI 1998). These conditions
were selected since they are representative of high sensible
and latent load conditions for desiccant dehumidification
systems operating in the ventilation mode. The test unit was
operated in a steady-state mode (no boiler cycling) to accu-
rately measure the effects for all the different parameters. In
fieldinstallations, the gasboiler normally cycles4-5 times per
hour resulting inlarge fluctuationsin the regeneration temper-
ature.

Prior to beginning the tests, a production desiccant dehu-
midification system was modified to allow a parametric anal-
ysis of several of the components. The original unit was
designed for a face velocity of 412.7 ft/min (125.8 m/min)
and utilized a 160,000 Btu/h (47 kW) gas boiler to heat the
regeneration airstream. The desiccant wheel rotated at arate
of 76 rph and the thermal wheel turned at 10 rpm. The regen-
eration temperature was 190°F (87.8°C). Modificationsto the
production unit included the following: (1) the existing hot
water coil for regenerating the desiccant was replaced with a
larger unit to allow higher regeneration temperatures and
steady-state conditions to be achieved; (2) desiccant and ther-
mal wheel single-speed motors were replaced with inverter-

AC-02-4-2

driven motors to allow for wheel speeds to be varied; (3)
process and regeneration fan motors were replaced with
larger inverter-driven fan motorsto allow the airflow ratesto
be varied and to achieve higher air flows than the production
unit; and (4) a 60 kW €electric boiler was added to run in
stand-alone mode or in series with the gas boiler to increase
the heat input for higher regeneration temperatures and for
improving steady-state temperature control.

EXPERIMENTAL RESULTS

Thetesting is designed to assess desiccant dehumidifica
tion system design modifications that improve unit capacity
and efficiency and identify improvements for next generation
products and applications. The experiments will also aid in
supporting rating/certification standards for desiccant-based
products. Areasof interestincludevariationsin entering ambi-
ent conditions, desiccant wheel speed, face velocity, and
regeneration temperature.

Ambient Conditions

Baseline tests were performed at a 95°F (35°C) dry-bulb
temperature, 75°F (23.9°C) wet-bulb temperature sincethat is
the ambient condition at which air-conditioning systems have
traditionally been designed and specified. In addition, system
tests were aso performed at an 80°F (26.7°C) dry-bulb
temperature, 75°F (23.9°C) wet-bulb temperature condition to
evaluate the system performance at a high latent load condi-
tion. Typically, the system only operates at the higher ambient
condition less than 2% of the year. The magjority of the oper-
ation takes place at a lower ambient conditions, such as the
80°F (26.7°C) dry-bulb temperature, 75°F (23.9°C) wet-bulb
temperature condition. The 80°F (26.7°C) dry-bulb tempera-
ture, 75°F (23.9°C) wet-bulb temperature condition also
represents a situation where conventional vapor compression
systems are unable to run long enough to remove enough
moisture from the conditioned space without overcooling.
Thus, it offers a comparative data point for evaluating the
performance of desiccant systems to conventional vapor
compression systemsin providing overall space conditioning
(latent and sensible).



Desiccant Wheel Speed

Thedesiccant wheel isideally rotated at aspeed wherethe
desiccant is no longer removing moisture at an appreciable
ratebeforeit rotatesout of the processairstreaminto theregen-
eration stream. Similarly, theregeneration temperature, regen-
eration sector angle, and desiccant wheel rotation rate should
be designed so that dried desiccant isrotated out of the regen-
erationair pathwhenitisnolonger practical or efficient to add
more thermal energy to remove the last few molecules of
absorbed water from the desiccant.

Wheel speeds that are too fast do not utilize all of the
active desiccant for process-side water removal or allow for
total desiccant regeneration, which results in lower capacity
and thermal cycling with sub-optimal moisture removal (low
efficiency). Desiccant wheel speeds that are too slow allow
saturated desiccant to remain in the processairstream too long
and also overheat the already dry desiccant, which reduces
capacity and efficiency.

Figures 2 and 3 summarize the data obtained from exper-
imental runsinwhich thedesiccant wheel speedisvaried from

33 rph to 76 rph at two inlet air conditions while the other
system operating parameters are held to the baseline condi-
tionsin Table 1. Quite obviously, the latent capacity for both
inlet air conditions increases as wheel speed increases. It is
noted that there will be a wheel speed at which the latent
capacity will begin to drop. However, that point was not
reached in the testing. Also, the latent capacity at the 80°F
(26.7°C) inlet condition isincreasing at amuch faster rate than
for the 95°F (35°C) condition. At the lower wheel speed, too
much timeis spent in the regeneration air path for the amount
of desiccant on the wheel. This results in less moisture
removal on the process side at both temperatures since the
desiccant becomes saturated before the wheel has completed
the full rotation through the process side. At the higher wheel
rotation rates, the latent capacity is much higher for the lower
ambient temperature condition primarily because the partial
pressure of the water vapor, which is the driving force, is
higher.

The results for latent COP show a similar trend as the
latent capacity in that latent COP increases as the wheel speed
increases. However, thelatent COPfor the higher temperature
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is higher than that of the lower temperature, areversal of the
latent capacity results. This results from less heat input
required to reach the specified regeneration temperature when
theinlet air is at the higher ambient temperature. The latent
COPsconvergefor the95°F (35°C) and 80°F (26.7°C) inlet air
temperature curves as the result of the greater increase in
capacity at the lower inlet air temperature.

Face Velocity

Each active component in the desiccant system must be
designed and operated with atargeted face vel ocity in order to
achieve optimal unit performance. Experimental results from
variations in face velocity help define the sensitivity of unit
performance to thisimportant operational design variableand
establish aface velocity that best suits the capabilities of indi-
vidual components used to build theunit. A cautionary noteis
required, however, in that the laboratory test unit used to
obtain these data was operated such that the desiccant regen-
eration temperature was maintained at a fixed temperature
with the aid of added boiler capacity and alarger regeneration
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heat exchanger. In aproduction unit, increased face vel ocities
with alimited boiler capacity and conventionally sized regen-
eration heat exchanger will eventually result in lower regen-
eration temperatures that will have an additional, secondary
effect on the unit's capacity and efficiency. In addition,
process and regeneration face velocities were equal for all the
tests.

Figures 4 and 5 summarize the results of variations in
process and regeneration face vel ocities on the latent capacity
and COP of thetest unit. Figure 4 showsthat moistureremoval
capacity increases with face velocity, as would be expected.
This increase is more pronounced at the 80°F (26.7°C) dry-
bulb temperature due to the higher moisture content in the
incoming airstream. Intuitively, alarge enough face velocity,
whichwouldtotally saturatethe desiccant at agiven set of inlet
conditions, wheel rotation rate, regeneration temperature, and
desiccant loading, would eventually causethe curvesin Figure
4 to flatten out. Limitations in the capabilities of the test unit
prevent reaching thisfacevelocity. It should be mentioned that
the extent of dehumidification, commonly referredto asgrain



depression, decreases as the face velocity increases. There-
fore, the higher latent capacity resultsfrom alarger amount of
air being dried less completely.

The curvesin Figure 5 indicate that the efficiency peaks
at approximately 333.3 ft/min (31.0 m/min). Note that the
latent COP dropsoff morerapidly on either sideof the maxima
for the 80°F (26.7°C) inlet air condition. At face velocities
below 333.3 ft/min (31.0 m/min), the desiccant material is
underutilized for both conditions. However, more energy is
required to heat the entering air for the 80°F (26.7°C) inlet air
compared to the 95°F (35°C) dry-bulb temperature. As the
face vel ocity approaches 333.3 ft/min (31.0 m/min), the latent
capacity isincreasing at afaster ratefor the80°F (26.7°C) inlet
air temperature, compared to the higher ambient temperature,
resulting in equivalent latent COPs for both inlet air condi-
tions. Above 333.3 ft/min (31.0 m/min), theenergy requiredto
heat the entering air for the 80°F (26.7°C) dry-bulb tempera-
ture conditionisincreasing at ahigher ratethan theincreasein
latent capacity, resulting in a drop-off in the latent COP,
comparedtothe 95°F (35°C) inlet air condition. It isnoted that
all testswere run with equal face vel ocities on both the regen-
eration and process side. A previous study indicates that
reducing the face velocity for the regeneration air relative to
the process air can produce even higher latent COPs (Jalalza-
deh-Azar et al. 2000). However, decreasing the regeneration
face velocity would also reduce the post-cooling advantage
offered by the heat exchanger wheel, resultingin ahigher exit-
ing dry-bulb temperature.

Regeneration Temperature

An external heat source is required in active desiccant
dehumidification systems to drive absorbed water off the
desiccantin aregeneration processsoit will beinastatewhere
it can absorb more water from the process airstream. At best,
the COP of thisabsorption/desorption processon thedesi ccant
wheel can approach 1.00, because at least as much thermal
energy isrequired to desorb thewater from the desiccant asthe
latent load benefit obtained in removing water from building

ventilation air. Naturally, equipment designers want to mini-
mize regeneration energy input in order to increase the oper-
ating efficiency of the overall desiccant dehumidification
system.

Variations in system latent capacity and COP as a func-
tion of regeneration temperature for both entering dry-bulb
temperatures are shown in Figures 6 and 7, respectively. Asin
previously described parametric studies, the other system
operating conditionswere held to the baselineva uesshownin
Table 1. Figure 6 shows steadily increasing capacitiesfor both
conditions as regeneration temperatures are increased. Data
plotted in Figure 6 indicate that the latent capacity is much
higher for the 80°F (26.7°C) dry-bulb temperature condition.
This result follows the trend established in the wheel speed
and face velocity tests.

It isinteresting to note the results for latent COP for the
two ambient dry-bulb temperature conditions. Thelatent COP
at 80°F (26.7°C) showsa most no decrease astheregeneration
temperature increases. Thisisthe result of the latent capacity
increasing at almost the same rate as the energy required for
regeneration. The latent COP at 95°F (35°C) gradually
decreases, however, to the point whereit is equivalent to that
for the lower ambient temperature condition. This occurs as
the result of the latent capacity for the 95°F (35°C) condition
increasing at alesser ratethan for the 80°F (26.7°C) condition.

CONCLUSIONS

Some compromisesin component sel ection are driven by
an attempt to provide an affordabl e product with versatility so
that it is applicable in several modes of operation. The unit
tested wasoriginally equipped with adirect evaporative cooler
at theentranceto theregeneration side. However, previoustest
resultsindicated that the evaporative cooler has margina util-
ity when theunit isoperated in the ventilation mode (Vineyard
et al. 2000). Therefore, the evaporative cooler wasnot used in
this particular study.

For both dry-bulb inlet temperatures, the latent capacity
significantly increased as desiccant wheel speed, face veloc-
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Figure6 Regeneration temperature vs. latent capacity.
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ity, and regeneration temperature increased. Tests at the 80°F
(26.7°C) temperature showed a greater improvement mainly
because of the higher partial pressure of thewater vapor at that
temperature, whichisthedriving forcefor absorption of water
on the desiccant material. This conclusion indicates that the
performance of desiccant systems is markedly improved at
higher latent load conditions.

Theresultsfor latent COPweremuch different from those
for latent capacity. In all the tests, the 95°F (35°C) results had
higher latent COPs than those for the lower inlet dry-bulb
temperatures. This was mainly due to the increased energy
required for heating the lower temperature inlet air up to the
regeneration temperature. As desiccant wheel speed
increased, the latent COP for both inlet dry-bulb temperature
test conditions increased dramatically. In contrast, the latent
COPsfor facevel ocity variationsreached amaximaat approx-
imately 333.3 ft/min (31.0 m/min) before beginning a rapid
descent. This behavior is attributed to the increased energy
required to raise the inlet air up to the regeneration tempera-
ture. Finally, asregeneration temperature increased, the latent
COPs decreased, with the most significant decrease occurring
at the 95°F (35°C) test condition. This suggests that latent
capacity can beincreased significantly at the higher latent load
condition with little or no decrease in efficiency.

The results from this study can be used to modify the
desiccant system design to suit the particular situation. For
instance, if energy costsarelow, then latent COP can be sacri-
ficed by raising thefacevel ocity and regeneration temperature
to increase latent capacity. However, if energy costs are high,
abalance needs to occur in choosing the operating character-
isticsto optimize both latent capacity and COP. In addition, the
comfort levelsin the conditioned space al so need to be consid-
ered when designing for an optimum latent capacity. As
mentioned in a previous section, increasing the face velocity
resultsin an increased latent capacity. However, the air deliv-
ered to the space is more humid (higher grains of water per
pound of dry air at the process exit). This can reduce the

AC-02-4-2

comfort levels that the desiccant system is intended to
improve.

FUTURE PLANS

The experimental test results have shown the perfor-
mance of the desiccant system at different operating parame-
ters. The next phase of this project will entail comparing the
experimental results against algorithms to check the validity
of predictive models. In addition, aproposed standard isunder
consideration by an ASHRAE technical committee that will
be used to evaluate the performance of the tested unit at stan-
dard operating conditions. Comparisons against the proposed
ASHRAE standard will improve the interpretation of the
experimental results by verifying their accuracy.

All testing to date has been performed on a single manu-
facturer’s unit. Recently, an additional unit has been obtained
from another manufacturer that will enable testing desiccant
system performance using a different design. The results for
the two machines will be compared to determine the relative
merits of each.

The next major phase of the work will be to couple the
desiccant system with amicroturbine generator and utilizethe
waste heat to regenerate the desiccant material. The main
purpose will be to determine if the temperature and flow
(capacity) of the waste heat is sufficient to regenerate the
desiccant material. By utilizing thewaste heat from the micro-
turbine, the overall system efficiency of the microturbineis
increased, which improves the potential for microturbine
generator technologies.
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