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ABSTRACT

The performance of a single parallel passage of a dehu-
midifier was examined under isothermal conditions both
experimentally and theoretically. The passage was
coated with silica gel using a polyester tape. The
transient response of the silica gel test cells to a
step change in air inlet humidity was obtained experi-
mentally and compared with the predictions of a pseudo-
gas—side-controlled mass transfer model. The transient
response of the test cell depended on the air flow
rate, aspect ratio, and temperature. Although the gen-
eral trend of the experimental and predicted results
were similar, the comparisons were not satisfactory.
The observed discrepancies were attributed to the

uncertainties in the pseudo-gas-side mass transfer

coefficient and equilibrium isotherm.

NOMENCLATURE

A cross—sectional area of bed (mz)

d average particle diameter (m)

Dyp diffusivity of water vapor in air (mz/s)

DAR desiccant-to=air ratio, Py AL/&G T

f friction factor

H height of flow channel (m)

Dh hydraulic diameter of channel (m)

KG gas-side mass transfer ccefficient (kg/m2 s)

Koa overall mass transfer coefficient (kg/m2 s)

-L- length of desiccant bed (m) - - -

m water vapor mass fraction, mass of water
vapor/mass of moist air (kg/kg)

M dry mass of desiccant (kg)

mg mass flow rate of gas mixture (kg/s)
mass flux of water (kg/m2 s)

Ney number of transfer units, Kq,pL/fg
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Nu mass transfer Nusselt number, KGDh/pDIZ
P perimeter of bed (m)
pressure (torrs)
6 air flow rate through test cell (m3/s)
Re Reynolds number
Sc Schmidt number
Sth heat transfer Stanton number
Sty mass transfer Stanton number
t time (s)
tE breakthrough time (s), see Fig. 4
t dimensionless time, t/tT

temperature (°C)

w absolute humidity ratio, mass of water vapor/
dry mass of air (kg/kg)

normalized humidity, w = wo/wj, = w

W average desiccant water content, mass of
water/dry mass of desiccant (kg/kg)

entrance length (m)
thickness of Lexan sheets (m)
z streamwise coordinate (m)

dimensionless coordinate, z/L

N

mass transfer coefficient ratio, KG/KOA
thickness of polyester tape (m)
passage width (m)

----  -density (kg/m3)f

duration of an experiment (s)

Subscripts

b bed
f final value
in inlet value
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o initial value

out outlet value

s s-surface, in gas phase adjacent to solid
phase

INTRODUCTION

Solid desiccant cooling systems have received consider-
able attention as simple alternatives to standard vapor
compression systems for air conditioning in hot and
humid climates. The system process involves drying the
humid airstream by having it pass through a desiccant
bed and then through an evaporative cooler to provide
the conditioned air to the indoor space. The desiccant
is then regenerated with hot air from either a gas
burner or solar collectors.

A typical desiccant cooling system can consist of two
evaporative coolers, a regenerative heat exchanger, a
solar heater, and a desiccant dehumidifier [l]. Elec-
tric power requirements are limited to air and water
circulation and control devices. If the thermal coef-
ficient of performance (COP) of the desiccant cooling
system is high, it can compete economically with vapor
compression systems [2].

The thermal performance of the system depends on the
efficiencies of each component. The state of the tech-
nology for all the components except the dehumidifier
is well understood, and components with effectivenesses
as high as 0.9 are available. 'For example, evaporators
can operate with effectivenesses of 0.8 to 0.9, while
heat exchangers operate from 0.9 to 0.95 [1]. The
state of the technology for dehumidifiers is not as
well understood, and the greatest potential for improv-
ing system performance lies in developing highly effi-
cient and low cost dehumidifiers.

The efficiency of a desiccant dehumidifier depends
strongly on the properties of the desiccant used and
the geometry of the unit. The most common desiccant
material used for solar desiccant cooling applications
[3,4,5,6] is silica gel because of its high moisture
cycling capacity compared with other industrial desic-
cants in the temperature range available from solar
collectors (60°C-90°C). A molecular sieve is used in
gas-fired desiccant cooling applications [7] because of
its physical stability and high moisture cycling capac-
ity in a temperature range available from gas-fired
heaters (120°C-220°C).

To meet the thermal performance goals of desiccant
cooling systems dehumidifier geometries with high heat
and mass transfer performance and low pressure drop
should be developed. The ratio of Stanton number (heat
and mass transfer) to friction factor is then used as
the preliminary design criterion for selecting the
dehumidifier design. Compactness, ease of fabrication
and operaticn, desiccant material, and costs are other
factors that must be considered for final design of a
dehumidifier.

Packed particle beds were chosen in early designs of
dehumidifiers and tested by Pla-Barly [4],
Gunderson [8], and Clark et al. [9]. Thin desiccant
beds were used to meet the system pressure drop con-
straints for economical operation. However, this
resulted in a dehumidifier with a large frontal area,
which makes the system large and undesirable. The
dynamic performance of packed beds were then investi-
gated [1,3,4,8,10]. The ratio of heat transfer Stanton
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number to friction factor Sty /f for packed beds is
about 0.06 (Re = 50), although the ratio of effective
mass transfer Stanton number to friction factor Stm/f
of the packed bed is even lower (about 0.02) because of

the 1large diffusional solid-side resistance in the
particles {11].
Researchers [7] at the Institute of Gas Technology

(IGT) used corrugated fiber material impregnated with
molecular sieve particles to fabricate a dehumidifier
with an improved Stanton-number-to-friction-factor
ratio. The Sth/f of a fully developed laminar flow
with constant heat flux at walls in a corrugated struc-
ture is about 0.32, and the Stm/f of IGT configuration
is expected to be 30%Z-607 lower than the Sth/f because
of the mass transfer solid-side resistance [11].

Researchers at the Illinois Institute of Technology
(IIT), the University of California at Los Angeles
(UCLA), and the Solar Energy Research Institute (SERI)
used the concept of parallel-walled configuration for
improving the two Stanton—-number-to-friction-factor
ratios. The dehumidifier designed at IIT (12) basi-
cally consists of silica gel sheets that form laminar-
flow channels. The silica gel sheets are made by bond-
ing silica gel particles (average diameter: 9 pm)
within a fine Teflon web. The Sth/f of the IIT concept
under fully developed laminar flow conditions with a
constant heat flux at the walls is 0.49, while its
Stm/f is about 0.16-0.24 [12] because of the mass
transfer resistance in the Teflon web. The resistance
of the particles is estimated to be very small.

The UCLA dehumidifier concept [13] consists of parallel
passages coated with a single layer of fine silica gel
particles (120-250 pm). Researchers [l14] at SERL
combined the UCLA concept with one using a rotary heat
exchanger construction developed by CSIRO in
Australia [15]. The SERI parallel passage dehumidifier
has parallel channels of double-sided polyester tapes
with a thermosetting adhesive on which fine particles
(80-250 pm) of silica gel are bonded. The Sth/f of
this concept is 0.49 under constant heat flux con-
dition, the same as that of the IIT concept. However,
the UCLA and SERI concept projects a Stm/f about
0.39-0.41, which is higher than that of the IIT concept
[11,13]. Since large Sth/f and Stm/f would result in a
more compact and efficient dehumidifier, the coated
parallel-passage concept may provide an efficient
dehumidifier.

UCLA [16] tested a bench scale parallel passage dehu-
midifier under adiabatic operation and compared the
experimental results with transient pseudo-gas-side
controlled model predictions obtaining some agreement.
The observed discrepancy can be attributed to uncer-
tainties in the heat of adsorption of silica gel, the
exact nature of transfer coefficients, and heat losses
from the dehumidifier walls.

SERI tested a small-scale, prototype, parallel passage
dehumidifier wunder adiabatic conditions, and the
results were compared with a pseudo-steady-state model.
A simple, steady-state, counterflow heat and mass
exchanger model was used for predicting its perfor-
mance. The predictions (outlet air temperature and
humidity) were in reasonable agreement with the experi-
mental results for adsorption cases and relatively poor
for desorption cases. The observed discrepancies (10%
for humidity and 20% for temperature) can be attributed
to the uncertainties involved in the heat of adsorp-
tion, heat capacities, and property variations caused
by temperature changes in adiabatic operation. To
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eliminate these uncertainties one solution is to per-
form the experiments under isothermal conditions and
compare the results with predictions of mass transfer
models for their validations.

The purpose of this study was to investigate the per-
formance of a silica gel, parallel passage configu-
ration under isothermal conditions both experimentally
and theoretically. A sorption apparatus [17], which
was available at SERI, was modified for this study. A
test cell with a single passage, which simulated one of
the channels of the SERI parallel passage dehumidifier,
was fabricated and tested under isothermal conditions.

This paper describes the experimental apparatus, the
test cells used, and a pseudo-gas—-side-controlled mass
transfer model. The experimental results and model
predictions are compared and discussed. The experi-
mental results of this study can be used to compare
other mass transfer models of dehumidifiers. The vali-
dated mass transfer models can be combined with heat
transfer models that later can be used in predicting
the performance of desiccant dehumidifiers under actual
operating conditions.

ANALYSIS (A PSEUDO—GAS-SIDE CONTROLLED MODEL)

The differential equations governing the transient
response of a coated parallel passage bed under iso-—
thermal conditions presented here follow those of
Nienberg [3], Clark et al. [9], and Pesaran [10, 21]
developed for packed beds. An idealized picture of the
sorption process is shown in Fig. 1.

The following assumptions are made for developing the
governing equations.

e Transfer process is gas—-side-controlled. Any effect
of diffusion resistance in the particles is
considered by lowering the mass transfer conductance
below the value predicted by the gas-side limiting

case. This is the reason we call the model pseudo-
gas—-side controlled. The overall mass transfer

coefficient is assumed to be constant along the

axial direction.
e The transfer process is only z-dependent.

e Axial diffusion is negligible compared with axial
convection.

e The dm/dt gas-side storage term is negligible.

e Any resistance caused by the kinetics of the sorp-
tion process is neglected.

e The desiccant is treated as a "lumped capacitance”,
where the average desiccant water content governs
the transfer at a given z.
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TP-252-2630

e The process is assumed to be isothermal, since the
rate of heat generation is estimated to be less than
the rate of heat removed from the walls. Thus, the
energy equations arce not presented.

Referring to Fig 1., water vapor conservation equation
in the gas stream is

5} .
37 (Mgm) = png , )]
while the overall mass conservation requires that
an‘ac
3z~ Pos - (2)

By combining the above two equations one can obtain

. 9
fig 32 = Pig(l —m) , 3

where m is the mass fraction of water vapor in the gas

phase. The mass conservation equation in the solid
phase is
AW _
A\ob t = pns > (l’)
where p; 1is the mass of dry desiccant per unit volume

of bed, and p is the perimeter of exposed desiccant in
the bed. Assuming low mass transfer rates, one can
write that n_ = KOA(ms - m), where KOA is an overall
mass transfer coefficient. Substituting in Egqs. 3 and
4 and using nondimensional parameters, one can have

om

3o% - Neu(mg = m)(1 = m) (5)
aw_ _ Neu
Fycie Dar(®s ~ @ (6)
where Ntu is the number of transfer units, and DAR is

the ratio of mass of desiccant bed to the mass of air
flow through the bed during time <. Here <t 1is the
duration of an experiment. The term mg is the mass
fraction of water vapor in the air near the surface of
the desiccant, which 1is in equilibrium with the
desiccant; 1i.e.,

o, = £(%,T,P) . (7)
Equations 5, 6, and 7 are a set of coupled,k nonlinear
equ;tigns with three unknowns m(z ,t ), mg(z ,t ), and
Wz ,t). In this study step change expsriments are
performed, so a boundary sgndition m(0,t ) = my *and
initial conditions Wiz ,0) = W, and mg (2 ,0)
= f(W,,T,P) are required to solve the equations.

A computer code, developed and validated by
Pesaran [10] for solving simultaneous heat and mass
transfer in a packed desiccant bed, was used to provide
the solutions to the above equations. The geometry
dependence of the code appears only in the values of
dimensionless numbers N, and DAR. The energy equa-
tions in the above code were skipped to solve only the
species conservation equations. Finite difference
methods were used in solving the coupled nonlinear par-
tial differential equations. An implicit first order
finite difference scheme was used for Eq. 6, and a
fourth order Runge-Kutta system was used for Eq. 5. A
listing of the computer code can be found n
Pesaran LIO]. One output from the code is m(1l,t )
= mg,(t), which can be compared with experimental
results. It should be noted that in the Results and
Discussion section we presented the results in terms of
outlet humidity ratio rather than outlet mass fraction.
The relationship between these two values is
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W-l_m) (8)
where w is the ratio mass of water vapor to mass of dry
air.

EXPERIMENTAL METHOD

Apparatus

The apparatus wused in this study was originally
designed and constructed by Pitts and Czanderna [17]
for characterizing desiccant materials. The apparatus
was modified for this study to better control inlet
water vapor concentration. A diagram of the modified
experimental set-up is given in Fig. 2. The set-up
consists of a reservoir of dry air (water content less
than 3 ppm), a humidifier, a desiccant bed in a test
cell immersed in an isothermal bath, and a vacuum pump.
The stream of air is from the air reservoir through the
humidifier, test cell, and vacuum pump to the outside.

The dry air enters a Tylan mass flow controller that
measures and contro]ss the dry air mass flow rate over a
range of 10-500 cm”/min and feeds the gas into the
humidifier to obtain the desired level of water vapor
concentration in the process stream. In the humidifier
dry air bubbles through deionized water in a bubbler
immersed in an isothermal bath.

The saturated air then passes to a General Eastern dew
point hygrometer sensor and a MKS pressure transducer
to measure and monitor the inlet dew point temperature
and absolute pressure, respectively, to calculate the
inlet humidity ratio of process air to the test cell.

Next, the air flows through the first chamber of a two-
chamber Gow-Mac thermal conductivity detector and then
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enters a six-port switching valve that contains the
desiccant test cell and a bypass 1line, which is used
when the conditions of process air (such as pressure
and dew point temperature) have not reached the desired
uniform conditions. The airstream emerges from the
test cell or bypass and then flows through the second
chamber of the thermal conductivity detector, which
measures the relative thermal conductivity of the out-=
let airstream from the test cell to the inlet process
stream. The thermal conductivity of inlet and outlet
airstreams are different because of different water
contents. The millivolt output of the detector can be
converted to the humidity ratio wusing calibration
curves [18]. The thermal couductivity detector is
chosen since it has a very fast response time (less
than one second).

The test cell, the bypass line, and the thermal conduc-
tivity detector are immersed in a constant-temperature
deionized water bath for isothermal operating
conditions. The temperature of the well mixed bath is
controlled within #0.1°C by a thermistor-operated,
proportional temperature controller. The bath can be
raised or lowered by a hydraulic scissor jack. The
process stream then passes through needle valves to
control pressure in the system, passes through a vacuum
pump, and, finally, is exhausted. The output signals of
all the sensors are recorded at a preprogrammed 10-20 s
time interval.

The uncertainty in mass flow rate measurement is less
than 1% of the reading. The temperature of the bath,
can be measured withia #0.5°C. The uncertainty of
pressure measurement is less than 1.5% of reading, and
the uncertainty in dew point temperature measurement is
+0.2°C. Using the above uncertainties, it is estimated
that the error in calculating the inlet humidity ratio
is at most *3%. The estimated error in calculating
outlet humidities using the thermal conductivity
detector calibration curve is *5%.

Vacuum
pump

-
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Figure 2. Experimental Apparatus for Characterizing Desiccant Materials



Procedure

Tests were performed to determine the transient
response of a desiccant bed after step change in the
inlet air humidity under isothermal operating condi-
tions. A bed of known initial water content was pre-
pared using the isothermal bath and the humidifier. The
process airstream conditions, such as temperature,
pressure, dew point temperature, and air flow rate,
were brought up to the desired operating values while
the air flows through the bypass line.

Once all operating parameters were set and equilibrium
was assured, the process airstream was fed into the
test cell, and the transient data were obtained by
measuring the thermal conductivity detector outputs as
a function of time. The outputs were converted to the
humidity ratio of air using a calibration curve [18].
The experiments were stopped after 15 minutes when no
change in the detector output was observed. When inlet
and outlet humidity ratios were the same and the
desiccant in the test cell was in equilibrium with the
air, no change in the output of the detector was
expected.

Test Cells

The SERI parallel passage dehumidifier [l4] has par-
allel channels of double-sided polyester tapes coated
with fine particles of silica gel. To simulate this
configuration two test cells were constructed, each
fabricated from two Lexan (polycarbonate) sheets
machined so that when they were fastened together, they
formed a parallel passage 1inside the two sheets.
Appropriate sizes of two pieces of double-sided poly-
ester tapes were glued to the wall of the passage.
Fine particles of regular density silica gel from W. R.
Grace with a mesh size of 45-60 were sprinkled on the

TP-252-2630

tapes to form a single layer of desiccant particles.
The actual height of the flow passage depends on
channel height, the thickness of the tape, and particle
size. Figure 3 shows a schematic of the test cells.
The exterior of the test cells was machined in such a
way as to have a small wall thickness (3.18 mm) near
the silica-gel-coated tapes. This will enhance the
heat transfer to and from the isothermal bath so the
test cells remain isothermal during the sorption
process. Table 1 lists the relevant parameters of the
test cells used in this study.

RESULTS AND DISCUSSION

Table 2 summarizes the pertinent experimental param-
eters of some of the successful tests conducted in this
study. More tests were performed; however, because of
limited space only results of typical tests are
reported here. The range of humidity and temperature
of the process air are within the range of conditions
encountered in dehumidifier operation during solar
cooling application. The air velocities in the test
cells are about one-third of those expected to be
experienced in the dehumidifier operation because the
apparatus limited the air flow rate. The transient
data were obtained after a step change in the inlet air
humidity to the test cells. The data were expressed in
terms of outlet absolute humidity ratio as a function
of time. Some of the experiments were repeated and the
reproducibility was within 5%.

The data points are shown by solid lines in Figs. 4-15
since they are reported at 10-20 second intervals.
Figures 4 and 5 show the results of two adsorption and
two desorption experiments, respectively. The general
trend of transient response of an adsorption case can
be explained as follows. When the humid air comes in
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Table 1. Test Cell Parameters
Test Cell 1 2 3
Desiccant silica gel, grade 40 Davison, sieved

to 45-60 mesh

Average particle
diameter (pm)

Mass, dry desiccant (x 103 kg)
Height of flow channel (x 103 m)
Width of flow channel (x 103 m)
Length, coated desiccant (m)

Aspect ratio, H/L

350 350 350
0.6277 0.6277 0.3138
0.85 1.82 1.82

20.0 20.0 2C.0
0.1 0.1 0.05
0.0085 0.0182 0.0364

contact with the dry desiccant, moisture transfers to
the solid phase, and the process air loses its humidity
as it moves through the bed. Then the outlet air is in
equilibrium with the initial water content of the bed
for a period, depending on the amount of desiccant and
the air flow rate. A mass transfer wave is associated
with the sorption process that moves toward the end of
the bed at a different speed than that of the process
air as the desiccant loses its adsorption capacity.
When the mass transfer wavefront reaches the end of the
bed, the outlet humidity for air starts increasing
until it reaches the inlet humidity of air.

The general trend of transient response of a desorption

case is the reverse of the adsorption case. Note that
only a single wave passes through isothermal exper-
iments, although for adiabatic or nonisothermal situ-
ations the sorption process involves passing a thermal
wave and a mass transfer wave. Thus, the shape of the
breakthrough curve will be different. Here break-
through time is defined as the time it takes for the
outlet humidity to reach 95% of the inlet humidity Yin
from the start of the experiment (see Fig. 4).

Figure 6 shows the dependence of transient response on
air flow rate (air velocity) when other experimental
parameters are the same by comparing the results of

Table 2. Summary of Experimental Parameters

Exp. Process P T 663 w, W Wi S tﬁ
No. (torr)  (°C)  (x 105 m3/s) (g/Re)  (kg/ke) (g/Me)  (kgfkg) (ain)
Test Cell 1

1 AD 759.0 30 5.67 0.5 0.0179 7.8 0.1586 59
2 AD 761.7 30 7.50 7.9 0.1611 17.2 0.2984 20
3 DE 762.7 30 7.50 17.2 0.2984 7.8 0.1594 56
4 AD 762.2 30 2.83 7.8 0.1594 17.8 0.3063 45
Test Cell 2

5 AD 759.6 30 5.75 0.5 0.019 8.0 0.1615 62
6 DE 760.3 30 5.75 8.0 0.1615 1.8 0.0458 75
7 AD 761.7 30 5.75 1.8 0.045 8.0 0.1616 58
8 AD 759.3 30 5.75 8.0 0.1616 17.5 0.3025 37
9 DE 760.2 30 5.75 17.5 0.3025 8.1 0.1625 120
10 AD 762.5 80 5.67 8.1 0.023 17.5 0.0411 7
Test Cell 3

11 AD 751.5 30 5.75 8.0 0.1625 17.8 0.300 21

8At standard pfessure (760 torrs) and temperature (0°C), density of air at this condition

is 1.291 kg/m>.

bealculated from a curve fit to Rojas [19] experimental equilibrium isotherm data using

measured Wy

€Calculated from Rojas curve using measured Yin®
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experiments 2 and 4. The normalized outlet humid=-
ities, woyt, are used to better compare the two exper-
iments. Although the shape of the curve looks the same
for each experiment, the outlet humidity in the exper-
iment with higher velocity (exp. 2) reaches its final
value faster; 1i.e., the breakthrough time of higher
velocity experiment is smaller. The physical reason
for this behavior is because when the air velocity
increases, more mass of water vapor per mass of desic-
cant is exposed to the desiccant. Thus, the desiccant
adsorbs more in a fixed period of time and loses its
adsorption capacity at higher velocities faster.

The effects of aspect ratio (passage height/desiccant
length) on the transient response is shown in Fig. 7
for absolute humidity ratios between 0.008 and 0.018
and with air velocity of about 0.16 m/s. When H/L
decreases and other experimental parameters (including
air velocity) are kept constant, less mass of water
vapor per mass of desiccant is exposed to the desic-
cant, so the adsorption capacity of the test cell and,
therefore, the breakthrough time increases.

The effect of the test cell temperature on transient
response of passage can be seen in Fig. 8 by comparing
the results of test cell 2 for the same inlet humidity
and air flow rate at 30° and 80°C. The breakthrough
time of the experiment with higher temperature is
shorter. The sorption capacity of the desiccant is
smaller at higher temperatures, and, thus, the desic-
cant can adsorb less and becomes saturated faster.

To check the assumption of isothermal condition of the
desiccant in the test cell we measured the outlet
temperature of the air from the test cell with a
thermocouple located 0.1 m away from the exit of the
test cell. The test cell was located outside the iso-
thermal bath for this test. No significant temperature
change was detected, possibly because of the heat
capacity of the test cell and heat losses from the
walls of the test cell. Heat losses from the walls of
the test cell could have kept the sorption process
isothermal. However, due to uncertainties involved in
the temperature measurement in this situation, this
result may not be conclusive.

Comparing the sorption front propagation velocity in
the test cell with thermal wave velocity in the walls

0.020 T T 1 T T T T <

w., (exp. 8) -

0.018 |= —w

0.016
0.014
0.012
0.010
0.008
0.006

0.004 Adsorption

Outlet humidity ratio, w,,, (kg/kg)

0.002 -
0.000 1 1 ] 1 1
0 20 40 60 80 100 120 140 160
Time (min)
Figure 4. Transient Responses for Two Adsorption

Experiments (error in Yout is +52)
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of the test ceil; i.e., how fast the heat of adsorption
is released and how fast it is removed from the walls,
respectively, can also be an approximate check of iso-
thermal assumption. For example, the sorption wave
velocity 1in experiment 1 can be estimated to be
0.2 cm/min (L/tg = 10 cm/50 min). The thermal effect
produced by the heat of adsorption generated in the
test cell can be felt at the outer wall of the test
cell in a characteristic time tj.,..(= Y°/B) where B is
the thermal diffusivity of Lexan (= 77.5 x 107 cm“/
min). The value t is about 1.3 minutes. 1In the
same time the sorption front has moved about 0.26 cm,
which is small enough to keep the sorption process iso-
thermal. For some of the tests, such as experiments 2
and 10, the sorption wave velocity is high enough to
prevent the process from being truly isothermal. Thus,
the isothermal analysis of these experiments is not
warranted.

To obtain the numerical solutions to Eq. 5, 6 and 7
numerical values of N and DAR are required. DAR can
accurately be evaluated from the knowledge of measured
experimental parameters (air mass flow rate, dry mass
of desiccant, and duration of experiment through the
relation M/m.,t). To evaluate N, in addition to the
experimental parameters (p = 2A, L and m, ), requires
an estimate of Kgy. Assuming that the diffusional
resistance in the particles is a fraction gas-side
resistance one can write

Koy = Kg/a, (6)

where a is estimated to be about 1.2 [14,16] for the
silica-gel-coated parallel passage configuration.

The analogy between heat and mass transfer in rectan-
gular ducts is applied here to estimate the values of
K;, the gas—side mass transfer coefficient. Constant
values of heat transfer Nusselt number can be obtained
for fully developed laminar inside ducts for cases of
constant wall temperature and constant heat flux
[20,22]). Using the analogy method, the mass transfer
Nusselt number (Nu = KGDh/pDIZ) for cases of constant
wall concentration and constant mass flux can be eval-
uated. The sorption process does not fit either of
these limits, but the lower value of the two (constant
wall concentration case) is used here. For test cell 1
(with H/A = 0.0425) the Nusselt number is estimated to
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Figure 5. Transient Responses for Two Desorption

Experiments (error in Yout is *52)
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be 6.2, and for test cells 2 and 3 (with H/A = 0.091)
the Nusselt number is estimated to be 6.9. Using the
above values of Nu and «a, Ntu was calculated from the
relation
Nu Dj9 LA
Negy =2 5= ——. 9
ng Dp
Using the relation (x/Dy) = 0.05ReSc [22], the mass
transfer entrance length x was estimated. The entrance
length for experiments 1 to 4 was less than 2.6% of the
total length of desiccant coated tape. For experi-
ments 5 to 10 the entrance length was less than 4%, and
for the experiment 11 it was 8%. Therefore, the
assumption of a fully developed flow is reasonable.

The predicted transient response of some of the experi-
ments are compared with experimental results in Figs. 9
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Figure 6. Dependence of Transient Reéponse on Air
Flow Rate with Other Parameters Constant
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Figure 8. Effect of Temperature of Test Cell on
Transient Response
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to 15. The predictions for experiments 1 and 11
(Figs. 9 and 15, respectively) reasonably match the
experimental data. With further adjustment of Ng
(increase of @) the agreement can be improved.
Although the general trend of the experimental and pre-
dicted results are similar for other experiments, the
comparisons are not satisfactory. The discrepancies
may be attributed to the assumption of the gas-side-
controlled mass transfer and presence of a variable
solid-side resistance. Another source of discrepancy
can be the uncertainty involved in using Rojas [19]
equilibrium isotherm data for the coated silica gel.
Rojas data were obtained using unbonded silica gel.
However, in this study silica gel is bonded to the tape
by adhesive. The penetration of adhesive into the par-
ticles may have reduced the adsorption capacity of the
desiccant.
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Figure 7. Dependence of Transient Response on
Aspect Ratio with Constant Air Velocity
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CONCLUSIONS

The transient response of silica-gel-coated, parallel
passage test cells wunder isothermal conditions was
obtained after a step change in the inlet humidity of
air. The dependence of sorption process on air veloc-
ity and aspect ratio and temperature was obtained. As
air velocity, aspect ratio, and temperature increase,
the breakthrough time decreases. The practical appli-
cation of this conclusion is that with an increase in
air velocity and aspect ratio, the cycling time between
adsorption and regeneration of desiccant dehumidifiers
should decrease. Comparison between results from a
pseudo-gas-side-controlled model and some of the exper-
imental results were not satisfactory. The discrep-
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Results for Experiment 3
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Figure 13. Comparison of Experimental and Predicted
Results for Experiment 7

ancies were attributed to the uncertainties in equi-
librium isotherm and overall mass transfer coefficient
and the presence of a variable, solid-side resistance.
Future works should involve further refinement of the
model, including adding energy equations for noniso-
thermal cases and obtaining equilibrium isotherms of
the coated silica gel, so the predictions agree better
with the experimental results.
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