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Abstract

A packed bed is the most common technology employed today as a dehumidifier or a
regenerator in a liquid desiccant air conditioning system. During the experiments, the
inlet and outlet parameters in the dehumidifier and regenerator can be easily measured,
however, in the theoretical analysis it is difficult to predict the relationship between these
parameters because of the complexity of the combined heat and mass transfer process in
the dehumidifier or regenerator. In this paper statistical analysis using (SPSS) software
was used to predict the functional relationships between the input and output parameters
in the dehumidifier/regenerator. The analysis of variance (ANOVA) was investigated to
analyze the effect of inlet operating variables (independent) on the water condensation
rate in the dehumidifier and the water evaporation rate in the regenerator. Statistical
analysis shows that the inlet air humidity ratio, inlet air mass flow rate, and inlet solution
temperature cause good significant variation (P<0.01) in the water condensation rate. The
inlet air mass flow rate, and inlet solution temperature cause also good significant
variation (P<0.01) in the water evaporation rate in the regenerator. Experimental results
for a counter dehumidifier and regenerator were taken from previous study.

Keywords: Statistical, Dehumidifier, Regenerator, SPSS, ANOV.

1. Introduction

Liquid desiccant systems consist of two vapor pressure of the desiccant solution.
main components: an absorber for Liu et al [2] showed that the process of
dehumidifying the air and a regenerator heat and mass transfer in the
for regenerating the solution. In the dehumidifier and regenerator are the
dehumidifier, Kumar et al [1] said the air same but the difference is in the heat and
comes in direct contact with the mass transfer direction. Regression
desiccant solution and attracts it performance analysis was used by Liu et
moisture because of the lower water al [3] to predict the effect of the air and
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desiccant inlet parameters on the
regenerator performance.

Fumo and Goswami [4,5] assessed the
rate of dehumidification and the water
evaporation as well as the effectiveness
of the dehumidifier and the effectiveness
of the regenerator respectively, under the
effect of variables such as the air and
desiccant flow rate, air and desiccant
temperature, air humidity, and desiccant
concentration. Yin et al [6] developed
the correlations of the heat and mass
transfer coefficients by using regression
analysis. Yin et al [7] correlated the
average mass transfer coefficient of a
packed tower in terms of liquid desiccant
concentration and heating temperature.
McDonald et al [8] predicted a simple
functional relationship for the packed
tower dehumidifier wusing statistical
analysis software. Abdul-Wahab et al [9]
studied the effects of several influencing
design factors on the performance of the
structured liquid
dehumidifier, where the multiple
regression method was used to predict
the water condensation rate and the
dehumidification effectiveness in terms

desiccant air

of these design factors. Additional
experimental data provided by Oberg
and Goswami [10] to carried out the
effect of the air and desiccant variables
and the area of heat and mass transfer on
the performance of the desiccant system.
El-Shafei et al [11] predicted the
performance of the regenerator in a solar
liquid desiccant
dehumidification/regeneration  system

wWwWw.ljiemr.org

using artificial neural network(ANN).
The results showed that the outputs of
ANN investigate good agreement with
the experimental results. In this paper,
regression analysis is used to predict the
outlet parameters of the dehumidifier
and regenerator (outlet air temperature,
outlet air humidity ratio, outlet liquid
desiccant temperature, outlet liquid
desiccant concentration, and water
condensation and evaporation rate) as a
function of the inlets parameters (air
mass flow rate, air temperature, air
humidity ratio, solution mass flow rate,
solution temperature, and solution
concentration). The height of the
dehumidifier and the regenerator is a
constant according to the experimental
facility.

2. Materials and Methods

2.1 Experimental facility

The schematic of the system is shown in
Fig. 1. The dimensions of the packed
bed absorption tower as constructed by
[12] were (25.4 cm diameter and 60 cm
height), the packing material used
polypropylene Rauschert Hiflow Rings
with a diameter of (1 inch); lithium
chloride was used as a liquid desiccant
and stored in a tank; and cold or hot
water was circulated through coils to
adjust the temperature of the solution.
An air heater or a cooling coil was used
to adjust the air temperature and relative
humidity before entering the packed
tower.
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Fig 1. Experimental facility

3. The multiple linear regression
models
Regression analysis 1s a statistical

technique for modeling and investigating
the relationship between two or more
variables. A simple linear regression
model has only one independent
variable. However, there are many
applications where there is more than
one independent factor that affects the
outcome of a process [13]. In this
situation, a multiple regression model is
required:

4. Results and discussion

The multiple linear regression model
type for each dependent variable in the
dehumidifier and regenerator was
analyzed by its R2 value, F ratio, and P
value. The value of R2describes the
accuracy of the curve fit, where R2 =1 is
the optimum fit and R2=0.9 to 0.99 is a
very good fit. The F ratio is a measure of
the error of the regression, where its
values are usually more

than 50, while P-value is used to assess
the degree of response affected by
factors, its values can be divided into
five ranges (1) P-value<0.001, extremely
significant (2) 0.001< Pvalue<

wWwWw.ljiemr.org

0.01, very significant (3) 0.01< P-
value<0.005, significant (4) 0.05< P-
value<0.1, slightly significant (5)
Pvalue>

0.1, insignificant. The results of the
ANOVA test indicated that the
independent effective factors of inlet air
mass flow rate, inlet air temperature,
inlet air humidity ratio, inlet desiccant
mass flow rate, inlet desiccant
temperature, and inlet  desiccant
concentration on the outlet air
temperature, outlet air humidity ratio,
outlet desiccant temperature, and outlet
desiccant concentration were very
significant in the range of the curve fit
between the predicted regression curve
and the actual value for each of the
dependent variables in the dehumidifier
and regenerator

Tablel. Air dehumidification experimental results by [12]

et Cutlet

Ma Tai Wai % T I Tao Wao Tic o .

Kg/nr'sec = KeKg — Kgm'sec c % < KeKg c % ghec
dry dry
090 0T 00150 [3E23 EiB! uE EE} o108 3) 15 0%
1180 01 0018 627 303 347 322 00108 326 36 040
1513 302 00181 6113 300 343 322 00108 327 341 0%
1189 355 00188 6290 303 345 38 ool 36 3BT 04
1183 01 00180 6287 305 344 331 00115 329 M3 036
1214 303 00142 673 301 339 311 00103 315 338 0B
1187 19 0015 61m 303 339 334 0010 331 3705
1180 301 00180 5019 302 344 322 0013 327 M2 03
1182 302 00181 7420 302 344 320 00110 325 343 03
1198 19 00177 6269 2 347 282 00088 284 345 00
1176 19 00178 6309 352 349 357 000 362 348 02
1182 29 00179 6164 301 331 324 0014 32 B0 03
1192 09 00179 6267 302 338 325 0012 326 37 038
1176 30 00181 6206 302 348 320 00107 325 347 04l
Table2. ir regeneration experimental results by[12]

Tolet Gulet
Ma Tai Wai I ot B Tao Tao Too T Mo

Kem'sec [ KeKg  Kemseo ¢ % < KeKg c % e

dry dry

0353 W4 0018 €6 0 30 i 00579 386 i3 135
1098 01 00180 6206 651 341 593 00532 578 43 181
1438 n8 0m7? 6479 651 345 575 00488 566 352 210
1097 331 00180 6349 651 334 585 00551 574 41 191
1102 00 o078 6334 650 316 580 00548 576 42 101
1132 02 003 6370 652 340 516 00513 572 #7197
1097 24 0010 6440 655 336 585 00541 583 42 170
L116 03 002 5185 654 344 576 00507 570 49 171
1101 29 00180 7541 652 343 590 00556 579 49 195
L 00 00187 6245 03 344 8 0044 4.2 43 136
1084 27 o084 6315 700 345 626 00666 60.0 333 245
1089 27 00177 6400 58 328 6 00542 568 334 189
L116 03 0082 6428 650 349 9 00501 575 354 16
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Table 3. Main statistical values

Dependent Delmmidifier M PP Pt o R pressin Shandirired Residsl Mllllu;:l-wu;::::n:ndmdl.m.
® Fvalue Sig. G 4 T = - 7
A
Tao 0.877-0.9922 192052 P<0.01 wan? s 1 oaoms 'd
Wao 0.845-0.941 58.2380 P=0.01 j‘ i 1 /
Tso 0966-1.00 339834 P=001 E . § | /
Xo 08660 77.6990 P=001 H | ,/”
Dwe:;.enl Regenerator 2z n 1 £ ’ - .
-3 Fovalue s e - Y arved Gam P
Tao 071 41653 001 4 L .
Wao 07220872 28522 P=001 B e
o 0.961-0.989 274638 P:l)ul i ¥im 35 d et
My 08-0014 25225 P=001 g .i: J
] &
i
4.1 Statistical analysis of the ; y
dehumidifier iy . =
Figure 2 shows the normal P-P plot of
regression standardized residual for the et et i ettt
dehumidifier. All these plots show a | B
. . aooea P
reasonably good fit between the . o
. . H A
predicted and actual value falling well i Py
within the 95% confidence level. Only, 1
the measuring error of the outlet solution e

concentration in the dehumidifier (Fig.2,
curve d) exceeds 5%, which was
attributed to the small range of inlet
solution concentration, such as the outlet
solution concentration as a function of
the inlet solution concentration. The
95% confidence interval is a measure of
error that provides assurance that the
data from\ repeated experiments would
fall within this interval 95% of the time.

‘Table4. Final regression functions

condensation water
rate (g/58€)

“Dependent Variables “Delumuidifier Fegenerator
Outlet air temperahize Tao-11929-0.743 50399 Wai Tao = 13101+ 0.696 * 51
0.07¢ i~0.333*Xi~1.308*Ma

Outle air bty ratio oo =-7.873 = 0,508 Tsi~0.201 “War o =-70.667+ 2,136 * Tsi Fig.3. Effect of the inlet air mass flow rate and humidity ratio on the condensation rate in debumidifier

-16.274 *Ma
Outlet solution temperature T50=5.86+0.763 * Ta+0.199 * Wa Ts0=22.69+0.591*Ts1-3.364*Ma .

5. Conclusions
Outlet solution concentration Xo=1309+0957*X1 Xo=-0651+0943*X1
+0.043*Tsi+0 368*Ma T T b
- A multiple linear regression model was

Condensation and evaporation Moo= 0.079+0.044 * Wai M6 439+0 1123 T5i+0 865*Ma . .
o312 used to determine the functional

relationship between the inlet and outlet
parameters for the counter flow
dehumidifier and regenerator. This
model was performed on a counter flow
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dehumidifier and regenerator in an air RN e
conditioning system tested by [12] in a | f{/
solar energy and energy conversion
laboratory, in the USA, 2002. From the ; . .,//
results of this work, the main //

e

conclusions can be summarized by: (1) ——— :

The effect of inlet air and desiccant A Carses (o) b i e e el 1 he e e et
variables were very significant in the B
range of P<0.01; (2) The values of R2
are considered to be between 0.416 and
1.00 for the dehumidifier and between
0.722 and 0.989 for the regenerator; (3)

Very good accuracy of the curve fit

il air hmmidity ratio, kg kg o

20
outlet air humidity ratio. keiooke

g

inlet solution concentratior

Frpd

outlet solution concentration. %

£

Subscripts
ANOVA  analysis of variance
PSS statistical Package for the Social Sciences

ensperature, °
outlet air temperature, °C

Inlet solution temperature, °C
Ontlet solttion temperature, °C

HHmEEY £ F 3
g'alg's B F
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