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wct i Dept. Mechanika, This paper discusses a single-blow test procedure for estimating the overall heat and
Katholieke Universiteit Leuven, mass transfer coefficients of compact dehumidifier matrices. The procedure consists

¢ Heverlee, Belgium of three sequential experimental procedures for obtaining, respectively, the core
o geometry of the test matrix, the active mass of sorbent within the matrix, and the
S. A. Klein distributions of the temperature and humidity ratio responses with time and distance

e in the flow direction. The analysis technique paired to the experimental procedure

- Solar Energy ngzfr?:?r’;j is based upon the transformation of the model partial differential equations into a

set of ordinary differential equations.. The temperature and mass-fraction distri-
butions are then modeled by a system of nonstiff ordinary differential equations,
which can be easily integrated numerically. The Lewis number, defined as the ratio
of the overall heat to mass transfer coefficients, determines the shape of the dis-
tributions with a dimensionless flow coordinate x*. With a curve fit method, the
experimental Lewis number can be determined with acceptable accuracy. The pro-
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cedure is illustrated with selected experimental results for humid air and a silica gel

matrix.

1 Introduction

In single-blow experiments, an exchanger test matrix is con-
ditioned at specified initial conditions and a step change is
applied to the inlet conditions of the fluid stream passing
through the matrix. The distributions in time of the fluid stream
outlet conditions form the experimental data that characterize
the heat and/or mass transfer performance of the test matrix.
Retrieving quantitative information, i.e., the heat and/or mass
transfer coefficients, is the objective of the analysis. Whereas
the methods for heat transfer alone have evolved into de facto
standards, the methods for isothermal or adiabatic mass trans-
fer are less developed.

Single-Blow Methods for Heat Transfer. The single-blow
method is widely used for evaluating the performance of com-
pact heat exchanger geometries (Heggs, 1983). Almost all anal-
ysis techniques are based upon the porous-matrix or insulated-
duct equations established by Anzelius (1926) and later by
Schumann (1929). These equations express an overall energy
conservation equation for the adiabatic system {fluid-stream
+ matrix} and a linear transfer rate equation based upon an
overall transfer coefficient.

There exist two classes of solution method for single-blow
experiments. In the point matching solutions the principle is
to match one parameter derived directly from the experimental
data with a theoretical curve showing that parameter as a
function of the exchanger Number of Transfer Units (e.g.,
Baclic et al., 1986). These parameters can be (Heggs, 1983):
the effectiveness at the point of breakthrough, the maximum
slope of the breakthrough curve, the initial temperature rise,
the second moment of the distribution curve, and the 20-80
percent distribution width. The curve matching technique gen-
erally employs finite difference solutions of the insulated-duct
equations (e.g., Elliot et al., 1986). Curve matching is typically
an iterative procedure in which the NTU parameter is deter-
mined by minimizing the rms error of the experimental dis-
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tribution data with a theoretical curve, For heat transfer alone,
there is usually only one curve-fit parameter.

Single-Blow Methods Involving Mass Transfer. The gen-
eral classification of the various techniques for heat transfer
alone can be used for isothermal mass transfer in adsorbers.
However, the mass conservation equation involves a property
equlibrium relationship that is generally nonlinear. Eagleton
and Bliss (1953) successfully used a maximum-slope point
matching technique to obtain the mass transfer coefficient
from experimental breakthrough curves with a nonlinear
isotherm. Jefferson (1972) discusses the method of moments
for dilute (i.e., linear), binary systems. Schneider and Smith
(1968) experimentally studied the isothermal mass transfer of
hydrocarbons on silica gel in a packed-bed geometry. Their
analysis incorporates three dimensionless parameters: the inter-
and intraparticle diffusivity and the sorption rate constant.
They state that the curve matching procedure is unsatisfactory
because good agreement between the experimental data and a
theoretical response curve can be obtained with more than one
set of these three constants.

Standard techniques for analyzing single-blow, adiabatic
sorption experiments are even less developed. Single-blow
methods for mass exchangers usually rely on global curve-
matching procedures, however; the description of the transient
process invariably includes a fair number of adjustable pa-
rameters for the transfer rate and equilibrium constants, and
the effects of these parameters on the position and shape of
the response curves are intermixed. Chi and Wasan (1970) use
empirical correlations for the transfer coefficients, developed
by Hougen and Marshall (1947), in their numerical model for
the adiabatic adsorption of water vapor onsilica gel in a packed-
bed geometry. They conclude a fair agreement between their
theoretical curves and experimental breakthrough curves pub-
lished by Bullock and Threlkeld (1966).

Clark et al. (1981) report experiments on the adiabatic sorp-
tion of water vapor on silica gel-packed beds using a model
similar to Chi and Wasan and the Hougen-Marshall corre-
lations. However, the agreement between their theoretical and
experimental breakthrough curves is poor and the authors con-
clude that the discrepancy cannot be explained by experimental
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errors. Biswas et al. (1984) and Kim et al. (1985) present a
theoretical and experimental investigation of the adiabatic
sorption of water vapor on regular density silica gel in a paralle!
plate geometry. Their model also follows the Anzelius ap-
proach. The agreement between experimental and predicted
breakthrough curves is only fair, and a sensitivity study shows
that several factors can explain the discrepancy.

Pesaran et al. (1986) performed a theoretical and experi-
mental analysis of adiabatic single blow experiments of laminar
flow of humid air through a parallel passage silica-gel matrix.
The model is based upon the method of moments applied to
the two Riemann invariants of the mass and energy conser-
vation equations for infinite transfer coefficients. However,
the analysis of the experimental data yields erroneous heat and
mass transfer coefficients due to experimental inaccuracies and
the inappropriate assumption of linear equations.

Clearly, the conventional single-blow methods developed for
exchange processes involving heat transfer alone are limited if
mass transfer is occurring. Adsorbers often have nonlinear
thermodynamic equilibrium properties. The curve-matching
techniques applied to mass transfer involve many parameters,
and agreement with experimental data can often be obtained
with more than one set of these parameters. Thus it seems that
the single-blow technique may not be a useful experimental
tool for obtaining the performance characteristics of heat and
mass exchangers. This paper introduces a single-blow analysis
technique that makes use of the nonlinear character of the
conservation equations. Although the technique can be applied
to any binary sorption system, it is explained next for the case
of humid air flowing through a silica gel matrix because ex-
perimental data for this system are available.

2 Model Formulation and Assumptions

The model follows the classical Anzelius model. The situ-
ation is that of laminar parallel flow of humid air through a
matrix containing a uniform distribution of desiccant material.
The equations of change are based upon overall conservation
equations for the air stream and test matrix. The transfer-rate
equations are linear and expressed in terms of overall heat and

mass transfer coefficients. Diffusion equations are not in-

cluded in the model.

Assumptions

1 " The matrix-flow area, the transfer area per unit length,
and the distribution of desiccant mass within the test matrix
are constant or uniform with respect to position in the flow
direction.

2 The axial diffusion of heat and mass in the air stream

Nomenclature

is negligible compared to the transport by forced convection.
Axial diffusion in the desiccant layer is neglected because the
layer consists of isolated particles with small dimensions.

3 The pressure drop through the bed is small with respect
to absolute pressure and is neglected for evaluating the sorption

equilibrium conditions.

4 The rate of heat and mass transfer can be modeled with
constant overall heat and mass transfer coefficients.

5 The temperature distributions in the desiccant mass and
structural parts of the test matrix are assumed to be uniform,
and the average temperatures of both systems are equal at all

times.

Assumption 4 converts the model equations from Rosen-
type diffusion equations (Rosen, 1954) into Anzelius-type over-
all rate equations and it simplifies the resulting equations sub-
stantially. Van den Bulck (1987) has experimentally investigated
the effect of nonuniform, transient distributions of mass and
energy fluxes on the air-side and desiccant-side Nusselt and
Sherwood numbers. His analysis shows that the effect can be
neglected for the distributions that are generally encountered

with mass transfer.

With assumptions 1-5, the overall equations of change for
the air stream and test matrix can be written as follows.

1 Water vapor conservation

.o 9w, .0
mjL—YI-{» mﬁd-g-;[—F Md

ox

2 Energy conservation

W,

a0 0

ol

i . B
mjL5£+mﬁd5l§+Md—= (1
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3 Rate of water vapor mass transfer

de aa

= hpd (W~ wy)

4 Rate of thermal energy transfer

ol,

’Md_ = M(tf"tm) +hmA(wf_ Wd)iw

30

x measures the distance in the flow direction and # measures
the real time. wy is the humidity ratio of the air stream in
equilibrium with the silica gel at the temperature ¢, and water

content Wy,

Equations (1) form a system of nonlinear, coupled evolution
equations, and the behavior of such systems is well known.

A = transfer area of exchange

matrix Wy
A, = free flow area of exchange L = length of flow passage
matrix Le = Lewis number as defined by wy
¢, = fluid thermal capacitance i equation (6) W,
D, = hydraulic diameter of flow my = dry-air mass flow rate
passage M, = mass of dry desiccant con- X
h = heat transfer coefficient tained within exchanger
h, = mass transfer coefficient M; = fluid mass enfrained in flow x*
iy = specific enthalpy of fluid passages
stream (per unit mass of dry Nu = Nusselt number b4
air) Re = passage flow Reynolds num- oy
i, = specific enthalpy of water ber
vapor S = dimensionless wave speed of 6
I, = specific enthalpy of matrix the breakthrough curves 0,
(per unit mass of dry desic- t; = fluid stream temperature
cant) t, = matrix temperature T
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humidity ratio of air in equi-
librium with desiccant
humidity ratio of air stream
water content of dry desic-
cant

coordinate measuring posi-
tion in the flow direction
dimensionless position coor-

.dinate

flow coordinate

thermal diffusivity of fluid
stream

real-time variable

dwell time of fluid within
matrix

dimensionless time
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Whereas the Anzelius equations model the propagation of the
distribution of the air stream temperature, equations (1) model
the propagation of two confined property distributions: tem-
perature and humidity. Ruthven (1984) discusses in detail the
propagation and dispersion of the distributions, also called
waves. There exists a thermal wave, during which most of the
sensible energy is exchanged between the air stream and the
matrix, and a mass transfer wave, which incorporates the ma-
jority of the mass exchange. The thermal wave is narrow and
propagates at high speed through the matrix, whereas the mass
transfer wave is wider and slower, The respective wave speeds
are proportional to the ratio of thermal and mass capacitances
of the fluid stream and matrix. The two distributions are usu-
ally completely separated, with a well-defined intermediate

~ state between the two transfer zones.

For heat exchangers, the energy conservation equation is
linear and as a resuit the thermal wave is an expansion wave,
continuously spreading as it progresses through the exchanger
passages. The shape of this wave never becomes fully devel-
oped, and therefore depends at all times on its initial shape,
that is, the change of the inlet conditions with time. For mass
transfer; however, the nonlinearity of the sorption isotherm
introduces favorable wave patterns, which are not encountered
in heat transfer. For selected matrix-initial and fluid-inlet states,
the property distributions are constant-pattern waves, i.e., the
shape of the distributions is preserved as the waves progress
through the matrix.

For the system regular-density silica gel and humid air, the-
oretical analyses by Van den Bulck et al. (1985) experimentally
verified by Van den Bulck (1987), show that constant pattern
waves occur during regeneration of a wet desiccant with a hot

. air stream. Constant pattern waves become rapidly fully es-

tablished after they originate at the inlet face of the matrix.
The shape and width of the mass transfer wave in desorption
processes are constant, and, for reasonable-quality inlet steps
and sufficiently long bed lengths, are independent of the sharp-
ness of the step change in inlet conditions. Furthermore, the
wave dispersion is well defined and independent of the air
stream mass flow rate.

Michaels (1952) and Garg and Ruthven (1975) successfully
used a specific transformation technique introduced by
Glueckauf (1947) for analysis of experimental breakthrough
curves with constant patterns. This transformation technique
is based upon the argument that an observer translating at the
speed of the wave will nof measure a change of shape of the
wave. For the system of equations (1), the physical speed of
the second wave is given by

AL o
dr My~ ®
do ma,
1+ M, N

where S is a constant dimensionless wave speed dependent only
upon the thermodynamic properties of the fluid and matrix
system, and the inlet and initial conditions. Based upon equa-
tion (2) a new position coordinate z can be defined as

nl
T[_S
=Y — i ) 3)

The partial differential equations expressed in the stationary
coordinate system (x, 6) can be written in terms of the moving
coordinates (z, 8). The condition for a constant pattern wave

. 9 I
translates into % ). = 0. Hence, the system of partial differ-
ential equations (1) reduces to a system of ordinary differential
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equations in the z coordinate, moving with the wave. This
system can be further simplified by using the time variable 7
introduced by Anzelius (1926) for modeling fluid flow through
porous matrices

7 hA
f=—(1+1'£-‘-’s>——.-5 @
M, d Cpm 13 L
In terms of the dimensionless time 7, the model equations (1)
become:
1 Water vapor conservation
dw, dw,
—f _g=d _
dr dr 0

2 Energy conservation

di df,
-8
dr § dr 0 ®

3 Rate éf waler vapor mass transfer

dw, 1
bk LIPS
dr Le (wy=wa)

4 Rate of energy transfer

dt
Fr[ = (t=ty)

where Le is the effective, overall Lewis number, which is de-
fined for this situation as:

h

Le P 6)
and indicates the magnitude of the resistance for mass transfer
relative to that for heat transfer. A compact heat and mass
exchanger is characterized by the Nusselt number and Lewis
number, i.e., the heat and mass transfer coefficients. The Nus-
selt number is mainly determined by the geometry of the flow
passages, whereas Le is determined by the geometry of the
desiccant layer relative to the dimensions of the flow passage.
The model equations (5) indicate that the temperature and
humidity distributions can be expressed in terms of ‘the new
time variable 7, with Le as parameter. Let A7 measure the
width of the wave in dimensionless form. Numerical integra-
tion of equations (5) indicates that the breakthrough curves
become more asymmetric with increasing Le, and A7 increases
almost linearly with Le. Thus, the Lewis number is a measure
of the skewness of the curves.

3 Experimental Results

A full description of a single-blow experimental apparatus
and test procedures is given by Van den Bulck (1987). The test
loop configuration is that of a conventional single-blow test
facility. A humid air stream with controlled properties and
mass flow rate is passed through a test matrix arranged as a
vertical stack of 74 parallel rectangular passages with hydraulic
diameter Dy = 2.0 % 6 percent mm, a width of 126 = 0.9
percent mm, and a flow length L = 0.203 % 0.2 percent m.
The walls of the flow passages are coated with regular-density
silica gel particles with diameter D, = 0.177-297 mm, yielding
a total mass of dry desiccant M, = 0.49 = 3 percent kg. The
total transfer area A = 3.65 + 4.5 percent m® and the free
flow area A, = 0.00927 =+ 3 percent m2. The = values in these
and the following statements denote uncertainties.

A series of 14 dynamic desorption experiments is reported
by Van den Bulck (1987). The temperature and water content
of the desiccant matrix are initialized at selected conditions,
and a step change in the inlet temperature of the air stream is
introduced. The air stream mass flow rate is varied in a 5ys-
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T S e 2 O T L ML B BRI

L
an

0.023

e T A A B

a~-e EXPERIMENTAL

0.022 CURVE FIT

kg)

WEEWEESN ¥

~.0.021
(=]

Z£0.020

Pasa sl

2
0019
j Y
0018
Z

—

O
= 0.017

E

3
£ 0.016

e AR E R e LML UL IR I

saaslivasld

PR SE SE SUN ST TR T SO Y

FUNIY SR WU S0 S DU SO VO 3 [N RN WS TN SOUTH (VU SOV TR W 3 1
0.013, o3 04 65 o6 07 5.8
B dimensionless flow length
Fig. 1(b) Experimental humidity ratio distributions w, with dimension-

less tiow langth x+ and measuring time as parameter; the interpolating
curves ara identical in width and shape

N

temnatic sequence from m, = 0.013 to 0.028 = 2.5 percent kg/
s. Each experiment has the same pair of matrix-initial and air-
inlet conditions, (¢;o = 29.6 = 0.8°C, wro = 0.0141 = 0.0006
ke/kg, W0 = 0.228 = 0.005 kg/kg) and (t;; = 67.1 = 0.2°C,
wpp = 0.0157 . 0.0004 kg/kg, Wy, = 0.047 x 0.001 kg/
kg), respectively. For these conditions, the thermal and mass
transfer waves are fully separated, and the experimental in-
termediate state properties are (¢, = 37.1 = 0.3°C, wyy =
0.0227 + 0.0004 kg/kg, W, = 0.233 = 0.005 kg/kg). The
Reynolds number Re based upon the fluid inlet state properties
ranges from 140 to 425 for these experiments; providing a
passage flow well in the laminar regime.

The experimental results are presented as graphs showing
the air stream outlet conditions, i.¢., temperature and humidity
ratio, versus the dimensionless flow length x* defined for each
of the experiments as

L
 DyRe

This dimensionless flow length or Graetz variable x* ranges
from 0.23 to 0.70 with steps of 0.05 for the alternate experi-
ments. Equations (4) and (7) indicate that 7 and x* are inversely
proportional to iy, and thus x* is proportional to 7. The
constant pattern condition allows the measured fluid outlet
property responses with time to be interpreted as the temporal

+

X
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Fig. 2b) Shifted experimental humidity ratio distributions

distributions with position in the flow direction. The analysis
presented here focuses on the mass transfer wave of the de-
sorption experiments because the property distributions as-
sociated with this wave are constant-pattern waves and
experimentally well defined.

Figures 1(a, b) show the experimental air-stream outlet con-
ditions for each of the 14 x* values with the real measuring
time @ as parameter. The conditions on the left of Figs. 1(a,
b) are those of the inlet state (£2, Wr.2), and the conditions on
the right are the intermediate state properties (¢, Wy, 0. Using
least-square curve fitting techniques with cubic splines and
variable knots, the experimental distributions for the six values
of the sampling time 0 in Figs. 1(a, b) can be shifted to the
left over a distance x, proportional to § to overlap with a single
distribution curve. This shift is linear with the wave speed S,
and can be determined from the experimental distributions in
Fig. 1 with high accuracy. The shifted experimental distribu-
tions are shown in Figs. 2(a, b) and are centered about the
point of maximum slope of the curves. The rms scatter of the
experimental data about this ‘‘best fit” is 0.34°C for temper-
ature and 0.00012 kg/kg for humidity. These values are of the
order of the accuracy of the measurements, and therefore show
that the distributions satisfy the constant-pattern condition.

The time variable r in equations (5) is proportional to x*
and these equations can thus be integrated with respect to x*,
with Le as a parameter. The results of this integration with a
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‘fourth-order Runga-Kutta scheme are shown in Figs. 3(a, b)
in comparison with the experimental data of Figs. 2(a, b).

The alternate curves in Figs. 3(a, b) illustrate that the Lewis
number acts as a skewness parameter. for the distributions,
whereas the Nusselt number is rather a scale parameter as
indicated by equation (9). As a result, it is difficult to extract
Le from the experimental results with high accuracy. For the
branch connecting the distribution curves with the inlet state,
the scatter of the data is larger than the variation caused by
varying Lewis numbers, and no conclusion with respect to the
magnitude of this parameter can be made. However, for the
opposite branch, connecting the curves with the intermediate
state, the scatter of the experimental data is confined within
a range corresponding to Le = 3. .7 for both temperature and
humidity.

The close agreement of the theoretical curves with the ex-
perimental breakthrough curves in Figs. 3(a, b) validate the
model based upon overall heat and mass transfer coefficients.
A Lewis number greater than unity implies that the mass trans-
fer resistance is predominantly determined by the interparticle

.transient diffusion process. However, the time scale of the

overall transient exchange process is about 600 s, which is much
larger than the time constant of the interparticle diffusion
process, which is + 100 s. For these conditions the latter
process can be described by a linear transfer rate equation,

Journal of Heat Transfer

and the overall transfer rates can thus be modeled with overall
transfer coefficients.

The large uncertainty level of the Lewis number is mainly
due to the scatter of the experimental data points about average
values. This scatter is not as much due to inaccuracies of the
model or measurement inaccuracies as it is to the limit with
which the initial conditions of the desorption experiments were
repeatable with the experimental facility.

4 Discussion

Experimental Procedure and Analysis Technique. The
principle of the analysis technique is based upon the trans-
formation of the model partial differential equations into a
set of ordinary differential equations for the constant-pattern
condition of the desorption wave. The transformation is de-
fined by equation (4). The nature of  can be shown by relating
7 and 8 in terms of dimensionless groups. Inserting equation
(4) into equation (3) gives

ar = 24 (sa9) @®

cpMy
where Af measures the elapsed real measuring time at a spec-
ified location within the flow channel, e.g., the exit face of
the matrix. Using the conventional definition expressions for
the Nusselt number Nu and the transfer area A in terms of D,
and the thermal diffusivity of the fluid stream, ay (Kays and
London, 1984), equation (8) can be written as

M; da
= L
Ar = Nu M, D% SAf ©)

Nu is a parameter depending upon the geometry of the flow
passage. Due to the high thermal conductivity of the solid
phase, the heat transfer resistance of the desiccant particles is
negligible compared to the convective resistance in the fluid
stream. The overall Nusselt number is thus approximately the
fluid-side Nusselt number.

All other parameters appearing in the conversion formula
(9) can be experimentally determined. The transformation
technique requires then the following sequence of experiments.

1 Pressure Drop Experiments. The presence of granular
desiccant particles with irregular shape and nonuniform di-
mensions affects the flow geometry of compact dehumidifiers
in such a manner that often this geometry cannot be directly
measured or computed. A series of pressure drop experiments
should be performed to determine the hydraulic diameter D,,
flow area, transfer area, and porosity of the passages.

2 Sorption Experiments With Varying Matrix-Initial and
Fluid-Inlet States. The adhesion of the desiccant particles to
the surface of the wall passages may render part of the desiccant
mass inactive. A series of dynamic, single-blow adsorption and
desorption experiments should be performed to determine the
active mass of desiccant M, within the test matrix. The overall
mass balance requires an accurate expression for the isotherm
correlation, which should be established preferably by static
sorption experiments.

3 Dynamic Sorption Experiments With Varying Mass Flow
Rate. A series of repeated desorption experiments should be
performed with identical matrix-initial and fluid-inlet condi-
tions, and varying process air-mass flow rates. The choice of
the fluid-inlet and matrix-initial conditions is determined by a
compromise between the operating range of the experimental
facility, the pattern type of the breakthrough wave, and the
strength of the outlet response. The accuracy of the analysis
of the experimental data increases with the magnitude of the
swing in outlet conditions. The range of inlet and initial con-
ditions that produce constant-pattern waves can easily be de-
termined by the equilibrium theory for equations (1) (e.g., Yan
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den Bulck et al., 1985). The inverses of the sequential mass
flow rates should be chosen to form an arithmetic series of
numbers because the dimensionless flow length x* or = is
inversely proportional to the mass flow rate.

The wave speed S appearing in equation (9) is a semither-
modynamic property of the fluid and matrix system, depend-
ent upon the matrix-initial and fluid-inlet conditions. The con-
servation equations in equations (5) can be readily integrated
because S is constant. Along the continuous-property distri-
butions of the wave, the condition for constant pattern trans-
lates as

(Wf“' Wf‘l) - (Wf‘z_wf) - (wf,l“wf,l) =5
(Wy=Wa1)  (Wau—Wy) (W~ Way)

Urmipy) _ Upa—ip) (ira—ir1) -5
(Im'— m,l) (Im,z"lm) (Im,z"lm,l)

where the subscripts 1 and 2 refer to the conditions at the start
and finish of the wave, respectively. For the first (thermal)
wave, 1 is the matrix initial state and 2 is the intermediate
state. For the second (mass transfer) wave, 1 is the intermediate
state and 2 is the fluid stream inlet state. Although equation
(10) could be used to compute S from experimental data, S is
usually obtained from equation (2). dx/d@ is the physical wave
speed in real-time coordinates. This wave speed can be obtained
directly with high accuracy from the series of dynamic sorption
experiments with constant matrix-initial and fluid-inlet states
and varying fluid mass flow rate. Equation (10) should rather
be used as a check on the accuracy of the thermodynamic
property relationships and measurements.

10

Design Criteria for Experimental Facilities. The design cri-
teria for the experimental facility for isothermal or adiabatic
mass transfer are different from those for heat transfer alone
in the following ways:

1 Of utmost importance is the repeatability of the exper-
imental facility for mass transfer. Repeatability creates the
possibility of repeated experiments with identical inlet and
initial conditions, and varying process air-mass flow rates.
Such a series of experiments is necessary for the analysis tech-
nique paired with the experimental procedure, because the
wave speed S and the shifted distributions are determined di-
rectly from the experimental data. The sample analysis shows
that a high-quality experimental apparatus is needed to predict
third-order parameters, such as the Lewis number.

2 The squareness of the step change in inlet conditions is
less important, because the effect of the inlet step disappears
when the wave becomes fully developed. The change of inlet
conditions with time is determined by the temperature and
humidity controllers of the experimental facility. The constant
pattern behavior allows the specification requirements for the
controllers to be less stringent, and therefore the controllers
to be less expensive.

5 Conclusion

The conventional single-blow analysis techniques for com-
pact heat exchangers are reviewed and their limitations for
compact heat and mass exchangers are indicated. An alter-
native single-blow technique for compact dehumidifiers is pre-
sented. The governing partial differential equations are reduced
to a set of ordinary differential equations by a coordinate
transformation. This transformation is based upon the con-
stant-pattern condition, which occurs for selected test condi-
tions with desiccant matrices with nonlinear equilibrium
isotherms. The core geometry and effective desiccant capacity
of the test matrix are needed to perform the transformation.
These specifications can be experimentally determined from
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conventional pressure drop experiments and dynamic or static
sorption experiments.

There are two parameters that determine the width and shape
of the temperature and humidity ratio distributions with 3
dimensionless time coordinate 7. These parameters are the
passage Nusselt number and the overall Lewis number. The
Nusselt number can be estimated for the core geometry of the
matrix with conventional heat transfer tools, and the overall
Lewis number can be determined from a curve matching tech-
nique applied to experimental distributions. These distribu-
tions need to be obtained from a sequence of dynamic sorption
experiments with identical initial and inlet conditions, and
varying mass flow rates. Repeatability is crucial to achieve
accuracy in estimating the Lewis number.

This single-blow technique is easy to perform. The step in
inlet conditions does not need to be ‘*near’’ square. The com-
putations involved are minimal.
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