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Narrative Description of solar energy system and building

INTRODUCTION

This project is a sclar retrofit project of Mount Rushmore National
Memorial Visitor Center at Keystone, SD, where over two million tourists
visit each year. The Visitor Center has a total space of approximately 6,000
sq. ft. The solar system is designec to furnish approximately 45% of heating
for the total facility, and approximately 53% partial cooling of the 2,000
sq. ft. observatory room. There are a total of 112 panels of Lennox liquid
circulated collectors, each 3 ft by 6 ft in dimension, with a gross surface
of approximately 2,000 sq. ft. Collector panels are mounied in 5% rows on
the roof of the Visitor Center owned by National Park Service of the Depart-
ment of Interior. The building was designed by the Spitznagel Partners, Inc.
The project consists of four team members with South Dakota School of Mines
and Technology as program manager; the Spitznagel Partners, Inc. as construc-
tion manager and designer; Honeywell as a collector supplier; and the Mount
Rushmore National Memorial as the owner.

DESIGN PHILOSOPHY

The first design decision was to install collectors which used liquid
rather than air as the heat transfer fluid. There were three factors which
indicated that this was the best choice: (1) A liquid medium would integrate
easily with the existing system by simply installing a heating coil in the
furnace air duct. The 1iquid could be circulated directly from the collect-
ors to the heating coil for optimum transfer without additional blowers.

(2) There is a need for extra air-conditioning in the observatory room which
could be met by solar activated 1ithium bromide absorption refrigeration
units. Air collectors do not produce high enough temperatures to activate

these units. (3) The limited space to mount the collector array required



collectors with high efficiency and air collectors are generally less
efficient than liquid collectors.

Some of the more important design decisions were determined according
to the following conditions: (1) The collector area (active area of 1720 sq.
ft.) is the maximum which can be fit on the roof and allow erough spacing
to avoid shading (5% of total in December). This is also based on the actual
total fuel consumed in FY 1975 or 8,721 gallons of No. 2 oil, assuming a
heating value of 140,000 BTU per gallon and a furnace efficiency of 50% due
to the age of the furnace and an altitude of about one mile, the total annual
heating load of about 6.1 x 108 BTU's is determined. (2) The three 3-ton
Arkla units are the maximum number which can be operated with the given col-
lectors. (3) The 3,000 gal. storage tank is a compromise between performance
and available space. (4) The solar heat coil, effectiveness = 0.538, is the
largest reasonable coil which can fit into the existing furnace duct. (5)
The angle at which the collectors are placed is a combination of the orienta-
tion of the roof, a 45° angle relative to the roof for ease of construction,
and a need for solar collection both in winter and summer. The optimum angle
for this particular application was not determined, but other simple models
show that the performance is probably only 2% less at this angle than at the
optimum of about 55° in winter. The angles used here favor the air condi-
tioning application. (6) The control system is designed to use solar heating
or cooling first and then the current conventional system as backup. It will
be possible to air condition and solar heat during the same day, even though
this feature is not in the computer model for simplification.

Solar energy system calculations were based on climatological data for
Rapid City supplied by the National Oceanic and Atmospheric Administration

(NOAA). The climatological conditions at Mount Rushmore (25 miles southwest



and 2,007 feet higher than Rapid City) are expected tc be more favorable
due to the altitude and lack of pollution in the air, making these calcu-
lations conservative.

TRNSYS system developed by the University of Wisconsin modified by
South Dakota School of Mires and Technology was used to simulate the solar
system. The climatological data for 1971-74 was used for the simulation
model. The TRNSYS program used here should enable the user to write a work-
able transient simulation program with a minimal knowledge of computers.
TRNSYS has built-in checks to spot obvious errors such as calling for an
input from a non-existent unit, failure to specify initial conditions, etc.
Other errors such as improper conversion of units, crossing the temperature
with the flow rate, etc. can be very difficult t> spot. In this case the
user must know enough about the system to realize that the answers are non-
sense, even though the computer processes the numbers without printing an
error message. If the program fails to produce answers which converge
within the specified tolerances in the specified number of iterations, the
user has recourse to decreasing the time step, raising the tolerances or
number of iterations, or sticking the control units after fewer calls in
onc time step. When these fail to produce convergence, then it is essential
to have familiarity with FORTRAN and general knowledge of iterative tech-
niques to trace and correct the difficulty.

The flow rate iv calculated on the basis of .3 gpm per collector pane;
specified by the supplier.

The 3,000 gallon storage tank to provide reasonable heat storage for
heating and reasonable period of continuous cooling is housed above the
ground with three 3-ton Arkla units, heat exchanger, pumps, and all controls

in a building connected to the Visitor Center on the east side. This selec-



tion gives ease in installation of piping, storage tank and other equipment.
The length of piping is minimized.
OPERATION OF THE SYSTEM

The whole system was completed in September of 1977. Firct the system
was tested with pure water in the solar collector loop for about a week, and
the system seemed to function properly and was then charged with ethelene
glycol for continuous operation. The presence of air bubbles in the system
was a constant problem. The pressure build-up due to the air bubbles was
alleviated by frequent venting on the top of the roof. The system pressure
could be in excess of 70 psig. The air venting could be as frequent as once
a week.

The winter of 1977 in South Dakota was one of the severest ones exper-
ienced. The National Park Service was quite happy with the saving of many
gallons of oil. The system apparently functioned well in solar heating. No
major problems were detected except that the main system pump was always
running for all modes of operation. Nobody knew exactly how well the system
was functioning until the early part of May of 1978 when IBM contracteu
Site Data Acquisition System (SDAS) to begin to produce some computer print-
outs. Quite a few anomalies were picked up by the SDAS such as the main
system pump was running all the time; the sequence of operations was differ-
ent from what was originally planned; solar and auxiliary heating have the
same control setting; energy from storage is not always being taken to meet
the heating load, etc.

The Arkla cooling units were started after mid-July of 1978. The cool-
ing system was never utilized to its full capacity due to the fact that the
control of the system was not completely under control. Adjustments and

corrections are still be'ng made by the Honeywell people. In general, most



major anomalies have been corrected. It is expected the system will operate
properly beth heating and cooling in seasons to come.

SUCCESSFUL COMPONENTS OR PROCESSES

Aesthetically the Park Service people were worried that the presence of
solar energy heating project might distract from the main attraction. Since
the installation of the collector panels, the visitors apparentiy are not
aware of the presence of collector panels on the roof of the building. This
seems to satisfy the Park Service. Comments from people who have seen the
collector panels are good. Aesthetically, they blend in very naturally with
the building.

Acceptance Test Data

a. ACCEPTANCE TEST PLAN

The basic philosophy of the acceptance test plan will be simply to in-
sure that the entire system functions as designed. The acceptance test will
be primarily based on the results provided by the government's Site Data
Acquisition System and its on-site monitor. Results of a minimum of one week
of continuous operation are recuired for the acceptance test.

Referring to the attached diagram, a total of 44 sensors as shown are
installed to the whole system. 8 sensors with a prefix of EP are for the
measurements of electrical power consumed by pumps; 6 sensors with a prefix
of W for the measurements of pump flowrate of liquid; 24 sensors with a pre-
fix of T are ror temperature measurements; and 6 remaining sensors are: 4
with a prefix of RH for the measurements of humidity, 1 with a prefix of F
for the measurements of fuel oil flowrate, and 1 with a number of 1001 for
the measurement of the total solar insolation. Results of the Site Data Ac-
quisition System are obtained from the 44 sensors as shown in the attached

diagram.
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On a component basis, the items to be tested will be all pumps, motors,
heat exchanger, coils, fans, cooling tower, solar collectors. valves, con-
trols and sensors, and ARKLA cooling units. A general visual and physical
inspection of all items including leakage and insulation free from any de-
fect will be conducted. Tolerances for various items are to meet within
+ 10% of the designed performance, for most of the items, as specified in
the attached designed equipment schedule.

The controls will be tested according to the attached sequence of
operations.

GENERAL

Space heating and cooling is controlled by the existing space thermo-
stats. First stage heating is provided by soiar heated water directly from
the collectors or from the storage tank to the solar heating coil located
in the existing multizone unit. Second and third stage heating are accomp-
lished by firing the existing burner which is sequenced through two firing
stages. First stage cooling is provided by the Arkla absorption units.
Second stage cooling is accomplished by sequencing the existing multi-zone
unit and direct expansion unit.

FIRST STAGE HEATING FROM COLLECTOR

Cn a call for heat from the space thermostats and by the discharge air
temperature THD, valve V7 is modulated to control the hot deck temperature.
Pump P1 is enabled to run and valve V4 is positioned A to AB if the collect-
or plate temperature (TPH) is great~r than 125°F (adjustable). A time delay
will delay pump P1 shut down to prevent short cycling.

FIRST STAGE HEATING FROM STORAGE

Heating from storage is accomplished whenever energy is not available
from the collectors, heating demand occurs and energy is available from stor-

age. On a call for heat, valve V7 and V5 are in the heating positions.



Valve V& is B to AB. Pump P2 and P1 are enabled to run if the storage tank
temperature TSD is greater than 100°F (adjustable). Valves V1 and V2 are
positioned B to AB respectively.

SECOND AND THIRD STAGE HEATING

If first stage heating cannot be satisfied from the collectors or stor-
age as sensed by discharge air sensor THD and the space thermostat, then
the existing burner will be sequenced through it's two firing stages.

FIRST STAGE COOLING FROM COLLECTORS

First stage cooling is provided by the Arkla Absorption units Al
through A3. On a call for cooling, valve V5 is positioned A to AB and valve
V7 is positioned B to AB. If solar heat is available from the collectors,
which is sensed by collector plate sensor TPH, then pump P1, P3 and P4 are
enabled to run. Plate temperature TPH must be greater than 180°F (adjust-
able) for cooling by the absorption units. A time delay will delay Pump Pl
shut down to prevent short cycling. A fan aquastat in the cooling tower
will cycle the cooling tower fan to hold sump temperature to 85°F (adjustable).

SECOND STAGE COOLING

Second stage cooling is accomplished sequencing the existing multi-zone
unit and direct expansion units. When second stage cooling is called, the
multi-zone unit will be activated. If the discharge air temperature TCD is
greater than 60°F (adjustable) and second stage cooling is on, the direct
expansion unit will then operate.

STORAGE TANK CHARGING

Storage tank charging is accomplished only when there is energy avail-
able from the collectors (TPH or TPC - set), and TF in is greater than TSC by
20°F (adjustable). Valve V1 and V2 are positioned A to AB respectively and

pumps P1 and P2 are enabled to run.



PURGE UNIT

The purg? or heat rejection unit 15 activated by positioning valve V3

B to AB whenever TF out is greater than 200°F (adjustable). The fan is

under the control of the fan aquastat which cycles the fan on if the dis-

charge temperature is greater than 205°F.

System Pump

Storage pump

Chilled water pump

Condenser Water pump

Heat Exchanger

Cooling Tower

Cooling Coil

Solar Collector

Chiller

Storage Tank

Expansion Tank

Pressure Relief

EQUIPMENT SCHEDULE

B & G Model PD-35, 33 GPM at 21 H,0, 5 HP. 208V-60-3
Spare set of seals.

B & G Series 1]. 33 GPM at 5.5' H20. 1/6 HP. 115V-60-1
Spare set of s&als.

B & G Series HD3, 23 GPM at 17.5' HZO’ 1/3 HP, 115V-60-1
Spare set of seals.

B & G Series 1522 AB-5", 36 GPM at 23' H20, 1/2 HP,
120V-60-1. Spare set of seals.

B & G Shell & Tube Heat Exchanger #QWU-88-44 Shell side,
33 GPM, 50% Glycol, 12Z2°EWT, 107°LWT, 6' H,0 P.D. - Tube
side, 33 GPM, 90°EWT, 103°LWT, 1.5 H,0 P.D., Heat trans-
mitted at rate of 200 MBH.

Marley Model 46-17, 1/3 HP, 115V-60-1.

MacQuay Model LHD-108, 1 HP, 208V-60-3, 3800 CFM. 33 GPM,
200°EWT, 180°LWT, 4.7' H,0 Water P.D., 0.7" H20 A.P.D.,
100% EAT, 175°LAT, 326 MGH, Coil #5WH 1204C.

(112 thus) Honeywell/Lennox #LSC18, .3 GPM/collector. 1.9'
H20 Water P.D., Total Sq. ft. of collectors = 2016 sq. ft.

(3 thus), Arkla/Solaire 36 (WF-36), Data for each-cooling
capacity 36,000 BHUH, Hot water input requirement 50,000
BTUH at 210°F, Heat rejection requirement 86,000 BTUH.
115 volt 250 Watts electrical.

3000 gal. capacity, 7" x 10.5' loop, 7 Gauge steel tank.

B & G 15 gal, 13" x 34 1/2" long, slight glass.
AFT-9 Tank fitting, Drain cock.

located near purge unit, set at approximately 100 PSI.



Acceptance test results including corrective action taken for non-

conformance

Status report dated 9-25-78 put out by IBM.

Acceptance test was based on the Instrumented Solar Site

(A copy of the report is

attached.) The anomalies and actions involving the grantee are summar-

ized in the following table.

System

Anomaly

S/1

S/1

Main system pump
runs continuously

(1/778)

Solar energy
simul taneously
goes to load
and storage.
Does not agree
with control
d>"inition
(2/78)

Solar & aux-
iliary heat-
ing (fuel oil)
have same con-
trol setting.
Disagrees with
control defini-
tion (2/78)

Solar energy not
being taken from

storage to meet
heating load
(2/78)

Single plate
temperature
control sensor
may cause over
heating.

Action

Control adjustment is
needed and has been
requested from Honey-
well. The problem is
due to the way hot
deck temperature was
set. Damper needs to
be readjusted as well
as the hot deck temp-
erature so that Valve
V7 will cycle to open
and close.

Control definition
has been changed and
drawing has been

corrected. Storage
is not used for
cooling

Damper cam should be
readjusted to start
solar heating prior
to auxiliary heating.
We have requested
Honeywell controls
to make due adjust-
ment.

See above

10

Activity Remarks

Grantee

Grantee

Grantee

IBM/Girantee

It was
okayed to

Grantee

delete this.



3.

S/1 Pump P-2 is
running even
when pump P-
is off. Does
not agree with
control defini-
tion (6/78)

S Purge unit Has been corrected
should come on to 200°F (v3)
when TF out is
220°F. T103
indicates purge
unit is coming
on at 175° to
180°F (6/78)

S Collector loop
becomes active
at 8:30 AM -
runs until 8:30
PM. System
losing energy
from 4:00 PM -
8:30 PM.

Complete set of as-built drawings with wie and piping schematics.

n

Grantee/
I1BM

Grantee

Grantee

It was
okayed to
delete
this.

Purge unit
rarely ran.

It was okay-
ed to de-
lete this.
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EQUIPMENT SCHEDULE
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ione. Valve W8 maw | wd 'h Bypans the collectars
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cond Etane p
Second £t ng
Second stade conling (8 accomplished sequencing the existing

Pulti-gone and direct expanaian units, When second stage
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r ing 18 on, the direct
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! n
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Purge
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PIPES (¥ TO COLLECTORS Ay HOOF i ,ﬁ
FOR CONTINUATION SEE ROOF PLAN S - ~
SHEET M2 e
% o

| AF - 12" AIRTROL FITTING ————

112" AIR LINE TO EXP
TANK SEE DET 4)
tHa;
R-2 ROLAIRTROL -
CHILLE D WATER PUMP
GATE VALVE (TYP)——_
SYSTEM PUMP-

— - '} | -

——

THERAOMETER (TYP) —§ -

STRAINER (Wr-‘)—wJ
REDUCER (TYP) ——4

STORAGE PUMP
5Q HD COCK (TYP)

PROVIDE A @ DROP EXT
WITH HORIZ 2° DISCH
INSIDE TANK OFFSET TO
MI5S TEMP PROBE

FIGURE 3 - Shows piping system

5

»

OLAF Et

UHiGiival. PAGE

OF POOR 'T';;L

FOLLD T



v
pbe— G/TE VALVE (TYP)

- S5 2 HD COCK
+— CONTROL VALVE (MODULATING)
—t-— RFDUCER (TYP)
+— U~ ION (TYP)
-H.T COIL

"

N8 AW SUP TO GO
-2 HW RET FROM COIL

I'I‘ *

0 ;‘a:’! ||
W Wi
 §QQLING ToOWER KT ON GO | 134,
2" CONOENSER WATER RETURN ;'i‘.

INTO TOP OF COOLING TOWER 1

2° DRAIN § OVERFLOW TAPPINGS

~ W/ REDUCERS 10 I° DRAIN VALVE ATE D
o I" DRAIN § OVERFLOW TO BACK { ’i]
A2 LDGE OF BASE fige

2" GATE VALVE
34* CW FILL TO FLOAT VALVE
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TO PROVIDE A FIM ISHED APP

THE VENT CONTROL SHALL |
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5.

Operation and Maintenance Manual

Due to the fact that the 0 & MM is too bulky to make a part of this
report for many reproductions, three complete copies of this manual
are available at the following locations. One is located at the site
of Mount Rushmore Visitor's Center; one as contractor's file at MSFC:
and one in the office of Dr. C. W. Chiang, Mechanical Ingineering Depart-
ment, South Dakota School of Mines and Technology, Rapid City, SD 57701.

Pictures of final installation.
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Predicted System Performance Data

Heating load calculations indicate a maximum heating load of 400,000
Btu/hr for severe winter, as shown by Table B. 3-1. The total fuel consumed
in FY 1975 was 8721 gallons of No. 2 ofl. Assuming a heating value of
140,000 Btu/gal and a furnace efficiency of 50 percent due to t..e age of the
furnace and an altitude of about one mile, the total conventional heat

8 Btu.

supplied was about 6.1 x 10

Load calculations of the Jbservatory room indicate a cooling load of
15-ton refrigeration needed as shown by Table B. 3-2. Solar energy system
calculations were based on climatological data of Rapid City supplied by the
National Oceanic and Atmospheric Adninistration (NOAA). The climatological
conditions at Mount Rushmore (25 miles southwest and 2000 feet higher than
Rapid City) are more favorable due to the altitude and lack of pollution in
the air, making these calculetions conservative.

The calculations are based on 2000 ftz of Honeywell LSC-18-1 double-
glazed collectors tilting at a slope of 45.7 de¢, and facing 18.8 deg west
of south. These angles are the result of mounting the collectors at 45 deg
with respect to the roof, which has a slope of 9.3 deg facing 28 deg south
of east. The collectors nav® a transm’ssivity absorptivity product of 0.84
and a heat loss coefficient of 0.(8 Btu/hr-ft2-°F. The fluid flow rate is
taken to be 40 gpm. The heat demand of the building, based on the actual
heating data, was taken to be 2900 (70'Tamb) Btu/hr. The heat available
from the solar system was taken to be 500 (Tst-90)n + 500 (Tst'Tamb)‘ (Tst =
outside temperature.) This assumes a heating

storage temperature, Tamb
coil design which allows 200,000 Btu/hr heating with 130°F water and no heat-
ing at 90°F and pre-heat coil for 10 percent ventilation. The heat capacity

of storage was taken to be 32,000 Btu/°F. The solar insolation was calculat-
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Table B, 3-1,

Heating Load Calculation

Room Name

102 Elect, vanlt

Dimension
flxn

Bx12

Infiltra=

tion
1]

Glass | Wall Roofl Floor

1

a6

tu/hr

Factor

Subtotal
Mu/hr
=

1090
112

21H2

103 Storage

12x12

20

30

96
144

1260
1560
2980

29

6000

104 Work Itoom

20x3R

60

460
0

o
nTmn
14260
1520

10%

27, HDO

107 Work Room

26x14

52

64

411

3280
A410
12800
nn

20,110

108 Women
toilet room

13x5

4

1675
110

1805

110 Nen
toilet roomm

11x5H

1674
130

1805

201 MNun
toilet room

28x12

44

460
66
66

277
14500
4020
740

10%

24,2%0

202 Ohservatory

HTx25

70

1360

ah0
2000

4100
0700
17000
2000

145, K00

2017 Office

20%20

40

70

430
100

2020
1640
13100
Hino

107

410

. 204 office

1ix14

40

90

182

2520
2760
2790
2000

10,070
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Table B, 3-1, Heating Load Calculation (Concluded)

Infiltra= '
tion
It

Subtotal
Etu/hr

Glass | Wal) Roofl Floor
n® | on n’

Dimension
ft x

Room Name Wu/hr [Factor

205 office
53 2760
135 4100
2H% 2005 11,015

208 office 13x11 40 2620
56 2000
136 4230
143 1570 11,230

210 office 12x12 20 1260
32 1660
112 2470
144 1HR5 7915

211 office 12x16 40 24520
48 1400
204 G430
102 2100 14, 360

—
212 audio control 4x7 4n 1485
24 1080 4565

213 lobby I6x44 154 a700

L/djm 21400
550 190490

1660 14300
. 1660 1100 72, 500

214 women 28x12 44 2770

toilet room 468 14500
366 4020
606 740 22,030

215 jamtor x5 45 14450
closet 25 2158
25 n0 1670

Total 401,977
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Table B, 3-2. Cooling Load Calculation

Room 202 observatory:
Design conditions
Outside temp = 95°F, inside temp - 80°F, difference - 15°F
Outside walls: (sq t)

Side Glass Net wall
North 150 450
West 1200

Cooling load: BTU/HR

Items Ser =ible Latent Remarks
Sensible heat gain thru glass
150 sq. ft. x 23 Btu/ft2/hr 3,450
(22-3.5) x 54 x 140 140, 000 3.5 ft approx.

shading

solar heat gain 9
approx 140 Btu/ft /hr
4:00 pm July 21

Transmission gain

Walls 450 sq ft x . 20 (factor) 1,350
x 15 (AT)
Roof 200C x ,80 x 15 24,000

Internai heat gain:
People & lights

People: Sensible I.atent
No, factor factor
40 x 200 8,000
40 X 2650 10, 000
Lights: 5000 walts x 3, 4 17, 000
Total 149, 8BOG 10, 000

Ventilation or infiltration
450 CT"M x 1. 08 x 35 = 17,000 Sensible
450 CFM x 1,08 x 35 = 5,700 Latent

3
Total load = 149800 + 10,000 + 17,000 + 5, 700 = 182, 500 Btu/hr
182, 500 _
or —l—z-fm ~ 15 tons
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ed by multiplying a typical direct sunlight reading in Rapid City of 290
Btu/hr-ft2 by a geometrical factor and also multiplied by the percentage
sunlight for the particular day. The geometrical factor was the scalar
product of the normal to the cnllector surface with the sun's rays express-
ed as a function of tilt of the earth's axis, local latitude, slope of the
roof, orientation of the building, slope of the collector with respect to
the roof, day of the year and time of day. The geometric factor also in-
cludes the shading effect of adjacent collectors.

The model was run using the climatological data for 1971-1974. The
results shown in Table B.3-3 are for a typical day using the average high
and low temperatures for that month and assuming 100 percent sunshine. This
total is multiplied by the average percentage sunshine for the month. This
method of approximation was checked by detailed hour-by-hour calculation
using February 1973, when the storage temperature dropped to nearly 80°F
every night, and October 1973, when the storage temperature rose to around
160°F. In both cases the results were very close to the approximation; for
February it was 3 percent low; for October the difference was less than 1
percent.

The percentage heating carried by the solar system is expected to be
at least 53 percent since the atmospheric conditions at Mount Rushmore are
more favorable than in Rapid City. Based on the current market price of
$0.39 per gallon for No. 2 fuel o0il, the savings amounts to about $1,710 of
the $3,226 worth of fuel consumed in FY 1975.

Solar cooling calculations are based on 165,000 Btu/hr of heat deliver-
ed to the cooling units at 210°F from the collectors. The limiting condi-
tions of ambient temperature, percentage sunshine and time of day under

which the above criteria could be met were determined. The climatological
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data of 1971 were then examined to determine the number of hours that
the 1imiting conditions were exceeded when there was also a demand for cool-
ing in the observatory. This is recorded in Table B. 3-3 as the number
of solar hours of cooling. The total number of hours of cooling demand and
the number of cooling degree days are also in that table.

The number of degre. days when the solar absorption units were operat-
ing was found. The percentage of solar cooling was then figured by the

ratio of solar degree days to cooling degree days.

Solar degree days
Cooling degree days x 100

Percent solar =

The savings from solar cooling can be approximated by assuming 334 hours
of operation replacing a nine-ton conventional-type chiller with a coeffic-
ient of performance of 2.5. The savings is about 4230 kW-hr. At an esti-

mated 3¢ per kW-hr, the saving amounts to about $127.00 per year.
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Major problems encountered and resolutions therets

One of the major problems is the air bubbles in the system. As explain-
ed in the operation of the system, constant venting with frequencies as much
as once a week to prevent a buildup of temperatures and pressures was nec-
essary. The main pump was originally designed at the flow rate of 30 gpm.
It was felt that the higher flow rate could solve the problem of pressure
buildup or air bubbles problem. A larger pump was installed with the flow
rate of approximately 48 gpm. This seemed to solve the air bubble problem.
The frequency of air venting has drastically reduced.

Another problem encountered was one transformer was struck by lighten-
ing on August 14, 1978. Because of this, the main pump had lost the elec-
tric power supply so that the stagnant ethylene glycol solution in the col-
lector loop was overheated and turned into steam. It took more thar two
weeks to repair the transformer, recharge the system and get ‘t back into
operation. This situation rarely happens.

The third major problem encountered was the thermosiphoning. On the
last day of 1978, the ambient temperature was extremely Tow and the cold
antifreeze back-flowed into the main heat exchanger through a three way
valve V4. Apparently there was a slight leakage through the three way valve
V4 even though the three way valve was in a completely shut off position.
The cold antitreeze back-flowed into the jacket of the main heat exchanger
and froze the water inside the tube bundle. As a result, the cover plate
cf the main heat exchanger cracked about 5 to 6 irches; there were two
cracked lines of about 3/4" in two tubes; ~nd antifreeze began to leak out.
The system was drained, the cracks on the tube bundle were brazed, and the
cover plate was replaced. The whole system was down for about one morith.

A check valve was installed in the pipeline to prevent any future back-flow

of antifreeze into the main heat exchanger.
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The last major problem is the control adjustment. In particular, the
cam of 211 three way valves needs fine readjustment such that the sequence
of operations wiil follow closely.

Lessons learned and recommendations

From the major problem of frequent air venting encountered in the
operation of the system, the biggest cause may be the wrong locations of
the iniet and outlet tubings to each solar panel. 7The roof un which the col-
lector banks are mounted is sloping towards the east, such that each collect-
or bank axis is tilting toward the east. The outlet tubings are on the low-
er end of each panel, thus any vapor lock or air bubbles may stay in the
upper header tube of each panel and can never escape. This was a negligence
on the part of collector supplier in shipping panels which were not accord-
ing to shop drawings. A lesson learned here was that a close check of the
panels befcre installation could have avoided the frequent air venting
problems .

The second lesson learned from this project is that positive stop valves
shouid be used instead of leaky three way valves. With positive <top valves
the problem of thermcsiphoning of cold antifreeze into the main heat ex-
changer could have been avoided.

The third lesson learred is that some of the sensor locations should
have been at different places to ensure more meaningful results. For ex-
ample, the inlet and outlet water temperature sensors to collectors were
placed too close to the three way valve, V4. When the water is not circula-
ting in the collectors, the two sensors do not represent the true readings
due to heat conduction from piping.

The fourth lesson learned is that the current control system is too

complex. A slight mal-adjustment of the three way valve cam can easily
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cause mal function of the operation s2quence. A simpler control system is
needed for the whole system such that any trouble-shooting will be much
easier.

The last lesson learned from this project is a definite need of an on-
site-monitor (OSM). During the .ast few months of operation, Mr. Val Fogle
of Marshall Space Flight Center, NASA, Huntsville, Al (project monitor)
helped install (on short loan basis) an on-«ite-monitoring system to the
system. Through the OSM system, instant monitoring of various temperatures,
flow rates, power requirement for various pumps and fans help understand
and adjust the control sequence. Thus it enables us to know whether the

system is in the right mode of operation.

The project manager, Dr. C, W. Chiang, of the South Dakota School
of Mines has verified the following:

a. The solar system was installed per the enclosed as-built drawing.
b. The solar system met the acceptance test plan provisions.

c. The solar system met the interim performance criteria

(NBSIR-1187) requirements.
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