Substitution of M =M ;=0.0355907 and the rest of the valuedrefix

used previously in the example under consideration, gives A = change over chimney height
pave=0.915817 kg/mh and Ap,=13462.5Pa. The exit pres- 5 = change over interval

sure is then: p,=p;—Ap,—Ap,=89920.2-13462.5-19.6 )

=76438.1 Pa. The difference between it and the accurate value3$PScript

p,=76438.2 Pa from Eq(5) is —0.1 Pa. Substitution oM a = acceleration
=M= 0.0382492 changes the sign of the difference but does ave = average
not reduce its magnitude. D = drag
No-Flow Average Density. WhenM=0 andT=t, Eq. (17) f B friction
L . h = hydrostatic
simplifies to: S g |
— i = integration interval number
Pavem=0 _ 1 Cply _ i 1 = inlet (or coefficient number
ty 2 = exit (or coefficient number

p1 (7)952
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Introduction calculated. The mass flow rate was calculated from the average
In hot and humid regions where the relative humidity is high\{egC'W’ the cross sectional areadand the d;”;'WhOf ?<'r' | Eisch
the latent load becomes a big problem. Properly sized convep- esiccant concentration was determined by the Karl Fischer

) Hration method. This is a guantitative method for determining

tional vapor compression systems sometimes cannot even megj er concentration by titrating the desiccant solution with anhy-

this load. Consequently, oversized compressors are installed oY R >
dehumidify the incoming air. To meet humidity requirementm us alcohol containing iodine and sulfur dioxide. The uncer-

vapor-compression systems are often operated for long cyclesi%'&ty of this method is+0.003 kg LiCl/kg Solution.

at low temperatures, which reduce their efficiencies and requireExperimental Procedure. Both experiments were conducted

reheating the dry, cold air to achieve comfort conditions. Botiinder the same air inlet conditions for approximately one hour

consequences are costly. However, a combination of a desiccaath. The following data were measured using a PC-based data

dehumidification system and a vapor compression sys@Bv acquisition system:

known as hybrid desiccant cooling systemay not only meet the ) o ) )

load but also save energy. * Temperature ano_l relative humidity of the air at the inlet of the
Commercially available desiccants include silica gel, activated fower (Point 1, Fig. 3 . .

alumina, natural and synthetic zeolites, titanium silicate, lithium * Témperature and relative humidity of the air at the outlet of

chloride, calcium chloride, triethylene glycol, and synthetic poly-  the tower or inlet of the evaporatéPoint 2, Fig. 1

mers. In this study, an aqueous solution of lithium chloride was * Témperature and relative humidity of the air at the outlet of

used as the desiccant. Fumo and Goswidnd] had earlier stud- the evaporato(Point 3, Fig. 3 _

ied the heat and mass transfer performance for this desiccant fot Teémperature of the liquid desiccant in the tower

air dehumidification. A detailed review of liquid desiccant cooling ° Tl_me

system was given by Oberg and Goswd8ii * Air flow rate

This paper compares experimental results for the performancer, ensure steady state before recording the data, air and desic-
of a hybrid desiccant system with a vapor compression systeMeant conditiongtemperature and RH of inlet and outlet air, tem-

Experimental Facilities. Field tests of a hybrid solar liquid Perature of the desiccantere monitored. It took approximately
desiccant cooling system were conducted at a test house at 4ReMin to achieve steady state conditions. Samples of the liquid
University of Florida’'s Energy Research and Education ParResiccant were taken before and after the experiment to measure
These tests consisted of operating the air conditioning systemtB? concentration of the liquid desiccant to determine if regenera-
the house in two configurations—the conventional vapor comprd@n was needed. i _
sion system(properly sized existing systemand the hybrid des- The maximum airflow rate was the maximum that the air han-
iccant system. Figure 1 shows the air conditioning system. TR of the actual system could attain. Lower flow rates were
system was operated in the two configuratioremor compression obtained using dampers. Valves were used to regulate the mass
system with and without the liquid desiccant systemd the data flow of the liquid desiccant.
was collected to compare the performance of the two arrange-
ments. For theapor compression system omhpde, the desiccant Results

system was bypassed as shown by the dotted line in Fig. 1. Experiments were conducted to study the influence of air mass
The desiccant system was constructed as a tower of 56 cm fligy rate, temperature of the inlet air, temperature of the desic-
and 60 cm height. The tower was packed with Raschig rings magignt, and desiccant mass flow rate on the performance of both
with - polypropylene and with a specific surface area afystem configurations. The air conditioning system was operated
210 n?/m®. To distribute the desiccant over the packings, thref both hybrid and conventional configurations, and for recirculat-
spray heads were used. The system had two tanks and two pungg;air and 100% fresh air modes. Each variable was studied for
one tank stores the unused desiccant, which is pumped to theee different values while the others were held constant. After
tower, and the other tank stores used desiccant, which is pumpegching a steady state, the data listed in the previous section were
by the second pump from the bottom of the tower. This arranggiken each minute during the experiment, which was continued
ment ensures constant temperature and concentration conditiof®fabout 15 min. The minute-by-minute data was averaged to
the desiccant going into the tower. Temperatures were measugge one experimental data point for this study. The experiment

using copper-constantan thermocouples, with an accuracy \@s repeated for each condition three times to give three experi-
+0.5°C and relative humidities were measured by humidity trans-

mitters, with an accuracy of+x2% RH (0-90% RH and

+3% RH (90%-100%. Humidity ratio of air was determined 25
from the relative humidity and temperature measurements. The
uncertainty of the humidity ratio is- 0.0009 kg/kg. The air ve-

locity was measured using a Velometer with an accuracy of 2 4

+2%. Air velocity was measured at a cross section of the duct g HOCS
using a matrix of points from which the average air velocity was ‘g’ ves
e 15 4
8 /
o
(]
°
g 1
= > ® g iy Inlet air conditions:
Air Retum < Y« ) 2 RH=55%, 0.6 kg/s
ﬂ ﬂ t@ 3 Desiccant conditions:
- 0.5 4 T=27°C, X=35%
Air Supply V=0423 Vs
- 0 r Y T T
Conditioned Space
25 26 27 28 29 30
Evaporator Tower Inlet air temperature (°C)
Fig. 1 Air conditioning system showing measurements loca- Fig. 2 Influence of inlet air temperature with constant relative
tions humidity on the water condensation rate
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14 * In the hybrid liquid desiccant system, rate of condensation
HOCS increases with: airflow rate, inlet air temperature or desiccant
12 I_/H mass flow rate; and it decreases when the inlet desiccant tem-
- VCS L - perature is increased.

§ 10 + z kS * In the hybrid liquid desiccant system, outlet air temperature
;;- increases with: airflow rate, inlet air temperature or inlet des-
E 8 iccant temperature; and decreases when the desiccant mass
S flow rate is increased.
S 6 * In the hybrid liquid desiccant system change in enthalpy of
§a et air conditions: air is almost constant with the change in airflow rate and with
8 4| reess%, me06kgis the desiccant mass flow rate or the inlet air temperature.
© Desiccant conditions: However the change of enthalpy decreases when the inlet

2 || T=27°C, x=35% desiccant temperature increases.

V=0.423 Us
0 : : ' ' Nomenclature
25 26 27 28 29 30 HDCS = hybrid desiccant cooling system
Inlet air temperature (°C) RH = relative humidity(%)
T = temperature (°C)
Fig. 3 Influence of inlet air temperature on change of enthalpy V = desiccant volumetric flow raté/s)
of the system VCS = vapor compression system
X = concentration in mass of the desiccéit)
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