














One of the most important rules in proportional control is
that the energy source and the energy sink be matched
properly so that the controlled elements (in this case mostly
electronic valves) can operate within their output span. For
instance, if the water supplying a heating coil is very hot and
the heating load is small then the control valve will remain
closed or nearly closed all of the time. This condition does not
allow for the settling action of proportional control, instead it
is more like on/off control. For this reason, the control
program constantly checks the output of the control elements
and correspondingly adjusts some set points (i.e. hot water tank
temperature, cold water tank temperature, and the steam
humidifier output) to autornatically fine tune the control
capability.  Additional self-tuning of the proportional and
integral control constants, which affect the gain of the control
element, is done to increase stability under varying load
conditions.

MEASUREMENT UNCERTAINTY

An analysis of the measurement uncertainty for the test
facility has been conducted according to the ANSI/ASME
Standard PTC 19.1-1985, (ANS], 1985). The standard provides
a method for calculating and combining the random and
systematic errors involved with calculating results from primary
measurements. The systematic error is a fixed error and is
represented by the bias lmit. The random error is
represented by the precision index and is based on the
statisticul variation (standard deviation) of the ineasured
parameter. Norninal values of primary measurements were
taken from a cross section of real experimental data.

TABLE 1
Input Parameters
Bias Precision | Nominal Sensitivit;w
Measured Parameter Limit Index Velues Increment
Inlet dry bulb, °f 0.1 0.1079 77.79 0.2
outlet dry butb, °F 0.1 0.05247 84.08 0.2
tnlet dew point, °F 0.1 0.1637 67.99 0.3
outlet dew point, °F 0.1 0.06927 59.34 0.3
orifice dry bulb, °F 0.2 0.06545 78.05 0.2
Orifice dew point, °F 0.3 0.2076 8.0t 0.3
orifice ap, in. W0 I 0.01 0.000926 5.208 0.01
Barometric press, Pa 102 27.36 101300 102

The first step in the uncertsinty analysis procedure is to
develop & list of the input parameters as shown in Table 1.
The measured parameters are any primary measurements
which are used to calculate a result for which the uncertainty
bounds are desired. Referring to Table 1, the bias limits were
assigned based on sensor accuracy, sensor calibration, and data
acquisition equipment accuracy. The precision index for each
measured parameter was calculated using real data from the
test facility. The sensitivity increment was chosen to be.within
one and two times the bias limit. A test to determine the
importance of the size of the sensitivity increment showed that
increments up to five times the bias limit made only a small
difference in the result uncertainty.

A summary of the uncertainty of each final result is given
in Table 2. Each resuit uncertainty is determined by
~- propagating the precision index and bias limit of each
measured parameter into the calculated result. Uncertainties
are shown for the 95% coverage and the 99% coverage methods
of calculation.

TABLE 2
Summary of Result Uncertainty
r Q.sen q.lat air flow
Bias Limit 3.556-03 | 7.38€-03 | 4.33€-05
Precigion Index 3.01€-03 | 1.01€-02 | 4.97€-06

Uncertainty Percent (+/-)
95% Coveragc
99% Coverage
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EXPERIMENTATY, VERIFICATION OF THE MODEL

Experimental tests on a dual desiccant bed configuration
have been completed using regular deusity silica gel. Actual
test bed inlet conditions, shown in Figure 6, were passed as
prescribed values to the analytical model and the outlet results
were corapared. Figure 6 shows how the dry-bulb temperature
of the supply air was held constant while the dew point
temperature was changed every eight hours to give a 37% step
change in relative humidity. Experimental results gave a good
cyclic moisture halance between the adsorption and desorption
roodes, moving about 0.9 kg (2 lb) of water with 35 kg (77 1b)
of desiccant in 8 hours. For the given inlet conditions, the
model’s prediction of the central and outlet dew point and dry
bulb temperatures are plotted against the experimental data in
Figure 7.
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cycling test of desiccant bead

The major problem that we have encountered thus far
seems to be a partial utilization of the desiccant bed. The
predicted versus measured data shown in Figure 7(1)
represents a 65% reduction in bed utilization. When the
mode} was re-run, with the amount of desiccant available for
mojsture transport reduced by 65%, the predicted results
matched the experimental results well. The associated effect
of this lowered bed utilization reduces the expected DESRAD
energy savings by 15%. We are currently conducting more
tests, both with the DTF and an environmental chamber, to
isolate the source of this problem, which we suspect to be due

to fluid dynamics, solid side resistance, and/or the desiccant

isotherm.

Tests in the environmental chamber will investigate the
problem from a material viewpoint. Several grades of silica
gel will be tested at the same time, each with a different
particle size, in ordevr to investigate & possible problem with
solid side resistance to moisture movement into and out of the
desiccant particle.  An investigation of the temperature



dependence of moisture content as a function of relative
humidity will also be made. Further testing with the DTF is
designed to isolate possible problems with fluld dymamics,
which may cause portions of the sloping desiccant beds to be
bypassed.
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Fig. 7 Comparison of predicted and measured
temperatures for the two bed configuration
(1) dew point
(2) dry bulb

CONCLUSION

An experimental facility has been constructed to verify the
accuracy of an analytical model of the desiccant enhanced
radiant cooling concept. The results indicate that this building
integrated systemn is a promising solar cooling alternative with
potential for significant energy savings in hot, humid climates.
However, before concrete recommendations can be made, more
research is needed. Current experimental efforts show reduced
bed utilizations of up to 65% compared to the model. Testing
to isolate the source of the problem is underway using the
Diurnal Test Facility and an environmental chamber.
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