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I. INTRODUCTION AND DESCRIPTION

The Page Jackson Elementary School in Charles Town, West Virginia, uses a
solar energy system to provide space heating and cooling for a 52,600 sq.ft,
school building. A total of 11,215 sq. ft. of PPG Industries, Inc., double-
glazed, flat plate collectors (facing south at a 45° tilt from the horizontal)
are used in conjunction with glass mirrored reflectors facing north at a 3 8°
tilt from the horizontal) to collect the available solar energy. A schematic

of the overall solar heating and cooling system is shown in Figure 1.

The solar energy system at Page Jackson is of the drainback type. Deionized
water is circulated from the cooler of two interconnected 10,000 gallon
storage tanks through the collectors when the absorber plate temperature
sensor exceeds the storage tank water temperature sensor by 10°F. Drain-

back to the storage tanks will occur when this differential falls to 3°F.

Space heating for the school is provided by circulating warm water from the
storage tanks through five air handling units (AHU's). A 780,000 Btu/Hr
oil-fired boiler will add supplemental energy to the storage tank water as
necessary to maintain a water supply temperature of at least 110°F. to

the AHU’s.

Space cooling to the building is provided by a 100 ton Trane packaged
absorption water chiller when sufficiently hot solar water is available. A
120 ton centrifugal chiller acts as a backup to the solar unit. Water which
is cooled by either method is used directly for space cooling and is not

stored.

The solar energy system began operation late in the summer of 1977.
Numerous technical problems with the on-site data acquisition system
(DAS) prevented an in-depth analysis of the overall system performance

until November of 1978.



SYSTEM DESCRIPTION

System Location: Charles Town, West Virginia

Application: Space Heating and Cooling

Collector Area, Gross/Net/Number: 9732 sq. ft. / 9496 sq. ft
Reflector Area (sq. ft.): 9215

Conditioned Floor Area (sq. ft.): 52,600

Site Latitude: 39°N

Collector Tilt: 45° from the horizontal facing south
Collector Fluid: Softened Water

Collector Type: Flat Plate, PPG Model A-414

Storage Volume: 20,000 gallons total capacity;

17,500 gallons normal capacity

System Schematic: See Figure 1.
System Narrative:

The Page Jackson Elementary School in Charles Town, West Virginia, uses

a solar energy system to provide space heating and cooling for a 52,600 sq.ft,
school building. The solar energy system is designed to provide approx-
imately 85% of the space heating and 50% of the space cooling energy
requirements of the school. It has an array of 538 PPG Industries, Inc.
double glazed, flat plate collectors (gross area = 9,732 sq. ft.) which face
due south at a 45° tilt from the horizontal. The collectors are used in con-
junction with glass mirrored reflectors (facing north at a 3 8° tilt from the

horizontal) to collect the available solar energy.

Water is used as a medium for delivering solar energy from the collector
array to storage. Freeze protection is accomplished through a draindown
system. The solar heated water is stored in two interconnected 10,000-
gallon storage tanks and is used for space heating and cooling. When the

solar energy is insufficient to meet the heating demands, a 780,000 Btu/hr



oil-fired boiler is used to provide auxiliary hot water for heating. In the
space cooling mode, the hot water from storage is supplied to a 100-ton
Trane absorption chiller to generate chilled water. A conventional 120-ton
Trane centrifugal chiller is used as a backup whenever solar energy is

insufficient to meet the space cooling demand.

In general, there are five modes of system operation. A description of these

modes follows:

Mode | - Solar Collection:  The collector subsystem operates independently
of the other subsystems. When the collector absorber plate temperature
sensor exceeds the storage tank water temperature sensor by 10°F, the
collector loop circulation pump will activate, automatic air vents in the loop
will open, and water will be circulated from the two interconnected 10,000-
gallon storage tanks through the collector array. After a 5-minute filling
period, the automatic air vents will close, allowing normal collector loop

circulation.

Mode 2 - Space Heating: This mode is entered when the manual SUMMER-
WINTER-AUTOMATIC switch is set to AUTOMATIC and the outside ambient
temperature is below 60°F, or when the switch is set to WINTER. Whenever
the room temperature in a zone is less than 68°F, water from the storage
tank will be circulated through hydronic coils in the multi-zone air handling
units. If the storage tank water temperature falls below 113°F, the oil-fired
boiler will activate. Water at 160°F from the boiler will be mixed as
required with water from the storage tank to maintain a supply temperature
of 110°F to the air handling units. When the storage tank water temperature
rises above 116°F, or the return air temperature from the air handling units

rises above 68°F, the boiler will be deactivated.



Mode 3 - Space Cooling: This mode is entered when the manual SUMMER-
WINTER-AUTOMATIC switch is set to AUTOMATIC and the outside ambient
temperature is above 680F, or when the switch is set to SUMMER. There
are two modes of space cooling: one utilizes the absorption chiller, the
other the centrifugal chiller. These chillers will not operate simultaneously.
When the hot water thermal storage temperature rises above 180°F, system
pumps are activated to circulate flow through the absorption chiller. When
the hot water thermal storage temperature drops below 171 OF, the absorp-
tion chiller will no longer be used for space cooling. If there is a demand
for space cooling and the storage water temperature is below 171 “F, the
backup centrifugal chiller is used to satisfy the demand. In all cases,

chilled water is used directly for space cooling and is not stored.

Mode 4 - System Draindown: When the temperature differential between
the collector absorber plate and the storage tank water falls below 3°F,
the circulation pump will be deactivated, the vacuum breakers will open,

and the water in the collector loop will drain back into the storage tanks.

Mode 5 - Electrical Power Failure: To prevent overheating of the collectors
in the event of an electrical power failure, an emergency propane fired
generator will activate to operate an emergency circulation pump in the

collector loop.



r’Nn— -\
s\ 4 IV
/> N s

= I

(>

§J

"3



II. PROBLEMS AND SOLUTIONS

The solar heating and cooling system at the Page Jackson Elementary School
in Charles Town, West Virginia, experienced many mechanical problems
since its completion in the summer of 1977. Numerous leaks, collector
glass breakage, and poor thermal performance plagued the operation of the

system since its inception.

It became apparent that the major source of the system's poor thermal per-
formance could be attributed to the ineffectiveness of the existing collector
array. Data collected on the system throughout its operation indicated that
calculated collector array efficiencies were between 20-25%, which was
about 50% below the published vendor data. Subsequent inspection of the
existing collector panels revealed that the riser tubes had separated from
the absorber plate in a majority of the system's 620 collector panels. As

a result, the primary mode of heat transfer from the hot absorber plate to
the storage water was occurring by radiation rather than by the intended

conduction.

Three methods were proposed to reestablish the thermal and mechanical bond
between the riser tubes and the absorber plate; these methods are illustrated

in Figures 1,2, and 3.

A test array of six collector panels was set up to evaluate the relative thermal
performances of the refurbished alternatives. Three of the six test panels
involved existing collectors which were refurbished according to the illustra-
tions of Figures 1, 2 and 3. In addition, the performances of two "used"
panels (representative of the damaged array) and an original "new" panel
were also monitored. Temperature sensors were placed at three locations on

each test panel (collector inlet, collector outlet, and the center of the absorber



Figure 1. Repair Prototype No. |
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Figure 2. Repair Prototype No. 2
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Figure 3* Repair Prototype No. 3
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plate) to quantitatively measure the effects of the reestablished riser tube
to absorber plate bond. Temperature data on the test panels was recorded
for three separate days of testing; a single day under normal flow conditions,

and two days under stagnation conditions.

The performance of six different panels was considered. In addition to the
three refurbished panels, the performance characteristics of one unused
(i.e., new) PPG collector panel and two "used" panels from the existing
array were also instrumented for comparative testing purposes. The six

test panels were installed into the eastern end of the twelfth row (47 panels,

total) as shown in Figure 5.

Temperature sensors (Type K thermocouples) were placed on the inlet and
outlet piping of each panel (see Figures 6 and 7) and on the center of each
panel's absorber plate (see Figure 8). In addition, the intensity of the solar
radiation striking the collector plane was monitored. Figure 9 shows the
actual test assembly before installation of the test panels. Figure 10 illus-
trates the relative location of the six panels, in addition to the temperature

sensor locations on each panel.

On June 8, 1982, D. Gearhart of ETEC arrived at the site to conduct the
performance testing on the retrofit candidates. Testing on the six panels
was accomplished on June 9, 14, and 15, 1982. Testing on the 9th involved
normal array flow conditions; stagnation testing was performed on the 14th
and 15th. A summary of the data taken during testing on the 9th, 14th, and
15th is listed in Tables 1.2, and 3, respectively. The thermocouple switch
positions in Tables 1-3 correspond to the temperature sensor locations shown
in Figure 10. The variation in incident global radiation on June 9 is shown in
Figure 11. The temperature rise experienced across each of the six test
collectors throughout this day is shown in Figure 12. It can be seen that

each of the three refurbished collector prototypes produced significantly



Roof Plan

Figure 5.
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Figure 6 Collector Inlet Sensor



Figure 8. Absorber Plate Sensor

Figure 9. Collector Test Assembly



Figure 10. Test Schematic
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Switch Position # 1

NEW 2

9

10

~1/2 strap pipe clantp
12

13

5 BETTER OLDI*

15

16

WORSE OLAd7

18

Ambient Temoerature
°F.

Cloud Cover %

T.n<ith-r-h/E | U *
Jof* TK Lf—' A"t

Rain
Solar System

SolarSaystem!'

Date: 6/9/82

Table 1. Collector Data (6/9/82)

TIME OF DAY

6:00 7:00 8:00 10:00 10:30 1ll:00 11:30 12:00 l:00|:40 3:00 3:30 3:Sc

| 170 168 168 169 170 172
J 181 181 183 177 175 197
[ 175 176 177 172 172 180
172 169 169 169 171 172
’ 194 203 208 200 188 233
’ 175 176 177 175 174 180
l 172 171 169 169 171 174
’ 200 219 237 220 224 248
l 176 177 179 177 178 182
‘ 172 169 169 169 171 172
’ 222 239 250 240 232 249
' 178 178 160 179 179 180
’ 172 169 169 169 171 172
l 217 230 242 239 213 246
175 174 176 177 175 176
| 171 169 170 170 171 172
253 276 292 290 247 302
174 172 173 174 174 175

|8 80 80 80 ilyg

100%: 100% 1007 Clear- Jeer - LV Amuc .
- - 200 zzo Zco Z0OO wJS Boo

Nor

Off Off Off Off Off Off Off Off Off

Off Off Off On

*Heat to Building Heat/Cooling

173 178
199 197
190 190
173 178
239 230
187 189
173 178
258 244
189 ' 190
173 178
273 257
189 189
173 v173
268 251
183 185
174 178
327 306
180 1S3
85
Qear 13-
380 z<is
Off Off

180

195

188

180

224

188

180

234

189

180
249

188

180

239

185

180

289

184

Cost

Off

181

191

166

181

212

187

161

213

187

181
229

187

131

221

185

181

259

164

€%()

Off



Table 2. Collector Data (6/14/82)

TiAiE OF DAY

6:00 7:00 8:00 9:00 10:00 11:00 12:00 l:00 2:00 3:00 4:00

Switch Position H | 167 165 169 172 cov: 179
n NEW 2 182 182 188 201 cov. 198
3
178 175 181 190 €OV 190
4 169 167 170 174 202 180
2 _ 5 200 206 219 247 272 228
6 174 175 180 189 223 190
7 169 167 169 174 202 180
3 S N 8 207 247 240 271 290 241
9 174 177 180 190 223 190"
10 169 167 170 174 208 180
a —r\— u 220 262 279 236 310 255
. 1/2 strap pipe clamp
12 175 179 185 190 225 190
13 169 167 170 174 210 180
5 BETTER OLD 206 255 282 284 316 246
15 172 175 177 184 226 186
16 169 168 172 176 214 180
6 WORSE OLD17 236 311 343 353 375 301
18 170 172 174 181 223 185
Ambient Temperature 2 80 30
OUTSIDE 707 [
Cloud Cover'% 50% 30%  40% 40% 30% 40%
Clear 50% 70% 60  60% 70% 60%
Rain
Solar Syotan* ON
ol S
Solar S>otom OFF X X X X X X

----------- Supply
Date: 6/14/82



Switch Position # |

Wev/

a —\— S

3
10
1/2 strap pipe cla;r}p
12
13

BETTER OLDl 4

¢ 15

)

16

£ WORSE OLD'
18

Ambient Temperature
Cloud Cover' %

Clear

Rain

Solar Snetcra ON

Suoolv

Solar OiujuLiu OFF
Sunoly

Date: 6/15/82

Table 3- Collector Data (6/15/82)

177

182

178

179

201

180

179

209

180

180

220

183

.180

230

183

180

266

182

70

0%

lool;,

X

(0OATEZ.  Tf>
ZooaF  A-r

179

192
185
180
209
185
180
220
186
180
240
188
180
238
185
181
280
184
72
0%

100%I

X

TAfJK!.
TH~

TIME OF D*Y

6:00 7:00 8:00 9:4S 10:00 1l:00 12:00 l:00 2:00 3:00 4:00

180 183 185 191
195 200 213 215
188 194 202 207
180 184 187 192
217 249 254 253
188 196 202 205
180 184 187 192
255 270 274 270
190 198 203 207
180 184 187 192
268 285 288 280
192 198 203 206
180 184 187 192
259 281 285 270
187 193 197 210
182 186 190 194
312 342 346 302
185 190 194 197
76 78 80 82
0% 0% 0% 30%
=2 100% 1005 ,70%
X X X X

194

212

205
195

239

204

195

251

204

194

265

205

195

257

200

195

300

199

84

35%

65%

X
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Figure 12
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higher fluid temperature increases than the existing collector plates.
Collector No. 4 (repair prototype No. 3) showed the greatest average fluid
temperature rise for the day at 9.3°F. Collector No. 3 (repair prototype
No. 2) had the second highest temperature rise at 8.60F, followed by
collector No. | (new/exposed) at 7.7°F/ collector No. 2 at 7.4°F/ and
collector Nos. 5 and 7 at 5.7°F and 3.70F, respectively.

The absorber plate temperatures of each collector for June 9 are plotted in
Figure 13. It can be seen from Figure 13 that collector No. | maintained

the coolest absorber plate temperature among the six test panels with an
average of 187.6°F. Other average absorber plate temperatures, in
increasing order, were collector Nos. 2, 3, 5, 4 and 6. Average absorber
plate temperatures for these collectors were 213.1°F, 230.2°F, 236.6°F,
244 .0°F, and 284.1°F, respectively. Based on absorber plate temperature, it
appeared that collector panel No. 2 (repair prototype No. 1) was the most
efficient of the refurbished collectors because it maintained the lowest

absorber plate temperature of the three repair prototypes throughout the day.

Choosing the most viable performer on the basis of (1) highest average fluid
temperature rise or (2) lowest absorber plate temperature produced conflicting
results. For the refurbished collectors, the order of selection would be
4-3-2 on the basis of highest average fluid temperature rise and 2-3-4 on

the basis of the lowest absorber plate temperature. Assuming equal flow

to each collector in any one row, the collector with the highest fluid temper-
ature rise should also have the lowest absorber plate temperature and, hence,

the highest collector efficiency.

Because the two bases of criteria yielded directly opposite results, the
possibility of imbalanced flow distribution was investigated. Using an
in-flow distribution computer program and the manifold piping dimensions

specified in the design, it was shown that a severe flow imbalance appeared



Figure 13. Absorber Plate Performance (6/9/82)



to exist in each of the multi-panel rows. In fact, for the 47-panel row in
which the test was conducted, the predicted ratio of the maximum-to-minimum
flow rates was greater than ten to one. It was suggested that major flow
imbalances like that predicted by the computer model could have been the cause
of the apparently random type of failure which was experienced by the collector
array at Page Jackson. In fact, a similar study by an independent engineering
consultant (Mueller Associates, Inc.) in July of 1979 predicted virtually iden-

tical flow imbalance tendencies for the Page Jackson collector array.

In light of the evidence for flow imbalance in the Page Jackson collector array,
the previous methods discussed for evaluating the '"best" of the three reworked
collectors appeared Inadequate. As a result, an alternative method for evalu-
ating the relative performance of the test panels was made. Because the first
of the six collectors was new and undamaged, a performance curve was available
for this collector from the manufacturer. Based on this curve, the measured
fluid temperature rise across the collector, the ambient air temperature, and
the incident solar insolation, the efficiency of the collector was calculated.
Based on this calculated efficiency and the measured parameters, the approx-
imate flow rate through collector No. | was estimated. Using this flow rate
and the predicted flow rate trends of the computer model, the collector efficien-
cies for each of the six test collectors was calculated. The results of this
analysis are presented in Table 4 and indicated that the best choice among the
retrofit collector alternatives was collector No. 3, with an average collector
efficiency of 36.4%. Collector No. 4 was the next highest at 29.0%,

followed by collector No. 2 at 14.9%. Even this method provoked somewhat
skeptical results, however. The collectors with the poorest for no) thermal
bond between the absorber plate and the collector tubes (collector Nos. 5 and
6) and the highest absorber plate temperatures (see Figure 13) indicated

higher efficiencies than collector No. 2, which was seen to have one of the

lowest absorber plate temperatures.



Table 4. Estimated Collector Efficiencies (6/9/82)

Collec- Collec- Collec- Coll ec- Collec- Coll ec- Incident

Time tor #1 tor #2 tor #3 tor #4 tor #5 tor #6 Insol-
of Effi- Effi- Effi- Effi- Effi- Effi- tion
Day ciency ciency ciency ciency ciency ciency Btu/hr-ft2

New -/"Vsfrap Better Worse

10:00  23.3 7.7 21.3 23.0 11.7 18.0 200
10:30 33.9 16.4 29.0 31.3 17.8 16.3 220
11:00 41.9 20.6 53-2 42.1 27.4 18.0 200
11:30 14.0 15.5 42.6 38.3 31.3 23.9 200
12:00 9.6 8.0 33.1 318 16.2 18.6 193
1:00 24.8 13.8 28.4 20.4 10.4 12.0 300
1:40 41.7 19.0 44.8 32.3 20.6 18.9 380
3:00 34.4 17.5 39.3 25.9 16.8 18.4 325
3:30 25.7 14.2 33-0 21.1 13.5 16.5 290
3:50 24.5 16.3 39.2 24.2 16.5 18.9 190

Average

Collec-

tor

Effic-

iency 27.4 14.9 36.4 29.0 18.2 18.0



In general, however, the reattachment methods of refurbishment Nos. | and
2 appeared to adequately restore the metal-to-metal bond between the
collector riser tubes and the absorber plate to essentially "new" conditions.
Method No. 1, however, more closely followed current collector design

practices, and therefore, appeared to be the better choice.

Generally speaking, flow balancing of a reverse return plumbed collector

array will occur when the flow resistance through the solar collectors is

large relative to the resistance of the corresponding manifold piping lines.

The principal reason for the flow imbalance predicted for the Page Jackson
collector array was the relatively low flow resistance through the individual
collector panels. According to the manufacturer, the pressure drop through
the collector piping is only 0.005 psi at the rated flow of 0.5 gpm. The

flow distribution computer program predicts that if this pressure drop could

be increased to 0.5 psi, the collector array would be inherently flow balanced.
Calculations showed that a 0.180 in. diameter orifice in the 0.569 in. inner

diameter collector outlet line would provide the 0.5 psi drop.



III. CONCLUSION

In general, the attachment method of refurbishment prototype No. | appeared
to be the preferred choice for reworking the damaged collector panels. To
ensure that acceptable manufacturing methods were observed in the reworking
process, adequate quality control requirements were specified by the con-
tractor. These standards met with ETEC approval prior to any renovation of

the collector array.

Based on the computer program output, there appeared to be a significantly
large flow imbalance within each of the twelve collector rows. This flow
maldistribution could have caused the collector riser tubes to separate from
the absorber plate. To ensure balanced flow within each collector row, it
was recommended that the addition of a 0.180 in. diameter orifice be made
to the outlet piping of each of the 620 collector assemblies. These orifices
could be made by drilling 0.180-in. diameter holes into the copper end caps
currently used to isolate array piping during repair periods. The addition of
these orifices was highly recommended and would add minimal cost to the

refurbishment project.
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ACCEPTANCE TEST REPORT

INTRODUCTIQN/SUMMARY

An acceptance test of the Page Jackson Elementary School (SHAC
Project #4926) was conducted during the week of December 13-18, 1982.
The solar energy system for this project provides supplemental space
heating and cooling for the 52,600 square foot school building.

The system has experienced many mechanical problems since its
completion in the summer of 1977. Numerous leaks, collector glass
breakage, and poor thermal performance became characteristic of the system
during the early years of operation. Subsequent inspections of the system
made it apparent that a major source of the system's poor thermal performance
could be attributed to the ineffectiveness of the collector array. These
inspections revealed that the riser tubes in the solar collector assemblies
had separated from the absorber plates in a majority of the system’s 620
collector panels. As a result, the primary mode of the heat transfer in the
collector array had been occurring by radiation rather than by the intended
conduction.” During the fall of 1982, the array was refurbished to re-
establish the preferred metal-to-metal bond between the riser tubes and the
absorber plate.

In general, it appears that the array refurbishment has been successful.
1. TIL82-211-04-288, "Page Jackson

Elementary School Solar Collector
Testing and Evaluation Report",

J. S. Francetiz to W. B. Ingle,
8-6-82.
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An analysis of the performance data taken on December 18, 1982, during the
acceptance test (under extended steady state conditions) indicated an average
collector array efficiency of 44.4%. Pre-refurbishment data indicated an
operational collector array efficiency of 22% for the month of December 1978. :
The day-long integrated system efficiency was calculated to be 29.2%.

In summary, the space heating subsystem appears to be in good
working order. Because of low storage tank water temperatures and the
potential for freezing water within portions of the condensing water cooling
tower, however, the space cooling portion of the solar energy system was
not tested. It is recommended that a thorough checkout of the cooling
sub-system be conducted during the hot summer months to verify proper

system operation.

2.  "Solar Energy System Performance
Evaluation, Page Jackson Elementary
School, Charles Town, West Virginia,
November 1978 through March 1979 ",
SOLAR/2036-79/14, April 1979.
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DISCUSSION
System Description:

System Location: Charles Town, West Virginia
Site Latitude: 39° N.
Application: Space Heating and Space Cooling
Conditioned Area: 52,600 sq. ft.
System Type: Draindown
Collector Heat Transfer Fluid: Softened Water
Gross Collector Array Area: 10,383 sq. ft.
Reflector Area: 9215 sq. ft.
Collector Tilt: 45° from horizontal facing due south
Collector Type: Flat Plate, PPG Model A-414

Storage Volume: 20,000 gallons total capacity
17,500 gallons normal capacity

System Schematic: See Figure 1.

System Narrative:

The Page Jackson Elementary School in Charles Town, West Virginia,
uses a solar energy system to provide space heating and cooling for a
52,600 sq. ft. school building. The solar energy system is designed to
provide approximately 95% of the space heating and 50% of the space cooling
energy requirements of the school. It has an array of 574 PPG Industries, Inc.
double glazed, flat plate collectors (gross area = 10,3 83 sq. ft.) which face
due south at a 45° tilt from the horizontal. The collectors are used in con-
junction with glass mirrored reflectors (facing north at a 3 8° tilt from the

horizontal) to collect the available solar energy.
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Water is used as a medium for delivering solar energy from the col-
lector array to storage. Freeze protection is accomplished through a drain-
down system. The solar heated water is stored in two interconnected
10,000-gallon storage tanks and is used for space heating and cooling.

When the solar energy is insufficient to meet the heating demands, a 780,000
Btu/hr oil-fired boiler is used to provide auxiliary hot water for heating. In
the space cooling mode, the hot water from storage is supplied to a 100-ton
Trane absorption chiller to generate chilled water. A conventional 120-ton
Trane centrifugal chiller is used as a backup whenever solar energy is

insufficient to meet the space cooling demand.
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ACCEPTANCE TEST SUMMARY

ETEC representatives Jeff Francetiz and Paul Olson conducted an
acceptance test of the solar space heating and cooling system at Page
Jackson Elementary School in Charles Town, West Virginia, during the
week of December 13-18, 1982.

The operation and performance of the solar energy system was
monitored by utilizing a portable Hewlett-Packard data acquisition system
(DAS) provided by ETEC. This device was connected to the existing Vitro
instrumentation sensor terminals at the central junction box of the previously
installed DAS. Complete listing of the sensors monitored during the accep-
tance test are given in Tables | through 4. The location of each sensor
within the system is shown in Figure 1.

The performance of the solar energy system while operating on
automatic in a typical space heating mode was monitored on December 18,
1982. Operational data and performance calculations on the solar energy
system throughout the day was accumulated with the portable DAS. A
discussion and summary of the system performance parameters on December
18 are presented here.

A thermal performance test of the solar space heating system was
performed from 8:30 a.m. to 2:00 p.m. on December 18, 1982. Instan-
taneous insolation values for the day ranged from 100 - 275 Btu/hr—ft2
under cloudless skies, while outdoor ambient temperatures ranged from

18 - 35°F. Solar noon occurred at 12:04 p.m.
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-1 aiqPI

SENSOR

T001
T100
T1 50
T102
T1 52
T200
T201
T202
T100
T-150
T'101
T j1
ThOO
T5bO
1501
1551
1502
T552
T500
TGO1
T002

Table 1. Temperature Instrumentation for Page Jackson Elementary School

NAME

Outside Ambient Air Temperature

Collector Array Inlet Temperature

Collector Array Outlet Temperature

Storage Output Temperature

Storage Inlet Temperature

Hotter Storage Tank—Top Temperature

Hotter Storage Tank—Bottom Temperature (T&"k
Cooler Storage Tank—Middle Temperature (Tank
Heating Boiler Inlet Temperature

Heating Boiler Outlet Temperature

Heating Water Return Temperature

Heating Water Supply Temperature

Absorption AC Generator Water Outlet Temperature
Absorption AC Generator Water Inlet Temperature
Absorption AC Chiller Water Outlet Temperature
Absorption AC Chiller Water Inlet Temperature
Centrifugal AC Chiller Outlet Temperature
Centrifugal AC Chiller Return Water Temperature
Inside Ambient Air Temperature

Inside Ambient Air Tempuiatuie

Inside Ambient Air Tempeiatiee

RANGE (F)
Min. Max.
-20 120

30 230

30 230

30 230

30 230

30 230

30 230

30 230

30 230

30 230

30 230

30 230

30 230

30 230
-20 120
-20 120
-20 120
-20 120
-20 120
-20 120
-20 120

MFGR.

Minco
Minco
Minco
Minco
Minco
Minco
Minco
Minco
Minco
Minco
Minco
Minco
Minco
Minco
Minco
Minco
Minco
Minco
Minco
Minco
Minco

ITRO,

THERMOWELL
PART NO.

iSd
F203U15
F203U15
F203U15
F203U15
F203U15
F203U214
F203U240
F203U15
F203U15
F203U15
F203UIS
F203U15
F203U15
F203U15
F203U15
F203U15
F203U15
IS-1

1S4

IS#1



< dlqe L

SENSOR

W100
w400
w401

WbOO
WSO0!

W502
F400

(IBHAVITKO)

Table 2. Flow Rate Instrumentation for Page Jackson Elementary School
NAME RANGE (GPM) MFGR.
Min. Max.

Collector Array Flow Rate (gpm) 0 2B0 Ramapo

Heating Water Through Boiler Flow Rate (gpm) 0 170 Ramapo

Total Heating Water Flow Rate (gpm) 0 170 Ramapo

Absorption AC Generator Water Flow Rate (gpm) 0 170 0

Absorption AC Chiller Water Outlet Flow Rate (gpm) 0 330 Ramapo

Centrifugal Chiller Water Outlet Flow Rate (gpm) 0 330 Ramapo
Boiler Fuel Rate (gal) 0 85 American

Meter

MODEL NO

MKV-4W07
MKV-4W07
MKV-4-W07
MKV-4 W07
MKV-4 WO7
MKV-4-WO7
MKV-1/2 J07



SENSOR

EP100
EP400
EP500
EP501
EP502
EP503
EP600
EP601

EP602
EP603

EP604

SENSOR

X0O| x

"€ dqe L

looz

RARICLR)

pue

X Mowic* O0f 4
v'i' e/

i XK

Table 3.

NAME

Collecior Pump Power (P-7 & P-8)

Heating Water Pump Power (P-4, P-5, P-6)
Chilled Water Pump Power (P-3)

Cooling Tower Pump Power (P-1, P-2)
Centrifugal Chiller Power

Absorption Air Conditioner

Air Handling Unit No. |

Air Handling Unit No. 2

Air Handling Unit No. 3

Air Handling Unit No. 4

Air Handling Unit No. 5

Table V.

NAME

Collector Plane Total Insolation

Al/vit
/WAvVi-

touecTvz-
A /~Ay., .VO*-

PHASE RANGE (kW)
Mm. Max

0 12

0 18

0 12

0 40

3 0 120
3 0 6
3 0 12
3 0 60
3 0 6
3 0 60
3 0 6

RANGE (Btu/ft'-hr)

Mm Max
0 39G 03
i*je>l 1l Re FiecToK.
LUirUcvT A  NEfli CYGK

MFGR.

Ohio
Scmitronics
Ohio
Semitronics
Ohm
Semitronics
Ohio
Semitronics
Ohio
Semitronics
Ohio
Semitronics
Ohio
Semitronics
Ohio
Semitronics
Ohio
Semitronics
Ohio
Semitronics
Ohio
Semitronics

Miscellaneous Instrumentation for Page Jackson Elementary School

MFGR.

Product3

Power Instrumentation for Page Jackson Elementary School K7&M/VITRo,

MODEL NO

PC5-18
PCs-27
PC5-18
PC5-54
PCS 66
PC5-9

PCS-18
PCsS 57
PC5-9

PC5 57

PCS 9

(ETEC’1)

MODEL NO.

SS-/00



The solar radiation intensity (as measured in the plane of the
collectors) throughout the day is shown graphically in Figure 2. The average
insolation for the day (from 9:08 a.m. until 2:00 p.m.) was 237.5 Btu/hr. ftz.
This corresponds to 1137 Btu/ft2 over the same time period. Figure 3 is a
plot of the solar fluid flow rate over the day, and essentially summarizes
the on/off operation of the system. As it can be seen from Figure 3, system
startup occurred at approximately 9:10 a.m. and continued uninterrupted
until the conclusion of testing at 2:00 p.m.

Figures 4 and 5 illustrate the variation of the array inlet and outlet
temperatures, respectively, throughout the day. During the period of energy
collection, the average array inlet temperature was 122.7°F(while the
average array outlet temperature was 130.1°F.

Of the 11.8 MTBU (I MBTU = 106 BTU) of incident energy available
to the collector array, a total of 4.6 MBTU was absorbed, resulting in a
day-long collector efficiency of 38.9%. Figure 6 illustrates the variation
of the instantaneous collector array efficiency throughout the day. During
the system performance evaluation period (11:25 a.m. to 1:55 p.m.) the
average instantaneous collector efficiency was 44.4%. The variation of
array efficiency during this period is shown in Figure 7. Figure 8 shows
the mean collector array efficiency versus collector operating point during
the system performance evaluation period (11:25 a.m. to 1:55 p.m.). These
values are compared against the published collector efficiency curve based
on ASHRAE 93-77 tests. Also shown are several additional efficiency curves
representing the collector performance characteristics from October 1978 to

- 16 -
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April 1979. These curves allow a comparison to be made between the
collector array performance before and after refurbishment. As seen in
Figure 8, the collector array performance after refurbishment is approx-
imately twice that measured before the refurbishment. In addition, the
data points closely approximate the ASHRAE 93-77 curve. As a result, it
appears that the collector refurbishment has successfully restored the
array to optimum design conditions.

Figure 9 illustrates the variation in the flow of hot storage water
to the building air handling units (AHU's). In addition. Figures 10 and 11
plot the measured supply and return water temperatures to and from the
AHU's, respectively. During the period of solar energy collection, the
average supply temperature to the AHU's was 130.5°F, while the average
return temperature from the AHU's was 128.2°F. Over the same time period,
the average flow rate to the air handling units was 120 gpm. On a daily
basis, the total heating load (during the period of solar energy collection)
was .66 MBTU. Figure 12 indicates the variation in the instantaneous
heating load during the performance evaluation period.

Figures 13 and 14 show the variations in the upper and lower
storage tank temperatures for the "hot" storage tank (tank #1) during the
performance test. Figure 15 reveals the variation of the "warm" storage
tank (tank #2). For the day, the average temperature of the "hot" tank
was 129.2°F, while the average temperature of the "warm" tank was 124.1 °F.
On a day-long basis, the average storage temperature (tanks #1 and $2
combined) rose from 114.8°F at 9:08 a.m. to 137.3°F, which corresponds

to a stored energy increase of 3.25 MBTU.

- 17 -



COLLECTOR

EFFIAENCY

0.4-

0.3 -

0.1 -

Figure 8.

Measured Instantaneous Collector

Array Performance at Page Jackson
Elementary School (SHAC Project #4926),
December 18, 1982.

Range
During
Performance
Evaluation
Period

ASHRAE 93-77

- Collector Array
Performance Curves
October 1978 to
April 1979.



g

CL

—O

Figure O.

Timm* Of Oay<HR?)

Heating Loop Flowrate (W401)

Iu X
— LU

Figure 9



12'18 82

140 &
=

‘133
8]
130 =
&
125 / 2

LtN 120
A
115 -
=
110 h ~
O
105 e =
< Dl ) 0] 1o )
LU -
1
u. . )
i- S
. v
Tim* of 0Oay<HR> jn o Timo of Day<HR?" =

o

H-X =

Figure 10. Heating Loop Supply Temperature (T451) Figure 11. Heating Loop Return Temperatun
(T401)

i,
LU IX

" | 2CI200 12/18/82 h-UJ

0 1(20000 tok L

Cti i—i

- v Tt
° 80000 oo X
60000 N X
U 40000 Qo

20000 Su 0l

o=
c
=
=

0 _X ]
uo 0J U ro 1o I-L 0>

0J ro Ul I: O

Time of IDa/<HR > %c[jl I

Figure 12. Total Space Heating Load

Figures 10,
11 and 12.



Tiwi? of Oa/+ HR

Figure 13. Storage Tank #1

LL.
Y4
0J
CJ

Figure 15.

Temperature (T200) Figure 14.

140
135
1 30
125

120

11Q
105

Co

I

LU 1

(LO

LU
U —

Clul
o] —

12/1 3/32

<Ti Ci Oi

Time of Day<HR)

Time=

1o

Storage Tank #2 Temperature (T202)

of Day HR>

Storage Tank

ITITECRRTED RV.ERRuE FOP

201 <F>

#1 Temperature (T20

Figures 13
14 and 15.



Essentially no auxiliary energy was consumed during the day.
Figure 16 showed that the backup oil fired boiler operated only once through-
out the day; this occurred at about 9:25 a.m., when the system was just
starting up. A total of .03 MBTU was added to the system at this time.
Figure 17 illustrates the fluctuation in total parasitic power for the
system throughout the day. The average parasitic power for the day was
14 kw. This corresponds to .23 MBTU on a daily basis.
In general, the overall performance of the system was excellent.
The integrated system efficiency for the day was calculated to be 29.2%.
Because of low storage tank water temperatures (i.e. less than 150°F)
and the potential for freezing water in the cooling tower, the cooling portion
of the solar energy system was not tested. It is recommended that addi-
tional testing be conducted during the summer months to verify the operation

and performance of the solar cooling subsystem.

- 18 -



Total System Parasitic Power xKw)

FOR
=-H0O®

! 12 13/32

N
V)]
o —
IS Ve

LL.
ul 10

)]

®
o2

CL
0T
5 Lol CL

[ ) o w ro uJ
Time of Da>nrHR' %f‘
)

Fiqure 16. Auxiliary Boiler Flowrate (W400)

X0
uJ LL;

»- U]
77 cL

ul

CL 0J
Ul BH

o

CLr-

000

»H LL Ol

"uT

. 0~

co Ti @) )  x ixro
-H CL Lt Ol

a. ui ¢

CLD ,

X IK

1 J—

Tim>» ot Da>¢+HF > X O
I- Ul 1

O I-

1I-XQ

P>

Figure 17. Total System Parasitic Power Figures 16 and 17.



CONCLUSION

In general, the solar energy system and controls appear to be in good
working order. The performance of the system is particularly good; in fact,
much better than most. Because the refurbished collector array is now
operating at near design conditions, it is anticipated that the system will
begin to contribute substantially (as originally intended) to the building load.
In order to ensure that the system is operating as designed while in the space
cooling mode, it is recommended that the solar cooling subsystem be tested
for proper operation and performance during the warmer summer months.

In addition to the general refurbishment of the collector array, the
following changes and/or additions to the solar system have been made with
the recommendations of ETEC and the Architect:

1. The time delay relay for the solar collector loop was difficult

to adjust because of the wide spacing between time increments.
The time difference between the successive increments was

10 minutes. This relay is normally set at 2 minutes, which made
it most difficult to operate with the existing timer. Therefore,
this timer was replaced by a similar unit with 1-minute time
increments.

2. The cold water make-up supply line to the system was plumbed

to the top of the hot storage tank (tank #1). This arrangement
degraded the temperature of the water whenever make-up water

was required. This line has been re-plumbed to the top of the
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warm storage tank (tank #2).

Based on the analysis of the test data taken during the refur-
bishment process, it was noted that a balanced flow did not
exist in the collector array piping. It was calculated that the
addition of a .180" diameter orifice to the inlet line of each
collector would provide the additional flow resistance required
to balance the flow distribution for each row. These orifices
have been installed on each of the collector rows.

The collector loop circulation pump is energized whenever the
temperature differential between the collector sensor and the
storage sensor exceeds a specified limiting value. Upon
start-up, automatic air vents located at the high points of the
system will open, allowing the air within the system piping to
be discharged. These vent valves are allowed to close after a
specified time delay (see Item | above). Because the filling
process tends to be uneven from row to row, a certain amount
of water is discharged through these vents (to a common drain
line) before the entire array has been completely vented of air.
During the acceptance test, the optimum time delay for the
system was found to be 2.5 minutes. When set for a 2.5 minute
time delay, the minimum amount of water was discharged from
the system. Based on measurements made at the vent lines of
each collector row, approximately 100 gallons of water was

discharged from the system. Every gallon of hot water which
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is discharged from the system in this manner is replaced by

an equal amount of cold make-up water, thereby representing

a net energy loss to the system. In order to eliminate this

loss from the system, a return line has been plumbed from the
common vent discharge line to the top of the warm storage tank.

This allows any discharged water to be returned to the system.

- 21 -
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DISPLAY-STATUS INDICATION PAMEL 0C«AOwt Stnwft D ri<[1* lo TX boat
T*] W<r«* o <bdi< *'»"% and TX bot>«
ond Pore* gl To"

12.Q-I-WO Cor Morit AT C. Houjar-

__. frawt Circuit
Uc CstArnal COnnce.f«30"
" Matiritendee * On*
— 1«T
—-35  C-QUIPMIUT Ro«M
i foM&L (EQP)
T~ 1 +Ho CA* T
C - 36
- 3<
—<<
—31
—M

All San*or VJmruj al tKcTep «" Rimntl

TSIO * hijlt] Vat«r “upp”

J TS59 ChiUtM Wotcr InJc/rectal*.
'm**] TSn ChlHad WaUr &Lijrn
*=C3 TSIIAHUI £nt+err Air
"%T’~) TSMsA Hij” Bnhtrm A>¥
ef' "H TS ISA R-Uss €.rdgrtr™ Air

TSIfIAH.U. A Air-
A-Tr-uJ -
T SZIMuc. Krn AI

== TSZJArt Km A-d
T&Z4C 6-71

TS 25c¢-i*">10fc,T1 6*7
—atO TS2A£/es>rowr* 0*83
*3 TSllcUvaraor-. B-fiT.
SHD T53 Solar- Calle-ctor Supply
r*3 T64 Selur "el/cctor Rcfurn
TSfi TarAi

«==] T5<aTanK Uo.2

AN TS7 Supply v/ jtar

*=] TSft Keturr W«l«r
=€3 TSIZiBa'lcr- Supply W<»f«r
*3 TSI"HoA Waler Supply
=«43 TSt Ocior Plate Tarr'paroturs
=¥] TS\ OuPsui* Ay
TSKAIJLV I- P»scP«r™ A4
*€) TSHAHU Z Di~c™Ma Air
“K] TSI"A VtilS Dtschar®eu 4>r

=3 T621 AHU4 DieeW-ac A>
INSTAIX,\TIOH HOTg

Hot# 1: Use two 52)

control circuits, able to be eoual

ted
CGLMAN r1-102 Vlo for two <2) Conductor nnd #6- 103 3 15 for

three (3> conductor twisted.

4.1.4i

or three (31 conductor twisted cable «sal

jgrsrsl

The DisrU
provlde

will,

GINItAL NOT« AND IQUIfMINT SCNIDULI

"K>»iKNmt of (jLJATIOK

-Statui trd IndtcDticn Panel, iocetod in Hraouroto Center,

eaoereture end. Kqulpaent o eration_indication.

ech Teaceriitura indication point will function thru deel“nated PUoH

BllTTON (PB ), as
inted color-coded Te-ineretura Meter (i-

located on Mow Dla/raa to crowide indication with eaaoo-

. (Aiao refer to acnrdule for

Indication of Teareraturea'.
Eou1 nent ooerition indication will be prowided thru Pilot Lighta indi-

1

catm% o”ndltlon when lit.
efer t

oywb.
Til

TS2,2A 2
TSIV 14
Kimh
— D
T514,16, 4
18.76
1322,27 6

Srwb. “nan

R

X1 2
X? 2
P51-27 27
H.1-9
q
?
B
|
?
TXI 27
XFXH
fo

o H>heet C} of 7 for Panel apeeiflcations and wountlng inatructlonr.

SrHeiDtIL! of PIEID MOUHTID KyhIPMvyr
Cntalocue Nuwner ano Description

TS-8501, iiolld otate Electronic istnaor, v>utdonr Air, Ib" LMT
Plttinf, 1000 Oh.

MI-211.” Heather Shield and Bulb Clip.

MYDA-?. 60]ld_itate_Electronic censor 1000 Oha. .
TS-8201, iioltd Mate Mectronlc oenaor, 6" btea. uuct or imer-

sion Mnuntmp 1000 Oh.
AT-215. stainless steel bulb wel\ 5/4"MPTt 9" lonp.

To 840h, c>ol Id ~tste Electronic oanaor, Guct Mounting, 5' averag-
Meaent. ir-tO Ohi*A
-81*!, unUd State Mertr001c Sensor, Plate Mounting, Bon-

Ad ustable, aanpa 20-12

SMIEDILE nf DISPLAY
C.italorje N'liber

Buss*can Mar.ufncturlng Type iSU Disconnect -witch with Kusgholdtr.
Bussaan Manufacturing Cy Panel Mounted Pusenolder. Type ruip

for k" x IH" fuse.
ASP-hfc?, Solid c-tate M.wctrcnic Indicating Meter, Scale 0-2.~i7,K.
AS1-522) Sql id otate Electronic indicating Meter, Scale
CYZF-346, bPJf Moaentary contact Pushbutton (HO) with

| KSIL MATrhHL

rescription

Panel _sounting Pilot Light asseabllwa each consisting of:
ElZP-721 sockets and connectors,

EYZP-<04-2 120 Volt pilot 1*p,’

EYZP-722-2 Green Lens,

EYLP-722-] Awber Lens, , .2
EYZP-722-1 Red Una. ' '

* 1 S
BEGRILL (90 55 DI ERRiS Bty fpR AST sariww Mrs.

SCHEDULE

-*msy.-i}-,

«

Wwva.9 »ai

<

INSTALLATION NOTES

r additional Installation iota afar to Sheet C3 of 7
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PANEL

DETAILS

SOLAR t-susog MoaviTina DeTAit

CONNECTION DETAILS

S*. Sh,«.U

CINERAL NOTES ANO EQUIPMENT SCHIOUII

Kn"] wpfcUIlc?>tion

'flatus nnd Inijr-iti*n L'r.fl

rare| noualn<r nroner will be NEMA Type | Enclosure cf rode mum Meel
construction »itn additional rexnforciru? channel welded inside of frr.t door
to cult* the front ne rigid ne roeeibie.

ranel will be sen-recessed in t‘ie wail of the nesourcee renter that
adjoins 3D»ces A-"2 and A-3A. Panel housing oroper will ha?* ~ cf its di*en-
filon inserted into the wall with the reeaimng 2 */8" protruding fro* thw
wall. Iraae the opening for the canei enclosure such tnat there will be
fiufflclent clearance to shia ea necessary, when installing panel box, to
insure that the front cofer will be optically enuarw with the eurroundlng
building structure. Then apply decoratiTe aaldlng cn all aides.

Install panel with tha long dieenaion Iv£") horixcntal and the front
door hinge on the top,

rleace refer to Sheet ul of l«

oystee flow diagraa and status indication is designed to It installed on
the face of the door of the steel enclosure witn | margin on top and eidee
“nd as required to clear tne door IOCR on the oottoe of the rarel.
| wheet will be held "n the d"or face b Mk 5ha%ed eirror nounting hard-
tar» around its reripnery; double locn-nuttec rush button switches; nnd rilot
ulghts with erring Ibcxrute.

Edge pountlng, as well aa nounting noiea, will hare diaenaiona tnat will
allow fcr expansion and contraction of the sheet without developing streasee
and binding. 'flc'ting Rountfd' within accepteble oonlineient.

All_ ienction, coloring, lettering will re on'tne reverse_side cf the
pheet with the outer surface resuming ssooih glossy or a-itte finish. Note:

IDecision on the finish is to re a;de by architect and Cirsul ting
Coloring will he as follows:

} boiar ranel flow lines will be YELLOW

J iiolsr ianel Circulating ruan ana oniar larel collector and otcrage Tanks

will be i'tuLui. one or two shades carxer than the flow lines,
nesting water lines fir the dual te-oerpture and Abel].‘)thIl chiller
circuit will be light ntu with ovsteas map ana auxiliiry rKilLc-h shown
in a darxer shade of HaD.
Chilled water Pow ine? will be light BLUE with chillers and chilled
water iuwp in darker sends of BLCK
4 Lual iewr>err:ture coil and Flrlng, striped - light BLLftAd lignt dii).
Mow lines and eqaifsert_sywbois will be outlined ic DcAur
descriptive lettering will” be ruverse engraved Wlth the letterlng color
jfllled as follows:
hquicoent identification nrd rilot_lignt desc tion - BLAK
re-oerature readout pushbuttons stition 1de,,t1 icition letterin
till watch lieter housing C 'or. eater fl beter #2 UoASGE.
nenaming portion of the sheet will have a LiliuT TAb color for .
backgrounc; hign! ignting.
Mounting Nuts ar.d trl» to be aluainua or chro«e finish, .
btesl panel housing proper can te flnianed with a contrasting_ finish
to the wall cPI'T, ot a aatchip# Wiending' color to tne wall flcisn.
(We go not h-vf ArchltgotA-al ~yt.or:n™atloQ g™M\-ae cMpr

tilot cjrht More *V* S — | LR VAV L

Pilot lights indicating equdpownt-’CI* or In Operation till eait CﬁtUl
hght fhen energiee

Suaaer fll6t lirht will be oLIiE, winter pilot li
Honcal heat circuit will oe AMBES, aux111ary eating

I

%ht will be abi).
ew will be BiO.

IWATALL/TIOIt VOTES

wote 1:  Use two (?) or three (J) conductor twisted cable as indicated fcr
DC control circuits, cable to equ«l to BAHniB-UoLiAN f*-i02-V-16
for two 1?) conductor and f*-10°-V15 for threw (5) conductor twisted

Note ?: airing t" confom to National Electric Code Article 72 for Signal
and Control Circuits.

Note S: Hens narked with an asterisk > **’ NoT furnished, ncurted, suner-
vised or ru'rante”™ by rAhaih-C’"LiiAN Co. bnown for e'irruit intor-
nation only.

Note 4: wiring to confer* to Matlcnal Electric Cede Article 72" for big-al

and Control Circuits.
A. Class | b. Claes II

PIPIWG DIAGRAM « D/SPLAV PAKIEL DETAILS

MACHINbﬁY and ULIKEM? 7ALi-d, Ire.
07 chestnut  Avenue

Beltl*ore Maryland 21211
gte =-.2279,
XM HAMX BUIE HJILIKNTAKY :r-mn!.

LOCATION _ Jeffaraoa vounty”vaal JtirglfllJU--—-
AxcMineT MICEETT wlE«isi-4 dCQE.. klA4-----=-=-m-mnmmm-
INWHIA__ Juhn Latrtncg..._ —
CONTRACTOR T. L. I'XLE A4 £Cu

MAWN 1t _»R/a?

- - BATU — 66] — Al0

CMKKIO »T ————
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oy«o. juan,

DCI 1

sPl-5 4
PJ

Pbl-3 3
hi-1.5 7
r.4,b

SI

101,2

UTMO *4 UAA.

W>re tn farall*.!
ujii-h  OfJtru hny

AMWhIy C4 /Ur
ABSORTIOIi * IUDICATIOKI

A>
v cgr|
Vi U~
n Lr* io PcuaiW
4. » Opcrafin®
T Cor¥trai->
o LIccK9
4)i) . 1; “i ) wMaujifa) cy>//Acr-
5 *L 4 B 1 78 CEWTRIFUG61L- HJDICATIOH
»
*4 5 <3Q
=
>
_~ AH-PES5 CO-EPI
VA fte tr <3 <DU4
65 r "
|
e 50
OF67° _pj
------ ] 1 SP-R5
o "L-" Fio" *>oe*
iy Vit-t"
Ts1 C
AiCanlii.j; nf S.}jIFailT auttb U-T-.BUL

uataiorua buatar and ueacr,otton

XU-6101 ._ool id State alectronic differential Controller, i>ual
Brild e, r-roportional Control with oelf Contained staging belay.
rJT.
IL-UO. Solenoid Air Vai?e eith 120-1-60 coil.
bueeaan nanuf'acturing Tyre iU Disconnect Suited with Fuaenolier.
K-UO, treasure tlectnc owitch. stDT, nnrige 5-0 p51§.
~S-M4A, 28UfIXCl enclosed. Pilot Duty, Bracicet Mounted flelay,
DPDt. eith 120-1-60 coll.

CS'LXCILCI incioeed. Pilot iXity, Brncuet Mounted delay,
*PDt, *ith 120-1-60 coil.
uut}ller-tl*M*r Co., Manual Toggle Switch, with SPi/T, Center 'Off
wit]
Autoaatic-einter-Suwmer Phenolic Aasenlate
fagie signal oHI-17-A6-00 oeriea neael Tiaers, O-)) mins. 'On
Delay', 120-1-60 Tiling Motor and Clutch

ypOM PAMZL (£3P)
(Typical for 1)

Factory rr°‘tred "M 1 surface
mounted 1.-JU | Knoioaure with Key Lock. Locate in
Kouipaent nooa as directed in field.

co

scHWjj mrojmiTOjuTEPmMm

r Y~rfrhhl x> Sr»b. itujui.

FS KefiOmiL. & MILUH. In«. lo. FS4-? Flo* S.ltch. lUPt
. Pll FC-110, fressur* 1Uctrlc SPOT, Han™« }
I ci/JwJ* R8.9 Wt-5fcd. rfoyy Du?l RtUy In KEIU 1, Enolonur*.
. wltb 1?0-1-fco colt.
i H"PEl 4oL Iq-41 - Rt«ot#IBulb Th«r»9«Ut, 2-Po«ltton.
0.9 v J=»¢. Bulb »* 1.
. ’ TAT.S TC-4111, Elfctrlc Bulb Ther»ont«t, Tro Po«tUon
! Control, SPOT, Riw'* W-110“P.
T8 « — 1 1T-211, »w«x»th*r Shiltld.

¥ iT-2CJ. Bulb bill.
Ve AT-21V Bulb bill.

TB TK-6QJ4. Pniunitlc Bulb Thersoitat, Hiitln? DA, Pro
portlonint? Control, B»ne» -20 to **40*P., »lth AR"

BOILBR C.OUTROL
1 9V bulb. .
n.?2.5 | AT-205. Bulb bill.

U [ VK-6004-221-?-16, 6
Valyi, Proportion*! Cantrol with HX-7121 Pntuiutlc
Actuator,

V6 VK-1114-221-4-6, 5/4“ R/st, Cy. 6.5 Vacuua Breuer

S.O., «ith UK-4001 9-11* Actuator.

\u VK-2027-121-2-14, *" CFP, Cy 246.0 2-bay, 1.O.,
Solar Pan*! Drain Off with IK-6B0l Pniuiatlo Actuator.

(e*Ur r. - f fJu/'1

120*1*4*0 £ane«rP A™C. %uair
6 Mam+vrmej.  Only
Us Ex"crroi C™rt4.ction™
TT Aim (%sr-
<t 4)
::-;C&IG.FJSI Ch'tkr inUrUt
Mnut/scJ***s fi+u

- tV4 Q 1 (Ub<oo«r-«n  £a«t/r/»
! /Xt U4 9€* O 77

—I T4 A L/nx. . j>ro-0ijs
- R Tint ..xr .x [.?2V

e-YSTgM PUMA7

STMireR
« 6% 1AC
—*UQj \s.+*>  Kfir
~Z.°Tu | "5 a-sA
*J JHr* \ms

¥ futl+d Ws*zr Ptimp

Maduf*. m AJCC fsr CmnJkn A
aJs Amr Pua-yf, fot A'HsnsS* s
P*n *y Msssuf U-O-4

* *;
AAsduU *n MCC £r CsnJx.n*>sr tw(dc/Tg s,

FIRRED fipe) )

. i\
Di6*lAy PyuJIL m /Strw‘11 j;/«,r

i A
¥ [=E > (< <
é&v/rg /A*/ (<K

. JnpJ+S/ ** dry,* fan* |
0O0j A £#%/ Iy iS+r>ino'6
Ingrail pp CSDAT dn>* figngi
€ Crf # /marg/tm, H/./A {)‘/r%n?g;nﬁmf sndr¥l%
SY-F*S| Psmp T4 Lah

(2col,my Tm'mimr Fan CAondrm, Fsns,i

CP % m**r+€+4 Ahra S/fgr &**s ¥4 C*ndsth

Solar  Pump J’r6<harya.

~ PiMP
STTILTEX.

f#./"! Wire /o Patailgl Uldy Jis-i- 4/d
*L'-\ca'i dsm £ rrtargmnsy fTO&PA*) Opara™iSn.

P Abiariioo Chtil™r"rrz 6cr<c%
UK *i*nu 5 flam) £uh4cha%

JtL

Crivion\i« Marb«r will De«crlrUon

VK-B047-121-2-14. 4" SPP, Cy 169.0 Hot
ProMrtlonil Control »tth bK-BBol Pn»u«»tlo Actustor.
* OPP, Cy 640,0 Condrnsir Aater

UMAIJU. NOTn AM* fOUIPMIMT SCMIOUU

»?LTI0f of

Jjrn«ral: wratsa opgrate# under .laparat* control* althoat jntarlocb alth oth*r
ayatetia. Cyitta rlplrvs 1* ralyid ror ’borwall or ufanaby' ruap orirattoe.
Fn«n, standbyapric’rused -eyatee—tas: to he seised coffeetly-diid—pubp-eter—-
tdr Wotddl  otandbs meieotor ewltch euat be indexed for prooer sersice.
teergency elrculatlng puwp It opereted eenually as described beiow.

Kerrnal 'Joeretlon: then the Solar Collector plate temperature la himer than
Storage Tank tenjereture Differential T »r«rmtur« Controller sill emerg'.te
the '"atart cycle -oler Cnlltctor niwp till start. wm*eu flow seiten in
puBp discharge senses flrsi Colleator r:aer drain raise and sai-cue nreater
salsee cloae sealing ayatem. iatar flows through tha ooler Collector. Tieer
in Central &)Alnal enintalna this operation for a pra-set tiwe aran (aat w t
eioutes, adlusteble). At the end of thii*Start cscle" tie® aran oc-ration
will continue if tewnerstura diffarential la still reaa-jr*d. mrowo the ; tor-
Htve Taot temrernture is equal to. or higher than collector rlate teererat-
M-, a tieed "“hut d-wn* cycle till be energised. PUMD oo”r"tlon cr.ntlnusa
for I rre-«et tlae aran (set « c¢ elnutee, ad“uatablei. At the end .f tha tiwe
+h# oolar Collactor Pueo will st-ip. Colleotcr riser drain raise and vacuuw
brcaaer salsa will open. Collector canei water drama to otorige Tank. Xa
Svslema Circulating 1j*p pumcs wstar frow storage Tank to the Dial T“mner-
alure or Absorption d';lllt*l‘ enerator, storage Tank teeper*»ture will Becoee
lower. Ahpn aat differential ta reached the "sole will he repeated.
Leergency ureratlnn: *hen it is deterwired that water ar.ouid '-Ir-ulate COES-
tinuously through tha Collector to presant oserheoting of the riates, tne
bwergarcy Circulating ruiptF- ). aill te Manually energized. Mectriral in-
terlock will by-pass the noreall flow switch. »acuu« treurer and drain
salsea will close aaailng asstae allowing water to flow through tha Colleo-
tor panala. operation continues until puap is stoppeo.

Mechanical _p**nerst] on h»atir[i

A uvanuBt -jWMLH-alATt2i-A'JT.MATIC sqitefi on tha face cf tha Louirwsnt hmoe
Pmei (tHP) or an outdoor air theracatat. set as lodiceted In deacrirtion.
will select aodea of operation, eith switch indexed to oliidicii or alKTifl the
ayste* will reaain in mods eelectad unaffanted by outdoor ther-oam. »lta
tha switch in AUTOMATIC,cuts Ida air theraoatat will atlact aoca of operation.

xdMMiii soda of Lperatloc: (Ou”aidf air,abowe 65°F or switch in OIMM&I)

. iystee changeoser salsa 5V-21 will Position to change Dual Tearerwture
Diplng aratea froe dolar Tank/Auxl liars fixating loop flow Hnd pemit Lyatem
Puap, “undtr control of tha therwostat in oolar dterage Tar.*, to clpculata
wmter through tha Absorption Chiiltr gwnaration section. »hen tha “torura lai
tan;lqerature rlsaa abosa 100®? Byatae Fueo will be energitad.  iith flow ea-
tablished througn tha generator section of the Absorption imilltr. Chiller
control circuit will te energisad for operation. As I;%e generator inlet
water teaperature rises aPose 180°? chilled water teeneraturt out of the
Abaoroticn Chiller will dacreasa. Xa leaoeriture fr-** tha dtorng* tank
drops baiqw 160w? t e rewrse will jeeur. when the teeoeraturt of tha water
£roa tha Jtora®e Tank drops to 171°f tha 6yatee ruac will atoo. Abaorptlon
Chiller controls will be deactisated. Chiller will step. osrteM ruap raa-
ains inoperative until Utorara Tana temperature rises to 160°K.

Jual Terperatura coll pirin% hangeosar salts U-V eill ooaitloa to
rmange  aystee flow froa stora%e ank/Auxiliary denting loop (oyatea ruap
Opern”ion” to the Chilled wmfar loop,

~hilled Aater Puap will start. Dual tsanereture water will recirculate

< througn the piping ay?tee or floe through the Chillers as deteramed by re-

e.turn wyter .epg/\ ewn' tharaostat. If ratum water taa?erature/\la”abowe ‘et
-boint (aet © cO®?., adiuatabie) eater eil! rteirculate through CbiiHr preaect-
ion saist (V-fa). with return water teaterature below set point. Chillgr
pretectioo_salsa will }fzowltl,on for full flow through thw Chilian. FI<
switches (2 per Chilief. | in chilled] | In oondtnaer water), when act-
vatied by mroper"Mlow, will"place the jadlifldual Chiller unit control ih
operation. hiller control tvstea will function to load and unload tfat

iller to Maintain chilled water tewoeraturp. In aadmon, the Chiller

control aystea_will energize the Condenser eeUr luaD\{a{ at atart of oper-
ating cyclt. Theraoetat in tha Condanaar iatar lina eill aod.ulate 5-eay Mix-
ing salsa (ir-5) to blend return and Cooling Tower weter to eaintain ccnatant
taaparatura to .th# Chiller condensing aectiona. Thereoetut will aiao, with
Condanaar Puap running, crela tha Coollag Toeer fan in 2 stages to aalntaia
cooling toear water laaperaturt,

AINTIB node of Operation: (Outaida air below MPT or switch in 111ftt)

Chilled Aatar Puap will atog. CHIlltr_oontroi oirculta will de-actlsata.
Klectrical Interlock®* will atoo Condanaar iatar hjaps end Cooling Tower Faai.

Dual Teacerature call piping changwosar raise (w-3) will position U
change floe froa Chiller loop to Solar TankyAuxiliary fleating looo.

Syatea cramreoser satse (Y-2) will coaitlon to reaos# Abaorptlon Chiller
%enerator section froa Systea Puac flow and direct Dyetea Fuap flow to th#

ual Tenoerature coll piping ayatta.

Whenasar tha return air taaparatura, at the ccaaoo return to the Air
Handling Unit# In tha Equioaent fiooa, la below 60®?, and Solar Storaga Tank
wetar teaperatur# la less than 125°?, control tbaraoftat for Auxiliary Bast
salsa (V-1) and Boiler controls will be actlsated. ooiltr control# will
cycle burner to eaintain | CPt water in th# Biilar. Auxiliary Haatlcg thar®
moatat will aodulata Vway saist to eaintain 110*f to the Dual Teirperature

' coll piring svatea. ahen” Solar Tank teeperatur* rieaa abos# 115°?, or tha
return air_teaoeratura rlace abos# 60®?, auxiliary heating will be de-tner-
fixed until return elr teeperature again drop# beéloe 0047?.

lBOTALLAT‘IL‘I* A-T.C
T1*f«r to Sh«et C3 of 7
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K-UO, rrftjaurt fclectc owitcn, 't n*e 5-V» 1/8ir.

rC-141. rressure ilcctric switch. j#’DT. nan”e V-V) nair '

Ai-50401, Grartuai Actinir rn*inatlc Helav. J

xif.5-5*¥X)2¢ rntuaatK* cecei?er/C->niroll*r lAial Inout Froporticnal control 0-1CO°F.
inclos*ti. rilot Duty, Bracxet ,»ounter nalft?,

hXS-"00l, rneuita.ilc 5eceiTer/Cootroller,olni<i« Incut Prooortior.a. Control 0-100®?.

LOCAL COHTROL rA."O, NO. (LCP-
i*ypicMi for 3) N
factory prewired Z4 "J i _Z4 "* 1 £ surfact

tounted AcilA 1 Anclosur« »ith key took, locate In
equipment Area Adjacent to reapactita unit.

UTMO rn UAA.

f>'H

N
J~i-nfo)
il® 7/
Vi

Th
-

jy»b. ynm.
ni 1

M
f

B
PP

TT-

no
T»

m

AUPE(V FA41-"~Tf'V,
fp.t.,

SUPPLY FAKJ CQUMECTIOAJ DETAILS
(VtU*  *e  £-7%)
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(AccunuiatiTf (or ) Systeaai
Catalofog -yuibor and Dojcrisf.on

BK-7121-400-0-1, Pnau»aUe Danpar ietuator, oorln* nange 5-15#. »Uh
Poaltlt* rositipaer, rrocsrtlonal Cohtrol. X
1fiC-n?1-4QC-2. "Prtuaajlc uaacer Aetuator. Spring Bang* 5-13#, with
Positlrt roaltloner, rrooortlonal control.

TA-5451, Manual fiaaet, fire rrotactlnn lher-ostat, ioala 100-160 F.
loctorT sat ana lockaa <= IZI F.

TC-5141. Loa Taaparatura Malt Tliaraoatat. ucala 54 to 60°?., 20
Vapor Flllad Sanalng tlepent. Manual Besat.

*K»6150?-O-1, Fnauaatle PoaltiTa rositlor.ers ai’h

AM-uiS Poalttonar linkage fpr Mi-6600 actuators.

5X-T201-404-0-?, Fnauaatle nooa Thannost-.t, Uaatlng/Coollng, Pro-
portional Control, Seal* 55-85° alth blank coaar and concaalad

90°f low Milt

2001, Pneuantlc Bulb Thenioatat, 14* bulb. Heating «ar»un tharao-
atat, Seala 60-90°F. i i
TX-1001-404-0-2, Pnauaatlc nooa tharaostat. Heating, groportlonal
control, <JCala 05—65°7?, alth blank epaer and egneeale aet point.
VK-6047-121-1-10, In" for, 5-aaj aatar aalae, 5*. 32.0 alth  MK-6821-
400, 9-13# actuator. .
VX-&047-121-1-0, °.J 6SP, 5-aay aater Talat, Cr. 49.0 alth Mi-6821-
400. S-1"l actuntor, .
VK-145-401-1-7, V4" QSP, V*«y »«ter talve, Cr. 8.5 iith MK-4601
V8# setuetor*
AT-1105, Hr* Thtnwatat Oufirda Single Ganjr. (CrD-Unit #5 only)
TKS-4014, rn«uMtic Teiptrature Trnnjilttar, krer&ging Bulb,
FroprrUonal Control. Hwurt O-100°P-. . .
TKS-°014. hiDu»Dtie Taaotratart Tranx»*itttrt Duct Mounting, Ranf«
6-1866?.; Proporfional Control.

t nolet. 5
$§-4212-201. Pnauaatlc Bulb Tharaostat alth areraging eleaant. Seal#

+(NUAT NOTH AND 9QOIBMKNT ICNCDUU

of CFERATIOI
ya Ho- U >1. w3, #6

Cpntni Inforaation :

Air handling Unit #]1 s«nr«a th« t*riphtr«l ax«« of tht buildin;% in
concert eith Air Handling Unit #?. Air banaling unit #5 eenres a r™~?®ioal
Activitlea area that Is rot influenced by additional systna. Air candling
Unit »> aerres entrance and “orrldora associated with 1\7- Bundling unite
#2 and #*. Master control of aacn of these tso units ( ,»5,fh7 la froa
a rooa theraostnt. Units #1. and #3 will further ha»r an *Unoccupiedl CYecit
of operation during the "Inter, or ueating, e“de nf oreratioa.

neat exchange within the units Is eccowpiishsd by aodulnting the flow
of water througl'n a Dual TeBrerature coil witn heating water circulated for
the Ainter cycle and chilled water for the ou«ier cycle. Changes in temp-
erature of the eater being circulated and changing $©f ron« then stat cont-
rol function Is a de at the tquipaent Qoo« Control ranel. v-ee ¢ of ).

Safety Controls *

High tewrerature rrotaction thermostat in the hetura air < ?, aet «
125°?) and low_ temperature protection thermoet**t inatalled in aeroentlne
manner on_leafing air side of Dual Temperature coll ( /d, set «J 40®7?). till,
upon aenaing Oé hormai teaceraturea interrupt the Supply Air far. atarter
control circuit and stop the fan.

electrical interlocss will close the outride air damoer and ocen the
return_air damper whenever the fan is stooged for any reaaon and will permit
operation of the mixing pox damoera wnen the fan is Tunning, subject to the
operation cf -ontrol function deacribed beiow. Safety conir~ls wuat be
manually reset to restore normal operation after the cause for actuation
has been corrected.

Normal “neratlon t

Control switch nt the Central Communication Console is manually indexed
to 'On' when oremtlon of a particular Air Mandlina unit la leslred” and
Indexed to 'Off enen it is a«airei tn?" the unit re Inoperatiye or under
control of an JnOccucied (site) tnermosi t for losered soace temperature*
enen the building is not )n use.

Aith switch in thw 'On' position control relay at the starter will,
throug}'l th# safety controls, anergut th# fan starter, fan sill run cont-
inuous!Y.

Miaiins!
doom thermostat till, upon sensing temperatures below control range,
position ths dual temperature coll valve in the full floe cpsition. *e ths
temperature teglne to rise to the th”mo'tat control ran,e the valrs will
begin to modulate to maintain temoerature. A rneuaatic interlock [»arm-uo
thermostat for AHU-3) will monitor the system resoonee of the associated
system >AHu-? for AHJ-l and AHu-4 for AiU-5). "hen control thermostat in
the associated systea indicates that the tesperature sithin the areas nas
risen to the norail operating range and electrical interlpck network will
be energized and the outside air daaoer will noen to the minimus' cosition.
As scare temoerature rontinuee to rise the control valve will modulate to
by-caas ail heating hot eater ar und the dual temperature coil, uhouid the
srace temceratur# continue to rle# the room thermostat, through tas low
limit thermostat :n tne fan discharge, sill modulate tne outside air damc-er
open with return air damper closing m concert. M>S limit theraoatat sill
override rooa thermostat and modulate the outside air dasner toward the
closed position If supply air temperature drooa oelow set point, further
drop in supply air temcersturs the lot limit thermostat sill modulate ths
control valve open to Balmain eat point.
"hen the unit S#l or #3) is_indexed for 'UnOccuried' cycle ths room
thermostat will, on a drop in tetsoersture, modulate the control valve full
open, '"hen soace temperature droFS to tne control point of the unoccupied
toermostit the supply air fan sill bt energised. An slsctrlca} interlbdt
will prevent th# outsige eir from rpeniQg. Air will be circulated through
th# space until temperature rises to th# sei point cf tne unoccupied thera-
ostat. fan will atop. (AaUf5 remains inoperative during ths off oyclsl.

Cooling:

Room thermostat control function sill have been reversed. A# the apse#
temoerature begins to rise th# room thermostat sill modulate ths control
valve to pass sore eater through the dual temperature coil to maintain
temp*r&ture. "hen pneumatic Interlock — monitoring associated system
response deacribed above -- senses_that associated syste# is within control
r'snge — ths outside air damper will epen to tne Minimal position.

Relief Air Control

Operation of tha rower Rqof Ventilators (PRY) will be controlled by
ths aut%orized oerson at th# Central uoamunlcation Consols, omero.tion of
these fans will einmiat a significant portion of tne air entering the
building througn th# ’sixlmua outside air daarer positions, "hen the
outside air dampers begin to open ana the return air da’“rer negine
to modulate closed the static pressure l;I‘n th# ceiling etsce will begin fo
rise and the air will eacaoe through the 1%mvity beer draft dampers “install-
ed in the Roof ventilators designed for thia function.

* Aiy l{;lan;llin Unit r]1 will be controlled through master "ontrollers fl-fiCl,

1-aC?) in Panel will rrorid# same control sequence: Master Controllers
U-RCK 1-BC2) will be reset by cataide sir temoerstur# to decrease set-
point in winter and increaa# setpoint during the summer cycle.
T"TALLK-TTOi *0?i.S
Refer to Sheet C3 of 7
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ay»b. nu”n.

ilL-110-0-0-1.
Cu3*«*n Manufacturing Type b>U disconnect switch with fus”i
AA-SOcH”™. MiniMun rotltion rneumatlc a#1%y with AA-$319Q indei
Plate and adjusting knob. .
Aa-"I"B 'HlnimuM Outside ilr' rlate and adjusting knob.
K’-UO. rreasure electric owitch. iPUT rtanga §5-MIJ neig.
AX-S0401, S-wajr switching ;l)neuaalic relay, set point adjustable
with psl fixed differential.
A£—j14PAf 285AdACI enclosed, Pilot Duty, nracket Mounted Relay,
DMT  with 1?0-1-60 coll.
iuvo-3002, rneuaatic rteceieer/Controller, ikial Input, rroportlonal
Control, nange 0 - 100°?. .
nAd-lI00l, meuantlc flecelwer/Controller, dingle Input, xroportlon;
Control, iiange O-6"
Kin#62, IV Pressure Cauge, 0 - 50w.
LOCAL COKTaa r"ihL (ICP- )
(Typical for 2i
factory prewired/piped 3>L "H x Z4 "+ i
surface mounted btaA | anciosure with key IOCK.

incite in aquipaent “ren adjacent to resrectlwe
unit.

KD

MK-7121-400-0-1, rneuwatlc iXamner Actuator, drring Range 8-13%*, wit
Powitlfe Positioner, Proportional Control,
Mi-5121-4 0-2. PneuMatic Daaper Actuator. Spring Bangs 3-13#, with
Pcsitite Poaitioner, Proportional Control.
TA-3431, Manual neset. rirt rrctection Theraoetat, ucale 100-160®F
Factory set and locked = 1°S0?.
TC-S1Al. Low Teaoersture Llait Therwostst. Seal# 34 to 60°#., 20'
Vanor Filled Sensing Elewent. Manual neset.

AK-S060*. Direct Acting 1:1 Ratio rneuaatic Amplifying Helay.
TK-i201-404-0-2, rneuaatic Rooa Thermostat, Haatlng/Cooling, Pro-
portional Control, ocale with blank coyer and concealed
set nolnt.
TK-401?. Pneuraattc Bulb Thensostat with aferaging element, ocale
30 - ?Cr, Low Liwit aixed air,
TKS-9014, Pneuaatic Temperature Tranewitter, Duct Mounting, Range
0 -100*?., Proportional Control.
ftCS-"OlJ, Pneu«>tic rressure Transwlttar, Range -.25 to 6.0" water
§(mo e. Span 2.0" water gauge, proportional control.

P-301. stfltlc nresaure orobe, duct aountlng,
*VK-6047-121-1-n,218 CSP', 3-way water taWe. Cy 74.0, with MX-6821-
4 13# actuator.

400. 8 -
Vt-4047-121-1-11. ¢ OdF, 3-way water Talte, Cy 49.0, with MK-6821-

400. 8-13# actuator.
AK-51309-0-1, pneuMatio Poaltlye Poaitioner with —
AM-508 positioner .linkage kits for MK-6800 series actuators.

ry"TALLATTON NOTF.S
Bsftr tO Sheet C3 of 7

G6INIRAL NOTU AND IpUIfMINT SCHIDULI

SESULNCE of 01 EHATL>N
Air Handling units 2. * 4

Gun«nl ‘aSjTiyUfal

Air Bundling Unit Ho. 2 will handle interior clasar“oa heating and
cooling loads througn Venable Voluae air distribution boxea controlled b-
room thermostats. Air Handling Unit Ho.4 will handle Llbrarv, Sreciftl and
Admlnistratlye area heating and cooling_ loads through Variable Volume air
distribution” boxes control%ed by room th”rrostats, Dtsrh :rge air temoera-
ture is controlled by sensor in” the s-rply air. upﬁ)ly air senaor, througn
control deflces in respect’ye Local Control Panel will modulate the flow of
water tnrough the Dual Temperature coll to achlete stable control with
change in control point reset frew total system rearonse. Change* in temo-
er-iture of the water being circulated to the Dual Temoerature coil and
changing wode of operation from Heating to Cooling and ric; yeraa la accow-
lished by control function of the Equipment Room Control ranel.
Sefer to Sheet C of ;.

afety Controls:

nigh temoerature rmtectlon thermostat in th* Return Air ( P, set &
12S°F) and low_ temoerature protection tnermostat Installed in eercentina
manner on_ leafing air sida of Dual Temperature coil ( PB, set W 4CrF), will
upon sensing ’Off Normal' teaperaturea interrupt th* Supply Air Fan starter
control circuit and atop the fan.

electrical interlocxs will elose the outside air damper and open the
return air damper wheneeer th* fan Is stopped for any reason, and will per-
lramlt operation of the mixing box damoerw when the fan is running as describee
elow

bafety controls wust be manually reeet to restore normal operation
after the ‘cause for actuation has be«<i corrected.

Normal Operation:

Control switch at th* Central Communication Console is manually index-
ed to 'On' when operation of a particular Air Handling Unit la desired and
Indexed to Off when it Is desired that th* Unit be inoperatiye wnen the
building is not In use.

kith switch in the 'On' position control relay at tfce starter, will,
through the eafety controls, energit* the fan starter, fan will orerat®
continuously.

Heating:

With hot water being circulated to th* dual temperature coil the con-
trol instruments and supply air sensor will ooerate In the Heating mode.
Upon initial start ut> Variable Volume bexes, under control of resrectiye
one thermostat, will be in the full heat position using full air caoacity.
§u0ply air duct pressure_sensor, with boxew handling maximum nir. till hare
the supply air duct static rressure control d moer closed ana will hate re-
iet supply air sensor set colnt for hignest scheduled supoly air tempera-
ure.

. As the temoerature begins to rise in the areas served by Individual
Varinbla Volume boxas“room th*rro*»tHt will begin lo modulate” the VV box
damrer to reduce air flew. Aa air flow la reduced through the W box th#

static pressure In the su O]% air duct will begin ro rise. ress ire e*n¥*cr
in th# supply sir duct will begin to modulate th# by-pass damrer to maintain
const :rt at itic pressure in the supply duct. At this point of system res-
onse a pneumatic electric switch will he actuated which will cicipiets the
an electrical Interlock circuit and tne mixed air damcere will position to
handle minimum outside air . As tarpermtur# continues tc rise fariael#
Volume boxea air quantity will decrease. Aa box volume decreeaes static
gressure will rise and rore air will be spilled to th# celling plenum by the
ypass daaoer. kith this condition occuring the set point of the supoly air
sensor will be set to th# low end of th# surely air schedule* modulating
valve to the dual teacerature ceil will m'-.dulote to bypass all water around
the coil, eitn valve in the bypass petition th# cutside air damper will
aodulata from tha minimum position toward tha maximum cutside air position
with return air damper closing proportionately. Aa *iditlonal outside air
is handled by the systew pressure in the return air oienum will increase.
An increase ¥n the return sir plenum will activate the rressure relief dam-
pers In the Roof Ventllatlors and excess air will vent lo atmosphere. Fall
in temperature within the controlled areas will reverr# the control sequence
except that unit will continue to handle at least 'minimum outside air .
Cooling:

Response will bt as described above on dewand for cooling, l.e., when
space temperature is above set point cf Variable Volume box tnermostat box
will operate at maximum air flow.

Outside air damper remains at thw 'minimum outside air' position after
initial 'system resnonse' signal but the supp%y air sensor eel point will
be reset as 'system reaoonse signal cnangea from maxlmuv to wlnimua cool-
ing demand.

Variable Volume Box Control:

Individual boxes sre oontr"ll1°d bv separate room thermostats. Control
function (Heating or Cooling) cf th# thermostat is chanﬁed through the
Master '“umar*r-winter’ control system in the Ecuirment Room Confrol Panel.
Boxes will handle maytmum air for maximum Heating or Cooling demand and will
modulate to the minimum air quantity wnen the heating or cooling demand
has been satisfied.

Supply Air >urt Static Pressure Control:

Differential cressure controller, reference to ataosrhere end to the
static pressure within th# supply sir duct, will,’ throurn oontroi devices
In the Local Control r*neli 1) Modulate the rressure relief to relieve ex-
cess air to the ceiling return air plenum and ?) reset the control noict of
the supgly air temperature; sensor to provide scheduled air temperature!
comparable with syste# deaand.

AIR HAUDUUG6 UUITS 2.4 , V.AV. BOXES
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fian CQH Cij* ~n*raX:

Air rrassurt ulr. «anrlnr thawtH th.amo«t]it *111 chan## th# action Of
tha thaniostit to »<itch th# operation »oda of th# #y8t#».

With hot w*t#r telnf circulated through the_ijatp# the ther«o#tat will
have a heating function. On call for heat It will onen the valve to the
dual tewoeritur# water coil, when the valve le in the full open poaltlon
the Fan Coil unit fan wotor will atart. Pan will continue to run until
heat la not r-oulred and the valve la ahut.

With chilled aater circulating In th# avwlew the therwoetat will have
a cooling function. On a call for cooling the wive will be opened,  then
the valve la full open the fan wotor will b« etarted. Pan wotor continue#
to run until cooling dewand la aatlefied and the valve cloaea.

&anl;atal Fsfii
Aa the tewperature In the arwoe’rleee the wall thenwetat wij| gradw-

po
section of

all% open the outside air dawper. Ihen the dwwner reachea the oper,
tion the Power Roof Ventilator wotor will be atarted through th& 'Auto
ita wagnetlc atarter control atwtion. As teareratur© la reduced

the fan will be stopped and the dawper will wodulate closed.

Sytb. Guaa.
D3 1

D4
T2

T12

PEI
T8

SCHEPLLE nf PLiLD MDUETEG COtTKL E~DAIUIT
Catalogue Nuwber and Deacrirtlon
héX-éié%L Proportioning Pneuaatic Dawper Actuator, Spring Bang#
MK-3121; Proportioning Pneuwatic Dawper Actuator, Spring Bang#

TK-120U404-0-2, Pneuaatic Hoow Therwoetat. Heating/Cooling.
Proportional Control, 3eale 55-"5°P with blank cover and con-

aet .
TK-1001-404S1, aneu.aatlil Bomg Therwoetat, Heating DA, Propor-
tlonal Control, Bange - 050P.

PC-110, Peasiire Blectrlc Swltck. SFDT, Raxige 3-30 pelf;
VX-U1W-221-4-4, f", Radiator Vafve® S rrnlrét PatteS, M.O.,

Ct 3.5, Proportional Control ,I11 &=2690 Pneuwatic Actuator.

IKSTAILATIO# 80TS3
Refer to Sheet C3 of 7.
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OPERATION AND MAINTENANCE INSTRUCTIONS

IN GENERAL

Page Jackson has a dual source of energy for the heating and cooling of the
building - solar and a conventional oil fired boiler which with the proper
valves and controls is in line with the storage tanks and with a manual

by-pass which exclude the tanks completely in a close loop.

There are eight pumps that make the system function. The first group of
three (P-1, P-2 and P-3) are the cooling pumps.

P-1 Cooling Tower Pump.

P-2 Cooling Tower Pump 2, if needed, can be used as a backup
for Pump 3 via manual by-pass of valves in the line.

P-3 Cooling System Pump; note that this pump is in a close
loop with A.H.U.'s and A.C. generators.

P-4 Heating System backup.

P-5 Main Heating System, and A.C.G. hot water supply in
summer.

P-6 Heating System backup; note that these three pumps are
connected in a group and by-pass is completed via in-line
manual valves.

And finally, the last group, the Solar H-W. Collection Pumps (P-7 - P-8).

P-8 Emergency Solar Pump, which is activated manually only
when the panels are getting over 300°F. and there is a

power failure, and the Emergency Generator is "ON".
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SOLAR MODE

P-7 is the main pump for this mode; no manual switching is needed to
activate or deactivate this mode; it is done electronically. Two sensors,
one in Tank #1, one in the first panel of Row #12 in the east side, are
governing the Electronic Controller located in the Mechanical Room Main

Panel Control.

When the sensor in the panel plate senses temperature ten degrees higher
than tank water, the controller will energize P-7, and will remain ON as

long as this differential is maintained.

When the sensor in the Water Tank senses temperature in the tank of only
four degrees higher than the panel plate, the controller will de-energize

P-7 and water flow through the system will stop. When P-7 is energized,

a dump system is also energized through a timer that leaves the dump

valve at the end of each row open for a period of 3 minutes, which leaves

air out of each row until each row is full with water, so no airlock will be
possible. WTien P-7 de-energizes, the dump system also de-energizes,
opening the dump valves so all the water will flow back to the tanks, leaving

the solar panels dry.
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HEATING MODE

Operation:

Our of eight pumps, only P-4, P-5 and P-6 are in loop in this mode. P-5 is
the Main Heating System Pump. Before this pump is turned on, various

steps have to be taken.

First, the switch on the face of the Main Panel Control has to be set on
"WINTER". This setting will put the system pumps, the A.H.U., the boiler
and the storage tanks in loop. Filling of the loop with water is done auto-
matically with the tank water. No other water supply is needed, since
make-up water is accomplished through an automatic filler located on the

face of Tank #1.

After the above has been accomplished, P-5 can be turned on, and the
AoH.U.'s can be turned on for the various sections of the school at any
time that the water temperature in the storage tanks falls below 120°, a
modulating valve located at the right above the boiler will put the boiler
into the loop in order to maintain the water temperature at 120°F. The
controller for this valve is located on the face of A.H.U. #4. From time

to time this controller has to be checked and corrected.

If at any time due to controls or other reasons the storage tank water has
fallen below 90°, the boiler will not be able to make up 30° water for the
tank and supply heat to the building. In these rare cases, it is advisable
to put the manual tank by-pass into play. This way, the boiler will supply
only the A.H.U., which would be enough to supply heat to the school while

waiting for a sunny day to bring tank water up to a workable degree.

- 24 -



There is no need at night or weekends, when the school is not used, to have
all the A.H.U.'s on, since only one can keep the school reasonably warm
during such time. It has been found that A.H.U. #1 can do such job with

a minimal waste of energy.

- 25 -



COOLING MODE

In order to cool the school, there are five steps to complete:

Step One - The cooling tower has to be filled with fresh water. The fresh
water supply valve is located in the Tank Room overhead on the
west side wall. Once this valve has been turned on, it has to
stay on for the cooling season.

Step Two - Switch on the face of main panel control has to be set on
"SUMMER".

Step Three - Cooling system loop (this includes P-3, A.H.U.'s and chillers),
has to be filled with water not more than 80° and a heat pressure
not less than 10 pounds has to be given to P-3. Filling the loop
and giving pressure is accomplished by opening fresh water
valve located right above the central chiller at left.

Step Four - Turn chiller pump on. This should activate P-1 and P-2 and
cooling tower. These switches should ALWAYS be left on
"AUTOMATIC".

Step Five - After making sure that the Centrovac is in good working condition,
turn the switch on the chiller control panel to "ON". After the
chiller has begun to cool water, tum the respective A.H.U.
switches on. These switches are located on the east side of

the Mechanical Room next to the boiler.

In order to tum the absorption chiller on after all the above steps have been
taken, P-5 must be turned on. Note P-5 in the Summer Mode will not turn on
if the solar water is less than 180°,and the absorption will not tum on if P-5
is OFF. Do not put p-5 on "MANUAL" in the "Summer Mode". Doing so will
damage the absorption chiller. The absorption and Centrovac can be run in
conjunction or one at a time. Do not attempt to turn "ON" either chillers if
one of Step | through Step 4 has failed. To do so would damage equipment

permanently.
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GENERAL MAINTENANCE

Best performance and long life of equipment is achieved when equipment is

properly and regularly maintained.

Pumps - Pumps should be checked for proper alignment yearly or when a
different sound is noted. Pumps should be greased twice yearly with a

good grade grease as per pump directions.

Pumps, Strainers and A.H.U. strainers - Should be cleaned yearly for proper
water flow. In-line strainer in Centrovac should be cleaned before cooling

season starts.

A.H.U.'s - A.H.U.'s bearings should be greased twice yearly and filters

inside A.H.U.'s should be cleaned once a year.

Boiler - Boiler should be cleaned and checked once a year before heating
season starts; nozzle of oil burner should be replaced yearly. The boiler
has three electric switches - one in the breaker box in the Kitchen, one
Emergency Switch in the Mechanical Room to the right of the front door, and
one in the boiler control panel. All these switches have to be "ON" for the

boiler to energize when called to do so.

Chillers - Chiller should be properly serviced by a qualified firm prior to
cooling season. Since proper liquid level and vacuum pressures are the
heart of the operation of the machines, it is important to have these and the

chambers cleaned every year.
Proper water treatment is also important. Before starting the cooling tower,
it is important to put in five gallons of cooling tower water treatment chemical.

Make sure that you have enough supply in the drum that will last through the
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season as it has to be fed daily through a chemical feeder in the cooling

tower piping. Also, an oxidizer chemical has to be added to the solar'water
whenever it is needed. A chemical supplier representative will come from
time to time to test the water and advise if more or less chemical is needed

in the water; or a water test kit can be supplied for this purpose.
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