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ABSTRACT

The experiﬁeﬁtal solar collector systems at Middlebury
College ﬁave been modified to permit short time reéolution
‘studies of solar collector loop performance. A variety of'
experiments have been performed to measure the following
system properties:
| a. collector effiqiency
i 4 ; b. collector fesponse to step changes in ‘insolation
¢. collector response to the introduction of cold
inlet wafer'- :
d. pump cjcling as a functioﬁ of control sensor

location and set points.

~Data from these experiments have been supplied to the solar
group at Drexel for validation of their analytic collector

y :
loop model. .. ' ' ~ -



~ PROJECT DESCRIPTION AND SUMMARY
1. Project‘timing: o
Preliminary éurchasing authority under.this contract was
not Approved until 5/21/80, with a formal contract signed on
6/25.. Equipment ordérs were prepared before 5/21, and equib—'
ment necessary for system modifications was ordered as soon
as purchasing authority was received.' Early June was spent
on software‘modificafions necessary for the short timescale
_studies. ABy mid and late June equipment began arriving, and
the time was spent installing equipment. The last items -
flowmeters - arrived at.the end of the first week in July and
wére installéd immediately. Experimental runs beganAeven
before the flowmeters arrived, and continued through é4 Ju]‘.y.~
On 24 duly Dr. Fischl and a group of students from Drexel
University visited andlsuggested experiments appropriate to-
the model. . The group left with copies of all our data on

floppy disks and in graphical form.

2.' System modifications:

Major modifications necessary for this project‘included'
the inétallation of pump power monitors (Hall effect multi-
pliers with precision integrators froﬁ Ohio Seﬁitfonics) and
.associated interrupt handling,éoftwaré, iﬁstallation of a |
precisioﬁ mixing_valvé for précharging ﬁhe,system'to desifed

temperatures, installation of turbine flowmeters and their




connection to our data acquisition system, and installation
of collector_bypqss piping and valves for'performing transit-
time experimeqts{ Finally, seven additional sensors were
installed on the system A collector, permitting detailed
méasurement of temperafure‘profiles across the eollector and
allowing analyéis of system sensitivity to the location of
the control sensor. An updated system diagram incorporating

major changes, is attached as figure 1.

3. Experimental results:

We perﬁormed several basic types of experiments, including
step‘reSpoﬁsé measurements on empy and full.stagnant collector,
step response on éollector‘With flow, bybass experiments in
~which a cold slug was introduced into the collector, and con-
trolled runs to tést syétem sensitivity to variation of con-
trol parameters and sensor location. Representative runs .of
each type aré discussed below ana appropriate éraphé'included
among the figures.

Collector step respdnse was measurea by covering the
collector with a'larée piece of masonite ‘and removing it abrupt-
ly. We conqgntrated'on ‘measuring the rise curve because the
décay curve is sensitive to the type of cover &sea to block
the sunlight. We found it important to permit the éollector
to stabilize for.many time constants before removing the cover.
Figures 2 and 3 show such runs for emﬁty and full collectors

féspectively.“From these data the Drexel group intends to




evaluate collector time constants. Step response of a flow-
ing collector was evaluated in the same way, but here it was
necessary to measure differential voltages because the dynamic
range of the response was much less than when the collector
was allowed to go to étagnation temperature. Figure 4 shows
analog data from such a run.. The data displayed are the
sensor voltages, and must be conyerted to temperatures via

the thermistor transfer. functions. Digitél data on differential
voltages was taken at the same time, and has beenlsupp;ied to
the Drexel group. Time constants calculated from these data
are consistent with those indicated on preliminary transient
‘data which was shown at the meeting of the Middlebury and |
Drexel workers at LBL in January, 1980.

. Transit fime and collector temperaturé profiles were
determined by circulating water through‘the system bu£ by-
péssing the collector. The collector was allowed to reach 
stagnation temperature, then flow was switchea abruptly to the
collector. Figures 5-7 show results from one such run. It
should be noted that the inlet and outlet sensors, S2 and S3,
are actually in piping runs juét'beyond the collector, so
‘they do not get bypassed. But collector plate sensofs, S17
at the inlet mainfold through.é22 at the outlet mainfold, are
initially bypassed and thus at.stagnétion temperature. Figure
‘5 shows the entife 20 ﬁihute run, with flow switching clearly
indicéted..'Note the pulse of hot water to the outlet, as well

as the time delays as successive sensors respond to the change.




Figure 6 shows that same data at higher time resolution.
Finally, figure 7 shows "snapshots" of the temperature pro;
file across the collector at successive timgs. “The:bottom
profile is stagnation, which incidentally shows some strati-
fication across the collector (inlet.and outlet temperatures
'are low because they are not bypassed). Successively higher
profiles show clearly the introduction and propagation of
the cold slug through the collector, and the eventual attain-
ment .0of the steady state. These curves yieid the transit
time through the collector.

Finally, nearly 50 runs were made to show the effects
of varying control parameters and sensor locations. A number
of these wére madé while Dr..Fischl from Drexel was here, so
thatuparametefs could'be adjusFed as appropriate to the Drexel
"collector loop model. Data from a few of these runs are
" shown in figures 8-10. Figure 8 shows a run in which S18, a
sensor near the inlet'end'of the plate, was used for controI:
A great deal of cycling occurs despite the divergent set
“"points because the cold slug quickly reaches the control
sensor. Note tﬁe‘large amplitude of the cycling, due to the
substantial hystéresis in the set points. Figure 9 sﬁows a
ruh in which the senéor nearest the outlet wasuuséd for cdn—
trol. In bright summer sun, it is nearly impossible to get
cycling with this control sensor unless unrealistically
high off éetlpoints are used. Beyond the initial pump turn

on, no cycling is shown in this run. Finally, figure 10




shows the results of raising the dff set point. Here, even
though a sensor near the middle of the plate is used, for
cpntrol,‘cycling is evident. The runs shown in figures 7-9
are but a smail samﬁle of a whole matrix of runs represent-
ing virtually every combination of set points and control
sensor. Many weré'performed on a ‘single vefy clear day, in
whiéh insolation was much more constant than in figures. 8-10.
Together these runs should provide abundant data for the
Drexel simulations.

All data taken in fhese experiments was provided to
Drexel group both as original data on floppy disks and in
graphical summaries. In addition, analog daté from a strip
chafﬁ recofder,ﬁonitoring selected paramefers was also provided.
It is anticipated "that the Drexel group will attempt to
simulate the actual runs with their model and that results of

this work will be presented at the next SSEA conference.
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MIDDLEBURY SOLAR ENERGY PROJECT SYSTEM DIAGRAM
SYSTEM A -~ System B identical except S13, S14, S15, S29, 530 531, vi1, 12 shared-. :
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