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Sorption Characteristics
of Honeycomb-Type Sorption Element
Composed of Organic Sorbent*

Hideo INABA**, Takahisa KIDA***,
Akihiko HORIBE** and Makoto KANEDA***

This study deals with the sorption characteristics of a honeycomb-type sorption
element composed of a new organic sorbent that was composed of the cross-linked
polymer of sodium acrylate. Transient experiments in which moist air was passed into
the honeycomb-type sorption element were conducted under various conditions of air

velocity, temperature, relative humidity and honeycomb length.

As a result, the

effective mass transfer coefficient of the organic sorbent adsorbing the water vapor
was non-dimensionalized as a function of Reynolds number modified Stefan number

and non-dimensional honeycomb length.

Key Words :

1. Introduction

In recent years, the rapid increase in the demand
for energy has been brought about by the increase in
energy consumption especially in terms of people day-
to-day living and transportation. The majority of
thermal energy used for domestic air conditioning and
hot water supply lies in the low-temperature energy
category below 100°C. On the other hand, the usage of
fossil fuel for energy, which produces green house gas,
has been increasing due to its low cost. One of the
solutions to this problem is to effectively utilize the
abundant low-temperature waste heat energy
produced in manufacturing and peoples’ daily living
processes. This type of unused heat energy has been
classified as a potential new energy source, which is
cost free and environmentally friendly. Therefore,
one of the candidate heat conversion machines, which
is suitable for low-temperature heat sources and has
a smaller load on the environment, is an adsorption
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refrigerator rather than a vapor compression refriger-
ator or heat pump using harmful refrigerants’®. In
general, inorganic adsorbents such as Silica-gel and
Zeolite have been used for adsorption refrigera-
tors®—, However, this type of adsorption equipment
has such some problems as the decrease in adsorption
ability and the increase in flow resistance caused by
the degradation phenomenon of powdering of in-
organic adsorbents after the repetition use under the
conditions of expansion and shrinkage of the adsor-
bent during the adsorption and desorption processes.

One suitable type of adsorbent for solving this
problem in the case of the inorganic adsorbents is an
organic adsorbent such as a sorption polymer. One of
the candidate sorption polymers is a cross-linked
polymer of sodium acrylate. This polymer containing
the carboxyl group as a water vapor sorption site has
a larger sorption capacity compared to Silica-gel. As
a result of basic research concerned with the sorption
and desorption characteristics of the cross-linked
polymer of sodium acrylate which is processed like a
fiber, the authors reported that there was a drawback
in that the flow resistance increased”.

In this study, for the purpose of developing the
desiccant humidifier or desiccant cooling system® ),
the effects of some parameters on sorption character-
istics of the sodium acrylate adsorbent which were
processed in a honeycomb shape were examined
experimentally. The obtained results will enable us to
develop the adsorption refrigeration machine.
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Nomenclature

A area [m?]
C»: specific heat of air at constant pressure [kJ/
(kg-XK) ]
D: diffusion coefficient [m?/s], diameter of the
pipe [mm]
d : particle diameter of the sorbent [mm]
ds: hydraulic diameter of honeycomb pass [mm]
H : enthalpy unit time [k]/s]
h: specific enthalpy [k]/kg]
hn*: effective mass transfer coefficient [m/s]
7: time step
: honeycomb length [m]
. sorption heat [k]/kg]
: mass flow rate [kg/s]
: mass [kg]
. atmospheric pressure [Pa]
: pressure [Pa]
: gas constant [kJ/ (kg*K)]
: radius of fine pore [nm]
: surface area [m?]
: absolute temperature [K]
: time [s]
. air velocity [m/s]
. volume [m?]
. absolute humidity [kg/kg’]
+ density [kg/m®]
. temperature [*C]
: time interval [s]
: relative humidity [%]
v : kinetic viscosity [m?/s]
subscripts :
a: dry air
as . between air and water vapor
in: inlet of the-test section
imi ; initial condition
loss : loss
m: mean
o: dry condition or flowing condition
out : outlet of the test section
s : saturated water vapor
w: water vapor
* : modified value
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2. Features of the Present Polymer Sorbent

2.1 Features of the cross-linked polymer of
sodium acrylate

Figures 1(a) and 1(b) show the chemical struc-
ture and microphotograph (X1 000 magnifications) of
the present polymer of sodium acrylate with a cross-
linking structure consisting of tetrazine, which has
four nitrogen atoms. Water vapor molecules are
adsorbed into the sodium acrylate sites on a side-
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.chain of the polymer with increasing volume. Thus,

this phenomenon, in which the sodium acrylate site
adsorbs water vapor molecules by a weak force with
deformation of its shape, is called “Sorption”®, and it
is able to desorp the water vapor from the adsorption
sites under the low-temperature condition. The sorp-

tion heat (Ls=2 500 kJ/kg) is almost the same as the

condensation heat of water vapor. The temperature
level for desorping water vapor from the sorption site
ranges from 45 to 80°C.

In the present study, for the purpose of applying
the present organic sorbent to the rotary-type desic-
cant humidifier or desiccant cooling system, the
organic sorbent powder was coated to a pulp sheet of
0.26 mm thickness and then the pulp sheet was prac-
essed into a honeycolmb cell having a triangular cross
section of cylindrical shaped honeycombs of diameter
D=38 mm, as shown in Fig. 2. The hydraulic diame-
ter of the honeycomb cell is determined as d.=1.77
mm in consideration of the optimum sorption area and
air flow resistance. Mean diameter of the sorbent
particles is d =60 pm. From the result of the endur-

—CH2—CH — CH2—CH — CH2—CH —

COONa COONa

= C~
77N

N
| I
N

Yol COONa

COONa
—CH2—CH — CH2—CH — CHz2—CH —

Fig. 1(a) Chemical structure of test sorbent particle

|

Fig. 1{b) Microphotograph of test sorbent particle
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Fig. 2 Appearance of honeycomb sorbent sample

ance test of the honeycomb element by repeated sorp-
tion and desorption processes, the dropout of sorbent
particles from the pulp sheet was not observed.

Three kinds of cylindrical honeycombs of
different length L=60, 120 and 200 mm were selected
in the present study.

2.2 Pore size distribution of the sorbent parti-
cles

The sorption characteristic of the water vapor
from the moist air is influenced by the external
diffusion hased on the concentration boundary layer
growing near the surface of the sorbent particles and
the internal diffusion based on the pore of the sorbent
particles. In particular, the pore morphology of the
sorbent particle exerts a significant influence on the
internal diffusion in relation to the sorption character-
istics. The pore size distribution of the sorbent parti-
cles was measured by the mercury press-injection
method and nitrogen permutation method. The mea-
sured pore size was distributed from 4 X107 nm to 60
nm, which was ranged from the molecular diffusion
area td Knudsen diffusion area. On the other hand, the
pore size of the commercial Silica-gel ranged from 10
nm to 8X104 nm, which belonged to the molecular
diffusion area.

2.3 Static sorption equilibrium characteristics

The static sorption "equilibrium was measured
using the saturated salt method™. The data of net
sorption weight #., under the various relative humid-
ity conditions were obtained. Moreover, the static
sorption equilibrium of Silica-gel as an inorganic
sorbent (hydraulic diameter de=1.56 mm) was alsc
measured. The non-dimensional quantities, 7w/,
{mo: honeycomb weight under the complete dry con-
dition) against the relative humidity ¢ (%) are plotted
in Fig.3. It is noted that the #w/mo of the present
organic sorbent is more than twice that of the Silica-
gel. The muw/mo of the present organic sorbent
increases almost linearly with increasing relative
humidity ¢.

3. Experimental Apparatus and Procedure

3.1 Experimental apparatus
The schematic of the present experimental appa-
ratus is shown in Fig. 4. The present apparatus was
composed of an air compressor, after cooler, filtering
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Fig. 4 System diagram of apparatus

section, humidity control section, temperature control
section, pendulum flow meter, and cylinder type test
section in which the sorbent honeycomb was installed.
Compressed air which was discharged from the oil-
less air compressor (maximum power output: 3.7
kW, maximum -discharge pressure: 0.83 MPa, maxi-
mum discharge volume: 67 m%/sec) flowed into the
filtering section after being cooled by a water-cooled
cooling unit. This filtering section consisted of an air
filter which could remove impurities below 0.3 pm in
diameter and a micromist filter which could remove
impurities below 0.01um in diameter. The com-
pressed air, after passing through two filters, arrived
at the humidity control section that was composed of
a membrane-type dehumidifier and a bubble-tower—
type humidifier. At the bubble-tower-type humidifier,
the air was injected into the hot water layer from the
dispersion plate having fine holes at the bottom of the
test cylinder. The air bubbles generated in the hot

Series B, Vol. 45, No. 1, 2002
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water layer and the ascending air bubbles were
humidified. The humidity of the air was adjusted by
using the membrane-type dehumidifier and the
bubble-tower-type humidifier. The temperature con-
trol section is composed of an electric heater {maxi-
mum output: 1.5 kW) installed in the stainless pipe
which was covered with a thermal insulator (glass
wool of 50 mm thickness) and a copper tube wrapped
around the stainless pipe in order to supply brine. The
electric power supplied to an electric heater was
adjusted by the PID control method based on the
electric output of a K-type thermocouple set at the
entrance. The air controlled at constant temperature
and humidity arrived at the bottom of the test section
through the pendulum flowmeter (flow rate range:
5% 107*~5X 107 m*/sec).

The details of the test section are shown in Fig. 5.
The main part of the test section was a cylindrical
vessel that was made from vinyl chloride and was
covered with glass wool insulator of 50 mm thickness.
A hatch cover was installed at the center of the test
cylinder in order to insert or remove the honeycomb.
The sponge was stuck to the inner wall of the cylindri-
cal test vessel for thermal insulation. As shown in
Fig.5, some holes for measuring static pressure,
thermocouples for measuring temperature and a
humidity detector (hygrometer) were equipped near
the inlet and outlet of the test section. The holes for
measuring static pressure were connected to the
manometer and the pressure difference detector of air
flow. Temperatures of the inlet and outlet of the test
section were measured by K-type thermocouples
whose wire diameter was 0.3 mm, and measuring
accuracy was *+0.1 K. A thin film polymer-type static
electricity capacitance detector (measuring accuracy
of +29%) for measuring the air humidity and a mirror
surface cooling-type dew point monitor (measuring
accuracy of +0.2K) were used in the present mea-

250(470)
60(120,200)

f

Air
flow

¢ 105

Dew Point meter Pressure tap Thermocouple Heat Insulating
tap Material

Fig. 5 Detail of test section
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surement., Three kinds of cylindrical honeycomb
samples having different lengths of L=60mm, 120
mm and 200 mm were used to examine the length
effect of the test honeycomb.

The inflow enthalpy time variation (Ha=M X
ki) and the outflow enthalpy time variation (Hous=
M X houw) of the moist air to the honeycomb sorbent
were calculated from the mass flow rate of the air M
and specific enthalpy % which were derived from the
measured values of the air temperature and humidity,
specific heat, and latent heat of water vapor. The
enthalpy variation of the honeycomb sorbent for each
time interval %, was estimated from the measured
values from six thermocouples installed in the test
section. The enthalpy time variation of the adsorbed
water 4H, was calculated from the specific heat of
water and mean temperature of the sorbent after
measuring the amount of adsorbed water weight at
each time interval. Moreover, the heat loss Gwes from
the test section for each time interval was estimated
from the data of the heat flux detector installed at the
outside wall surface of the cylindrical test section.
From the results of a preliminary experiment, it was
clarified that the heat and the mass preservation in
each test run was satisfied since the enthalpy
difference between inflow and outflow air was consis-
tent with total enthalpy variation of other elements.

3.2 Experimental method

The experiments were performed according to
the following experimental procedures. First, the
compressor was started; after that, the flow rate of air
was set to a desired value and the air was passed
through the test section after the air temperature and
humidity were controlled at a constant value. Then,
the hatch installed in the central part of the test
section was opened, and the honeycomb sorbent was
quickly set in the test section. The temperature and
humidity of the test section and the temperatures of
other elements were recorded by the data acquisition
system at 10sec intervals. The adsorbed water
weight of the honeycomb sorbent was measured with
an electronic scale by measuring the total weight of
the honeycomb sorbent after taking it out from the
hatch at a constant time interval. The honeycomb
was rapidly returned to the test section within 5 sec
and the experiment was continued.

4. Experimental Results and Consideration

4.1 Pressure loss characteristics of the honey-
comb sorbent
The relation of air flow pressure loss 4P [Pa]

"-through the test honeycomb length =60 mm and

mean air flow velocity #o [m/s] in the honeycomb cell
of hydraulic diameter de=1.77 mm is presented in Fig.

JSME International Journal




6. The pressure losses 4P of the moist air flow were
measured under the inflow air condition at the inlet
temperature of 8:,»=27°C and the air relative humidity
of ¢in=44% and 80%. The solid line in Fig.6 was
derived from the common pressure loss equation® of
Hargen-Poiseuille’s laminar flow for a smooth pipe
{(inner diameter of d=1.77mm). The sorbent parti-
cles having average diameter d =60 um were applied
on the surface of the honeycomb cell. It is seen that
the pressure loss of the air flow at relative humidity
$in=449 is 10~209% greater than that of a smooth-
surface pipe since the air flow resistance increases
with an increase in the surface roughness due to the
sorbent particles on the honeycomb cell surface. As
the relative humidity of the moist air increases from
$n=44% to 809, the pressure loss 4P from ¢:n=44%
{open circle) to 80% (close circle) increases with an
increase in the number of irregularities of honeycomb
cell surface due to the swelling of the adsorbent
particles.
4.2 Sorption characteristic of the honeycomb
cell sorbent exposed to a moist air flow
4.2.1 Unsteady-state sorption characteristic of
the honeycomb cell sorbent The test standard
conditions of inflow air temperature and humidity by
JIS (Japanese Industrial Standard) were adopted in
the present experiment. Inflow air flow -velocities
were selected according to the air flow condition of
the commercial desiccant cooling unit, that is inflow
air temperature of 8:,=27°C, inflow air relative humi-
dity of ¢n=449% and air flow velocity of #o=2.0 m/s.
The time histories of various parameters such as
inlet and outlet air temperature (8 and Gou:) and air
humidity (¢ and ¢ou), net mass of sorbed water
vapor mw, non-dimensional amount of sorbed water
vapor muw/mo, the ratio of the sorbed water vapor to
the volume of the honeycomb cell m./ Vo under the
initial condition of honeycomb cell temperature of
0in:=65°C, honeycomb cell humidity of ¢=8.4% are
shown in Fig.7(a). Figure7(b) shows time his-

50 T T T ] T
- 8 =27C =
© d’in=44%
e ¢,=80% a
R Haggen Poiseuille Eq.
B
a,
a L .

10— -
1.0 15 " 2.0

uo [m/s]

Fig. 6 Pressure loss of honeycomb cell
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tories of various parameters like those in Fig.7(a)
for a Silica-gel honeycomb cell.

First, with respect to the air humidity variations,
the outlet air humidity ¢o.: decreases rapidly after the
experiment starts against the inlet air humidity ¢. It
is seen that the sorption processs of water vapor
progressed rapidly at the beginning of the test run.
After the value of ¢our reaches a minimum, it
increases gradually with time. Finally the value of
¢our approaches that of the inlet air relative humidity
¢n. On the other hand, values of #w, Mw/#o and #ew/
Th increase markedly after the experiment begin, and
the rates of increase of those parameters decrease
with time, and eventually reach the sorption equilib-
rium conditions. The sorption of water vapor into the
sorbent progresses rapidly at the beginning of the test
run since the water vapor concentration difference
between the sorbent and moist air reaches the maxi-
mum value. As time progresses, the water vapor
concentration difference between the sorbent and
moist air is reduced. That is, the driving power of the
sorbent decreases with time and the sorption pro-
cesses approach the sorption equilibrium condition.

Secondary, concerning the outlet air temperature
variation, the outlet air temperature @ increases
rapidly at the beginning of the test run. After that, the
value of 6Gour decreases with time and finally
approaches the inlet air temperature &». This temper-
ature behavior means that the amount of sorption
increases in the first stage of the experiment and the
outlet air temperature .. increases since a lot of
sorption heat is generated in the sorption process. As
time progresses the value of four decreases with the
heat generated due to the decrease in.the amount of
sorbed water vapor. Finally the heat generation
ceases in the state of sorption equilibrium and the
value of Goue equals Gin.

The time period for reaching 95% of the whole
sorbed water vapor mass under the sorption equilib-
rium condition was defined as sorption completion
time # and the results are plotted in Figs. 7(a), 7(b).
The sorption completion times of #=11.2 min (the
present sorbent) and f£=11.0min (Silica-gel) are
also shown in these figures. On comparison of each
parameter such as 7w, 7w/ and #w/ Vo between the
present sorbent 'and Silica-gel, it is noticed that the
obtained values of the present sorbent are 2.1 times,
1.6 times, 1.9 times greater, respectively, than those of
Silica-gel.

The time histories of the accumulated enthalpy
and heat such as inflow enthalpy change in the inlet air
2Ha 4t, the accumulated outflow enthalpy change in
the outlet air XHou 4t, the enthalpy change in the
honeycomb cell 4H;, the enthalpy change in adsorbing

Series B, Vol. 45, No. 1, 2002
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water vapor 4Hy, and the accumulated heat loss from
the test section to the environment X@Qess df are
plotted in Fig. 7(c).

It is understood from Fig.7(c) that the ac-
cumulated inflow enthalpy in the inlet air XH:» 4¢f is
almost equal to the accumulated outflow enthalpy in
the outlet air ZHou: 4t. It is seen that the enthalpy
change in honeycomb cell 4H; in the first stage of the
experiment is negligible, after which it reaches almost
a constant value in the latter half of the experiment
since the temperature decreases gradually from the
initial condition of 6#:=65°C due to the greater heat
capacity of the honeycomb cell. The interaction of
temperature decrease of the sorbent from the initial
condition and increases in the amount of adsorbing
water vapor and adsorption heat influence the enth-
alpy change in adsorbing water vapor 4Hw in the
initial stage of the experiment.

4.2.2 Effect of inflow air velocity Figure 8
shows the sorption characteristics of the present
honeycomb cell in the case of the inflow air velocity
e~ 1.0 m/s instead of #%=2.0 m/s as the basic condi-
tion. As the inflow air velocity decreases from 2,=2.0
m/s to #=1.0 m/s, the concentration boundary layer
around the honeycomb cell surface is reduced. There-
fore, the amount of sorbed water vapor decreases due
to the decrease in external mass diffusion coefficient
by forced convection. It is noted from in Fig. 8 that
the sorption phenomenon progresses gradually and the
sorption completion time /# is 1.7 times as that at
#0=2.0 m/s. The decrease in air flow velocity allows
a reduction in the diffusion effect of the sorption heat
generated. As a result, the maximum air temperature
at the exit of the test honeycomb cell o increases
from 37.5°C at uw=1.0m/s to 35.2°C at u=1.0m/s.
The time period to reach the maximum temperature

JSME International Journal



70 e
60 |- ]
e | Oom ]
. =3
A * ] EB
F g
B - -
. 40 ) -
T | ¢y b9-8min] d05 B
‘;30 bout | Tw &
- ey
N T | [=)
£ | ' Ea’
== I
L oo M/l
10 i
) Inwlvbr
ll)l]l\ll'lllllltnlLJlxxllJll,&‘0
0 5 10 16 2 2 30

t [min]

Fig. 9 Time history of each parameter for mn=47"C

of air increases with a decrease in inflow air velocity.

4.2.3 Effect of inflow air temperature Figure
9 presents various sorption data with time in which
the inflow air temperature &i» is varied from 27°C to
45°C. As indicated in Fig.3, the amount of water
vapor sorption m, decreases with increasing the equi-
librium air temperature. The non-dimensional
amount of sorbed water vapor #uw/ o under various
equilibrium conditions could be obtained by extrap-
olating from the sorption relation shown in Fig. 3. It
is seen from Fig. 9 that the value of mw/mc at Gip=
47°C is 0.18 and it indicates a 22% decrease in the
amount of sorbed water vapor as compared with the
value of muw/me=0.23 at 6,,=27°C. The sorption
completion time is shortened at #=9.6 sec and it is
149% shorter than that of £-=11.2 sec under the basic
condition.

4.2.4 Effect of inflow air humidity
shows various sorption data with time in which the
inflow air humidity ¢ is varied from 449 to 80%.
Under this high humidity condition, dmuws (the incre-
ment of the amount of sorbed water vapor from the
start of the test run until sorption completion time #r)
becomes 4.73 g for ¢:»=80% and the value of dmuwy is
2.38 times greater than that of 4mw,=1.98 g for ¢um=
449%. However the sorption completion time #
becomes 19.2 sec and it is approximately 1.7 times
longer than that of #=11.2sec for ¢i»—=44%. The
maximum outlet air temperature Goue reaches 38°C
just after the experiment starts and this corresponds
to a temperature increment of about 3°C as compared
with that of Bowe=35.2°C for ¢:»=449 of the basic
condition.

4.2.5 Effect of honeycomb length Figure 11
shows various sorption data with time in which the
honeycomb length L is varied from L=60 mum to 200
mm. The value of dmwy for L=200 mm becomes 7.80
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g and dmuy is increases significantly compared to that
for L=60 mm. In addition, the sorption completion
time s for L=200 mm becomes 56 sec, whereas, the
value of #r is 11.2sec for L=60 mm. As the honey-
comb length increases, the sorption completion time
for L=200 mm increases about five fold compared to
that for L=60 mm since the water vapor concentra-
tion boundary layer develops thickly on the surface of
the honeycomb cell in the downstream direction. The
outlet air temperature Gou: reaches 44.5°C since total
sorption heat increases with an increase in sorption
area for L=200 mm.
4.3 Mass transfer characteristics of the present
honeycomb cell sorbent
In this chapter, the mass transfer coefficient of the
sorbent is expressed from the experiment data and the
non-dimensional correction equation is derived.
Effective mass transfer coefficient %»* shown in Eq
(1) was defined in consideration of total treatment of
obtained data proposed by the Ref.(4).
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h”’*=% nZJ}{ 5(pin£pwo*f\ A.Z:‘w >l} (D

where, 7: the number of time interval, s: total sur-
face area of the honeycomb cell (s=0.163m?), g
water vapor density of inflow air, pwo: water vapor
density of air surrounding honeycomb cell under the
initial condition, and 4. : the amount of sorped
water vapor during time interval 4¢. Sherwood num-
ber Sk as a non-dimensional number of effective mass
transfer coefficient 4.* which is obtained from Eq.
(1) was defined as follows.
Sp=tn"de (2)
Das
where, d.: hydraulic diameter of honeycomb cell, and
Das: molecular diffusion coefficient of the air and
water vapor®,

The non-dimensional parameters that exert an’

influence on the Sherwood number were derived by
using the dimension analysis method and considering
the various above-mentioned factors. Reynolds num-
ber Re that represents the air flow behavior was
adopted as a non-dimensional number in the air flow
condition related to the external diffusion coefficient
of the sorbent.

— uode
Re==""* . (3)

Referring to the enthalpy of moist air composed
of sensible heat and latent heat of the inflow air
relates also to the expansion and the shrinkage of the
sorbent which exert an influence on the mass transfer
coefficient. The modified Stefan number Ste* which is
included with the sorption heat of water vapor Ls (=
2500 k]/kg) was defined as the ratio of sensible and
latent heat of inflow air to the sorption heat generated
in the sorption processs.

Hi C, 6;' +x2(Ls+c 6;‘
Ste*_M.Zs_‘ palin (Lss Pw Q (4)
Moreover, the ratioc L/d. of honeycomb length L

to the hydraulic diameter of honeycomb cell de was
adopted as a non-dimensional number of honeycomb
cell dimension. The L/d. relates to the external
diffusion coefficient based on the boundary around the
honeycomb cell. Schmidt number Sc as the physical
properties of the moist air was assumed to be propor-
tional to the 1/3th power of Sherwood number Sk,
referring to the previous results*®,

The relationship between Sherwood number Sk
and Reynolds number Re is shown in Fig, 12. The
Sherwood number Sk increases with an increase in Ke
number. It is understood that the decrease in bound-
ary layer thickness according to the increase in air
flow velocity and the increase in the amount of inflow
water vapor provide the increase of external diffusion
coefficient related to the effective mass transfer
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coefficient. In Fig.12, the gradient of Sk to Re is
about 0.68 and it is greater than that of 0.5 in common
mass transfer of smooth surfaces without the sorption
phenomenon, since the surface roughness of the honey-
comb cell surface by sorbent particles provides the
increase in turbulence intensity of air flow.

The relationship between Sherwood number Sk
and modified Stefan number Ste* is shown in Fig. 13.
It is seen that Sherwood number SZ decreases with
increasing modified: Stefan number Ste* as' a non-
dimensional amount of the enthalpy of inflow air.
This tendency can be explained as follows. The
increase in the inflow air enthalpy Hi during a time
interval is caused by the increase of sensible heat
which depends on the air temperature and the increase
of latent heat which depends on humidity in the air as
shown in Eq.(4). Initially, under air flow at a lower
temperature, the temperature of the honeycomb cell
under the initial temperature condition of :n:=65°C
decreases with the progress of the sorption process

JSME International Journal



and the sorption ability increases gradually as shown
in Fig. 3. While under air flow at a higher tempera-
ture, the amount of the water vapor sorption of the
honeycomb cell decreases due to the decrease in tem-
perature difference between the initial honeycomb cell
temperature and inflow air temperature. From the
viewpoint of an increase in the air temperature
regarding the sorbent structure in detail, the sorbent
particle volume expands gradually with increasing air
temperature. That is, it is seen that the enhancement
of the apparent mass transfer coefficient is caused by
an increase in the irregularity of the honeycomb cell
surface due to the expansion of the sorbent particles.
Concerning the effect of air humidity, the increase in
air humidity allows the amount of sorbed water vapor
to increase as shown in Fig. 3. The expansion of the
sorbent particles with an increase in the amount of
sorbed water vapor was observed by the variation in
pressure loss in Fig. 6, and this expansion of the
sorbent particles causes the irregularity of honeycomb
cell surface and the increase in the amount of the
sorbed water vapor. As a result, the increase in the
enthalpy, that is, the increase in modified Stefan
number Ste* allows to decrease the amount of sorbed
water vapor, that is, to reduce Sherwood number S#.

The relationship between Sherwood number Sk
and rnon-dimensional number of honeycomb cell
dimension L/d. is shown in Fig. 14. It is noted from
Fig. 14 that the thickness of the water vapor concen-
tration boundary layer increases gradually with an
increase in L/de, and Sherwood number Sk decreases
since the ratio of sorption surface region having a low
mass transfer coefficient, which occupies the whole
honeycomb cell decreases with increasing length L.
From Fig. 14, it is understood that the gradient of Sh
to L/d.is equal to —0.65. From the above-mentioned
results, non-dimensional correlation equation of Sher-
wood number S% was derived within an average
deviation of +5% by the least squares method as
follows.

8 B L —0.58
Sh=314x10 Ste*- R L) "scv (5)

€

Applicable ranges in Eq.(5) : Ste*=0.12~0.22, Re=
19~210, L/de=33.9~113, Sc=0.510~0.581

5. Concluding Remarks

By using the cross-linked polymer of sodium
acrylate as a new type of polymer sorbent, effects of
factors on the sorption characteristics were clarified
as follows. )

(1) From the measurement results of the sorp-
tion isotherm equilibrium of a new type of polymer
sorbent of the cross-linked polymer of sodium
acrylate, the amount of sorbed water vapor of the

191
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Fig. 14 Relationship between Skand L/d.

polymer sorbent is approximately 1.3 to 2.4 times
greater than the inorganic adsorbent of Silica-gel.

(2) For using the present polymer sorbent at an
open-cycle such as humidity control or desiccant
cooling system, the air flow resistance when the moist
air is passed through the honeycomb cell sorbent was
measured. It was seen that air flow resistance in-
creased with increasing flowing air humidity due to
the expansion of the sorbent particles.

(3) The effects of inflow air velocity, tempera-
ture, humidity, and honeycomb cell dimension on the
unsteady-state sorption characteristic were clarified
quantitatively. Moreover the non-dimensional corre-
lation equation of the effective mass transfer
coefficient was derived.in terms of various parame-
ters.
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