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Abstract-Analytical performance correlations for rotary heat and mass exchangers with infinite transfer 
coefficients have been presented in part I. A finite-difference model for performance prediction of rotary 
dehumidifiers with finite transfer coefficients is used in combination with the ideal dehumidifier model to 
establish effectiveness correlations. Correlations for the humidity and enthalpy effectiveness for silica gel 
regenerators are given as functions ofthe dehumidifier number of transfer units (NTU). An Effectiveness-NTU 
model, incorporating the correlations for the effectiveness and idea1 dehumidifier performance, allows rapid 
calculation of the dehumidifier performance. The correlations are valid for a wide range of operating 

conditions and account for the effect of unbalanced flow and high Lewis numbers. 

1. INTRODUCTION 

OPEN cycle desiccant cooling systems utilize de- 
humidifiers to provide a cool and dry air stream for 
use in industrial processes [l] and residential air 
conditioning [2]. Regeneration energy required to 
drive these systems may be supplied by combustion of 
natural gas [3] or may be provided by flat plate solar 
collectors [4]. To assess,,the performance of solar-fired 
desiccant cooling systems at a particular location, the 
year-round operation of these systems needs to be 
simulated using weather data representative for the 
climate at that location. Such system simulations 
require models that allow rapid and accurate 
prediction of individual component performance [S]. 

Models for dehumidifiers based on finite-difference 
schemes [6, 71 are not suited for use in yearly 
simulations because of the large computation time 
required for performance prediction. Analytical 
models exist [S, 91, but the approximations involved 
limit the range of applicability to dehumidifiers with a 
Lewis number equal to one. Maclaine-cross and Banks 
[9] and Banks [lo] have introduced the idea of using an 
effectiveness technique to compute the outlet states of 
the heat and mass exchangers. Their model is based on 
the analogy theory, in which the heat and mass 
exchanger is related to a regenerator for heat transfer 
alone. In the analogy theory, the dehumidifier number 
of transfer units (NTU) are transformed into analogous 
dimensionless transfer coefficients. The temperature 
effectiveness of a thermal regenerator with these 
analogous transfer coefficients will then approximate 
the effectiveness of the combined heat and mass 
potentials of the corresponding dehumidifier [9-l 11. 
These potential effectivenesses do not approach unity 
with increasing transfer coefficients. 

This paper presents an alternative effectiveness 

technique to compute dehumidifier performance. An 
analytical theory for modeling rotary dehumidifiers 
with infinite transfer coefficients is presented in part I 
of this paper [ll]. A finite-difference model for 
performance prediction of rotary dehumidifiers with 
finite transfer coefficients is used in combination with 
the ideal dehumidifier model to establish effectiveness 
correlations. Correlations for the humidity and 
enthalpy effectiveness for silica gel regenerators are 
given as functions ofthe NTU. These correlations allow 
rapid prediction of the dehumidifier performance and 
are valid for a wide range of inlet conditions, operating 
parameters and transfer coefficients. The accuracy of 
the presented model is discussed and compared to 
existing analytical models. 

2. DEPENDENT VARIABLES AND 

DIMENSIONLESS GROUPS 

The nomenclature and governing conservation and 
transfer rate equations for the rotary heat and mass 
exchanger are given in part I [ 11, equations (lH6)]. Air 
stream mass flow rates, wheel rotational speed and 
mass of desiccant are combined into two dimensionless 
capacitance rate parameters (rj). The NTU that appear 
in the expressions for the rate of transfer of heat and 
mass are defined as conventional : 

h .A. 
NTU,,, = =. 

tij 

The moist air specific heat, cP, is defined as 

ai, 

‘p = at, *,’ (-> 

(1) 

(2) 

1587 
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NOMENCLATURE 

Ai total heat transfer area of the W moist air humidity ratio 
dehumidifier matrix in period j [area] [dimensionless] 

CP 
moist air specific heat [energy/(dry W matrix water content [dimensionless]. 
mass-temperature)] 

c* ratio of minimum to maximum fluid Greek symbols 
capacity rates for a thermal I-j jth capacitance rate parameter of the 
regenerator ; or, ratio of capacitance rotary dehumidifier [dimensionless] 

rate parameters [dimensionless] 6 perturbation of variable 
F Le correction factor for NTU, based on E effectiveness [dimensionless] 

Lewis number [dimensionless] &f counterflow heat exchanger 
h* ratio of the isothermal differential heat effectiveness [dimensionless] 

of adsorption to the heat of a, enthalpy effectiveness of the rotary 
vaporization [dimensionless] dehumidifier [dimensionless] 

h, heat transfer coefficient [energy/(area- ER rotary heat exchanger effectiveness 
time-temperature)] [dimensionless] 

h, mass transfer coefficient [mass/(area- Et temperature effectiveness of the rotary 

time)] dehumidifier [dimensionless] 
i moist air enthalpy [energy/dry mass] % humidity ratio effectiveness of the 

1, isothermal differential heat of rotary dehumidifier [dimensionless] 

adsorption [energy/dry mass] 0 time 

1” water vapor enthalpy [energy/mass] @j duration of period j [time] 

r,,p heat of vaporization [energy/mass] 4 ith characteristic wave speed 

I matrix enthalpy [energy/dry mass] [dimensionless]. 

K effectiveness correction factor 

[dimensionless] Subscripts 
Le overall Lewis number [dimensionless] f evaluated at fluid state 

ti air stream mass flow rate [mass/time] i enthalpy 
NTU number of transfer units id ideal outlet state 

[dimensionless] j period index 
NTU, overall number of transfer units m evaluated at, or in equilibrium with, 

[dimensionless] the matrix state 

NTU, number of transfer units for heat R regeneration 

transfer, h,A/tic, [dimensionless] t heat transfer or temperature 

NTU, number of transfer units for mass V vapor 
transfer, h,A/ti [dimensionless] vap vaporization 

P ws saturation pressure of water vapor W mass transfer or moisture. 
[force/area] 

r relative humidity of moist air Superscripts 
[dimensionless] rate _ 

t temperature average value for a period. 

The Lewis number for period j of the regenerator is streams. For given desiccant and fluid property 
defined as the ratio of the overall resistance for mass relationships, correlations for the fluid stream outlet 
transfer to the overall resistance for heat transfer : states can be expressed in the following functional 

NTU,,, 
form : 

Lej = 
NTUw,j 

(3) Wj 2 = 

In the analysis, it is assumed that the Lewis numbers in @j,z(ti 1, ~11, t,i, ~21, I-1, r2, NTUt, I, NTUt,2, W 

both periods are equal. 
Dehumidifier performance is determined by the 

j = 1,2. (4) 

outlet state of the processed air stream. The solutions to 5, 2 = 
the conservation and transfer rate equations and the 
initial and boundary conditions may be used to <.2(t, ,, w1 ii t,,, w21, I,, 12, NTLJ, i, NTU,.,, Le) 

compute the mean outlet state properties of the two air The periodicinitial and boundary conditions show that 
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the outlet states are functions ofthe inlet conditions and 
capacitance rate parameters IP The NTU for heat 
transfer and the Lewis number enter into the functional 
form (4) through the expressions for the rate of transfer 
of heat and mass within the desiccant matrix. 

3. THERMODYNAMIC PROPERTIES OF 

MOIST AIR AND SILICA GEL 

The effectiveness correlations that are presented in 
this text are valid for nominal silica gel as the desiccant 
and a mixture of water vapor and air as the fluid 
streams. In the analysis, moist air is treated as an ideal 
gas mixture [12]. The various equations that are used 
for evaluation ofthe properties ofmoist air are obtained 
from [ 131. The following conventional assumptions are 
made with respect to property evaluation of desiccants 
[14] : 

(1) the solid adsorbent is completely inert. All its 
thermodynamic properties are the same in the 
presence as in the absence of the adsorbate 
(adsorbed phase). 

(2) surface area, structure and specific heat of the 
adsorbent are independent of temperature and 
pressure. 

Table 1 defines the state properties of nominal silica gel, 
as established by Brandemuehl [15]. 

4. THE e-NTU METHOD FOR ROTARY 

HEAT AND MASS EXCHANGERS 

Two state properties of the moist air are required to 
fully characterize the process outlet state of a 
dehumidifier. These properties may be obtained by 
using a conventional effectiveness approach, in which 
the dehumidifier is compared to a corresponding 
dehumidifier with infinite transfer coefficients. Two 
effectiveness factors for the process outlet state are 
needed. The effectiveness for humidity ratio is defined 
as 

w11--wlZ 
E, = 

Wll-_(wlZ)id’ 
(54 

Table 1. Thermodynamic properties of silica gel (from ref. 

CW) 

Heat of sorption 
h* = 1.0+0.2843 exp (- 10.28W,) 

i, = h*i,,, 

Equilibrium isotherm 
r = (2.112W,)*‘(29.91P,,)“-’ 

Enthalpy 

I, = 921.096t, + 
s 

Ym(ir-iS) dW, 
0 

Units 
W, = [kg/kg dry desiccant] 
I, = [J/kg dry desiccant] 

and for enthalpy 

(W 

The subscript ‘id’ refers to the performance of a 
dehumidifier operating at the same inlet conditions, the 
same Ij parameters, and with infinite overall transfer 
coefficients for heat and mass : 

(WIZ)id = lim 
Nr”,.,+P2) 
NTUt.,-m 

(Tl,), = lim (i,,). 
(6) 

NTU,,,-a, 
NT&,,-m 

In part I [ll], it is shown that the outlet state of an 
ideal dehumidifier can be obtained analytically without 
the need to solve the conservation and transfer rate 
equations and to take the limit (6). To predict the 
performance of a dehumidifier with finite transfer 
coefficients, a general computer code, MOSHMX, has 
been developed by Maclaine-cross [6] that solves these 
governing equations numerically. The program is 
based on a second-order finite-difference method with 
extrapolation to zero grid size. In this paper, the ideal 
dehumidifier model is combined with performance 
evaluation by MOSHMX [6] to establish empirical 
effectiveness correlations for humidity and enthalpy. 
Using the definition of effectiveness (5) and the 
correlations provided by the ideal dehumidifier model, 
the outlet states may then be calculated provided that 
a,., and si are readily computable. Equations (4) show 
that the effectivenesses are functions of the inlet 
conditions, operating paramtters, transfer numbers 
and the Lewis number. 

4.1. Eflectiveness correlation for humidity ratio 
The effectiveness sx of a rotary regenerator with heat 

transfer alone may be correlated by [ 161: 

ER = &Ed (7) 

where e,r is the expression for the effectiveness of a 
counterflow recuperator : 

l-exp [--NTU,(l-C*)] 
E 
Ef= l-C* exp [-NTU,(l-C*)]’ 

(8) 

C* is the heat capacity rate ratio, which is always less 
than or equal to 1, and NTU,, is the overall NTU. K, is 
an empirical correction factor less than 1, which takes 
into account the rotary nature of the regenerator [ 161. 

In a dehumidifier, the humidity ratio of the air 
streams can only change by mass transfer. Similarly, in 
a rotary heat exchanger the temperature of the air 
streams can only change by heat transfer. Hence, it may 
be expected by analogy that E, may be correlated with 
an expression analogous to equation (7). Humidity 
ratio effectiveness values obtained from the computer 
code MOSHMX [6] and the ideal dehumidifier model 
[l l] are compared to the expression for the 
counterflow recuperator effectiveness (8) in Fig. 1. In 
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+ NUMERICRL 

0.5 
0 1.0 2.0 

q'rl.R 

Fig. 1. Comparison of dehumidifier effectiveness values with 
the counterflow heat exchanger effectiveness correlation. 

this figure, C* and NTU,, are set as follows: 

c*=-+ 
1-R 

(9a) 
1 C* 1 

NTUo =m+ NTU,,, 

r1 ’ rl,R, 

c* - ‘;.n 
1 

1 1 c* 
(9’4 

NTU, = ___ + NTU,,, NTU,, I 

where r l,R is given by the regeneration line correlation 
[ll,equation(l@andFig.7]. For r1 equaltoT, .,each 
desiccant particle will just reach complete equilibrium 
with the regeneration air inlet state during the 

regeneration period, for infinite transfer coefficients for 
heat and mass. I- l,R is dependent on the inlet conditions 
and capacitance rate factor Tz. A functional form for 
rl,R is given in part I of this paper [ll]. 

Figure 1 shows that there is a similarity between the 
ratio rl/rl,,R for a heat and mass exchanger and the 
heat capacity rate ratio, C*, for a counterflow 
recuperator. The humidity ratio effectiveness is a 

minimum at r1 = rl,R. In part I it is shown that the 
derivative of (WIJid is discontinuous with respect to 
r1 for r1 = rl,R. Finite transfer coefficients tend to 
smooth abrupt changes of the outlet state properties. 
Hence, the deviation of W,, from (W,& will be largest 
for I-, = r,,R. Figure 1 shows further that, for 
r1 < rl,R the agreement between equations (8,9) and 
the coplputed points is within a few percent, but for 
rl > rl,R, equation (8) overpredicts the actual humi- 
dity effectiveness. 

Similar to the counterflow heat regenerator, the 
deviation of s, from correlation (8) and (9) is absorbed 
in the empirical correction factor K,. For the case in 

whichr, < rl,R, a constant value for K, is an adequate 
choice as follows from Fig. 1. 

If the dehumidifier is operated far enough into the 

region of complete regeneration (i.e. r, > r,,R)r 
eventually E, will become independent of r2 and 
NT U,, 2. The adsorption process during the processing 

period will then resemble the transient response of a 
porous matrix, initially at uniform state. This behavior 
is analogous to the insulated duct problem for heat 
transfer alone [17]. In order to obtain an analogy with 

the insulated duct problem, a dimensionless time has to 
be introduced depending on the speed at which the inlet 
state propagates through the matrix. In the region of 
complete regeneration, only the first wave is important 

for a heat and mass exchanger, hence the corresponding 
dimensionless time is given by x,/r,, where 2, is the 
average wave speed of the first rarefaction wave during 
processing [ 111. This ratio is used in the expression for 
the correction factor K, for r, > rl,R. However, the 
analogy with the insulated duct problem only holds if 
r1 is larger than r,,R to an extent depending on the 

transfer parameter NTU,.,. In the effectiveness 
correlation, it is therefore assumed that the correction 
factor K, changes smoothly with rl, from the constant 
value valid outside the region of complete regeneration 

to the limiting value provided by the insulated duct 
analogy. The final moisture effectiveness is given in 
Table 2. 

To incorporate the effect of the Lewis number into 

equations (7H9), an effective NTU, N TU$, j, is defined 
for each period, based on an empirical correction factor 
F,, that is a function of the Lewis number. Numerical 

constants that appear in the expressions in Table 2 
reflect the empirical character of the correlation. 

The accuracy of this correlation has been estimated 

by comparing effectiveness values obtained from that 
correlation with effectiveness values provided by 

MOSHMX [6] and the ideal dehumidifier theory [ 111. 
Based on 62 points covering the range of parameters 
listed in Table 3, the mean value of the error in humidity 
effectiveness (i.e. the bias) is 0.002 and the standard 
deviation is 0.013. 

4.2. Ejfectiveness correlation for enthalpy 
In a dehumidifier, enthalpy is exchanged by both 

heat and mass transfer while moisture is exchanged 
only by the latter. As a result, correlating the enthalpy 
effectiveness, Q, is far more challenging than correlating 
the humidity ratio effectiveness, E,. However, the ratio 

of the change ofenthalpy of the process air stream from 
inlet to exit to the enthalpy difference of the inlet air 
streams is typically about 0.1 for well-defined 
dehumidifiers. An accurate expression for Q is therefore 
not needed. The error in exit temperature ofthe process 
air stream, St,,, due to an error in enthalpy 
effectiveness, &, may be expressed as [ 181 

St,, 2: 106Ei. (10) 

where the units of 6t are “C. Enthalpy effectiveness 
values obtained from MOSHMX [6] and the ideal 
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Table 2. Correlation for process-air humidity ratio effectiveness 

for C* < 1, 
l-exp[-NTV,,,(l-C*)] 

“‘= 1-C*exp[-NTV,,,(l-C*)] 
for r1 6 rl,R, K, = 0.99 

c* = 1, 
NTV,,o 

EC’ = 1 +NTV,.o 

for r, 6 rl.R, c* = rl/rl.R 

1 C* 1 

NTV,., =-+ NTV:,, NTV:, I 

r, > by c* = r,.Jr, 

1 1 C* 

NTV,., = ~ + NTV:,* NTV:, I 

r1 > rlSR, K, = K+(0.99-K) exp 

b = 4.6 ln (N7:;,:0.48) 

NTV,,, = NTV,,JLe 

F,, = 1.0+0.498 [ln (Le)]“‘.5’” 

NTV:,, = NTV,,jFL, 

dehumidifier model [11] show that, for Le = 1 
and NTU,,j > 10, the effectiveness ei differs from 1.0 by 
not more than 4%. Hence if the enthalpy effectiveness is 
assumed to be constant and equal to unity, then it 
follows from equation (10) that the temperature error is 
within 0.4”C. 

If the Lewis number is higher than unity, theenthalpy 
effectiveness may be substantially higher than 1.0. For 
increasing resistance to mass transfer, the dehumidifier 
performance approaches that of a thermal regenerator. 
It may be shown that, for the case ofheat transfer alone, 
the enthalpy change of the process air stream is 
typically about 50% higher than for the case of both 
heat and mass transfer [6, 161. The parameter of 
importance to include the Lewis number effect 
therefore is 

(A<)id 
Ei = % a 1 1 ’ (11) 

(A& is the enthalpy change of the process air stream 

Table 3. Investigated range for effectiveness correlations 

t11 20.0.. .35.0 c”C] 

Wll 0.010...0.020 [kg kg-‘] 

t21 70.0.. ,100.o c”C] 
W21 0.010...0.020 [kgkg-‘1 
r1 0.10. .0.40 
rz 0.10...0.40 
NTV, 1 10.0.. .40.0 
NTV;‘; A 0.5.. .2.0 
NTV,, I 

Le 1.0...20.0 

from inlet exit for heat transfer alone while (A<, ,Jid is the 
enthalpy change for both heat and mass transfer. 
Infinite transfer coefficients may be assumed in both 
cases, thus (A& may be calculated using the ideal 
regenerator theory [16], and (A& is calculated using 
the ideal dehumidifier theory. 

Table 4. Correlation for process-air enthalpy effectiveness 

q = l.O+ab[fi-1.01 

W.,h = (<did - 6 I 

(A&I = bh - t, 1) 

c, = 921.0+4187.0wm 

- WllfW21 
f- 

2 

.=exp[-0.5(+-l.O)] 

for rl G rl,R, c* = rl/rl.R 
1 C* 1 

NTV,,o NTV,, I NTUt.2 

rl > rl.R1 c* = rl,dr, 
1 1 C* 

---=_++ 
NTV,,, NTV,, 1 NTV,,z 
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The final correlation for the enthalpy effectiveness is 
given in Table4. Numerical constants that appear in the 
expressions reflect the empiricai character of the 
proposed correlation. The same accuracy analysis as 
conducted for humidity ratio shows that themeanerror 
for this effectiveness is 0.006 and the standard deviation 
is 0.035. The temperature effectiveness, E,, may now be t: 
calculated based on the correlations for E, and q. The 
mean error for this outlet temperature effectiveness, 
based on 62 points, is 0.003 and the standard deviation 
is 0.015. These values are again valid for the range of _-._+._ * 
parameters as given in Table 3. 

5. EFFECTIVENESS CHARTS 
'JTJ,,, 

Based on the correlations presented in Tables 2 and 
4, the effectiveness may be plotted against the overall 
NTU with the inlet conditions and the capacitance rate 
factors, Ii, as parameters. Figures 2 and 3 show such 
effectiveness charts for a rotary silica gel dehumidifier. 
The overall NTU for heat transfer, NTU,,o, and 
capacitance rate ratio, C*, are defined as 

(12) 

Figure 2 shows the temperature and humidity 
effectiveness as functions of the overall NTU for heat 
transfer, with C* as parameter. C* incorporates the 
effect of inlet conditions, wheel speed and air stream 
mass flow rates. r 1 ,R is approximately proportional to 
Iz, increases with process air temperature and 
humidity, and decreases with increasing regeneration 

FIG. 2a. Effect of C* on process air temperature effectiveness. 

FIG. 2b. Effect of C* on process-air humidity ratio 
effectiveness. 

air temperature and humidity [ 183. The humidity of the 
process air outlet stream is minimal for r, = TlqR for 
ideal dehumidifiers. For dehumidifiers with finite 
transfer coeflicients, the outlet humidity is minimal for 
I, > If,R to an extent de~n~ng on the dehumidifier 
transfer coefkients. Well-define desiccant cooling 
systems operate the dehumidifier so that the outlet 
humidity of the processed air is minimum [3]. In Fig. 2, 
C* is defined for I1 >, I 1, R’ Both the temperature and 
humidity ratio effectiveness increase with decreasing 
c*. 

Figure 3 illustrates the effect of the Lewis number 
on the dehumidifier effectiveness. The effect on the 
effectiveness for humidity is more substantial than for 
the temperature effectiveness. While for Le < 5, 
moisture effectiveness values of 0.90 may still be 
achieved, for Le > 10, this effectiveness drops 
substantially. The ratio of the NTti, j parameters has 
only a slight effect on the effectiveness. This has also 
been reported for the case of regenerators with heat 
transfer alone [16]. Figures 2 and 3 are valid for the 

FIG. 3a. Effect of Lewis number on process air temperature 
effectiveness. 
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>.o 
NTUt .a 

FIG. 3b. Effect of Lewis number on process-air humidity ratio 
effectiveness. 

following range of NTU-ratio : 

0.5 < NTU,, lINTU,vz < 2. (13) 

To get good prediction of the effectivenesses of the 
dehumidifier, the number oftransfer coefficients should 
be larger than 5.0 for both periods. 

6. DISCUSSION 

For given capacitance rate parameters, the equations 
for regeneration and processing line indicate whether 
the heat and mass regenerator is operated in the mode 
of complete regeneration or processing, or in the 
intermediate mode. In the first two cases, the 
appropriate asymptotic solutions to the conservation 
equations that model the exchanger with infinite 
transfer coefficients in part I give the ideal outlet states. 
In the latter case, a quadratic interpolation between 
both asymptotic solutions is adequate. The effective- 
ness for heat and mass may then be computed using the 
expressions given in part II to yield the outlet states of 
an actual dehumidifier with finite transfer coefficients. 
The computation time per outlet state using this 
Effectiveness-NTU approach is about 0.51.0% of the 
computation time needed by a finite difference method 
in which the governing partial differential equations are 
solved numerically. 

The Effectiveness-NTU method offers several 
improvements over the analogy theory [9, lo] to mode1 
rotary heat and mass exchangers. In the analogy 
theory, the effectivenesses are complicated combined 
functions of the capacitance rate parameters and 
transformed transfer coefficients. The effectiveness 
method presented in this paper clearly identifies the 
various effects of the different parameters that 
determine the performance of the dehumidifier. The 
effect of mass flow rates and flow unbalance is 
incorporated in the ideal dehumidifier analysis. The 
effectiveness correlations describe the effect of finite 
transfer coefficients and use an overall NTU that is 
based upon the actual transfer coefficients. 

The effectiveness charts may be used for the design of 
rotary dehumidifiers for use in desiccant cooling and 
dehumidification systems. Such studies have shown 
that, for good overall system performance, the 
dehumidifier NTUo should be high [19] and the flow 
rate of the regeneration air stream should be 6&80% of 
the flow rate of the air stream that is being dried [3]. 
Numerical analyses of the analogy theory [ 19,201 have 
indicated that the accuracy of the analogy theory 
decreases with increasing NTU [20] and flow 
imbalance [19]. For optimum system operating 
conditions, the average error in prediction by the 
analogy theory of the temperature of the process air 
outlet state is estimated to be 3.87& and for humidity 
ratio 4.8% [ 191. The accuracy of the effectiveness model 
that is presented in this paper increases with NTU and 
is independent of flow unbalance. For optimum 
operating conditions, the errors in prediction of outlet 
state properties may be estimated within 1.0%. 

In the analysis, the heat and mass transfer coefficients 
are treated as parameters. The Lewis number is defined 
as the ratio of the overall resistance for mass transfer to 
the overall resistance for heat transfer. The Lewis 
number is nearly one for combined heat and mass 
transfer processes in which convective transfer through 
the air dominates the transport [21]. If there is 
additional resistance for mass transfer by internal 
diffusion within the desiccant particles, the Lewis 
number may differ from one. In this case, the Lewis 
number depends on the flow geometry of the 
dehumidifier. Proposed geometries for dehumidifiers 
include flow through granular packed beds and parallel 
plate channels. 

Based on experimental data for the adiabatic 
adsorption of water vapor from air by silica gel for flow 
through stationary granular beds, Hougen and 
Marshall [22] developed empirical correlations for the 
overall Nusselt numbers for heat and mass transfer. 
Their correlations indicate that the overall Nusselt 
numbers are 3.6 times less than the values for gas-side 
resistance only and the overall Lewis number is 
approximately one. Chi and Wasan [23] implemented 
the empirical correlations of Hougen and Marshal1 in a 
mathematical mode1 for fixed bed adsorption drying 
with silica gel. The numerical results of the model were 
compared with the experimental results of Bullock and 
Threlkeld [24] and good agreement was reported. 
Allander [25] investigated analytically and experi- 
mentally the external flow of moist air past single silica 
gel particles and through packed beds. His analysis 
shows that the overall heat transfer coefficient is 
approximately equal to the external heat transfer 
coefficient at the air side. The overall mass transfer 
coefficient is given by the air-side mass transfer coeffi- 
cient multiplied by an effectiveness factor which 
anges from 0.5 to 1.0 depending on the particle-water 
content. Allander’s analysis was verified experiment- 
ally but does not agree with Hougen and Marshall’s 
analysis with respect to the actual values for the overall 
transfer coefficients. However, they both indicate that 
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the Lewis number for flow through packed beds is ofthe 
order of 1.0 to 2.0. 

Whereas reasonably well-established correlations 
are developed for the overall heat and mass transfer 
coefficients for flow through packed beds, much less is 
known for flow through parallel channels. Combined 
heat and mass transfer for isothermal flow of humid air 
through parallel desiccant plates has been studied 
analytically and experimentally by Ghezelayagh and 
Gidaspow [26]. The mass-transfer Nusselt number for 
the air flow in the channel was computed and agreed 
with the theoretical Graetz value of 1.346. The local 
Nusselt number for mass transfer into the desiccant 
sheet varies substantially with time and position in the 
channel. Their experiments indicate that there can be a 
considerableresistancefor mass transfer due to internal 
diffusion within the desiccant, and that the Lewis 
number might be greater than one. Their study shows 
further that the assumption of constant overall transfer 
coefficients throughout the dehumidifier may not be 
valid, and that the computation of these transfer 
coefficients for this type of flow may not be straight- 
forward. Further research on combined heat and mass 
transfer for flow through parallel passages remains to 
be done. 

Mathiprakasam and Lavan [S] have presented a 
linear solution method for regenerators that is valid for 
Le ranging from 1 to 2. Manipulations of the analogy 
theory [9, lo] to include the effect of the Lewis number 
were found to be unsatisfacory [ 191. The effectiveness 
expressions that are presented in this paper are valid for 
Le ranging from 1 to 20 within the indicated range of 
accuracy. 

7. CONCLUSIONS 

A finite-difference program [6] and the ideal 
dehumidifier performance correlations [ 1 l] were used 
to establish empirical correlations for the effectiveness 
of a dehumidifier with finite transfer coefficients. 
Correlations of the moisture and enthalpy effectiveness 
of a silica gel rotary dehumidifier are presented. The 
principles that are used to generate these correlations 
are general and may be applied to dehumidifiers using 
other desiccants. An E-NTU model, incorporating the 
correlations for the effectiveness and the ideal 
dehumidifier performance, allows rapid and accurate 
calculation of the dehumidifier performance. The 
correlations are valid for a wide range of inlet 
conditions, operating parameters and transfer coeffi- 
cients and are suitable to be used in detailed long term 
performance simulations of desiccant cooling systems. 
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THEORIE DE DIMENSIONNEMENT DES ECHANGEURS ROTATIFS DE CHALEUR ET 
DE MASSE-II. EFFICACITE; METHODE DU NOMBRE D’UNITES DE TRANSFERT 

POUR LES ECHANGEURS ROTATIFS DE CHALEUR ET DE MASSE 

R&rme-Des formules analytiques de performance des echangeurs rotatifs de chaleur et de masse avec 
coefficientsinfinis de transfert ont et& present&es dansla partie I. Un modele dedifference finie pour la prevision 
de performance des deshumidificateurs rotatifs avec des coefficients de transfert finis est utiliseen combinaison 
aved le modile du deshumidificateur ideal pour itabhr des formules d’efficacite. Des relations pour l’efficaciti 

d’humiditt et d’enthalpie avec des regbnirateurs a silicagel sont don&es en fonction du nombre d’unitb de 
transfert. Un modble efficacite-NUT, incorporant les formules pour l’efficacitb la performance id&ale du 
deshumidificateur, fournit un calcul rapide des performances des deshumidificateurs. Les correlations sont 

valables pour un large domaine de conditions operatoires et elles tiennent compte de l’effet dun icoulement 
non conserve et des nombres de Lewis tleves. 

AUSLEGUNGSTHEORIE FUR ROTIERENDE WARME- UND STOFFAUSTAUSCHER- 
TEIL II. WIRKUNGSGRAD-NTU-VERFAHREN FUR ROTIERENDE WARME- UND 

STOFFAUSTAUSCHER 

Zusammenfassung-Analytische Beziehungen fiir das Leistungsvermljgen von rotierenden Wlrme- und 
Stoffaustauschern mit unendlich groBen Transportkoeffizienten wurden in Teil I vorgestelh. Ein Model1 auf 
der Grundlage von Finiten Differenzen fur die Vorausberechnung des Leistungsvermiigens von rotierenden 
Trocknem mit endlichen TransportkoeiIizienten wird in Verbindung mit dem idealen Trocknermodell 
verwendet, urn Wirkungsgrad-Korrelationen aufzustellen. Beziehungen fiir den Feuchte- und Enthalpie- 
wirkungsgrad fur Silicagel-Regeneratoren werden als Funktionen der Trockner-NTU angegeben. Ein 
Wirkungsgrad-NTU-Model1 erlaubt durch die Verwendung der Beziehungen fur den Wirkungsgrad und das 
ideale Trocknerverhahen eine schnelle Berechnung des realen Trocknerverhaltens. Die Beziehungen gelten 
fiir einen groDen Bereich der Betriebsbedingungen und beriicksichtigen den EinfluD von schwankender 

Strijmung und hohen Lewis-Zahlen. 

TEOPHfl BPAIIIAIOIQMXCR TEI-IJIOMACCOOBMEHHAKOB. II. 3cDcPEKTHBHOCTb. 
NTU-METOn PACgETA QJ-DI BPAIIIAIOIIHIXC5I TETIJIOMACCOO6MEHHHKOB 

Armorawn-B nepeoii nacTn npencTaBneHbI anannrmmckne sbrpaaeuar arm xapaxrepecrnx spamaro- 
IIIBXCa TenJIOMaCC006MeHHAKOR C 6eCKOHeSHbIMH K03i++iIIIIeHTaMn nepeHOCa. aJIa OnpeneJIeHna 

3~+cKTnBHOCTA ACnOJIb3yeTCX KOHeSHO-pa3HOCTHbIk MeTOn paNeTa XapaKTepnCTnK BpamalOmnXCa 

ocymireneii c KOHe’IHbIMA K03++iuHeHTaMn nepenoca B COYeTaHAH c MOnenbIo waeanbaoro ocyma- 

TcJIa. BbIpa)KeHna LUIa 3C)@eKTnBHOCTB n0 BSIaXrHOCTn Ii 3HTaJIbnBA CeJInKareJIbHbIX pCreHepaTOpOB 

naHb1 KaK +yHKIIAH NTU OCymIiTenefi. NTU-Monenb, BKJIbYIaIOmaR Bblpa~eHIia Ma 3IjKheKTnBHOCTA 

XapaKTepRCTnK uaeanbHor0 ocymmena, n03aonneT 6bICTp0 paCC’InTaTb pa6owe XapaKTepucTaKn ocy- 

muem. BbIpaa(eHna cnpaBennaBbI B mapoK0~ nnana30He pa6osax ycnoeut? A ywiTbIBaIoT tmuxuie 
HeCEianaHCupOBaHHOrO TeqeHna H 6onbmae Yncna flbIouCa. 


