FINAL REPORT
on the
Solar Space and Water Heating System
at
STANFORD UNIVERSITY

Central Food Services Building

DoE CQH%TGC* Ao 5{;—'77“4'&5ﬂ/59¢2\
ABo3 . TTES S22

DISCLAIMER

May 1980




DISCLAIMER

This report was prepared as an account of work sponsored by an
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owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
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Government or any agency thereof.
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I. SUMMARY OF RECOMMENDATIONS

Large amounts of energy can be saved by the simplest
measures. The savings from turning off equipment when
unnecessary (sometimes completely), reducing use tem-
peratures, and reducing hot water usage, can overshadow
the savings from even the best solar system.

The closed-loop drain-back system offers many advantages
over other domestic hot water collector loops, including
the dependability of gravity drain-back freeze protection,
low maintenance, minimal costs and simplicity.

By installing a loop between the solar storage tank and

.the backup storage tank, the backup tank can be used for

solar storage (when the solar tank temperature exceeds the
backup tank set temperature) during periods of high solar
input and/or low loads, when storage is most needed.

The FCHART computer program can be helpful not only in
performing thermal and economic analyses, but also in making
a cost-benefit analysis of alternate collectors on a system-
by-system basis. ‘

In the closed, drain-back collector loop:

1. The pump must be sized to overcome static as well
as dynamic head losses.

2. The sump tank should be located to minimize the
height difference between the sump tank water level
and the top of the collectors while still allowing
for complete draining of the collectors and all
plumbing exposed to freezing conditions. This will
minimize static load on the pump.

3. . The sump tank should be located high above the pump
to put as much head as possible on the suction side
of the pump. .

4, The pump should be mounted with flow in the vertical
- direction to prevent air pockets from developing over
night (out of the very aerated water) in the volute
of the pump.

A preliminary structural analysis should be routinely
included in solar feasibility studies so the impact of
structural requirements can be anticipated and budgeted |
early when the feasibility and economics of the project |
are determined.
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Drawings and specifications should be carefully reviewed
before construction, with special attention given to the
side effects of design changes. ‘

On retrofit projects, carefully review as-built drawings
for potential conflicts.

Solar contractors should not only understand the "what"

of the design, but also the "why," so they can effectively
judge the consequences of changes (initiated by themselves
and others) and look for opportunities of improving the
system and lowering costs.

Carefully read manufacturer's installation instructions.




A.

II. SOLAR SYSTEM DESCRIPTION

Key Word Abstract

Application: Domestic hot water and space heating
System type: Active hydronic
Collector type: . Flat plate, liquid, single-glazed
Collector manufacturer: Solar Energy Products, Inc.
Collector area: 840 square feet (aperture)
Storage capacity: 1,550 gallons, steel tanks
Building load: 203 x 10® BTU/year
BTU's produced: 142 x 10® BTU/year -
Building owner: The Leland Stanford Junlor University
' Construction and Engineering Office
The 014 Pavilion
Stanford, CA 94305
Solar system designer: Interactive Resources, Inc.
117 Park Place
Point Richmond, CA 94801
Contractor: Redwood Mechanical
1590 Tacoma Way
Redwood City, CA 94063

Introduction

' Commercial Solar Heating and Cooling Demonstration Program

plishments has been the complete abandonment of 87 per cent

The Stanford University Central Food Services Building
is located on the Stanford campus approximately 30 miles
south of San Francisco. It is a single-story building with
flat roofs. It is used for food preparation and storage
and includes administrative offices.

The building was previously fed by a steam main from
Stanford's central steam plant located about two miles
away. Over the years significant deterioration occurred
in this line, resulting in wasteful heat losses. Stanford
terminated steam service to the building and replaced it
with a solar system and gas-fired backup.

A cost-sharing proposal for construction of the solar
system was submitted to ERDA (now DOE) under Cycle 2 of the

in November, 1976. Funding was awarded in 1977. Con-
struction bids were received in March, 1978; construction
began in June, 1978, and was completed in April, 1979.

Energy Conservation

Stanford University has been and continues to be
concerned with energy conservation. In the Central Food
Services Building, the most significant of their accom-
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‘reevaluated the system design during the final design ‘stages,

of the original heating system. Three of the original
four heating coils have been shut down leaving only the
offices in the administration wing to be heated. All
storage and work areas are simply no longer heated.
Instead . of only turning down the thermostats at night,
the heating system is turned off 13 to 14 hours a day.
Furthermore, no heat is used on weekends. These measures
save 73 per cent of the fuel used if heated for 24 hours,
seven days a week.

The majority of hot water consumed in the building is
used in the late afternoon to wash down the meat processing
area. A pressurized spray system was installed that reduced
hot water consumption from 9 to 4.5 gpm.

Energy conservation-motivated changes have resulted in
at least a 60 per cent heat use reduction for the Central
Food Services Building at Stanford, and possibly up to an
80 to 90 per cent reduction.

RECOMMENDATION: Large amounts of energy can
be saved by the simplest measures. The savings from
turning off equipment when unnecessary (sometimes
completely), reducing use temperatures, and reducing
hot water usage, can overshadow the savings from even |
the best solar system. : |

Solar System Design Philosophy

The solar system was primarily designed as a hot water
heating system with space heating as a secondary function
because hot water (used mainly towash down the meat processing
area) comprises an estimated 72 per cent of the building
solar load. 1In the schematic design phase, an open loop
system was planned using potable water as both the transfer
fluid and storage medium. This prevented the necessity of
heat exchangers which might have reduced efficiencies and
increased. costs.

- In a response to their experiences with previous
installations, designed by themselves and by others, the
solar system designer, Interactive Resources, Inc., completely

primarily in an effort to arrive at a totally satisfactory
freeze protection system. Even though the mild climate of
northern California offered only an average of three or four
freezes a year, none of the freeze protection systems for
open loop systems (pump cycling, thermic drains, drain-out
and drain-back systems using electronic valves, and combin-
ations) were determined to be satisfactory.




An antifreeze system was then considered, but
offered several disadvantages including the necessity
(by codée) for a double-wall heat exchanger (additional
cost and reduced efficiency) and the additional maintenance
costs required for replacing and closely monitoring the
transfer fluid. :

In an effort to combine the advantages but eliminate
the difficulties of these systems, a completely revised
collector loop design was developed which combined -the

‘dependability of gravity drain-back freeze protection with

low maintenance, minimal costs and, of prime importance,
simplicity.

This closed-loop, drain-back system uses no mechanical
or electrical controls for freeze protection, eliminating
potential failures and maintenance requirements. Freezes
coupled with power failures and/or accidential turning off
of key components do not endanger the system. The problems
associated with antifreezes (e.g., cost, ease of handling,
poor thermal transfer qualities, increased viscosity, 8
potential damage to other buildings materials [some react
to roofing materials], potential toxicity and required
maintenance) are eliminated. If the collector array is
designed to drain and its contents can be stored in a sump
tank during noncollection hours, plain water can be used,
increasing the thermal transfer capabilities and allowing
for a more efficient and less costly single-wall heat
exchanger. Simplicity of the system, especially in the
controls, is a major advantage of this system.

RECOMMENDATION: The closed-loop, drain-back
system offers many advantages over other domestic
hot water collector loops, including the depend-
ability of gravity drain-back freeze protection,
low maintenance, minimal costs and simplicity.

Solar System Operation Description’

The solar heating system on the Central Food Services
Building provides space heating and domestic hot water heating.

‘Of the total energy supplied by the system, approximately

two-thirds is used to offset the year-round domestic hot water
heating load, while approximately one-third is used to offset
the seasonal space heating load. ' :

1. Collector-to-Heat Exchanger Loop

" Energy in the form .of heat is transferred from
the solar collectors to heat exchanger HE-1l via a
closed, drain-back loop. This loop includes the solar
collectors, the sump tank (120 gallons), a pump, and
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heat exchanger HE-1. This loop uses normal
untreated tap water as the transfer medium.

The collector-to-heat exchénger loop is a
closed loop containing water and air. Neither

-water nor air enters or exits the loop unless done

SO manually. With the pump off, the water level is
flush with the top of the sump tank. All the piping
above this level contains air. ‘

When the pump is turned on, water is circulated
from the sump tank, through the heat exchanger, up
through the collectors and back to the sump tank.
Air is forced from the collectors into the sump tank.
The water level in the sump tank will drop to around
one-quarter full.

When the pump is turned off, the weight of the
water creates a suction at the top of the system.
The check valve to the air vent line opens allowing
air to flow from the sump tank through the air vent
displacing water in the collectors and manifolds,
thereby draining all the water from the collectors
into the sump tank.

Heat Exchanger-to-Solar Storage Tank Loop

The solar storage tank contains potable water
and feeds the supply side of the backup hot water
storage tank. Water in this tank is circulated
through heat exchanger HE-l:and returned:to the
tank. This completes the transfer of heat from the
collectors to the solar storage tank.

The pump in the collector-to-heat exchanger
loop and the pump in the heat exchanger-to-solar

‘storage tank loop operate together. They are

controlled by a differential thermostat. This
controller compares the temperature in the collector
with the temperature at the bottom of the solar storage

" tank. When the collector is 20°F warmer than the solar

storage tank, the pumps are turned on. When the
collector temperature drops to only 3°F warmer than
the solar storage tank, the pumps are turned off,

Solar Space Heating Loop

Solar-heated water is stored in the solar storage
tank. Water:in this tank is used to pre-heat the
return water in the backup space heating loop. This
is done through heat exchanger HE-2.
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When a differential thermostat senses that the
temperature in the solar storage tank is 8°F warmer
than the return water in the backup space heating
loop, the solar space heating loop pump is turned on.
The. pump is interlocked with a flow switch in the
backup heating loop. The pump will come on only if
there is flow in the backup heating loop. When the
storage tank temperature is only 3°F warmer than the
return water in the backup heating loop, the pump is
turned off. A gas-fired boiler adds heat to the :
backup loop, if required, but only after passing
through the solar heat exchanger.

Tank-to-Tank Loop

The solar storage tank serves as a pre-heat tank
to the backup hot water storage tank. When hot water
is used in the building, it is drawn from the top of
the backup hot water storage tank. Make-up water to
this tank comes from the solar storage tank. Cold
water make-up enters at the bottom of the solar storage
tank. Backup heat is supplied to the backup storage
tank by a gas-fired boiler, if required.

When the solar storage tank temperature is greater
than the temperature in the backup storage tank, water
is exchanged between tanks via the tank-to-tank loop.
This increases the solar storage capac1ty during periods
of high solar input and/or low loads.

When a differential thermostat senses that the
solar storage tank is 10°F warmer than the backup hot
water storage tank, the tank-to-tank loop pump is turned
on. When the solar storage tank is only 3°F warmer,
the pump is turned off.

RECOMMENDATION. By installing a loop between
the solar storage tank and the backup storage tank,

. the backup tank can be used for solar storage (when

the solar tank temperature exceeds the backup tank set
temperature) during periods of high solar input and/or
low loads, when storage is most needed.




Foir banks of solar collectors.



IIT. ACCEPTANCE TEST DATA

Since the system design was based on prescriptive rather
than performance standards, the acceptance testing consisted
of checking the operational functioning of system controls and
components.

A. Acceptance Test Plan

1. Hydrostatically test all equipment to 125 psi for
four hours.

2. Measure water flow rates.
3. Measure amperage input to each pump.
4. Measure suction and discharge pressure of pumps.

5. Test operation of system under actual service
- conditions.

B. Acceptance. Test Results

Hydrostatically testing the collector loop was
difficult due to extreme temperature fluctuations caused
by sunlight on the collectors, but tests demonstrated
there were no leaks.

Flow rates, amperages and pressures are found in the
attached pump test report. The collector loop pump, P-5,
was found to be undersized (see the section on Problems,
Solutions and Recommendations) and replaced with a large

pump.

The system has been carefully watched under operational
conditions. This showed that the space heating loop pump
was not working as it should. Subsequent investigations

" showed that the flow switch was not installed properly.
(See the section on Problems, Solutions and Recommendatlons )
A solar system operatlons log is included.




FORM TAB 1.76

Copyright, NEBB 1976

TEST — ADJUST — BALANCE REPORT

DATE January 22,1979 .

PROJECT___Central Food Services

ADDRESS Stanford'University

Stanford CA

ARCHITECT Interactive Resources, Inc.

Richmond, CA

ENGINEER

SUBMITTED BY Thermoscope Energy Engineering Co., Inc.

ADDRESS ‘24 Linden Avenue

South “San Francisco, CA

No. M18324

S .
’/GM S *
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PUMP TEST REPORT

PROJECT Central Food Services, Stanford, ca
DATA PUMP NO. 1} PUMPNO. § PUMPNO. § PUMP NO. 7 PUMP NO.

Location Mech. Room |Mech Rm. Mech. Rm. |WMech. Rm.
Service Solar BanksHeating | Storage-Tk!|Heating
Manufacturer Bsllesd  |Bsilsd:  |Rslle &  |Bslisd
Model Number , 60-1% AA 60_1i AA 150 ;;_z_é_Q_é-léAA
Serial Number '
GPM/Head 21/28 21/22 20/6 121/22

= |Req. NPSH

S y

@|Pump RPM 1725 1725 1725 1725

S| impeller Diam.

elle & elle 1 11

Motor Mfr./Frame Belic %y |Bglles . Beais %, |Beiic.%y
Motor HP/RPM 1/1925 1/1725 1/1725 /1725
Volts/Phase/Hertz 115/1/60 1115/1/60 115/1/60 1115/1/60
F.L. Amps/S.F. 7.1/1.15 4.9/1.15 1.7/1.15 |4.9/1.15
Seal Type
Pump Off-Press.
Valve Shut Diff.
Act. Impeller Diam,
Valve Open Diff.
Valve Open GPM

-

§ Final Dischg. Press. s 12 65.5 60 66.5

S| Final Suctign Press. Neg LG .57 51.5
Finala P 12 10.5 3 15.0
Final GPM 3% ‘ *#21 , q #¥1¢ B O #18 .0
Voltage 'R, 273 .

‘ 3T 120 20 120 120

-Amperage T, 7,73 6‘.1 L. Q 1V.LL L. 6

REMARKS: # pMeasured @ Bell & Gossett circuit setters.

## Location of Gage does not include pressure prdp @ 90° Elbows.

TEST DATE _12/15/78  READINGS BY__Carlos Garcia

NATIONAL ENVIRONMENTAL BALANCING BUREAU .
REPORT NOT VALID UNLESS STAMPED WITH 1
NEBB CURRENT CERTIFICATION SEAL PAGE

FORM TAB 25.76
© copyright, NEBB 1976

OF_Z__




24 Linden Ave. South San Francisco, Calif. 94080 (415) 952-2288

PROJECT __ Central Food Services
LOCATION Stanford University, Stanford CA

UNIT|SYSTEM FLOW STATION DESIGN | INITIAL . FINAL REMARKS
r - ’ -

MARK| TYPE |MARK|MFGR|TYPE [SIZE | GPM {dP | dP [DSP | DSP| dP |GPM

P-4 | H.w. bBB=11!B&G | S [.1- v 2.3 1 0 5.7 | Not balanced
o | 7 .8] 0 3.6 | due to low
-3 _ 7 .21 0 1.0 | capacity.
-y 7 0 0 0

P-5 | H.w. [P-5 |B&G | s |12 21 0 2.6 |21.5

-P- B-W [P-6 |BaG | S |1 20 ; ‘ 0 1.3 |15 F.O.

P-7 | H.Ww. |P-7 | B&G | S [1% 21 . - o .9 |18 | F.o.

yYipuoS:  CHW
DSP

Chilled Water, HW = Hot Water, CTW = Cooling Tower Water
Degree Set Polnt, dP = Ft. H50, S = Sweat, T = Threaded

'EST DATE 12/15/78 READINGS BY Carlos Garcia PAGE 2 OF <
. a ’ ’ . ;
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IV. PREDICTED SYSTEM PERFORMANCE DATA

Solar performance calculations were done using a computer
design program (FCHART) developed by the University of Wisconsin.
FCHART is an interactive computer program used to calculate the
thermal performance of solar space heating and domestic hot water
heating systems. A general design procedure was developed at
the University of Wisconsin from information gained from a simul-
ation model capable for estimating the long-term thermal performance:
of solar heating systems based on the system design parameters,
heating loads and weather. Solar and weather data for the cal-
culations were taken from the California Solar Data Manual written
by the Energy and Environmental Division of the Lawrence Berkeley

Laboratory.
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January
February
March
April

May

June
July*
August*
September¥*
October
November
December

Total

*Summer break occurs in July, August and September.

Space Heatin

Stanford University
Central Food Services Building

Water Heating Load

(BTU x 10 (BTU x 106)
0.4 11.5
7.8 13.6

6.7 13.6
4.6 15.4
. 3.0 13.8
1.1 11.9
.7 9.8
.6 9.1
1.0 4.8
2.8 11.6
6.2 12.7
9.6 12.0
54.5 139.8

- SOLAR SYSTEM THERMAL PERFORMANCE

Total Load
(BTU x 105)

21.9
21.4
20.3
20.0
16.8
13.0
10.5

DN et s

- 0 & W
e @ L]

D W O

194.3

Solar Used Percentage
(BTU x 109 _ Solar
9.5 43.3
12.1 56.4
14.1 69.5
15.7 78.4
15.0 89.2
12.5 95.9
10.5 100.0
9.7 100.0
5.8 100.0
12.3 85.2
10.3 54.6
9.8 _45.4
137.3 70.b6



V. COLLECTOR SELECTION

The FCHART computer program allows the introduction of
specific collector performance parameters (Y-intercept and slope
based. on independent tests) into the calculations. This perfor-
mance analysis was coupled with the FCHART economic analysis to
determine the best BTU-per-dollar value among selected collectors.
Using collector test data together with vendor quotes, many
different collectors were analyzed to compare their performance
and price on this specific project with its particular weather,
load and temperature characteristics. Some costs, such as varying
costs for supports and manifolding, had to be estimated, and
some judgments,. such as quality of construction and durability,
were a necessary part of the evaluation not shown in the FCHART
analysis. These judgments, it turned out, reinforced the results
of the computer simulation which showed the Solar Energy Products,
Inc., collector producing the most BTU's per dollar.

The solar system was, therfore, designed around this collector.
Several other collectors were also acceptable and actually bid
(including Revere and Sunworks) but the system was installed by
the low bidder with Solar Energy Products, Inc., collectors.

RECOMMENDATION: The FCHART computer program can be
helpful not only in performing thermal and economic analyses,
but also in making a cost-benefit analysis of alternate
collectors on a system-by-system basis.

-17-




VI. BIDDING

Bids were solicited from six contractors, all of whom were
experienced commercial mechanical contractors (union labor) who
had done work for Stanford University before. The bids were very
close with the three lowest within only a few hundred dollars
of each other.

The solar space heating loop was included in the bid as a-
deductive alternate. In this way, the scope and cost of the
project could be lowered without substantially reducing the
energy saving benefits. - Stanford decided, however, that the
dollar savings were not substantial enough to justify dropping
the space heating portion of the system, and construction
proceeded on the entire system as designed.

Stanford Uhiversity
Central Food Services Building

SUMMARY OF CONSTRUCTION BIDS

Deductive Alternate

Contractor S Base Bid For Space Heating Loop_

A $64,561 . $(2,948)
(Redwood Mechanical - :
contract winner)

B | 64,600 | (4,500)
Cc 64,900 o (5,160)
o D 69,686 o (3,953)
| E 74,500 (3,000)
i F 78,240 (5,133)
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VII. COSTS

Construction costs were originally budgeted during
preliminary design at $44,250. During the final design
stages, however, it became apparent that this budget could
not be achieved. Some of the reasons were:

1.

Substantial additional costs were required on the
collector support structure because the existing

roof was not able to withstand the extra locad of

the collectors.

A higher quality system was constructed than had
originally been budgeted. There were additional
costs in converting from an open- to a closed-loop,
drain~back system (primarily in the extra cost of
a sump tank, heat exchanger and pump) and higher
quality components were used throughout.

Contractor overhead and profits were higher than
anticipated. '

-19-




Stanford University
Central Food Services Building

? - SOLAR SYSTEM PROJECT COST SUMMARY
‘ (All costs include overhead and profit)

Materials  Labor

Collector support structure $12,000 $ 2,168

Collectors . 13,841 572
~ Collector manifold piping , 160 1,024
Storage tank (800 gallons) 3,500 1,680
Storage tank insulation . 200 500
Sump tank (120 gallons) - 634 650
Pumps 1,175 850
Heat exchangers 2,176 800
Piping ard valves 2,945 5,180
Pipe insulation 1,000 4,760
Controls ' . - 600 1,168
Electrical ' 1,000 2,000
Painting : © 1,000 1,258
Testing and balancing ' 600
Miscellaneous A _ : 1,120
Subtotals . : 40,231 24,330
Total base construction contract ‘ $64,561

Plus changes during construction: , ' L

Storage tank relocation $ 997
New collector loop pump (with new heaters
and relays) 711
Miscellaneous piping changes (pressure
gauge, relief valves, etc.) ‘ 535
- 2,243
- Total construction cost - $66,804
Design costs - (not nearly enough) _ 4,500
Total design and construction costs " - $71,304
. Extra project costs: L o ' P
© DOE reporting =~ ' - $5,000

Misc. printing and postage § : 277
Stanford's staff costs for coordinating ' : :
reviewing and inspecting the pro;ect

(not nearly enough) 3,000
‘ 8,277
. Total project cost ‘ $79,581
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VIII. ECONOMICS

With an initial investment of $71,304 (the costs of design
and construction), and the present cost of natural gas at $0.25
per therm, inflated at 15 per cent each year (just a reference),
the undiscounted fuel savings will equal the initial investment
in 22 years. '

The installation of a solar system fixes the cost of energy
for years to come. If the system performs at its expected level
(producing 1,373 usable therms per year and, at a 65 per cent
natural gas efficiency, saving 2,112 therms per year) for 20
years, the equivalent cost of the solar system is $1.68 per therm
saved. If the system should last 30 years, then the cost is $1.12
per therm, and at 40 years, $0.84 per therm.

By comparison, if natural gas inflates at 15 per cent a year,

the 20-year average price would be $1.27 per therm. The 30-year
average price would be $3.61 per therm. ‘
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IX. PROBLEMS, SOLUTIONS AND RECOMMENDATIONS

Debugging the Collector Loop

The closed, drain-back collector loop contains water
and air. During noncollection hours, when the pump is
off, the water in the collectors drains out and down into
a sump tank located in the building. This means that when
the pump comes on again, it must pump water to the top of
the collectors, overcoming the force of gravity. This
static head increases as the distance in height increases.

RECOMMENDATION: To minimize additional static
load on the pump, the sump tank should be located to
minimize the height difference between the sump tank
water level and the top of the collectors while still
allowing for complete draining of the collectors and
all plumbing exposed to freezing conditions.

Once over the high point, water falling down the pipe
creates a negative pressure at the top which sucks water
coming up the pipe. The theoretical advantage of this
"syphon return" over an "open drop" system is reduced pump
head requirements. The pump need only be sized to overcome
the static head at a very low flow. Once the "syphon return"
has been established, the head loss against which the pump
operates will only be flow friction losses. . ‘

The sizing of the collector loop pump was based on
this concept as outlined in Bell & Gossett's Solar Design
Manual. Unfortunately,: this manual and the Stanford solar
system both contained a basic flaw which precluded the

successful execution of this concept.

Once a negative pressure is established at the top .
of the loop, air is sucked through the air vent line (which
allows the collectors to drain when the pump ‘is off) before
water is syphoned up the pipe. A syphon return will never
occur. : :

This problem became apparent on the Stanford solar
system when it was found that the collector loop pump was
delivering only half its design flow. A solenoid valve
could have been installed in the air vent line to allow the
syphon to occur, but this was rejected since one of the main
reasons for going to this system in the first place was to
eliminate the use of electronic or mechanical valves. (The
system might not drain if the solenoid valve stuck in closed
position.) Then it was realized that the back pressure
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required to initiate the syphon was equal to the head
savings once the syphon was started. The syphon return
did not reduce the pump head requirements. It was
necessary, therefore, to replace the original collector
loop pump (1/2 HP) with a new, 3/4 HP pump.

RECOMMENDATION: The pump in the closed-loop,
drain-back system must be sized to overcome statlc
as well as dynamic head losses.

With the new pump installed, it was then discovered
that there was a negative pressure '‘on the suction side of
the pump. This causes the pump to cavitate and reduces its
life expectancy. The problem was believed to be due to a
combination of factors: (a) The pump was only a few feet
below the sump tank water level (which meant there wasn't
much static head on this powerful pump to begin with);
(b) there were undersized fittings to the sump tank (a
standard tank in a nonstandard use) which created extra flow
resistance; (c) a wye strainer before the pump which added
resistance; and (d) several 90° elbows were located in the
line between the sump tank and the pump. This was a necessary
result of the layout and also (as discovered in The Woodlands
Solar Project being constructed at the same time) because
the pump had to be mounted close to the floor with flow in
the vertical direction.

RECOMMENDATION.' The sump tank should be located
high above the pump to put as much head as p0551ble
on the suction side of the pump.

RECOMMENDATION: The pump should be mounted with
flow in the vertical direction to prevent air pockets
from developing over night (out of the very aerated
water) in the volute of the pump.

In addition to streamlining the flow between the sump
tank and the pump, the closed, drain-back loop was pressur-
ized to put positive pressure on the suction side of the
pump. A minimum (cold) pressure of 5 psi is malntalned at
the suction point of the pump

This increased pressure meant the maximum (hot) pressure
would come close to the set point (30 psi) of the relief valves
located on each bank of collectors.. The relief valves were,
therefore, replaced with 70 psi valves.

Structural Support Problems

During detailed design it was realized that the
collectors were to be mounted on a lightweight, panelized
roof system (common on warehouse and storage structures
such as this) which was not intended to accept additional
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roof loads. A structural analysis confirmed that the
addition of solar collectors on the roof would require
considerably more structural work (and cost) than had
originally be anticipated or budgeted. After considering
numerous alternate schemes, a structural system was
finally adopted which consisted of structural steel beams
and trusses spanning over 20 feet and supported over the
column points of the building below.

RECOMMENDATION: A preliminary structural
analysis should be routinely included in solar
feasibility studies so the impact of structural
requirements can be anticipated and budgeted early
when the feasibility and economics of the project
are determined.

Collector Sensor Not Properly Located

When the system design was changed from an open loop
to a closed, drain-back loop, the collector temperature
sensor, instead of being relocated, was left in the collector
manifold. In an open loop system this would have worked
because water remains in all the piping overnight and the
sensor, through syphoning and conduction, would have regis-
tered collector temperature rise in the morning. 1In the
closed, drain-back loop, with no water in the pipes in the
morning, the manifold and the sensor were thermally isolated
from the collector and early morning temperature rise could
not be registered by the controller. A new sensor was,
therefore, installed directly to the back of the collector
absorber plate.

RECOMMENDATION: Carefully review drawings and
specifications before construction, with special
attention given to the side effects of design changes.

Storage Tank Foundation Revised

" Drilled piers were originally designed to be dug in
the mechanical room to resist earthquake loads of the
vertically-mounted solar storage tank. Underground elec-
trical ducting was discovered during construction passing
directly through two of the piers. This could have been
avoided by careful examination of the electrical as-built
drawings. Even though the electrical ducts were empty
(to be used for future expansion), the storage tank was
relocated to take advantage of a better location (recently
freed by the removal of some unused equipment) and the tank
support redesigned (to avoid further surprises). The new
design consisted of a heavy, raised slab instead of piers
to prevent overturning.
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RECOMMENDATION: Carefully examine as-built
drawings for potential conflicts on retrofit projects.

Sloping of the Collector Support Structure

The collector support structure was designed to slope
with the roof. This allowed the collectors and piping to
be mounted square with the support structure while still
achieving the necessary slope for draining water out of the
collectors. Without realizing the intent of the design,
the contractor installed the support structure level. This
not only would have hampered drainage, but increased the
height of the roof support stands at the low points of the

roof. The extra height increased the moment loading (created

by wind) on the supports. The roof support stands were not
designed to take this extra load and the contractor, there-
fore, had to reinstall the collector support structure as
designed. The steel did not have to be refabricated.

RECOMMENDATION: The contractors should not only

understand the "what" of the design, but also the "why,"

so they can effectively judge the consequences of
changes (initiated by themselves and others) and look
for opportunities of improving the system and lowering
costs. :

Flow Switch Not Installled Properly

The flow switch (which signals the solar system when
there is a space heating load) was improperly installed
because the piping connection was too small, preventing the
paddle (which extends into the flow pipe and is displaced
by flow) from moving.

RECOMMENDATION: Carefully read manufacturer's
installation instructions. _ :

Haze on the Inside of Collectpr Coverplate

Soon  after installation, a noticeable haze appeared
on the inside of almost every coverplate. The haze was
very sparse along the flow tubes, making dark-appearing
stripes. A white, chalky deposit also appeared on the
inside of the glass near the outlet elbows of eight or
ten collectors.

As part of its warranty coverage, the collector
manufacturer, Solar Energy Products, Inc., removed the
coverplates and cleaned the glass. The haze was of a
greasy, Or even waxy, nature. Several solvents were used,
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but a grease-cutting agent proved the most successful.
It was their estimate that the haze was caused by out-
gassing from the Nextel absorber coating. This occurred
during construction while the collectors were stagnating
and was caused by the absorber plates not be1ng properly
baked out.

Absorber Plate Flow Tubes Touching Glass

In several collectors, the flow tubes were very
close to the glass and, in some cases, even touching
the glass. Solar Energy Products, Inc., thought-:this
was caused by a lack of quality control which resulted
in imbalanced forces on the asymmetric absorber plate
during expansion. Solar Energy Products, Inc., has
since introduced a new symmetrical absorber plate which
should prevent this from occurring in the  future.

Although heat losses increase when the flow tubes
touch the coverplate, there has not been any apparent
loss of overall system performance and, as yet, no
noticeable damage such as glass breakage.
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Collectors viewed from the west.
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I. PROJECT INFORMATION

Information Summary .

Application: Domestic hot water and space heating

~ System type: Active hydronic

Collector type:. Flat plate, liquid, single-glazed

Collector aréa: 840 square feet (aperture)

Storage capacity: Solar storage tank - 800 gallons
‘ Backup storage tank - 750 gallons

- Key Personnel

Owner: Stanford University
Facilities. Engineering Office
Attn: Robert Kavinoky, Associate Manager of Construction
- (415) 497-4384 4

Solar System Desigﬁer: Interactive Resources, Inc.
© 117 Park Place . .
Point Richmond, CA 94801
Attn: Dale Sartor; Charles Beavers
(415) 236-7435

Contractor: Redwood Mechanical
1590 Tacoma Way
P. 0. Box 5128 ,
"Redwood City, CA 94063
Attn: Gunnar Galsgaard
{415) 365-5095

Solar Collector Manufacturer: Solar Energy Products, Inc.
' o P. O. Box 3969
~Santa Rosa, CA 95402
Attn: Jay C. McLaughlin
(707) 584-7161.

e

Loop Identification

Red: Collector-to-heat exchanger loop

Blue: Heat exchanger-to-Solar storage tank loop
Green: Solar space heating loop

Yellow: Tank-to-tank loop




RELIABILITY ON THE PENINSULA SINCE 1538

LT WA BV G T | |
i = X" v 2 ﬁ | GENERAL & MECHANICAL CONTRACTORS

) Colifernia lize=se Ne, 53431 - E-1; C 4, 20, 3¢, 42,43
WMechcrical ) ‘ 1560 TACOMA WAY—P.O. BOX 5128
: : ' REDWOQOD CITY, CALIFORNIA 94063 °

(415) 365-5095

June 5, 1979

- GUARKNTEE
S o FOR

Central Food Service Bu11d|ng
~ Stanford Urniversity
. Stanford, California
‘Stanford Project No. 1097

. We hereby guarantee the 1abor and maternal to construct a Solar RN

_Hot Water and Space Heating System, per Plan and Specifications, . - -
at the Central Food Service Building located on Stanford Universrty
Campus, Stanford Calnfornua for one (1) year commencing woth
April- 18 1979 o : ,

We agree to. repanr or replace any or all such work that may prove ?'M
defective in workmanship or materials. Ordinary wear and tear
unusual abuse and/or neglect are excepted.

[n the event of our fazlure to comply with the above ment|oned
conditions within a reasonable time after being notified in
writing, we do hereby authorize the Owner to proceed to have the
defects repaired and made good at our expense and we will pay the
costs and charges therefor umoeduately upon demand..

‘e

4
G.<§3lsgaard, Manager
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II. SOLAR SYSTEM DESCRIPTION AND OPERATION

A. Summary Description'

The solar heating system on the Stanford University Food Services Building’
provides space heating and domestic hot water heating. Of the total energy
supplied by the system, approximately two-thirds is used to offset the year _
round domestic hot water heating load, while approximately one-third is used - . -,
to offset the seasonal space heating load. ' o

1. Collector-to-Heat Exchanger Loop. Energy in the form of heat is
transferred from the solar collectors to a heat exchanger (HE-1l) via a
closed, drain-back loop. This loop includes the solar collectors, the
sump tank (120 gallons), pump P-4 and heat exchanger HE-1. This loop
uses untreated tap water as the transfer medium. L

IMPORTANT: No other transfer fluid should be used. The Interim
. Performance Criteria for Solar Heating and Cooling Systems in Commercial
. Buildings, the federal code under which this system as built, requires
a double-wall heat exchanger between potable and non~potable fluids.
With potable water used for drinking and washing on one side of the
'single-wall heat exchanger, HE-1, potable water must be used in the
collector—to—heat exchanger loop.

The collector-to-heat exchanger loop is a closed loop containing"
water and air. Neither water nor air should enter or exit the loop -
unless done so manually. With pump P-4 off, the water level should be -
-flush with the top of the sump tank " All the piping above this level
should contain alr., S LT . o -

When pump Pi4'is'€urned on, water will be circulating fromothe,eumpf T
tank through the heat exchanger, up through the collectors and back to
the sump tank. Air will be forced from the collectors into the sump tank.
The water level in the sump tank should drop to around half-full. The ‘
piping in this loop holds approxzmately 60 gallons; the sump tank, 120
gallons. ’

When pump P-4 is turned off, the weight of the water creates a
suction at the top of the system. The check valve to the air vent line
opens allowing air to flow from the sump tank through the air vent,
displacing water in the collectors and manifolds, therepy draining all
the water from the collectors into the sump tank. -

IMPORTANT: Water should never be allowed to remain in the collectors
when the pump is off. If freezing conditions should occur, the collector
piping will freeze and burst.

,‘ The collector-to-heat exchanger loop is pressurized to ensure that ~
pump P-4 always has a positive pressure on its suction side. A minimum
(cold) pressure of 5 psi should be maintained at this point.



-~ HEAT awm@em

EACY.-UP |
POLEA

S wwouer TR I
| WPUI"FCF}ﬂ S e

JATER LVEL rx—]
'/PHF«\I*

i | PACh-UP || |
JEEeac N ‘*TOV*ME ]

HE-1

5ow2» 5YSTEH SCHEHP\TIO S |

HEAT muquh.




2. Heat Exchanger-to-Solar Storage Tank Loop. The solar storage tank
contains potable water and feeds. the supply side of the backup hot water
storage tank. Water in this tank is circulated through the heat exchanger
HE-1 and returned to the tank. This completes the transfer of heat from
the collectors .to the solar storage .tank.

Pump P-4 in the collector-to-heat exchanger loop. and pump P-7 in the
heat exchanger-to-solar storage tank loop operate together. They are
controlled by differnmetial thermostat T-1l. -

T-1 compares the temperature in the collector with the temperature
at the bottom of the solar storage tank. When the collector is 20°F warmer
than the solar storage tank, pumps P-4 and P-7 are turned on. When the
collector temperature drops to only 3°F warmer than the solar storage tank,,
pumps P-4 and P-7 are turned off. '

- 3. Solar Space Heating Loop. Solar-heated water is stored in the solar
storage tank. Water in this tank is used to pre-heat the return water in
the backup space heating loop. This is done through heat exchanger HE-2.

When differential thermostat T-3 senses that the temperature in the
solar storage tank is 8°F warmer than the return water in the backup space
heating loop, pump P-5 is turned on. The pump is interlocked with a flow-
switch in the backup heating loop. Pump P-5 will come on only if there is
flow in the backup heating loop. When the storage tank temperature is only
3°F warmer than the return water in the backup ‘heating loop, pump.P-5 is
turned off .

IMPORTANT : ,Thelhackup space heating loop should use only water as
the transfer fluid, because the solar storage tank contains potable water
and heat lS transferred through a single-wall heat exchanger. ‘

‘4. Tank—to-Tank Loop. The solar storage tank serves as a pre-heat tank
to the backup hot water storage tank. When hot water is used in the
building, it is drawn from the top of the backup hot water storage tank.
Make-up water to this tank comes from the solar storage tank. Cold water
make-up enters at the kottom of the solar storage tank. o

Backup heat is supp_led to the backup storage tank by the gas-flred
bo;ler, if required.:

When the solar storage tank temperature is greater than the temperature
in the backup storage tank, water is exchanged between tanks via the tank-
to-tank loop. This increases the solar storage capacity during periods of
high solar input and/or low loads.

When differential thermostat T-2 senses that the solar storage tank
is 10°F warmer than the backup hot water storage tank, pump P-6 is turned
on. When the solar storage tank is only 3°F warmer, pump P-6 is turned off.




System Start-up -

1. 'Add Water to the Collector-to-Heat Exchanger Loop. Open the
manual air vent connected to the top of the sump tank. Open the .
two sight glass valves. Add water to the loop through the hose bibb
at the bottom of the sump tank. Fill the system until the water level
is flush with the top of the tank. Add compressed air to the air

-vent until the pressure gauge on the pump registers 10 psi. (Once

operational, check this pressure to enSure that it doesn't drop belew
5 psi with the pump on.) Close the air vent. Close the two sight glass

“valves (water level can only be accurately read during static conditions).

Check that all gate valves are wide open and all drains and air vents
are closed.

2, Convert Make-up Water from Backup Storage Tank to Solar Tank.
Open gate valve which allows cold make-up water to enter the solar
storage tank. Close the gate valve which brings cold make-up water
directly to the backup hot water storage tank. Check that all gate
valves are wide open in the storage tank-to-~heat exchanger loop, the
space heating loop, and the tank-to-tank loop. Drains and air vents
should be closed :

3. Divert Backug;Space Heating Loop Through.Heat Exchanger. Open
the two gate valves which allow return water in the backup loop to. enter
the heat exchahger HE-2. Close the bypass valve. .

4. ' " Switch leferentlal Thermostats to "Automatlc." Switch the three )
differential thermostats,  T-1, T-2 and T-3, to the "automatic" position. -

System Shut-down

1. Switch Differential Thermostats to "Off."  Switch the three
differential thermostats, T-1, T-2 and T-3, to the "off" position.

2. BxpaSS'Backqg_§pace'Heating Loop from Heat Exchanger HE-2. Open
bypass valve. Close the two gate valves which keep return water in the
backup loop from entering the heat exchanger HE-2. -

3. Convert‘Make-up Water from Solar Tank to Backup Storage Tank.
Close the gate valve at the cold water make-up to the solar storage tank.
Open the gate valve at the cold water make-up-to the backup storage tank.

. Close the two gate valves in the tank-to-tank loop that will isolate the

backup tank from the solar tank and its piping. ;




D. Balancing Flow Through Collectors

There are five flow balancing circuit setters in the collector-to-heat
exchanger loop. The circuit setter above the sump tank should be set first
at 21 gpm. This will create enough back pressure to fill all the piping on
the roof with water. Once filled, the reverse return piping will make
balancing flow through each collector bank much easier. Each circuit setter
on the four collector banks should be set for 5.25 gpm.

E. Isolating Collector'Banks for Repairs

Each of the four collector banks can be isolated from the rest of the
system if it should become necessary for repairs, or for other reasons, while
allowing the rest of the system to operate.

Each collector bank has a gate valve at its low inlet and a circuit
settexr at its high outlet. Both of these should be closed. Then the drain
at the bottom of the bank and the manual air vent at the top of the bank should
be opened. This will ensure that there is no water trapped in the collector
bank during lsolatlon. :

F. Low-level Alarm and Disconnect

The collector-to-heat exchanger loop is equipped with a low-level alarm
and disconnect. It is located in the piping at the bottom of the sump tank.
Should. a leak develop in this loop, the water level will fall and trigger the
alarm. It will automatically. disconnect pumps P-4 and P-7 and sound the alarm
-bell on the wall, behind the sump tank. . :
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III. PERIODIC INSPECTION AND MAINTENANCE

The solar system should be inspected every six months to ensure that
all components and systems are operating normally. If properly adhered to,
the solar system will perform more efficiently and last longer. It is in
future years, when fuel prices have greatly escalated, that the solar system
will make its greatest economic savings.

A. Check Water Level in Collector-to-Heat Exchanger Loop

with the pumps off, and water completely drained from the collectors
into the sump tank, open the two sight glass valves and observe the water
level in the collector-to-heat exchanger loop. The water level should be
flush with the top of the sump tank. If low, water. should be added through
the hose bibb at the bottom of the sump tank. Water level can only be
checked during static conditions. Close sight glass valves before turning
pump on.

As a cross check, depress the test switch on the low-level switch.
Light "on" indicates fluid level above probe; light "off," fluid level below
probe. No light could also indicate a probe with excessive scale deposits.

B. Check Pressure in Collector—to-ﬂéat Exchanger Loop

Check loop pressure at the gauge on the suction side of pump P-4.
Pressure should be around 10 psi, but should not fall below 5 psi during
worst conditions, with pump on and water cold. If pressure is low, add .
compressed air to'the vent line connected to the loop above the sump tank. '

If pressure and/or water level cannot be maintained, then check for

. leaks. Open manual air vents at the top of each collector bank. Fill loop °

completely with water. Close air vents, pressurize loop and inspect for
leaks. Flexible connections are.the logical place to start.

C. . Check Operationof Differential Thermostats

‘ The differential thermostats should be periodically checked to see if
the pumps are being activated and deactivated at the proper temperature
differentials. (See Section 6 on controls for on-off settinyys.)

Differential thermostat T-1, which operates the solar collection loops,
should be observed through a full sunny day's operation--at early morning,
mid-day and late afternoon.

Differential thermostat T-2 (tank-to-tank loop) should activate pump P-6
only if the solar storage tank temperature is greater than the backup storage
tank.
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Differential thermostat T-3 (space heating loop) should activate pump
P-5 only when the solar storage tank temperature is greater than the backup
space heating loop and there is flow in the backup space heatlng loop. This
can only really be checked during the winter season.

If the controllers are not operating accordihg to the differential settings,
the sensors can be checked by disconnecting the sensor wires from the controller.
and measuring the sensor resistance with an ohm meter. Temperature vs. resistance .

» specifications are given in Section 6 on controls.

The controllers can be further tested by shorting the sensors. No resistance
will give an infinitely high temperature signal to the controller. For example,
on T=1 (collector loops), if the collector sensor is shorted, pumps P-4 and P—7_‘
should go on. If the storage tank sensor is shorted, the pumps should go off.

Note on indicator lights: Indicator lights on the controllers usually
show when the pumps are on and off, but not always. ' When the disconnect switch
between a controller and pump is off, the indicator light goes on, giving a .
misreading. Similarly, there is a flow switch interlocked with T-3 (space heating
loop). When there is no flow through the backup space heating loop, pump P-5
is prevented from coming on, regardless of the temperature differentials. This
disconnection likewise turns the controller indicator light.on, but not the pump.

D. Check Pump Lubiicationv

Pumps should be lubrlcated according to the servxce instructions 1n
Section 7. : .

~E. Wash Solar Collector Glazing

Every six months, the collectors should be inspected for dirt and pollutants: ..’
on the glazing. Rainfall will usually keep the collectors adequately clean during
the rainy season, but dirt and pollutants will build up on the glass during dry
months. At a minimum, hose the collectors down with water. If dirt build-up
continues, then squeegee clean. , ’

F. Drain Sediment From Storage Tank

Open the drain valve of the 800-gallon solar storage tank. Let the water
run till it flows.clean. This will keep sediment from bulldlng up on the
tank bottom. Every two years, the solar storage tank should“be drained and the
lining inspected.




G.l Check Heat Exchangers

A marked increase in pressure drop and/or reduction in performance
indicate cleaning is necessary. (See Section 8 on heat exchangers for
pressure drop information.) Heat exchanger effectiveness at start-up was
found to be between 50 and 60 per cent. If found to be substantially lower
than this, recheck under different operating conditions. Instructions for
cleaning the tubes is given in the maintenance instructions in Section 8.
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Solar Energy Products, Inc.
West Coast Operations

P. O. Box 3969

Santa Rosa, CA 95402

Model No. CU30-WW

Serial Numbers:

Nokth

: A
West.
1. 10204
2. 10207
3. 16203[
© 4. 10203
5. iozozil
6. 410205,
7. ioisg_

East

10177

10206

10169

10166

10167

10168

10165

. Attn:

10210
10164

10163

10160

10205
10162

10170

SOLAR COLLECTORS

Jay C. McLaughlin

(415)‘584-7161

South

10158
10157

10136

10126

10029

S 10211

10212

e
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FEATURE FOR FEATURE = The SunfliredI»CU30 is carefully designed

' and constructed of the finest quality materials to provide dependable

performance with @ maximum service life expectancy.

o PERFORMANCE - Our advanced design absorber piate combines
copper fliow hubes mechanically expanded into g highly conductive
aluminum extruded wing, closed cell isocyonurate insulation, high
transmissivity tempered glass cover plate, and g highly absorptive
durable plate coating to ossure outstonding thermal! performance
(See Test Analysls page 5). The CU30 may be used in open or
closed systems with working pressures to 150 p.s.i. and provides
thermal performance stability to 300°F. An outstonding feoture
of the CU30 is the odvanced design of the custom aluminum extruded
frarmewal. The framewall has been designed for strength and versatility
in mounting. in either saw-1ooth or integrated roofing application.

¢ DURABIUTY = The anodized oluminum frome. non-degrading
tempered glass cover plate, waler-resistant closed cell insulation
and coppet flow passageways all provide lor design service lite of
30 years, when properly opercted. ) .

© STRUCTURAL INTEGRITY — The CU30 series collectors are designed
10 withstand a wind load of 130 MPH.

© EASE OF INSTALLATION - All fiuid passageways are copper; com-
patible with standard plumbing components, proctices and
standard heat transfer fluids. The fromewall design in-
cludes a continuous flange with hinge and mounting
systemn to provide for fast, easy installation and
great flexibility in collector positioning
ond suppon. R

e SERVICEABIUITY — Convenient and .
simplitied servicing can be
accomplished with easy
cccess through the
front of collector.

@ 1.27 STANDARD BRASS NPT FLUIDLINE
QUTLETS LtASE PLUMBING
CONNECTIONS

<
e
X

INUM ANGLE BRACES FOR INCREASED STRVUC-
TURAL INTEGRITY

\

@ THE ABSORSER PLATE CONSISTS OF A COPPER
FLOW TUBE MECMANICALLY XPANDLD INTO
AN ALUMINUM WING
THIS PROVIDES SUPERIOR MEAT IRANSFER
CHARACTIRISTICS

STME ABSORBER PLAME IS CHEMICALLY
TREATED, COATED FLAT SLACK AND 8AXKED 1O
CBEATE A DURABLE, MIGK PERFORMANCE
SURFACE

® AN ABS GASKET ISOLATES FLUIDLINE
PASS-THROVGH

« SEP's Syﬂenﬁ have been approved for use In HUD's SOLAR
DOMESTIC HOT WATER INITIATIVE by the Potytechnic Institute
of New York and Florida Solar Energy Center.

« Independent testing has been conducted by Desert Sunshine
Exposure Tests, (nc. In occordance with ASHRAE 93-77 testing
standards.

_+ SEP’s Systoms meet the festing standards set by the American
Notional Standards Institute (ANS! B198.1-1977).

"« SEP’s Sunfired'~ CU30-WW solar collector has been approved
by the Research Commitiee of IAPMO (S-1888).

UMITED WARRANTY

The Sunfired'~ CU30 Solar Collector is warronted against defects
in materials and workmanship tor five years from dote of purchase
{excep! for freeze domage, glass breakage and damoge due
to aggressive heat transfer fluid).

O THEHIGH TRANSMISSION 'WATER WHITE TEM.
PIRED GLASS MAS A STIPPLED PATTIAN WHICH
GPREATLY REOUCES SPCULAR QEFLICTANCE
AND INCREASES AISTHETIC APPRAL

@ THE EXCLUSIVE ALUMINUM EXTRUDED HINGE
MOUNTING SYSTEM HAS BEEN DESIGNED FOR
QUICK AND SECURL INSTALLATIONS THME
HINGES MAY 8¢ POSITIONED AT ANY POINT

S STAINLESS STEEL NUTS AND SOLTS FASTEN THE AQOUND THI PEGIMETER OF THE FRAMEWAL

BATTEN TO THE FRAMEWALL SERVICING 1S :

SIMPLIFIED BFCAUSE COMPLETE ACCESS 10

ALL COMPONENTS IS GAINED BY REMOVING

FASTENERS

G THEALUMINUM BACKPLATE HELPS TO MAIN-
TAINTHE RIGIDITY AND RUGGFDN#3S OF TNE
PANEL

.

OTHE AL EXTRUDED ¢ L MAS
GEEN DESIGNED FO0 STRENGTH AND VERSA.
TILITY WITH MOUNTING FLARGE AROUND THE
PERIMETER
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. cul0-ww CU30-wW
OUTSIDE DIMENSIONS: 98.5" x 48.5" x 2.57" ) (VR BTN
APERATURE AREA (3q. f1.): 29.9 ' PANEL OUTLET -‘I ORI BERRY e
GROSS FRONTAL AREA 32.67 ' O ..
DRY WEIGHT (Ibs.): 180
COVER PLATE
Material . Water White gloss
Ughts Per Panel : (1) 85.5 ibs. N
Iron Oxide Content (5} . 0.04
Thickness (inches) 316 - o oawEL
Dimensions (Inches/light) 46 x 96 CONNECTORS)
Solar Transmission (%) ‘ o4 V4" BRASS N.P.T.
Tensile Strength (psi) 6400 (tempered)
Eiastic Modules {psi 106) 10.5
COVER PLATE GASKET: Silicone gasket seal bonded to framewall and
cover plate batten, UV stable ) SERVICE
BACK PLATE ’ FROM FRONT
Materal: 0.032 mill finish gluminum sheet
Woeight: 13.0 Ibs.
FRAMEWALL, BATTEN, AND MULUION )
Materials: aluminum afloy extrusion: Alioy no. 6063-15 ABSORBER PLATE —iys
Weight: 35 Ibs. )
Finish: Clecr anodized
ABSORBER PLATE
Materiat: 0.5" 1.D. - 0.026 wall copper flow tubes mechanically ex- "INSULATION
panded inlo extruded aluminum wings for superior thermal con- “c" sATE
ductivity. Flow tubes brazed to ¥% inch copper headers unless . |
specified otherwise. All wefted surfaces are copper or bross. - )
Fluld Copacity: 0.84 gations T - S TIN
Flow Characteristics: 0.05t. head at 0.75 gpm fiow rate (water). i Do
“ Internal baffles direct fiow for o uniform flow distribution. Absorber : : \&d) :::::':&'; |
plate is designed to afiow tor fluid droinage when level mounted in . . .
the horizontal position. Vedicaly mqumcd oollectors must be ordered MOUNTING FLANGE - H 1 1ens
specificolly without internat baffles to allow collector drainoge. ARQUND ENTIRE —» ,
Pressure Drop Curve FRAMEWALL | st L ! . '
S NS B
20 " LEPY AND MIONT HAND IND OUTUIT OPTIONS AVAILAME .~ ~
3 " "30 S ‘:“ —— ={
z . i . : .
: 1.0 : - /, . R el
: —/, C
g }
[ 1 2 GPMMz0 3. . [
THE ABOVE CURVE ILUSTRATES PRESSURE DROP ACROSS THE CUZ0 PANTL -
WITH WATER AS THE TRANSFER FLUID
Surface: Assembled picte is chemically freated and coated flot
biock uniess specitied otherwise. :
Soiar Absorptivity: 0.98 o
Emmissivity: 0.89
Weight: 49 Ibs. :
INSULATION 3
Material: 4-1/8 inch isocyanurate foam board; routed to receive
flow tube pattern.
Thermai Conductivity: 0.09 Btu-in./#.2°F ' s NS
Flame Spread Classification: 20 (7.5~ wiD®)
Welght: 7.0 Ibs. AN
DESIGN UFE: Malerial selection and design considerations aliow an ex-
pected service life of thirty (30) years, when the panel is operoted
properly. 91
OPTIONS S : B SN
CU30-HRM Mounting System: Aluminum extruded mill finish hinges A 'jﬁ’ i
(4) designed to mote with any section of framewall. Aluminumy DA # : %0_ ‘
standofls (2) and mounting brockets (4) suitable for fixed position or X - - .
adjustable mounting (from 0° 10 90°+), Weight 9.0 1bs. :;r":“o.m“ _/ |
€U30-$0 Four %" brass threaded outlets with paraiiel internal 4" ;;O:n‘?:f:e':‘ggna WEADER 678" — 0.026 COPPER HEADERS
1.0. = 0.035 wall copper headers. )
Lett hand and right hand %" brass NPT end outlets. ABSORSER PLATE
Y IS Y. 174 00 o m mom o' 1 umd BHamess B s v B e e o s o om e b ek Aa. -




C2) SPECIFICATIONS: SUNFIRED™
5/ CU30-WW SOLAR COLLECTOR

€U30-WW FLAT PLATE SOLAR COLLECTOR

PEAs '«":,-.ﬁv.i‘z::.\-w -z

e

3

IR, L g

Testing performed in accordance with NBSIR 74-635, ASH 93-P and
ASHRAE 93-77 by Desert Sunshine Exposure Tests, Inc., Phoenix, Arizona.

APERATURE AREA—~THERMAL PERFORMANCE CURVE

1.0
.90 NBSIR 74-635 -
20 B
b \* €u30-ww
g .o — . SLOPE = -1.93
Q _— YANTIRCEPT = 0.83
£ P —
“a
30 —
20
A0 i
° 0 0 . ° 3 %0 3 @0 48 0 98

Fiuid Parameter T1=Tq °F/Btu/t2hr
I .

GROSS FRONTAL AREA — THERMAL PERFORMANCE CURVE

10
90 ASHRAE 93-77
»
70 cuI0.WW
» , SLOPIL = 1,00
gM — YANTIRCEPT = 0.72
3 50
e OROSS FRONTAL
0 ARIA = 32,67 sq. #1.
. APIRATURL AREA = r——
2 29.9 ig. #.
10
° 1 1
08 0. a8 .29 .28 .30 38 40 r 50 K1
inlet Parameter Ti = Tg °F/BTU/FI12hr
Qi \
1o = ombient temperatute Tt = Yin + Tou of collector fluid
I = solarinsolotion ' 2

THERMAL PERFORMANCE CURVE EXPLANATION
The obove thermal performance curve has been derived from tests
conducted by: Desert Sunshine Exposure Tests, Inc.

Test dota available upon request

Instantaneous solar collector efficiency of the CU30 solar collector is found
by operating the panel under stable conditions and monitoring inlet and
outlet temperatures and the mass flow rate. The ponel inlet and outlet
temperatures are averoged ond the ambient air temperoture is subtracted
from the result. This number is then divided by the incident solar rodiotion
Btu/heit.2. The resulting value is plofted along the x-axis of the groph. The
vaiue 10 be plotted on the y-axis is the actuot efficiency of the panet: output
{outle! tempercture minus inle! temperature °F muitiplied by the flow rate
Ib./ht.) divided by input (insolation Btu/hr.). These values plotted ot difterent
‘inlet tempergtures. provide an instontoneous performance curve.

THERMAL PERFORMANCE STABILITY

Thermal distorion of the solor collector during operation and periods of
stagnation to lemperatures of 3J00°F will not cause signiticant
deterioration of panerl's pertformance.

9
iates, Inc., Gaoinesville, Florida.

(< \SPECIFICATIONS SUMMARY:CU30

/SUNFIRED™ SOLAR COLLECTOR

The CU30 Fiot Piate solar collector panels shall be capable of absorbing
solar radiotion and transterring the resulting heat into a heot tronsfer fluid
circulating through the panel. The absorber plote shaill consist of a grid
pottern of aluminum “fin” extrusions with copper fiow tubes mechanically
expanded into the tins, providing positive thermal contact of minimum
67% of lube suroce. The enclosure box shall be constructed of clear
anodized aluminum with the mounting flange extending around the entire
perimetet of the panel. Insulation shall be 1-1/8" closed cell isocyanurate
rigld loam board. The cover plate shall be tempered water white
glass with iansmissivity of .94. The panet fluid connections shall be
thermally isolated 4/2" NPT brass nipple. )

THERMAL PERFORMANCE

The panel's opetature shall be independently tested occording to ASHRAE.
93-77 test standaras. The panets shalt have a linear analysis thermal efficiency
described by the equations:

EFF.=0.83-1.15(Ty=14) {NBSIR 74-635)
I C
EFF. = 0.72 — 4.10(Ty ;- Ta)

Qi (ASHRAE 93-77)

EFF. = 0.696 — 0.584 (IP) — 0.872 (IP)2

DURABILITY

The ponel shall be copable of withstanding stagnation temperatures of
300°F without signiticont degrodaotion. The ponel shali be designed to
withstand wind loads 1o 130 mph, when properly mounted. The absorber
piote shall be designed to allow fluid drainage for freeze protection and
sholl be capable of withstanding working pressures of 150 psi. The panels
shall have a design service life of 30 years.

SERVICEABILITY

The gioss cover plate sholl be removable from the tront of the panel with
simple hand 100ls The absorber plote and other components shall then
be removabie through the front of the panei. )




Accepted Noverber, 1977 Application number_S-14364

This recommendation is for the period indicated herein and is void after  Reproduction of or reference to this form for advertisi
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INTERNATIONAL ASSOCIATION OF PLUMBING AND MECHANICAL OFFICIALS Tpa

A NON-PROFIT CORPORATION

Void after Noverber, 1978 File number __g5-1888

RECOMMENDATION OF THE PLUMBING RESEARCH COMMITTEE

The product described herein has been reviewed, tested and recommended for acceptance by the Research Committee of the
International Association of Plumbing and Mechanical Officials as meeting the requirements of the UNIFORM PLUMBING
CODE. This recommendation is subject 1o the conditions set forth in the characteristics below and is not to be construed
as assurance or guarantee by the Association of product acceptance by local jurisdictions or authorities using the UNI-
FORM PLUMBING CODE or otherwise affiliated with the Assocjation.

Fioduct trade name Solar Collectors Model No. CU30WW

Characteristics: Flat-plate solar collectors for swimming pool, space or domestic hot water heating
agphcat.mns (for residential, cammercial and industrial uses). To be installed in accordance
with the manufacturer's instructions and recamendations and the Uniform Solar Energy Code.

Dimensions (length x width x thickness) are: 8'2.5" x 4'0.5" x 2.57". The total collector
area is 33.2 square feet (approximately) and the aperture area is 30.1 square feet (approxi-
mately). Frame construction is aluminum alloy (alloy no. 6063-T5) extrusion clear anodized.
The absorption surface plate is made of extruded aluminum. The water-ways are made of copper

Applicant___Solar Fnerqgy Products, Inc.
Address _1208 N.W, 8th Ave, City__Gainegville State___FI. 32601

AR
g purposes may be
| Association of
of use of the UPQ

date shown above. Any change in material, marking or design without  made only by specific written permissicn of Intern

having first obtained the approval of the Research Committee or evidence  Plumbing and Mechanical Officials. This authorize

of inferior workmanship or failure fo follow an equitable service policy may  shield on products cove?d% this certificate.
.' . ' l

be deemed as sufficient cause for revocation of this recommendation. , /
- .'/ qd ~ -
A N
Va4 S 4 4 ‘ k—(. v v L‘-(éok M‘—v*
’ HAY . nesfakc/ coum i’(z&mw EXECUTIVE DIRECTOR )

Sponsors of UNIFORM MECHANI CODES
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INTERNATIONAL ASSOCIATION OF PLUMBING AND MECHANICAL OFFICIALS U

A NON-PROFIT CORPORATION

i

Accepted November, 1377 : ' , Applicc;!ion number_S5-14364

Void ofter | Noverber, 1978 S File number_S~1888

-

RECOMMENDATION OF THE PLUMBING RESEARCH COMMITTEE -
| ATTACHMENT TO LISTING CERTIFICATE
Product trade name- Solar Collectors

tubing, type M, 0.5" I.D. The inlet and outlet headers are made of copper tubing, type M,
0.75" 0.D. Insulation is isocyanurate foam, 1.125" thickness. Selective paint is flat
black, rust inhibitive, high temperature. Glazing - tempered glass, single, 0.188".

Weight - 190 lbs (dry), 200 lbs (wet). The cover plate gasket is silicone gasket seal bonded
to frame wall and cover plate batten, UV stable. The back plate is 0.032 mil finish

aluminum sheet. All wetted surfaces are copper or brass. Two (2) drain holes, 0.25" in
diameter, are located at the low points of the panels. Flow characteristics: 0.05 foot
head at 0.75 gpm flow rate, maximum design flow rate is 5 gpm.

Sponsors of UNIFORM MECHANICAL CODES

’mm A88000005585880000080000088
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EDWARD B. C'KELLEY, P.E.
CONSULTING STRUCTURAL ENGINEER

904 SOUTH MAIN STREET

: TELEPHONE
GAINESVILLE, FLORIDA 328601 -

904.372.7388

STRUCTURAL CERTIFICATION

Solar Energy Products, Inc.
1208 N. W. 8th Avenue
Gainesville, Florida 32601

Collector Model Number: Cu 30 WW

The undersigned, an engineer registered in the State of Florida
does certify that, having used generally accepted procedures, .
he has determined that the wind load that may be sustained

by the solar collector identified in the heading above without

damage to the cover plate material® or its mounting is at least
42.5 1b/ft2, '

RS L R R T

- T4y

T eeeentOp,
[}

(N
Zo o

Qate: Dec. 16, 1877

R AR :?,;; Typed Name: Edward B. Kelley, Jr,
‘e, ~'( A N *\' ’:" P
e AN F Registration No. Florida 3932

* The structural behavior of glass is such that the risk of
breakage must be handled statistically. Risk can be reduced

to an ingignificant level, but it cannot be eliminated. For

this reason, glass is not guaranteed against breakage. Predicted
breakage for these stated installation conditions is estimated

as 15 out of 1,000, exclusive of breakage caused by flying objects.




SROWN & ASSOCIATES INC.
ECTS —- ENGINEERS

2 9 0 2 M c 8B R I DE LA NE
SANTA ROSA CAL!IF 9540
Tt 1LEPHONE (707) 546-1322

May 2, 1978

Mr. Jay C. McLaughlin, Vice-President
Solar Energy Products, Inc.

P.0. Box 3969

Santa Rosa, California 95402

Dear Mr, Mclaughlin:

In receipt of your request of February 22, 1978, we analyzed your Solar Collector
Panel CU30-WW with Mounting Assembly CU30-HRM. OQur structural analysls was based
on the assumption that t'ie system is assembled and mounted according' to the manu-
facturer's instructions and specifications, contained in Manual 13.25/Sb-1, with
components and details as shown on attached Drawings #101-108, dated November 22,
1977. 1t was further assumed that all aluminum members have a yield point of
15,000 psi or more; all connector bolts used are 3/8" in diameter or greater; and
that the assemblies are located at a height not exceeding 30' from the ground.

The structural analysis 1is shown on computation sheets C. 1 thru C.7, dated March
1978, attached to this letter.

The analysis is based on the requirements for resistance against wind and seismic
forces definded in the following building codes:

Uniform Building Code, 1976 edition

Ticle 24, Building Regulations, California Administrative Code
Title 21, California Administrative Code (Schools)

Title 22, California Administrative Code (Hospitals)

We found .that the controlling force for the purpose of our analysis was a wind
force of 20 lbs. per square foot, in addition to the dead loads of the structure. .
In our analysis, we found the following three areas of compliance with the codes:® -

1)’ When the unit is mounted horizontally, as shown in the top portion of Draw-
ing #108, and when it has 2 standoff supports in any location, the assembly
meets the requirements of the codes stated above..

2) When mounted‘horizontally, and when the 2 standoff supports are smeetrically,
located with respect to the center point and are at least 3'-8" apart, but
not more than 4'=10" apart, the assembly is capable of resisting a wind
force of 130 mph, equalling a horizontal force .of 42.5 lbs. per square foot.

3)° When the assembly is mounted vertically, as shown in the lower half of
Drawing #108, additional bracing is required for the standoff and, under
these conditions, special details need be provided.

£ Brownd

John E. Brown
Structural Engineer

Sincerely,

JOHN E. BROWN, F. ASCE, CIVIL & STRUCTURAL ENGINEER HECTOR V. TATE, A.lLA, ARCHITECT
ROBERT B. EARL, 1EEE, NSPE, MECH, & €1, ENGINEER SAMUEL S. WERTZ, QUALITY CONTROL CONSULTANT




DESERT SUNSHING EXPOSURE TESTS, INC.,
o - O st ﬂny!hmg “Ulnder the Sun

BOX 185 ¢« BLACK CANYON STAGE
PHOENIX. ARIZONA 85020
(602)465-7525

x4:- W
= .J"";.
\ 9 )
Aom) .
‘AU A DSET Report No. 77507052 - Page 1 of 2
THE S RACHNA CERTIFICATION
| OF

SoLArR DeEvice PERFORMANCE TEST

This certifies that DESERT SUNSHINE EXPOSURE TESTS, INC, b

tcsted a solar collcector for:

: GULF THERMAL CORPORATION 2215 Industrjal Boulevard
Company . Address -
Sarasota . Florida ., __33578 » described as follows:
City _ State 2ip :
Collector Model No. cus ' » Collector Serial No. None
Collector Type Flat-plate

Describe (i.c., flat- platc, fin & tube, qerpenunc,
concentrating, etc.)

Gross

Collector D.xmens:.ons. { DescXoercpe ) 48.5" x-98.5" (32.67 ftz)

. Aperture Dimensions ____ (29.9 ftz) |

Re‘c.:eivet Coating ‘ﬁon;aelecti\;e V ' Glazing(s) ASG "Sunadex"
Datc(s) of test 'J:anuary 9-10, 1977 , in accc;rdance with the test

method described by the following (inapplicable documents crossed out):

ASHRAE 0060000008 93-77
NIOSONXKIDOBUBOCULOCOSOSNAOOGENOROPODO NG X HUSOAEIBOHOA
NGFOBC 0 X X X 322 3 X XK K XX X XX

DOVUVTOBURTIIISEIT XOROOBUSUC BURUX X B0V SR0OSED00D0K X000X 38600008000

with the follouwing exceptio'ns to ahove test method:

. None

Explanation




DSET Report No. - 77S0705A (contd) Page 2 of 2

CERTIFICATION OF SOLAR DEVICE PERFORMANCE TEST

DSET does not certify the product described herein, or the performance

‘ thereof, or the suitability of the product for any purposes whatever. DSET

certifics only that the forcgoing test procedures were followed and that
the referenced test report 'is the result of said tests.

Cer'tified and Sworn to by

DESERT SUNSHINE EXPOSURE TESTS, INC.

ed to certify

Gene A. Zerlaut, Technical Director
Typed Name and Title

July 7, 1977
Date

\ Solar Enerdy Products, inc.

9 P.O. Box 3969 e Santa Rosa, California 95402

4 Supplier of Solar Energy Equipment
(707) 526-3541
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January 27, 1977

Mr. Dudley Slocum

TAWA,
THE SUN KACHINA President
GULF THERMAL CORPORATION

2215 Industrial Blvd.
P. O. Box 13124 Airgate Br.
Sarasota, Florida 33578

3 Solar Energy Prodicis, Ing
\ 1208 N.W. 8th Ave. ° Gainasville, Florida 326¢
=y " Suppher 0f Solar Energy Equipment

RSt (904) 377-6527

* ' Dear Mr. Slocunm:

The following report gives the basic results of performance
tests conducted on the Gulf Thermal Corporation Model CUS col=-
lector.

A Testing was performed in accordance with the ASHRAE- 93-P
N B proposed method and DSET Specification 75SE2 utilizing an alt=-
‘ azimuth sun-tracking (ENI) mount. The general test rationale
and procedures employed are described in the DSET Specification
appended to this report. The specification should also be re-
ferred to for instrumentation used and exceptions to the ASHRAE
-93-p procedures. ~

It should be noted that pressure drop data as presented L a
were measurcd with stAndard pressure gauges and are not con=
sidered highly accurate. Therefore, caution is advised in form=
ing conclusions based on these data. Highly accurate pressure
transducers are due to be installed in the test facility; how=-

~ever, due to schadule commitments, it was rcqu;rcd that testlng
proceed prior to their installation.

The ASHRAE 93~-P method is composed of four parts: (1) Pre-
conditioning, (2) Determination of the collector's time constant,
(3) Instantaneous efficiency performance test, and (4) Determi-
nation of the incident angle modifier for the collector.

Fach of these topics will be addressed separately and test
data and results are presented at the end of the rcport.

. . 1. Preconditioning
Prior to the thermal performance tests the collector was
) placed at a 45° south facing angle and exposed to the sun in a

non-operational, 'stagnation mode.  The collector was initially




Mr. Dudlcy Slocum
January 27, 1977
Page Two

filled with water, the inlet scaled, and the water was allowed to evapor-
ate over a three~day period during which the cumulative daily insolation
was equal to or greater than 1500 BTU/FTz.

At the end of the stagnation perxod the collector was visually in-
spected. No discernible damage or changes were noted.

2. Collector Time Constant

Testing of the collector to determine its time constant, i.e.,
the time required for the outlet fluid tenperature to attain 63.2 percent
of its steady state value, was performed on the ENI mount by tuxning the
collector out of the sun to provide the necessary step change in insola- .
tion (ASHRAE 93-P, Section 8.3.1, Method (1)).

The data obtained, as given in the table attached, resulted in a
value of 3 min. 50 sec. for the time constant of the collector.

As one-half of the collector's time constant is less than S5 minutes,
the subsequent performance test data were integrated over S-minute time
periods.

.

‘3. Instantaneous Efficiency Performance Test

The instantaneous efficiency test was performed utilizing an alt-
azimuth sun-tracking (ENI) mount which maintained the collector at' normal
incidence to the sun throughout the test period. The test was conducted
at an average flow rate of 409,28 lb/hr (0.818 gpm) while the inlet fluid
temperature was varied, The inlet fluld tempexature was varied from around <
ambient temperature to about 205°F to provide as wide a range of operacing
conditions as possible.

‘Data obtained from this test and relevant calculated values are
given in the attached tables. Please note that where integrated values
have bcen reported, the mean value for the integral is giVen in parentheses.

Following the data ‘tables are two graphs presenting the effzczency
data as a function of the inlet parameter, (T, -7 )/q (which describes the
conditions under which the collector was operateg) . R '

In the case of the first graph, the data were analyzed using a
2nd order least squares polynonial- which resulted in the following effi-
ciency equation as a function of the inlet parameter.

C T f’r-’r 2
n=0.760 - 0.639 | -0.951,
fooa; . ay
N 2 L

(1)




Mr. Dudlcey Slocun
January 27, 1977
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In the casc of the second grapﬁ, the data were analyzed with a
lst oxder least squares regression, at the client's request. 7The anal-
ysis resulted in the following lincar equation for the efficiency of the
collector in terms of the inlet parameter.

T.-Ta
n=0.787 - 1.097 :

N i

(2)

As the ASHRAE method requires 2nd order polynomial analysis,
subseqdent discussion and presentation of the test results are based
upon the non-linear 2nd order analysis as given in equation (1).

At an inlet parameter of zero, i.e,, no heat loss to ambient
relative to the inlet temperature, equation (1) yiclded a value of 0,760
(76.0%) for the optical efficiency factor. The optical efficiency factor,
F_at, is the product of the heat removal factor (F,.), the receiver: ab-
sorpt1v1ty {a) and the transmissivity (1) of the cover system.

leferentxatlon of the efficiency equation-with respect to the
inlet parameter resulted in the following expression that describes the
overall heat losses from the collector, FRUL' where U is. the overall
heat lass coefflcxent. ‘

n ‘ . [ 7,7
AR, = F U = -0.639 - 1.902 —2
g L2 RL : Tq,

. : o~ 1 ~J
_ q o

Since thc overall heat loss is a function of the thermal condi-
_ tions under which the collector is operated, as described by the inlet
parameter, the diffcrential was evaluated at three different parameters
to give some indication of the heat losses exper;cnc;d by the collector.’
The resultant values are given below. :

’ xR s
Inlet Paramecter®* F UL -
0.05 ‘ -0.734
0.25 -1.115
0.45 -1.495
'°F/BTU£FT2,hr i
**BTULFTS . hr/°F

As the above values demonstrate, the hcat losses increase with
increasing operating temperatures.
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As you wil) note, the ASHRAE method requires that the cfficiency
of thé collcector be expressed in terms of theinlet fluid temperature
whereas in the NBS method the average fluid temperature is utilized and
results are expressed in terms of the fluld parameter, (Tf T )/q Conse-

‘quently, performance curves based on different parameters ard no{ readily

comparable. However, the data tables contain all of the data necessary
to generate performance curves based upon any of the various parameters
for which measurements exist,

In this respect, we have provided two additional graphs of effi-
ciency as a function of the fluid parameter, ong with & non-lincar (2nd
order) analysis, the other with a linear analysis. The analysis resulted
in the equations bclow. .

. r _ - z
, T_-T (/1'-T
. f "a -1.120 | _f "a

n=0.779 - 0.572] —

L % L%

(17
n = 0.825 = 1.154 | ~—

L %

These equations and the curves presented in the graphs should pro=-
vide a mcans of comparison to the previous tests you have that were per-
formed to the NBS method. :

(non-linear)

{(linear)

4. Incident Angle Modifier

In order to predict collector performance over a wide range of
conditions, tests were conducted to determine.the incident angle modifier, *
K _, for the collector. The incident angle modifier is used to modify the
performince curve (determined at normal incidence) to account for changes
in performance as a function of the sun's incident angle and is defined by

“the general equatzon- f’A . ~7
; 1

XK =1 4p 1.
av TTo cos® ‘
: L A

The collector was tested by adjusting the ENI mount so that the
collector was at incident angles of 45°, 60° and 75°. Data werc taken in
each of the incident angle positions and the appropriate”efficiency values
were computed (ASHRAE 93-P, Section 8.3.3, Method (l))..

The efficicncy data so obtained were plotted on the performance
graph and an extrapolation was made to the ordinate by assuming the same
slope as the performance curve,
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‘ The intercept values, n_,. for each incident angle condition
thus obtained are given beclow along with the resultant values for K&‘.

Incident Angle, O: 45° 45° - §0° 60° 75° 75°
ng: 0.762  0.747 0.704 0.711 - 0.441 0.439
K, 1.003 0.983 0.926 0.936 0.580 0.578

The data for K as a function of ~A~r ~1, as presented in a
graph attached, were ana?yzed using a least sduares lincar regression in
ordex ‘to determine the value of b in the general equation. This yielded
the following incident angle modifier equation for the collector:

K =1~ 0.174 L
at . cos@

The ASHRAE 93-P test is quite comprehensive and valuable in the amount
of information it can pruvide about the collector's operating character-
istics. DSET has prepared a position paper (enclosced) for the exclusive
use of its clicents which presents methods by which the test results can be
used to generate various information about the collector.

The methods and procedures presented in the position paper, for.the
most part, have not been extensively ficld tested. We, therefore, solicit
any comments you may have regarding the posit;on pgg$§‘conszstent wzth

your experlences in thc field.
Very 5:;7(yours;

'william T. Dokos
" Research Engincer

WID:1f

Enclosures
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a5
Pin
AP
AT
Tp
T
P
'Tﬁ'Ta

Absorptance of recciver/absorber

TransmﬁttnnccAof cover

Collcctor plate cfficiency factor /
Collector plate heat-removal cfficiency
Overall heat loss. coefficient

Local solar time

Miss flow rate

Inlet fluid tomperature

‘Qutlet fluid temperature

Plate temperature
Ambient air temperature
Heat capacity

Insolation (incoming solar radiation)

‘Inlet pressure
- Pressure drop.

' Fluid temperature differential (T,-T;)

Average {luid.temperature
Average plate.temperéture :

Aycrége fluid temperature ¢iffcrential over ambient

“Average plate temperature diffcrential over ambicnt

Fluid parameter .
Plate parvameter
Collector output

Efficicncy

‘Average values



Date:

"Solar
Time

13:56:00

- GULF THERMAL CORPORATION

DSET No. 170065/7750109A

Collcctor Time Constant

January 9, 1977

24.6

T,
s

12.6

- = = =:-Collector Taken Out of

13:56:30

13:56:50
13:57:10
13:57:30
13:57:50

13:58:10°

13:58:30
13:58:50

. 13:59:10

13:59:30
13:59:50

14:00:10

14:00:30

.25.1
24.4
23.5
22.2
21.1
20.2
19.3
18.5

17.9

17.4

. 16.9.

16.5
16.1

12.6

12.6
12.7
12.6

12.5
12.6
12.6
12.5
12.5

12.5

12.4

12.4
S 12.4

-0.405%
0.369

0.336

0.303

Wind:

‘e

360 fpm




DESERT SUNSHINE EXP'OSURE TESTS,

INC.

. ¢ 15 Viack Ce qe
‘;f”::'\"‘{)‘( Box 14 > Nla ‘ Canyon Staqgc
'Y Phoenix, Arizona 85020
COMPANY: GULF THERMAL CORPORATION DATE: Ja‘uuary 9, 1977
REFERENCE NO.: 10/20/76 Slocunm COLLLCIVR: CUS, GF 17006S
DSET NO.: 170065 GLAZING: Single Glasy
REPORT NO.: 7750109A AVERTURE AREA: 29.9 ft
TEST METHOD: DSET 75SF2.7 (ASHRAE 93-F/ENI)
t, solar 1222 1229 1245 1252 1402
f (1b/hr) 372.5 369.9 368.8 368.3 373.3
IT' (°F) (204.7) (204.6) (204.4) . (204.3) (162.2)
i 3070.7 3069.1 3066.1 ! 3064.8 2433.4
‘{T (°F) (211.6) (211.5) (211.5) (211.5) (172.9)
4 0 3174.0 3172.3 3172.4 3172.1 2593.7
- T_ (°F) ' ' - -
T (°F) ~ o )

p, - - i - - -
?E>(°F) _ _ ‘ _ _ ~
j'T (°F) (46.2) . (46.8) T (46.8) (47.3) (48.5)

a ' 693.3 701.6 702.1 708.9 727.1
wind Velocity N 7 E 7 NE 8 N 4 N 8
Air Over 0 48 a7 400
Collector (fpm) 410 20 ° ' ) 0
C, (B1U/1b.°F) 1.00637 1.00635 1.00635 | 1.00632 1.00148

fq. (BTU/FT2.hr) (338.9; (339.0) (337.9) (337.9) (324.9)
s 3 A 5083.2 5084.6 5069.1 5068.0 4873.5
X Diffus .
9y, % Diffuse 5.5 5.5 5.5 5.6 5.8
Tilt Angle 54.4 54.6 55.1 55.4 61.1
Incidence Angle 0° 0° 0° o° 0°
Azimuth Angle . -5.1 -7.1 -11.6 -13.5 -31.4
P, si '
in (P 13.3 13.3 13.2 13.2 13.8
AP (psi) 3.2 3.2 3.2 3.2 3.3
]AT (oF) (G.9) (6.9) 7.0 7 2) o7
103.2 103.1 106.3 .107.3 160.3
Te (°F) 208.2 208.0 208.0 207.9 167.6
T (°F) - - - - -
Tr-Ta (°F) 161.9 161.3 161.1 160.6 119.1
Tp=Ta (°F) - - - i -
Ti-Ta (°F) 158.5 157.8 157.6 "57.0 113.7

- * ——

(Te=T 079 0.478 0.476 0.477 0.475 0.367
(T, /et 0.468 0.466 0.465 0.465 0.350

- 4

(Tp Ta)/qi - - - - -
n AR

qi - . - ' - - -
Efficicency, n 0.255% 0.252 0.260 .0.262 0.411
*oP/RTU/FT . hr Sopr/ET?  hr Faje ) of 4

Loornl v s sm B




COMPANY: GULF THEEMAL COKPORATIOM

DESERT SUNSHINE HXPOSURE TESTS, INC.

nRox 14895,
Phocnix,

DATH: Jam

[ark Canyon Staqge
Avizona 85020

jary 9, 1977

REFERENCE NO.: 10/20/7G Slocum COLLECTUR; CUS, GF 17006S
DSET NO.:  17006S GLAZING:  Singlc Glass
REPORT NO.: 77S0109A APERTURE AKEA: 29.9 ft
TEST METHOD: DSET 75SE2.7 (ASHRAE 93-P/ENI)
t, solar 1409 1425 1432 1507 1514
M (1b/hr) 370.6 370.1 " 368.5 370.2 377.7
IT. (°F) (162.1) (161.9) (161.5) (54.5) (54.5)
i ' 2432.0 2424.0 2422.8 $17.9 817,17
T (°F) (172.9) (172.6) (1772.2) (7279) (72.0)
j o 2593.4 258»5:__4 2582.6 m:}'g_.o 1079.7
T (°F) - - - - -
p . .- ane
T (°F _ _ - - N
P ) _
- ER}
'I‘}3 (°F) - - - - -
j-T (°F) (48.5) (48.7) (48.9) (49.8) (49.7)
a 727.8 730.8 733.6 747.2 745.2
Wind Velocity NE 6 N 8 N 10 N 8 E 5
[T Alr Over T
Collector (fpm) 490 500 610 820 160
€ (BTU/1b.°F) 1.00148 1.00145 1.00141 0.99924 0.99925
jq. (nm/FTz.}u.) (372?9)1 (32()-Dy (BI;-GT_ -(79-4-..]) (2{‘80 g’ .
i 48442 4800, 4 4764.0 4410.9 4332.8
q 0 v Diffuse 5.8 5.7 5.8 5.3 5.3
Tilt Angle 61.9 62.9 63.7 69,7 70.7
Incidence Angle Q° 0° 0° o° 0°
_ Azimuth Angle ~33,0 -34.8 -36.3 -45.0 «46.3
Pin (psi) 13.8 13.8 13.8 14.3 14.0
AP_(psi) 3.5 3.5 3.5 3.6 3.6
IAT (°F) (10.8) (10.7) (10.6) (17.9)" “(17.5)
_ 161.4 160.5 159.7 268.1 262.0
Tg (°F) 167.5 167.2 166.8 63.5 63.2
Tp (°F) - - - - -
Te=Ta (°F) 119.0 118.5 117.9 13.6 13.6
’I‘p—']‘a ( ° [") - - - - -
- Ti=Ty (°F) 113.6 113.6 112.6 4.7 4.8
R x .
(e=T /4 0.368 0.370 0.371 | 0.046 0.047
(T,=r)/9;* 0. 352 0.355 0.1355 0.016 0.017
o
- «
('I‘u'l‘a)/qi - - - - -
n_o .. - - - - ’ -
q‘i .
Efficiency, n 0.413 0.411 0.4l4 | 0.752 0.763

-




4 Box 185, Black Canyon Stare

;lyf¢{ fhoenix, Arirzona 85020
COMI'ANY: GULF THERMAL (TORI‘é!U\T ION DATE: January 9,
REFERENCE NO.:10/20/76 Slocuwn COLLECTOR: CUL, GV
DSET NO.: 170065 GLAZING:
REPORT NO.: 7750109A

TEST METHOD:

DESERT SUNSHINE

EXTOSURE TESTS,

DSET 75SE2.7 (ASHRAE 93-P/ENI)

INC.

APENTURE AREA:

1977
170068
Single Glass
29.9 ft

0.740

ko ]

t, solar 1530 1537
# (1b/hr) 376.0 373.4
(54.4) (54.4)
-
fr, ep 816. 1 815.3
(70.7) (70.1)
-]
jTo (°F) 1059.9 1053.9 I
T (°F) _ -
I
T (°F
P ) - -
'r (°F) _ -
(49.77) (49, 4)
0‘ .
fT ¥ 744.8 741.4
wind Velocity NE 6 N S
Alr Over n
Collector (fpm) 200 90
C, (BTU/1b.°F) 0.99932 0.99937
1 4130.1 021.7
g., % Diffuse ,
_i 5.0 5.0 ~
Tilt Angle 23,2 74.4
Incidence Angle 0° 0°
Azimuth Angle -49.2 =50.4
Pin (PSil 14.8 14.8
AP (psi) 3.7 3.8
Cap (o (16. 2) (15.9)
IAT (°F) 243.7 234.6
Te (°F) 62.5 62.3
Tp (ob‘)' - - .
TeTa (°F) 12.9 12.9 : :
rrp_ cloa ( o !_\ ) - -
Ti=Ta (°F) 4.7 1.0
P -7 *
We=Ta)/4; | __0.017 0.018 L
(Ty=T 795" 0.017 0.015
(r =1.)/a" _ -
L__~ﬂ /e —-
n AR - - !
qi '
Efficiency, n 0.742 §
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COMPANY:

?)1‘

’7>

PLESERT

Box

SUNSHINE

a5,

Yhoenix,

GULF THEFMAL COPPORATION

FEFERFERCE NO.: 10/20/7CG  $Slocunm
DSET NO.: 170065
REPORT NO.: 77C0109A

TEST METHOD:

DSET 758E2.7

EXPOSURE TESTS,

Luinona

Nlack Canyon

(ASHRAE 93-1/ENI)

DATY:
COLLECTOR:
GLAZING:
APLRTURE

RIEA:

~Januvary 10,

INC.

Stage
65020

cus, GF

1977
170008

Single Glans,

20.9 ft

t, solar 1147 1247 1254 1310
i (1b/hr) 375.6 375.0 | 373.% 373.0
" o (10876) (108.3) (I0U72Y T (10873)
,{11 (°F) 1629.7 1621.8 1623, 4 1624, 2
T (oF) (125.0) (32573 (raaz2y” (121737
F.{__o 1890.4 L 1879.0 1663, 3 1878, )
— 872! DS IR
T U SR USSR N N
T (°F)
) ~ . it - S
T (°F)
D, - e i - SR
IT (oF (52.7) (5276) (5474) (54.2)
a ) 782, 8 789.1 801.4 613,
wind VeIOCJty 0 s 5 S 3 s 2
Alr Over -
Collector (fpm) 0 310 220 0
C (BTU/lb.°F) 0.99838. |, = 0.99836 > O, 9OBI4 s+ Q YOG IGH {1 e * 7
r—:f_q_ (BTU/FTZ. hr) (342.7) (330.1) | (316.0) (303.5)
- , $140.7 4952, ) 4740.4 | 515%1.9
q., Vv Diffuse )
) 12.7 10.7 11.1 8.5
Tilt Angle 54,3 55.1 55,4 50,0
Incidence Angle ! ge —ne 0° o°
“Azimuth Angle 4.9 -12.2 -14.1 -17.1
Pip (s 14.3 14.0 14.2 14.0
AV (psi) 3.1 3.2 3.4 3.3
IAT (.,'1,) (17.4) (17.,0) (16.0) (16.9)
' 1 260.7 255.2 239.8 252.9
Te ) _117.3 116. 9 116.2 116.8
Tl_) (OF)' - : - - -
Te-Ty (°F '
£=Ta (1) | es.) 64.2 62.8 62
' II\})_ ,) ( o I_.) _ _ _ _ -
L TimTa (°F) 5.1 55.7 55.8 54.1
T . -T L
LA 0.100 [ _o.104 | 0.199 | 0.1
— - -
(T~ 0.165 0.169 0.173 157
(lll ‘_,r[-—')/‘] * T - —: -1 ~ '—E —_ 3 -
[ n Tk - ] - L
I ) HSE §
Ef ficiency, n 0.6206 0.64° 0.63] 0.G11L
P-4 . 2
F/RTU/FT . he sapry/FT° 0 hr Page 4 of




efficiency, percent

! solar energy -products, inc.

1 - CU 30 collector with water white gloss
0.80 -
0.60 T :
0.40 + :
020 1 - o field dO'O. | o ? _ |

o —_— onolysis' (linear)
0.00 bt e e e 4 i~
0.00" 0.10 0.20 - 030 . 0.40 0.50

 fluid porameter Te-Ta/a;, °F/BTU/FT2hr



percent

efficiency,

1.00

solar energy products, inc.

. . CU 30 collector with water white ghass
0.80.

0.60

0.40

o -
(]
o

o field data
| -;.onolysis (linear)
0.00 ~ } + + - i ‘ 4 . "

inlet parameter T;-Ta/q;, °F/BTU/FT%hr
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| . V. STORAGE TANKS

A. Solar storage tank: . - Roy E. Hanson, Jr., Mfqg.
1924 Compton Ave. :
Los Angeles, CA 90011

800 gallons
Steel with cement lining

B. Sump tank: ‘ : Rheem
o Model No. ©668-120-T

120 gallons
Steel with glass lining
Storage only (no heating elements)

‘e
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Specify Rheem' Electric Solaraide
for Solar-Heated Water Storage

Why Solaraide? Several good reasons.
© First, Rheem gives you a choice. (1) a
; storage tank specially equipped for !
A installation with a Solar System. (2) or an
? electric storage water heater with a single
-1 element that '‘aides’” the sun to provide
sufficient hot water. The element assists
‘i the system only when the solar energy
| cannot maintain the desired temperature
or during periods of peak demand for hot
water. (3) both the single element electric
torage mode! series feature a raised
gg; ;?mmm"g % :f; w&f mmsola panel outlet that helps prevent scale
0 & i and ediment from entering and circulating
Review Is only for general copfarmance with the design eat T CF' 1! the solar collector cells. And
cept of the project and general compliance with the informati inally, Rheem Solaraide is available in
included in the Contract Documents. Markings or eomenmre B capacities—66. 82 and 120 gallon

made during this review do not relieve the Contract tl hi . . .
responsibility 1o comply with tig onts of the dramind10GElS —sSized for the average-to-large family.

and specifications, Contractor sponsible for: details

and accuracy; correlating and ? imensions, quantities

and job site conditions: ch cation processes and

techniques of construction; | of his work with that -

::c::;'n:’:n:?: and performing % RIF in 8 safe and ;tisy gERIES: Rheem Solaraide Storage Tank and Electric Stor-
; age {Water Heater . . . especially designed to be complete!

compatible with direct solar heating systems.

Botlf series are available in 66, 82 and 120 gallon capacities.

-

it

I

é-

_Raised 7” from the bottom, the outi
to the solar collector cells helps preve
scale and sediment from entering a:
circulating through the solar system.

Electric Storage Water heater

\ ’ °A regisiered trademark.

THESE MODELS MEET OR EXCEED THE ENERGY EFFICIENCY REQUIREMENTS OF H.U.D.
C  QTANNDARD O2°RN(A707 (DY)
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Jalueand | @24 e T3
Performance | &/ Vimy d Nl il

. for solar-heated water storage . . .
and electric storage water heaters

CONSTRUCTION FEATURES

All Models — 66, 82 and 120 gallon capacities.

1. Collector Feed is located 7" above the bottom to help
prevent scale or sediment from entering solfar collector
system.

Finerglass Insulation completely surrounds glasslined

tank,” keeps water hot and conserves energy. New

tull wrap around jacket for improved appearance.

3. Coid Water inlet brings cold water to tank bottom to

prevent mixing with aiready heated water. :

4. Anode Rod protects inner tank. Additional opening in
top pan for easy access to anode rod.

5. Co!d Water Inlet. Hot Water Outlet, Relief Valve and
Anode Rod are at top of tank for easy access and fast,
ezonomical instaliation. .

6. S:de Return Opening. Located 41" from the bottom of
the heater to allow for convenient instaliation with a
gre ity feed type of system.

Electric Models — 66, 82 and 120 gallon capacities.

7. Bottom pan s secured by a special lug on tank bottom
eliminating need for sheet metal screws. The lug serves
as a ground and also locks tank to pan to prevent
“tioating action.”

8. Imnroved Electrical Junction Box (for ¥2" and %" con-
duit) placed above heating element for easy installation.
No spot welds used.

nrect Immersion Heating Element** is completely
nmersed — ail the heat goes into the water.w.- sor mwar: -
10. Automatic Temperature Control Thermostat keeps
stored water at desired temperature.
11. High Temperature Limit automatically and safely cuts
otf power in event desired temperature is exceeded.

*RHEEMGLAS* TANK Rheem water heater tanks are made with exacting care. The tank
surface is coated with an exclusive porcelain formula called Rheemglas and tused to the
solid steel shell at 16000°. The result is a smooth, tough, glassiike ining. Tank is designed
and tested to withstand 300 PS! hydrostatic test pressure for working pressure of 150 PSI
U.L. Standard.

**DIRECT IMMERSION HEATING ELEMENT Nickel Chromium heating coil imbedded in
magnesium oxide and sealed in a tinned-copper tube. Although in direct contact with water,
the ends are sealed to prevent entrance of moisture. Elements are changed. should the need
.:se, by screwing into special tank flanges.

MOTE: Unless otherwise specified standard 240 volt AC will be furnished. 120 volt, 208 voit,
777 volt and 480 voit AC supplied on special order. No extra cost ‘units are shipped with a
<500 watt element). If heating elements of different wattages than those shown are

RHEEM WATER HEATER DIVISION

LIMITED WARRANTY
GENERAL. Manulacturer AMELM MANUFACTURING COMPANY. wdl furish 3
replacemsn) water hadter m e even! of tand fadure and will fuingh & re-
placament tor arwy oTee part wiich lads 10 NOTMA! use and set vite wiliun the
apphcabie pe0dy specihed Delow. N aCCOrGaNCe with the terms 0 s war-
tanty The RMELM ieplacement will De warianted tor onsy e unexirsd pos-
ton 0! the ongina warranty
THE TAM 17 the tank tads withn FIVE {5) years aher ongunas nstallaton ang
operaton RMEEM wall fursh 3 replacement walwr heater However, ff e
witer hezter 15 nstalied v ofier than 2 sngle family dwalling, s LAk
wairanty 5 bmwted to ONE (1) ysdr from date of onginal inslatidton and
opetaton
ANY OTMER PAAT. it any other pant tals within ONE (1) year aNar ongmat
instatiatasn ang opergtion, AHEEM will turmush 3 replacement part
THIS WARRANTY WilL NOY APPLY: 3} to detects 0r maltunctions resulting
tiom taiute t propesty ns1afl, operate 01 mantan e unt ¢ accordance with
0o pinted instructons prowmded b) to damage trom abuse  drcwdent fue,
food ang the khe c) IN THE EVENT TANK FAILURL OCCUP: 2ut 10 THE
WATER HEATER BEING OPERATED AT WATER TEMPE RATURLS { XCEEDING
MAXIMUM STTTING OF THE OPERATING AND-OR HIGH L iMIT CONTROL, OR
THE WATLR HEATER 1S NOY SUPPLILD WITH POTABLE wATER, FREE 10
CIHCULATL AT ALL TIMES TH! TANA MUST BE FRLL 0! DAMAGING SCALE
DLPOSITS AND NGT SUBJECTED 10 PRESSURES DR HIRING RATES
GRIATIR THAN THUST SHOWN ON THE RATING PLATE wHICH MUST NOT
bt ALTERED OELVACEOD OR HEMOVED 0) to ymts which are not nstalied N
e Unteg States ! Amenicd 00 m JCCOIQNCE with apphiedie (0C3! cOdES,
orduiances ang gnog brade practices el if the uml & Moved hom ity cngind
nsidhatiun CIHr
SERVICE LASOR RESPONSIBILITY: Tnis Warranty does not covet any Ldor
eapenses lor setwice femoval v re-nsialiation ANl such espenses a8 your
tesponsbaty
SHIPPING COSTS. RHLEM winl pdy the Bianspurtatun costs fur e replace-
ment to 3 convenient Geiivety PO seiected Dy us feds the plsce Of installs-
ton. Such 23 3 KCH RKEEM water heates distnbdutor You Must pay oy loca)
cartage tnouding Me cost of teturmng Me replaced ilem to out locd &8
trduloi
HOW T0 MAKE CLAIM Any clawm 101 warranty serwice shuutd be made to your
CONMACID! Of Gedier rOM whom te water heater was purchased | this cannol
be done simph CONtact any other local contractor handhng ANEEM watey
heater pioducts OF Gur lagtory Drench
In most cases your contractol should de adie to promptly take the Necessary
corective action  and tMereatter, nolity RMEEM of the 1n-wariantly daim
HOWEVER ANY REPLACIMENTS ARE MADE SUBJECT TO VALIDATION BY
RHEEM OF IN-WARRANTY COVERAGE Tha dtem to be replaced mus! be made
dvailable m excnange for the replacement
MISCELLANEOUS Nc ane 1s authorued (o make afy Ofher wati anties on out
Dehalt ANY IMPLIED WARRANTIES, INCLUDING MERCRANTABILITY OR
FITNESS FOR A PARTICULAR PURPOSE. SHALL NOT, EXTEND Bf YOND THE
v o APPLICABLE WARRANTY PERIODS.SPECIFIED ABOVE RMLEM.S SOLE LiAw -, =T .
BILITY WITh RESPECT T0 ANY DEFECT SHALL BE AS SET FORTH INTHIS .
WARRANTY AND ANY CLAIMS FOR INCIOENTAL OR CONSEQUENTIAL DAM-  {- © -~
AGE FROM WATER LEARAGE) ARE EXCLUDED Some states do not allow ™ - -
limitatons on how long an «mplind warranty lasts o7 for the eacusion of
incdental 01 consequantia) damages. 3o Me adove IMNtion or exciuson may
nat apply to you :
This warrdnty grves you specific QTS 4ng yuu May aiso have othet NQhMY
which vary lrom state to siate.

(20.3 CM)

"

WATER CONNECTION NIPPLES

ALL 3/4" NPT,
|

gemanded by zone requirements they must be specifically requested. : ~ coLo
Model Capaci Max Unit Dimensions Shippin OL’:TOITET Er‘_ INLET
No.. PN Ui L “p" Welght it | COLLECTOR
Gal. |Liters| Wattage in. Cm. in. Cm. | Lbs. | Kgms. | D:} = ‘
668-66-1 66 250 6000 59% | 150.5 | 24Y% 61.6 22 100 H 0
668-82-1 82 310 6000 60V | 153.4 | 26% | 66.7 | 248 113 "
668-120-! 120 [ 454 6000 62%he] 158.3 | 28% | 71.8 | 399 | 181 | COLLECTOR
668-66-T 66 250 STORAGE 59% | 150.5 | 24% 61.6 221 100 =
ONLY ALL MODELS |
66R8-82-T 82 310 STORAGE 60v | 153.4 | 26% 66.7 248 113 s |
ONLY T 7"~ \WATER CIRCULATOR |
120-T 120 454 STORAGE | 625/e| 158.3 | 28% | 71.8 | 399 181 (13T B CMY  horioNAL FOR NON- s
ONLY GRAVITY SYSTEMS) }
\
|

CITY INVESTING COMPANY

-

7600 S. Kedzie Avenue/Chicago. lllinois 60652

Rheem also mahes Lnvironmental Cortre Products  Resigential and A Conditioning Equipiment

Commercial and !ndustr.al Heatlng — Cooling and Air Tieatment Products.
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VI. CONTROLS

A. Differential thermostats: Rho Sigma

Model No. 502-8 . _
Solid state, linear circuitry, fixed flow

Differential _
thermostat Pumps Controlled T on T off
T-1 P-4 and P-7. 20°F 3°F
(solar collection
loops)
T=-2 . P-6 (tank-to- 10°F 3°F
- tank loop)
T-3 P-5 (space - 8°F 3°F

heating loop)

Collector sensor: Rho Sigma STH (mounted directly to a collector absorber
plate from the back).

Storage tank sensors: Rho Sigma SP.

B. . Low-level switch: McDonnell & Miller, Model No. 902-M.

When the water level drops below the level of this switch, pumps P-4 and
P-7 are disconnected and the alarm bell mounted above the sump tank is activated.
The switch will automatically reset after momentary power interruptions, but
.must be manually reset after a fall in water level or an extended power failure.

C. Flow switch: McDonnel FS4-3.

This switch prevents pump P-5 from activating until it senses that there
~is flow in the backup space heating loop. 4 s

-
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Control Systems " Instrumentation

! For regulation of liquid and air flows-in-solar-systems-de=-—--—Microprocessor-for~advanced-systems-monitoring—antc e

% 4

signed for heating and cooling. UL Listed.

Sensors
Compatible with standard plumbing fittings. Designed to
withstand solar collector stagnation temperature. De-
signed for easy installation.

data reduction. Ideal for engineering studies of complex .
systems. .

Pumps and valves :

Valves designed specifically for solar applications. Pumps .
ideally suited for domestic water applications.

FLAT PLATE RELIECIFI VALVE
COLLECTOR ey e e e R 2y ,
4 TEMPERATURE ' To House
SENSOR 3 »
£ - TEMPERATURE | ‘ ; ﬁ?i_:
- | __ ____SENSOR 30 Gallon
L | 50 Gallon WATER
STORAGE HEATE
T A 115vac | ‘ . J R
T f ] f . 60CPS ===
oL | DIFFERENTIAL  § —— GAS
325\%‘ COSLZEL. THERMOSTAT |/ : DRAIN BIBBS
BALANC .| | CITY WATER
VALVE PUMP - © SUPPLY T

TYPICAL APPLICATION OF RHO SIGMA CONfROLS AND SENSORS

The objective of the system is to heat water using solar
energy as the primary source. The variable and diffuse na-
ture of solar energy mandates the use of a new kind of
pump control to accomplish the task. The minimum require-
ment of the control is to sense conditions when the temper-
ature difference between the solar collector and solar stor-
age tank is sufficient to justify pump operation. An ade-
quate temperature dead band should be incorporated into

"the design to prevent harmful cycling of the pump in the

mornings and evenings. Other requirements of the solar
control may be:
a) high limit turn-off to limit the temperature of the stor-
age tank and
b) anti-freeze protection circuit to protect the solar col-
lector from freeze damage.

- Refer to back page for further discussion.
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Proportional Solar Control
input: 120 VAC
Output: 120 VAC, 6 amps
RS 500P-1HL
All solid state electronic circuitry varies
speed as a function of the AT to achieve
maximum efficiency in energy transfer.
Minimum flow Full flow
AT =3 = {°F AT =12° £ 1°F

Power delivered to pump is at full voltage
and zero crossover, thus assuring full
*arque at low speed and absence of line,

dise. Design eliminates motor speed hys-

yrisis and assures smoothly variable motor
speed control. Compatible with perma-
nent-capacitor and shaded-pole motors.
Standard features:

a) pulsing indicator light indicates pump

speed.
b) switch meets local electrical code re-

quirements for pump power discon-.

nect switch when control is located
within 6 feet of pump.

high temperature turn-off to limit
upper temperature of storage tank.
(140°F standard)

d) low temperature turn-on circuit turns
on pump at specified low tempera-
ture to protect solar collectors from
freeze damage. (37°F standard)

RS 500P-1H/L-2L/H
This versatile control has two 6-amp out-
puts providing great design freedom. The
first output provides proportional control
with optional high and low temperature
override circuits identical to the RS 500P-
1HL. The second output Is nrormally con-
figured to break the 110 VAC power to
drain valves on the approach of freezing
conditions. But the second output can also
be configured to customer specifications
to control a second pump or numerous
other valve configurations including 24
VAC power. Additional flexibility is pro-
vided through various interlocks between

c

~—

’ e two outputs. Other options include

wer delivery through the second output
to activate various cooling mechanisms
on over-temperature signals from either
the collector or the storage sensors. Con-
tact our application engineers for details
on these configurations and pump com-
patability.
2

Differential Thermostat with
collector freeze-protection circuit.
Input: 120 VAC
Output: 2 independent relays; all contacts
rated at 10 amps in standard and optional
configurations. :
In standard configuration, relays change
state under the following conditions:
Relay A contacts make when:
ATon= T(collector) - T(storage) > 20"
* 3°F
Relay A contacts break when:
AToy = T(collector) - T{storage) < 3"

ek 1°F :

Relay B contacts make when:
Ton = T{collector) = 37" + 1°F

Relay B contacts break when:
Tou - T(collector) 41 *+ 1°F

In optionatl contigurations,

a) 2PDT and 3PDT relays may be spec-
ified (contacts rated at 10 amps).

b) Relay B may be controlled by the
storage temperature; and

¢) the temperatures specified above for
Relay B may be factory adjusted to
customer specifications.

The RS 104 in its standard configuration
energizes the pump when the collector is
hot enough to heat the water in storage.
Relay B can protect the collector from
freeze-damage by turning the pump on,
thus recirculating water, or can be used to
open drain valves to empty the solar col-
lectors.

In its optional configurations, great de-
sign freedom is available. For example, the
SK version of the RS 104 can a) energize
the pump to transfer energy from the col-
lectors to the storage and, b) switch space
heating systems to auxiliary energy

sources when sufficient solar energy is not™ -

available in the solar storage to meet the
demands of the room thermostat.

The following pumps have been tested and
found to perform well with the RS 500:
Taco 007.
All Grundfos models.
March 821BR and 809.
Teel 1P761 and 1P760.
Sunstrand LA4302.

Differential Thermostat
input: 120 VAC
Standard Output:
SPDT Relay rated at 10 amps.
2 hp at 120 VAC
V2 hp at 240 VAC
Switch with manual ON-OFF-AUTO posi-
tions.
Relay contacts make when
AT on - T(collectar) - T(storage) > 20°
I 3°F
Relay contacts break when
AT off . T(collector) - T(storage) < 3°
1 1°F
Housed in standard NEMA box to assure
compatibitity with standard electrical trade
hardware.
Wiring connections made hy standard
electrical trade procedures.
Optional outputs:
. 2PDT relay, 10 :ump por contact.
3PDT retay, 10 amp per contact.
Factory adjustment of T on and T olf can
be made to customer specifications.

RS 12

Provides differential control identical to
the RS 106. Relay switches 120 VAC at 10
amps directly to the pumps.
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Swimming Pool Solar Control.
Input: 220 VAC standard,120 VAC (optional)
Output: 24 VAC at 35 VA

Thermostatic setting to prevent poo!
over heating (adjustable: 56°F-120"F).

Turns on solar heater when solar collec-
tors are 6°F hotter than poo! temperature
when pool temperature Is below thermo-
static setting. When pool temperature is
above the thermostatic setting, then water
by-passes the solar collectors.

Easily wired into pump timers so that.the
control unit functions only when the pump
is operating. Rain tight enciosure.

Easy retrofit installation into existing
pool filtration systems.

Optional configurations available for
normally open valves and 24 VvDC sole-
noids.

Configurations available for direct switch-
ing of an auxiliary pump.

RS 950

INVERNAL

BY-PASS

ADJUSTMENT
»

Material: Brass

Port Diameters: 1%2” and 2"

Low voltage solenoid

Pressure drop: 1 psi and 40 gpm (1%2”
valve)

Internal Bypass: Valve modified to Rho
Sigma's specifications. Unique adjust-
ment on stem enables installer to con-
veniently limit the amount of valve
closure. Thus, high back-pressure (de-
veloped within the collector array) on
the pump may be relieved through the
internal by-pass of the valve. Internal
bypass also provides a drain-down path
for the collector supply line when the
pump turns off.

Specify either normally open or normally

closed valve configuration.

Positive opening assured by connectlon to

suchon side of pump.

TYPICAL POOL INSTALLATION

&)

—~SETTING

SF SUN SENSOR

THERMOSTATIC

'. VALVE COLLECTOR ARRAY ;

RS 240 e SR SR s
&7 7 INPUT t CONTROL fi{ (
220 VAC ; UNEY ;
FILTER ZZ&%TRE" :
PUMP ;
A1 -
H-._{ | | l ’ ‘ { P NN

SOLENOID

SUCTION LINE

SENSORS 13.25/Rh

All Rho Sigma sensors are electrically
identical and interchangeable and are de-
sighed to withstand stagnation tempera-
tures of solar collectors. Two and only two
sensors are required with each differential
thermostat.

The SA Sensor is the temperature sens-
ing element encased in epoxy.

The ST Sensor has a copper housing
with a hole punched in it for bolting directly
to the collector plate or suspending inside
air ducts. Alternatively, a radiator hose

pipe clamp.may..be-used-to-secure-the-- —

rugged sensor to the surface of a pipe. Or
it may be slipped inside the insulation of
the storage tank.

The SF Sensor is a 1”x1”x2", sand-
blasted and black-anodized aluminum sen-
sor designed for use with unglazed solar
collectors or in high flow rate, low delta-T
systems. The screw provided with the sen-
sor may be used to mount the sensor near
the collector where it will sense the tem-
perature and availability of solar energy at
the collector. Designed primarily for all use
with the RS 240.

The SPT-XX Sensor has a probe at the
end of its ¥2” pipe threads. The tempera-
ture-sensing element is at the tip of the all
brass sensor. it is designed primarily for
insertion into tanks to obtain the most ac-
curate measurement of the fluid or air tem-
perature inside. Standard probe lengths
are 127, 3", 42", 6”, 12", and 24”.

The SP Sensor is epoxied into a rugged
brass housing with standard ¥2” pipe
threads for easy installation into standard
plumbing fixtures.

The SPR Sensor may be screwed into
the end of a pipe which may be inserted
into the top of a deep tank. Wires run in--
side of the pipe to the control. Provides
accurate sensing of temperature at the
bottom of deep tanks.

Dual Thermistors may be specmed in
any housings. One thermistor provides
control signals; the other thermistor may
provide signals for instrumentation or a
second solar control, (e.g., Model SP-2).

Sensors will provide strong signals even
when separated from the controller by 200
feet.

3




The RS 5080 is a data collection and data processing system. It
accepts inputs from a wide range of sensors (temperatures, flows,
pyranometers, etc.) Sensors are sampled at a predetermined fre-
quency ranging from every 2 seconds upward. Frequency depends
on resolution descired and total number of sensors involved.

Basic equations of the form:

Q-= Cp fm (T5-Ty) dt are solved for collectors, storage tanks
and back-up energy sources. Collector efljciency is determined as:

E= %‘: ., H = insolation and Qc = BTU's added to flow

stream through collector. Both instantaneous and long term
average efficiencies are calculated by the microprocessor. The
5080 also determines the % of the total load which is supplied
by solar system:

Q solar
Q solar + Q back-up
All data is printed out by the included printer on demand and/or at
preset intervals. Results of total system performance are inte-

grated over each 24 hours of operation and also printed as a
running total.

£ solar =

The RS 1008 is a photovoltaic pyranometer with the following spec-
ifications: '

a) instantaneous response,

b) output approximately S00MV at 1 KW/square meter solar input, ‘

¢) cosine response close to themopile pyranometers.

d) temperature compensated to maintain pyranometer within-

-2.2% at 0"C (datum point
point = 30°C).
e) accuracy within 4% of a Class | instrument.

30 °C) and | 0.8% at 60"C (datum

Mounting screw-hole is compatible with camera tripod's. Dessicant
bottie prevents condensation in dome.

TYPICAL OPERATING CYCLE FOR A SOLAR HEATING SYSTEM
Figure 1 indicates a representative example of the sequence of events in a normal daily solar heating/hot water cycle

under the control of the Differential Thermostat. - -

T

COLLECTOR TEMPERATURE

TEMPERATURE

GREATER

LESS THAN

‘ TANK TEMPERATURE

ATOH ‘ .

|
|
1 - . THAN AT, :
1' 1 | |
6AM | 12AM (NOON) | 6PN 12PM (MIDNIGHT) 6 AM
~  PUMP—OFF— .- _puMP—ON - PUMP—OFF N .

As shown in Figure 1, the pump is initially off. As the sun
rises the collector temperature rises sharply above the tank
temperature. This is shown as AT,,. This AT turns the
pump on. The cooler tank water carries off the heat in the
coliector and causes the initial drop to the point marked 2.
ifthe AT at point 2 is greater than the AT .y, then the pump
continues to operate.

As evening approaches, the collector temperature moves
below the AT, threshold at the point marked 3. The pump
is turned off and due to the stagnation condition (i.e., the
sun is heating the collector but the pump is not on) the
temperature in the collector rises as shown at point 4. If
AT,, is set sufficiently greater than AT, the pump wil

remain off. The adjustments of the threshold and hysteresis
settings in the Differential Thermostat are preset at the

" factory.

The hysteresis circuit is a special feature of the Differential
Thermostat which prevents the pump from being unneces-
sarily turned on and. off immediately following an initial
pump turn-on or turn-off event. Without this circuit feature,
the sharp peaks of temperature rise shown at points 1 and
4 would cause the pump to repeatedly switch on and off,
causing unnecessary wear on the pump, pump motor, and
relay contacts controlling pump operation, as well as re-
duced efficiency in transferring heat energy from the col-
lector to the storage tank.




11922 VALERIO STREET * NO. HOLLYWOOD, CA. 91605
(213) 982-6800

DIFFERENTIAL THERMOSTAT
APPLICATION NOTES

INTRODUCTION

The Differential Thermostat is designed to provide control functions for homes or other buildings employing solar heating
and hot water systems. With the advent of solar heating and hot water systems, a new form of thermostat is required. The
following discussion gives a brief description of the operation of a differential thermostat as compared to that of the
thermostat used in conventional heating systems and/or hot water systems. :

In the conventional house the thermostat is set at the desired room temperature, typically 70 degrees for heating and 140
degrees for hot water. When either temperature is below this setting the heating system is turned on. When the temperature
rises above this setting the heating system is turned off. This cycle is repeated throughout the day and night always with
reference to the 70 degree (or 140 degree) reference point setting.

Since the heat source in a conventional heating system always provides heat at a temperature substantially higher than
desired temperature, the specific temperature of the burne_r output need not be known. Thus, the thermostat in a con-

- ventional system is required to sense only one temperature — room (or hot water) temperature — to perform the necessary

control function. As will be shown, a single temperature measurement is not adequate for a solar heating system.

The basic solar system used in many installations includes a flatplate collector on the roof of the building supplying
water to a storage tank, and a pump to recirculate water from the bottom of a storage tank back up to the .collector.
During most of the daylight hours, the sun’s radiation incident on the collector will cause the temperature of the water at
the collector to be higher than that at the storage tank. Under these conditions, the pumping and recirculating action
achieves the desired objective of transferring heat energy into the storage tank for subsequent use in building or water
heating. : : . :
At night, however, or under overcast daytime conditions, the collector water temperature will tend to tall below the storage
tank water temperature. Continued pumping and- recirculation under these conditions would be self-defeating; since heat
energy would be removed from, not added to, the storage tank.

The pump could of course be manually turned on when it appears that the collector is capable of supplying heat energy to
the storage tank and manually turned off when it is not. But this would be inefficient if the collector temperature and
storage tank temperature are not accurately known and compared, and would also be burdensome and inconvenient to
the user of a solar heating system. A much more effective solution is to employ the Rho Sigma Ditferential Thermostat to
automatically sense and compare the collector and storage tank temperatures, and to contro!l the daily on-off cycling of
the pump in the optimum manner.
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TYPICAL OPERATING CYCLE FOR A SOLAR HEATING SYSTEM
Figure 1 indicates a representative example of the sequence of events in 8 normal daily solar heating/hot water cycle

under the control of the Differential Thermostat. The terms ATy¢¢ and ATy, which appear in the figure are defined as
follows:

AT ot = temperature difference between collector exit
.
water temperature and storage tank water temper-
ature sufficient to turn pump off.

ATon = temperature difference between collector exit
water temperature and storage tank water temper-
ature sufficient to turn pump on.

1 1 T

COLLECTOR TEMPERATURE

LESS THAN

T
ATon TANK TEMPERATURE

GREATER
THAN ATorr

OF THE DIFFERENTIAL THERMOSTAT

~

As shown in Figure 1, the pump is initially off. As the sun rises the collector temperature rises sharply above the tank tem-
perature. This is shown as  ATgn. This AT turns the pump on. The cooler tank water carrigs off the heat in the collector
and causes the initial drop to the point marked 2. The AT at point 2 is however greater than the AT, and the pump
continues to operate.

As evemng approaches, the collector temperature moves below the ATq¢s threshold at the point marked 3. The pump is

turned off and due to the stagnation condition (i.e., the sun is heating the collector but the pump is not on) the temperature.

in the collector rises as shown at point 4. If ATq, is set sufficiently greater than ATg¢¢, the pump will remain off. The
adjustments of the threshold and hysteresis settings in the Differential Thermostat are correctly preset at the factory.

The hysteresis circuit is a special feature of the Differential Thermostat which prevents the pump from being unnecessarily
turned on and off immediately following an initial pump turn-on or turn-off event. Without this circuit feature, the sharp
peaks of temperature rise shown at points 1 and 4 would cause the pump to repeatedly switch on and off, causing un-
necessary wear on the pump, pump motor, and relay contacts controlling pump operation, as wel!l as reduced efficiency
in transferring heat energy from the collector to the storage tank. :

| |
| ! | | | .
6 AM | 12 AM | & pm 12PM , 6 AM
l (NOON) | {MIDNIGHT) -
| |
-—— PUMP-OFF = .==<' PUMP -ON :l: PUMP-OFF .;-
FIGURE 1 - PUMP CYCLING UNDER CONTROL




SOLAR HOT WATER SYSTEM APPLICATION OF DIFFERENTIAL THERMOSTAT
Figure 2 shows a typical solar hot water system installation. The 50 gal. storage tank operates as a pre-| heat system for the
conventional 30 gal. gas (or electric) system. With 40 to 50 square feet of collector area this system will supply 60%, or
: more, of the hot water needed for a family of four under most insolation (sun) conditions. During extended periods of
’ cloud conditions, the 30 gal. gas water system functions as augmentation. During clear sunny days, even under low ambient
temperature conditions, the storage tank water can tise to very high temperatures. To prevent scalding, it is suggested that
a "high set” thermostat be used in the storage tank as shown. This thermostat should be set in the range of 160°F and
connected in series with the pump motor. This will prevent the storage tank water from rising above this temperature.
Without the “high set” thermostat, tank temperatures could exceed 180°F on clear sunny days. (For heating systems this
“high set”’ thermostat would not be required.) '

The Differential Thermostat can be installed at any convenient indoor location. {Ruggedized, weather-proof models can be
furnished when outdoor installation is required.) Thermistor Sensor #1 is inserted in the collector exit water line as shown.
A pair of wires run from this sensor to the Differential Thermostat. Similarly, at the exit line from the storage tank, a pair
of wires from Thermistor Sensor #2 connect to the Differential Thermostat. Action of the Thermostat operates a set of
relay contacts for controlling the .pump motor. |f desired, the pump motor control lines can be placed in series with the
high set thermostat to prevent the pump from operating when the upper tank temperature is reached.

Connectors are provided on the Differential Thermostat tor the 120 VAC, 60 cycle, required to operate the unit as well as
for the two sensci inputs and the pump motor control lines.

Figure 3 illustrates the pivysical configuration of the Differential Thermostat. Refer to the specification sheet for this unit
for additional technical and performance information.
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FIGURE 2 — TYPICAL SOLAR HOT WATER SYSTEM INSTALLATION
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Rho Sigma’s manufacturing and engineering departments are devoted exclusively to
the development and manufacture of solar energy controls and instruments. Qur
standard product tine, partially described on this page, provides the wides: controf
capability currently available to the solar energy industry. Our engineering efforts
are directed toward system designs submitted by engineering and manufacturing
firms as well as systems conceived in-house. These efforts have lead to the expansion
of our solar control capability to encompass solar systems incorporating heat pumps,
air conditioning and other equipment. The company has also developed a line of
instruments to meet the unique needs of the solar energy industry. Rho Sigma
welcomes the opportunity to work with you on advanced solar control problems.
We believe that the new controis which we are building today will become the
standard controtl designs of tomorrow. Contact our engineering department.

SPACE
HEATING
RS106

input: 120 VAC
Output: SPDT

1/3 hp @ 120 VAC

1/2 hp @ 240 VAC
Available Outputs:

"2PDT @ 10 amps

3PDT @10 amps
Relay energizes when:

ATon = Ticattectort — Tistorager > 20°F.
Relay de-energizes when:

ATott = Ticollectort — Tistorage) < 3°F,
Adequate room in high-voltage compartment

to accomodate a booster relay.

SPACE
HEATING
RS104

Input: 120 VAC
Qutput: 2 retays
SPDT
1/3 hp @ 120 VAC
1/2 hp @ 240 VAC
Available Outputs:
2PDT @ 10 amps
e 3 PDT @ 10 amps
Relay A is identical to the RS106.
Relay B energizes when:
Ticotiector) = 37° 3 1°F,
Relay B de-energizes when:
T teottecion) = 41° + 1°F,

POOLS & SPAS
] RS260

§ Input: 120 VAC
3. 240 VAC optional
Qutput: 24 VAC @

E LRt

% jon
L URTeN NN

DOMESTIC WATER
RS500-1 Series

Input: 120 VAC

Output: 120 VAC @ 6 amps

Designed for permanent capacitor and
shaded-pole circulator pumps.

; Increases solar
energy collection
efficiency by
maodulating sys-
tem flow in pro-
portion to tem-
perature differ-
ential between
collector and

; storage, High-
temperature curcuit-can turn-pump-off-—
when tank approaches excessive temper-
atures. Low-temperature circuit can turn
pump on when collector approaches
freezing temperatures.

RS500-2 Series — Dual Output
tnput: 120 VAC
Qutput A: Identical to RS500-1 Series
Output B: 120 VAC @ 3 amps

Dual output control with first output
identical to RS500-1 Series. Second
output adds another dimension of versa-
tility. It can control valves to drain the
system when freezing conditions
approach and can be interlocked with
first output to inhibit pump operation
when drain valves dump collector, and
can turn on a second pump in a heat ex-
change system. High-temperature and
low-temperature circuits can override
other signals to the second output and
make or break the power out of it.

J
SENSORS

Two and only
two sensors are e
required with

-each-differential-thermostat=—THe-SA Sehsor--=

is the temperature sensing element encased
in epoxy. The ST Sensor has a capper
housing with a hole punched in it for bolting
directly to the coilector plate. A radiator
hose pipe clamp may be used to secure the
rugged sensor to the surface of a pipe.

The SF Sensor is an anodized sensor de- .
signed for use with unglazed solar collectors
orin low AT systems, and for use with the
RS$260.

The SPT-XX Sensor has %" pipe threads.
Standard probe lengths are 1%, 4%", 6*,
12 and 24",

The SP Sensor has standard %" pipe
threads for easy instatlation into standard
plumbing fixtures,

The SPR Sensor may be screwed into the
end of a pipe which may be inserted into the
top of a deep tank. Provides accurate sensing
of temperature at the bottom of deep tanks.

Dual Thermistors may be specified in any
housing.

35 VAC

Designed to control
NO and NC vaives
instalted in pool
filter system.

Switch and high-limit
control to prevent
poot overheating.

RS280

Input: 120 VAC
240 VAC optional

s v e

RS5080

Microprocessor for on-site
data aquisition of all energy-
related system parameters.

RS1009,
RS1008

Photovoltaic pyra-
nometer with single
track recorder cali-
brated to it for
measurement of
solar energy in
engineering units.

Qutput: 2PDT @15
amps

Designed for direct
switching of Solar
Pumps (SP) in sup-
ply line to collectors.

RS950

Brass valve {1 or 2'’) built to Rho Sigma
specifications to allow for adjustable internal
by-pass to reduce back pressure on filter pump. l

RHO SIGMA

=

RHO SIGMA, INC.

11922 Valerio Street. North Hollywood. CA 91605
Factory Telephone: (213) 982- 6800
Rep & Distributor Telephone: (800) 255 - 6880
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RHNO SIGMA

11922 VALERIO ST., NO. HOLLYWOOD, CA. 91605
(213) 982-6800
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RHO SIGMA'S - LINEARIZATION 3 ??‘ff:";f}@f~f1
r’ e T VT
L i

o o ~LE0 21 1979 A
Electronic linearization of the sensor :

signal is accomplished by an entire matrix REDWOOD MECHANICAL .
(over 20 components) incorporated on our |
printed circuit board. This function elimi-

nates fhe natural tendency for drift that

occurs at high and low temperature exposures

to either sensor. The control. accepts the

conventional signal from the sensors and

"corrects'" or compensates for temperature

extreme error. This is accomplished within

the RS 500 § RSl360 controls, on redesigned

printed circuit boards. Linearity circuitry

cannot be added tdﬁearly control models. The

attached charts éhow'linearity at work in a’

Rho Sigma control.
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UMBING  REMOVED BEFORE ANY HIGH VOLTAGE WIRING
‘ )INES CONNECTIONS ARE MADE. THE AUTO/OFF/ON SWITCH

RHO SI_...A
DIFFERENTIAL THERMOSTAT INSTALLATION DRAWING

RS 500-1 SINGLE OUTPUT (Rev. A)

FLAT PLATE COLLECTOR

SENSOR WIRING CLASS 2

ALL ELECTRICAL POWER TO THE SYSTEM MUST BE

h DISCONNECTS THE LOAD FROM 115VAC POWER ONLY.

1

i

K‘:—\‘

HEATER

OFF

I 1 [~ COLLECTOR SENSOR 12 VDC % AMP
1 [ ) >
. — .
T FITTING WITH
%" THIRD PORY e
\V 51> 0 o
-l - w w
PLUMBING o m | « o«
- LINES -
NOTICE: ——3~ HOT WATER STORAGE COLLECTOR

AUTO @ N

777

RS 500
PUMP CONTROL SWITCH
AUTO —Thermostat
Controls Pump
OFF —Manus! Controls
Pumq Ott X -
ON  —Manuas! Controls

Pump On

STORAGE
TANK 2| 2 ;
STORAGE SENSOR\ P | g g é ¥ w
< < <—fg- sle|E|3|E
T FITTING WITH L J
%" THIRD PORT.
.INLET CITY WATER .
Grd. .
“ | PUMP WIRING 120 VAC 3 AMPS
: : ’ — 120 VAC
PUMP MOTORS (YELLOW OUTPUT) LIGHT INDICATOR 3.5 AMPS
500 P SHADED POLE PUMP ,} LIGHT -
1/10HP  OR PERMANENT _
PROPORTIONAL CAPACITOR OFF ; OFF WARNING:
PROPORTIONAL PULSING ALL FIELD WIRING
EE 3
oNTOFF VIOHP  ANY SPEED_ N MUST BE RATED
ON oN AT 90°C MIN.

5004001 REV. A



LAHOLESIGMA:

TEMPERATURE vs. RESISTANCE | RHO SIGMA

SPECIFICATIONS SENSORS
RESISY. RESISY. RESIST.
°F c gaiv. f C EQiv. *F *C eav..
32 0.0 32654. 108 - 411 5093 180 82.2 1170.
k7 11 30859. 108 . 422 | 4873 182 833 1129,
36 2.2 29174, 110 433 4663, 184 84.4 1090.
38 33 27592, 112 44.4 4464, 186 85.6 10863,
40 .44 26105. 14 45.6 4274, 188 86.7 1017.
42 5.6 24709. 116 46.7 4093. 190 87.8 982.
44 ‘6.7 23395. 118 . 478 3921, 192 88.9 949,
46 78 22160. 120 48.9 3758, 194 90.0 917. -
48 8.9 20098. 122 50.0 3802 196 91.1 886.
50 100 19903, 124 51.1 3453, 198 92.2 857.
52 1.1 18873.. 126 §2.2 3312, 200 93.3 828.
54 12.2 17903. 128 53.3 nn. 202 94.4 801.
56 133 16988. 130 54.4 3048. 204 95.6 775. -
58 14.4 16126. 132 55.6 2925, 206 96.7 749,
€0 15.6 15313, 134 $6.7 2808. 208 97.8 725.
62 16.7 - 14546, 136 57.8 . 2697. 210 98.9 702.
64 17.8..- 13822 - =138 25890~ 2590mr vn @32~ . 100:0m8 0 BTt sty 20 e
66 18.9 13139. 140 600 2488. 214 101.1 - 658. :
68 20.0 12493. : 142 61.1 2391, 216 102.2 637.
70 211 11883 . 144 622 2298. 218 103.3 617.
72 22.2 11307. T 146 63.3 2209. 220 104.4 597.
74 233 10762. 148 64.4 2124, . 222 105.6- 579,
76 24.4 10247. - 150 65.6 2043, 224 106.7 561.
78 25.6 9760. 152 66.7 1966. 228 107.8 543,
80 26.7. 9208, 154 67.8 1891, 228 108.9 527.
82 27.8 8862, * . 156 68.9 1820 230 110.0 511,
84 28.9 8448, 158" 700 . 1753, 232 1M1 495, .
86 30.0 8056. . 160 " 1688. 234 1122 480.
. 88 . 311 7685. 162 722 . 1825, 236 1133 466.
- 80 322 7333. - 184 733 1568. 238 114.4 452,
92 333 6999. 166 - 744 1509, 240 115.6 438,
94 344 6683. 168 75.6 1454, 242 . 1167 425,
26 35.6 6382, 170 76.7 1402, 244 117.8 413
a8 36.7 6097, 172 77.8 1351, 246 1189 401,
" 100 378 5827, 174~ 789 1303. 248 1200 . 389
102 89 . 5570, 176 - 800 1257 250 1211 378,
104 40.0 5326. 178 81.1 1213,

Accuracy of sensors is ‘::4?'(: over range of 0°=70°C, Maximum <opolmln9 tempaerature I -177°C (350°F).
Sansors having tighter tolerances are available.

»

11922 VALERIO STREET * NO. HOLLYWOOD, CA. 91605 * (213) 982-8800




INDUSTRIAL APPLICATIONS

McDonnell 900 Series Probe Controls

McDonnell No. 900 or
No. 901 Level Control

Maximum Pressure, 160 psi.

HIGH LEVEL ALARM
HIGH LEVEL SIGNAL
HIGH LEVEL CUT-OFF

START PUMP AT HIGH LEVEL

STOP PUMP AT LOW LEVEL
OR

START PUMP AT LOW LEVEL

STOP PUMP AT HIGH LEVEL

LOW LEVEL ALARM' [/
LOW LEVEL SIGNAL \/
LOW LEVEL CUT-OFF

Maximum Temperature,; 250° F. (
Underwriters' Listed

McDonnell Controi for Tanks and Pressure Vessels up to 160 psi.

For tanks or pressure vessels up to 160 psi.,, any of the
essential functions listed above—either singly or in
combination—can be accomplished by use of the McDonnell
900 Series Level Controls.

Whether the desired operation is to ring an alarm, turn indi.
cating tights on or off at a remote control panel, start and/or
stop feed or drain pumps, or energize an electric valve . . . it
can be done automatically.

McDonnell 900 Series Controls will operate in ordmary tap
water or other compatible liquids with a resistance no grea-

ter than 50,000 ohm-cm. /

Typical Example: A water storage tank installed in an indus-
trial plant. A high level alarm (Wiring Diagram 2) is utilized to
indicate a flooding condition, and a low leve! alarm (Wiring
Diagram 1) is utilized to indicate a below nermal level condi-
tion. These situations could occur from a sticking or leakmg
till valve, or an inoperative pump.

Typical Example. A small storage tank from which liquid is
drawn for amanufacturing process. To maintain an adequate

~ level at all times, a solenoid valve (or pump)is turned on ata

predetermined low level, and remains on until a predeter-

mined high level is reached (Wiring Diagram 3).

" High Levet Control” Low Leve! Control /> High Level Control High Level Controt
internatly Internally ’
. Wired Wired Interlock Interlock
Terminals Terminais
TITaT RREARLILY) BSEARICNEY 1] s 7 g [ f
. i '3
7 A
221 9] 292 ¢
- 120 V.A.C. 120 V.A.C.
Ltoad
L Low Levet Control ~ Low Level Controt
Load
OQIZIIrETs) l| [ ] : I] | 1
1 . 120 V. Coi! Only L/ 120 V. Coit Onty
Hot Neutrai Hot Neutral (Control Circuit Control Circuit
—— —— (s)per?ting Current spela‘liggbc‘ment
' upplied by upplied by
120 v.AC. 120 V.A.C. 120 v.AC. M & M Controller.) 120 v.A.C. M 8 M Contioller.)
1. As main Line Switch 2. As main Line Switch
for ) for 3. To Start Pump at Low Level, 4. To Start Pump at High Level,
Low Level Signal High Leve! Signal Stop Pump at High Level Stop Pump at Low Level
of High Level Cut-off or Low Leve! Cut-off (Fill Tank or Pressure Vessel) (Drain Tank or Pressure Vessel)




. Bulletin 1-900
INSTALLATION INSTRUCTIONS—McDonnell 900 Series Probe Controls |

( Model | Automatic | Manual | Test | Retard Can be used as Low Water Cut-offs on Hot Water Boilers or
Number |  Reset | Reset® | Light | Circuit as Liquid Level Controls to maintain or sense levels in Tanks
900 X X )
900M X X M .
901 X . LOCATION ON HOT WATER BOILERS
%018 : (Pr'zt:;“:dslg;;;mn The 900 Series may be installed in the boiler above
* L__| 1 the lowest safe waler level established by the
J02M X X X @ = boiler manufacturer. Some manufacturers provide
*Manual Reset Feature Pat. 3,834,357. Il | a suitable opening in the side of the boiler.
No- 00N and No. 301M f0 broak Clrcult: manual i .
rose!l button must be pushed to estore opera- If necessary, the cut-off may be Installed Ina 1%

tion. It objectionable, use Automatic Reset No. —_— inch or larger Tee in the vertical riser above the
900 or. No. 901, or Manual Reset No. 902M which Q/ ' boiler. Caution: If installed above the boiler, make

has special retard circuit. / Te— sure the system is properly designed and fitted
Caution: Do not tighten by —— * with vents to _preyent air binding which could break
turning cover or housing. Use the control circuit. °
=) wrench on brass hex adapter.
: : e BOILER OR TANK WATER
.’".'_.fn,g~|_A:e'age Make-up = Control will function satisfactorily in ordinary tap

Bonler
Jacket

the circuit is complete through water to ground.
Demineralized or distilled water with a specific
resistance greater than 50,000 ohm-cm. may re-

Cut-off Level %

.
for %” NPT p_ Iy R
[ f water as supplied by practically all public water
Minimum Safe systems. Specific resistance of boiler or tank water
. Water Level can be veritied by the test button; it lamp lights,

S quire the addition of boiler compound.
: .0 \\\\\‘
e e Q\\ : HORIZONTAL MOUNTING
! of Boiler Section o2 When the 900 Series is installed with electrode
s \j assembly in horizontal position, the flat surface of
— the U shaped probe should be in the vertica!
} INSTALLATION ON HOT WATER BOILERS position. Factory-assembled unit is in correct posi- 4
g Coutlon: Do not tiahten b High Level “:tion:-when:testrand:-reset-buttons.are~githersat:dopmf=
turning cover or hgousing.yUsa — Control or at bottom.
jm A wrench on brass hex adapter.
VERTICAL MOUNTING
Average Make-up

el o Y NPT The 900 Series can be installed in a top opening of
: the boiler or tank.

ELECTRICAL AND OPERATIONAL
Wire per instructions, fill system and energize elec-
trical circuits. For controls with manual reset, de-

i E press Reset Switch to start burner.

FLUID LEVEL TEST

For controls with Reset and Test Swutches first
depress the Reset Switch. For all controls with
Test Switch, depress the Test Switch and note
lamp. Normally, tight “ON" indicates fluid level
above probe, light “OFF,"” fluid level below probe.
No light could also indicate a probe with excessive
scale deposits. For controls without Test Switch,

- Clreuit Yest Lamp drain until level is below the probe. Burner circuit -

) Circuit Test 5‘”'“" ’900 S00M, S02M will open and aiarm circuit, if connected, will close.

!v—ew———‘ “etn]|e L - GROUNDED PROBE TEST
b T 1%" With the liquid lelel below the probe, depress the
. Test Switch. A light ““ON" could indicate a
grounded probe. For controis without a Switch
and with liquid leve! below the probe, a closed
burner circuit- could -indicate a grounded  probe:

¥:” Pipe Thread Replace the grounded probe.
> %" Kngckouts

TOP VIEW

Rl! !.-- t
i

i

Low Level
Control

. INSTALLATION ON TANKS-—For High and/or Low Level Control
. (See Reverse Side for Wiring)

Caution: Do not tighten. by
turning cover or housing. Use
wrench on brass hex adapter. &

FRONT VIEW
Manual Reset Switch (300M, 901M, 902M)

VERTICAL
INSTALLATION

McDONNELL & MILLER ITT
FLUID HANDLING DIVISION




WIRING INSTRUCTIONS—McDonnell 900 Series Probe Controls

W

OPERATING DUTY

Maximum Pressure—160 psi.
Maximum Temperature—250° F.

@

ELECTRICAL RATINGS IN AMPERES

Motor Duty: 120 V.A.C. 240 V.A.C.
Full Load .58 29
Locked Rotor 348 174

Pilot Duty: 125 VA 120-240 V.A.C.

IMPORTANT Terminals No. 1 and No. 2 must al-
ways be wired to 120 voits 60 Hz. Terminals No. 3
and No. 4 are isolated contacts, and may be wired
for 24 volits, 120 volts or 240 volts.

p

APPLICATIONS ON HOT WATER BOILERS

tnternaily Internally
Wired Wired
—A—
|1i203?4,951| 1 293}4?5
L i
24 Vot L 120 Voit e
Burner E Burner
" s 4 A
Circuit ol :ﬂ Circuit E;ﬂ
Alarm Alarm
Trans.,
Hot Neutral Hot Neutrai

Nt
Supply 120 Voits A.C.

APPLICATIONS ON TANKS AND PRESSURE VESSELS

High Lavel Control Low Level Contro! High'Level Control High Levet Control
Internaily Internally
Wired . Wired }nter:ock }nter:ocr
. erminals erminals
TI[Z (TI2131315) 121314 15] I l | L Ij]ﬂjj l I I
\V V) oV
2229 ) 2222
— 120 V.AC. 120 V.A.C. L -
Load
FJ Low Level Control Low Level Contro!
—
Load
QIZIITars) ,] | | ; -
] 120 V. Coll Only : 120 V. Coli Onl
Hot Neutral Hot Neutral Control Clreuit W Control Circui
[S—— Sy~ perating Current perating Current
Supptled by 120 VAC Supplied by
120 V.AC. 120 V.ALC. 120 V.A.C. M & M Controller.) A.C. M & M Controller.)

1. As mainf Line Switch

or
Low Level Signal
or High Level Cut-off

S—
Supply 120 Voits A.C.

2.As mainf Line Switch

or
High Level Signal
of Low Leve! Cut-off

3. To Start Pump at Low Level,
Stop Pump at High Level
(Fill Tank or Pressure Vessel)

4. To-Start Pump at High Level,
Stop Pump at Low Level
(Drain Tank or Pressure Vessel)

REPLACEMENT PARTS

Tetlon Stesve

McDonnell 900 Series. \
T . Control Complete Staintess Steet
~ Mode! Head Probe Probe
Number | Assembly Assembly
900 | 353019 ‘
900M |- 353020
i 353025
901 353021 (All Models)
901M | 353022
353023

g02M

Printed in U.S.A.
Copyright 1975 International Telephone and Tetegraph Corporation

Brass Adapter

COMPLETE PROBE ASSEMBLY

CONTROL HEAD ASSEMBLY
(No. 900M Shown) - -

NOTE: Control Head Assembly
consists of complete control

Stainiess Steet Test Buttan and Lamp.
Electrade Rod Instant check for

Stainiess Steel Bushing

-— B

Retay

less Complete Probe Assembly.

7-75

McDONNELL & MILLER

3500 N. Spaulding Ave. ¢ Chicago, Iil. 60618
Telephone: (312) 267-1000 Yelex: 23-33768

Reset Button.
Opened busner circuit
must be clased manuaily.  terminais for cut-off

Terminal Panel.
Easy to wire. Has

ang atarm circuits.

Isofation-Type Transtormer

INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION
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COONNELL F

Versatilé controls actuated by liquid or air flow

Widely used as automatic controllers or safety devices

The flow of liquids in pipelines and air in ducts
plays an important role in industry and com-
merce. Under most circumstances it is essen-
tial to know whether or not there is a flow in a
pipeline or duct, and to act upon that knowl-
edge. This is the reason for, and the function
of, McDonnell Flow Switches.

It started with steam locomotives

The steam locomotive, which has just about
disappeared from our railroads, was a creature
of enormous thirst. For the efficient generation
of steam it demanded treated water-—that is,
water with a chemical compound added to it.

That's whan the first McDonnell Flow Switch '

was developed. When water was supplied to
the locomotive tender, the flow switch actuated
a feed pump to add the necessary chemica!
compound to the water.
Today, It goes wherever there's flow
Since that time, a complete line of Me¢Donnel!
Flow Switches has been developed for a wide
range of applications, including:

Alr Conditioning Systems

Hot Water Space Heating Systems

Hot Water Supply Systems; - sr-aumias -

- Pump Systems

Water Cooled Equipment
Blending or Additive Systems
Liquid Transfer Systems

Fire Sprinkler Systems

Water Treatment Systems
Duct Type Heating Systems
Exhaust Systems

Make-Up Air Systems

The various models in the McDonnell line of
flow switches are illustrated and described on
the following pages.

[ T s 7Y
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lntroductlbn' anﬁ den.éral Appllcauons

Basic Uses of McDonnell Flow Switches

How to Select McDonnell Liquid Flow Switches
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No. FS4-3, FS4.3T Serles, No. FS8V .

Extra Senslitive Flow Switches for Low Flow Rates—
No. FS1 and FS6 Serlos

Flow Switch Models for Heavy Duty Applications
including Standard, Explosion-Proot and
Vapor-Proof Models —

FS7 Serles FS7-4 Series, FS7-L Serles

Flow SWRch Models for Heavy Duty Appl|cat|ona

71 Flow Actuated Pneumatlc Control — No, FST-A -

E ‘Water FIoQ |nd;ca(ora for Sprlnkler System
Branch PIplng-—No. FS4-3F and No FS7-4F

,General Enéineerlng Data for Flow 8wltchea. .
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: How tq Select McDonnell Alr Flow Swltches
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38
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. Double-Pole Double-Throw Operation — FS7-D Sories P00

THESE ARE SOME OF THE BASIC USES OF McDONNELL FLOW SWITCHES

[ o A

Signal Devices — In this
era of automation,
knowledge of Hiow, or
no-flow, is important, A
flow switch can provide
a visual or audible
report from any {ocation,
either nearby or remots.

Motors — The operation
of pumps, compressors
anc similar apparatus
frequently depends
upon fluid flow in a
pipeline. A flow switch
provides a dependable
way to control such
motors or other prime
movers, or to add
greater safety.

Alarms — Where flow
faiture is critical, or
where a flow occurs in
an emergency line—as
in atire sorinkler system
—a flow switch can
warn ot trouble and
pinpoint its exact
iocation,

Heating Units-—~The

W L nspread use of water
noaters and duct
heaters ranges from
commercial processing
to personal comfort. A
flow switc* -~ nipe or
duct can siart the
heating unit to speedy

* recovery, or stop it it

flow fails.

Metering Devicas —

Many liquids are

improved or altered

between their source

and point of ur 1—

chlorination of domestic

water, for example. A

flow switch can start

and stop the additive ﬁ
equipment as flow . : )
dictates.

Copyrght 1969 McDonnell & Miller, Inc.




The following discussion of the various factors to be considered will
serve as a guide in selecting the proper McDonnell Fiow Switch.

1. What function will the flow switch perform?
McDonnell Flow Switches are cquipped with single-pole¢ double-throw
switches, cxcept for FS7-D Serios (DPDT operation) and No. FS7-A
{Pneumatic). They can make or break an electrical circuit when flow
starts or when flow stops, and can be used, for example, 10:

Actuate a signal when flow stops;

Start a motor with flow;

Shut off an alarm when flow is adequate;

Stop a motor with no fiow.

2. Slze of plpe? '

McDonnell Flow Switches are being used on pipe sizes ¥2” through
16". Depending upon circumstances they can be used on pipe up to 36",

McDonnell Flow Switches are actuated o FLOW-D
(make or break) with an increase.in flow,

and will reverse switch position {break or make) with a decrease in
flow. Throughout this booklet the term "“Flow" represents the actual
movement (velocity) of liquid within a pipe sufficient to actuate the
switch. The term "No-Flow'' represents a decrease in velocity, or a
total flow stoppage, which will permit the switch to reverse back to the
original position. /Important: |n operation the switch must be actuated
by “Flow’ before it can be reversed again by "No-Flow."

For example, the partial table below indicates the minimum flow
rate required to actuate the McDonnelt No. FS1. (1) There must be
at least .41 gpm "“Flow'" before the flow switch will be actuated. the
flow rate may of course be higher. (2) Should flow then drop to .24 gpm
"No-Flow," or lower, the switch will reverse position. Note: The values
shown in this table are factory settings: all McDonne!l Fiow Switches
can be easily adjusted to require a higher actuating ‘'Fiow," or
“No-Flow.”

3. How much flow is present?
The flow rate at which the flow switch is
to respond should be determined next.

Required Flow Rates No. FS1
(Factory setting; Minimum adjustment)

“Flow" 0.41 gpm (or 0.43 fps) Velocity
“No-Flow" 0.24 gpm (or 0.25 fps) Velocity -

Complete flow rate tables In gallons per minute (gpm) and In feet
per sacond (fps) for each model are included in the product data. Flow
rates shown are averages which may vary = 10% from tabulated
values,

4, Maximum liquid pressure in pipe?

The maximum pipallne pressure should be considered when selecting
a particular model, Different flow switch modeis can accommodate
a‘range of pipeline pressuras up to 1000 psi.

5. Maximum temperature?

Determine the liquid and amblent atmospheric temperatures when
selecting the flow gwitch model, Various McDonnel! Flow Switches can
be used at tempera!ures from 32" F. up t0-300" F. If lemperatures are
lower than 32" F,, please write factory.

6. Type of liquid?
McDonne!l Flow Switch models have wetted parts of brass, Monel or

stainiess steel. Depending on the particutar model they may be used -

with water, certain light viscous fluids, some oils, some caustic solu-
tions and other fluids.

7. Atmosphere surrounding flow switch?

It should be determined if the location will be subject to high humidity,
weather conditions or explosive atmospherss. Standard, vapor-proot
and explosion-proof flow switch mcdels are available.

8. Installation?

It is recommended that all models be instatled upright in a horizon:al

run of pipe and that any valves, elbows, orif ces or other restrictions

be removed at least five pipe diameters {rom either side of the 'ow

switch. Specific installation instructions are provided w:'h each control,
For information regarding particular applications or conditions

please call or write your McDonnell representative or the factory.

LIQUID FLOW SWITCHES

How to Select/McDONNELL LIQUID FLOW SWITCHES

ELECTRICAL RATINGS
{Underwritars Listad)

Except for Pneumatic Contro! on page
10 all liquid flow switchas in this book-
let have same type single-pole doubie- -
throw switch. FS7-D Series on page 10
has two switches. Electrical ratings for
all modaeis:

Ampere Rating
Motor Duty 115 V.A.C. | 230 V.A.C.
~ Full Load 7.4 Amps. | 3.7 Amps.
Locked Rotor { 44.4 Amps. | 22.2 Amps.
" TTisv.0.c.| 230 v.0.C.
0.3 Amps. | 0.15 Amps.
Pilot Outy: A.C. 125 V.A,, 115-230 V.

SWITCH OPERATION SCHEMATICS

In the tables of flow rates given In this
booklet tor liquid flow switches the
word ‘“‘Flow” means that the switch
will close one circuit, and open the
other, when the flow rate is increased
to the gpm shown, (See schematic
“Flow.")

The words “No-Flow' mean the switch
will reverse position—will open the first

- clrcuit and close the second-—when the

flow rate- is~decreased-to—the—gpm———
shown. (See schematic “No-Flow.").

[ NO NC.
FLOW
[®. NO. ) n_.o‘:A
NO FLOW

TYPICAL INSTALLATIONS

,_Fr?;/ oe |»=W‘/m’"°""°

S

LI SRR SN

with Tee with Welded
' Yalt-Coupling

[,

d -

i
1 1 H I
s ey ex of
¢ F-’-Y Face Bushing l

= — o
s N -SRI .
bi U e 3
‘-
with Face or with Body Tapped

Hex Bushing For Direct Installation®

*No. FS1, FS54-3T Serles

and FS6 Series.
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LIQUID FLOW SWITCHES

[

: General
Purpose
Models

The flow switches described on these pages are used primarily as
automatic controis or safety devices in air conditioning, heating
and water systems and aiso in processing work. They include the
No. FS4-3 standard model, the FS4-3T Series which are actuated
by lower flow rates, and the No. FS8V which offers vapor-proot
construction.

" ® Underwriters' Laboratories Listed

® Maximum pressure, 150 psi.

& Maximum temperature, 300° F.

& Shipping weight, 3 Ibs.

No. FS4-3 .

Dimension Detalis No, F84-3

migeefasa [ R
anbtl e
B3 &
Or " |

3 —-

The No. FS4-3 is a compact, moderately-priced flow switch for service
on water lines principally, It has a single-po’e double-throw switch,
can be wired to make one circuit, break a second circuit when flow
starts or stops. All parts in contact with liguid in pipe are of brass
and Monel. The No. FS4-3 is installed in tee or welded fitting in hori-
2ontal pipe. Note outstanding design features pointed out below.

For etectrical ratings and switch schematics see page 3.

NOTE: McDonnelt No. FS4 Flow Switch is also avallable with single-pole
singlu-throw millivolt switches for selt-generating control systems. Order
No. F84-MV (completes circuit with flow) or No. FS4R-MV (breaks circult

with tlow),

Basy Wiring—Cover completely removable.

"No cramped quarters, no danger of kinked - -

wires interfering with oparation,

Two Knockouts—Connect condult at either- “ N
sidoe of housing.

‘Switch—Single-pole double-throw. Com.

pact in size, Powarful snap action assuros
dupendable operation,

Knite-Edged Bearings—O! hardened stain.
leas steel to minimize triction.

Adjusting Screw—Provides simple way to
adjust sensitivity to flow. .
Pockioss—Heavy duty Monael sylphon sdals
switch asgembly from fine.

J-in-1 Paddle--Segmented Mone! paddie .
quickly adaptable for 1~ to 3“ pipe. Ex-
tendad Mone! paddie also included tor
larger pipe sizes. .

0 T8z
8 cl

FLOW RATES REQUIRED TO ACTUATE NQ. FS4-3 FLOW S{MTCHES

_ _Flow rates in gallons per minute {GPM) shown in black. Velocity in feet per second (FPS) shown In color. .

Flow rates are averages which may vary +

RARR

10% trom tabulatea values.

*Equipped with extended paddle trimmed to pipe size.

Pipe Size in Which !
Flow Switch Installed i 17 14" 1" ¥ 2Y5L" ki 4 57 hd i
Factory Flow . GPM 6.00 9.80 12.7 8.8 24.3 30.0 39.7 58.7 79.2
or T FPS 2.24 211 . 2.00 1.80 1.63 1.30 1.00 0.94 0.88
Minimum No GPM 3.60 560 1 7.00 9.40 11.6 12.0 19.8 29.3 39.6
Adjustment Flow [ FPS 1.34 21 7 1710 0.99 0./8 0.52 0.50 0.47 044 ,
GPM 10.2 16.8 230 27.8 42.4 52.1 73.5 115.0 166.0
Maximum Flow  —rps 3.91 362 362 3.14 2.74 26 1.86 1.85 1.84" |
Adjustment No | GPM 920 | 15.C 1673 24.0 37.5 46.1 64.2 920 .| 1230 |
: Flow | FPS 343 503 1 ) 2.29 2.51 200 ~ 1.62 1.48 1.37



LIQUID FLOW SW..cnces

General EmgM@ermg D

{7 BLE OF FLOW VELOCITIES
... pipe in equivalent gallons per minute (GPM)

CORRECTION FOR SPECIFIC GRAVITY

The tables of flow rates required to actuate McDonnel!
Flow Switches are based on water with a specific

Flovs In Pipe Size . gravity of 1.00. Shown below are the approximate
s [ T %] ] v 1w | 2 [ awer] 3] 3w & ] 5 1 & 231\: rartaev'tl:lc;;rechon tactors for fluids with other spe-
2 | a9 33| 54 94| 127 21 30| 48| 62| 79! 1251 180 g )
4 | 38| 66| 108] 188| 254 42| 60| 96| 124] 158] 250 36.0| Specific Correction Specific Correction
.6 57| 99| 162| 292 381 62]| 89| 134] 186] 27| 375 54.0 | Gravity Factor Gravity Factor
8 | 76| 1.32] 2.06] 3.76] 508 | 83] 11.9] 19.2] 24.8] 31.6] s0.0] 720 of Fluid (Multiplier) ||  of Fluid | {(Multiplier) |
1.0 95| 1.66] 270! 470{ 630 305| 149 23.0| 308; 39.7] 65.4| 90.0 1.40 0.84 0.95 | 1.02
18 | 1.42] 2.50] 4.05] 7.10| 9.48] 15.8]| 22.4] 34.5| 46.2| 89.6] 98.1 135 %gg 833 832 igg
2.0 [1.89] 3.32] 5.40( 9.40]126 | 21.0] 298| 46.0, 61.6f 79.4] 131 | 180 125 0.90 0.80 112
25 |237] 416 675|118 [158 | 263 | 37.3% 57.5: 77.0( 99.3} 164 225 1:20 0.91 0.75 1.15
3.0 [284] 494] 8107141 (190 | 315] 447 69.00 92.4] 119 ! 196 270 1.15 0.93 0.70 1.19
35 [3.31) 5.82] 9.45/165 |221 ! 36.8| 52.2| 80.50108 |139 |29 315 1.10 0.95 | 0.65 1.24
40 [3.78] 665[10.8 |188 [253 | 42.0( S9.6] 920123 1159 | 262 | 360 1.05 0.97 | 0.60 1.29
.45 |a26] 748[12.2 [21.2 [284 | 47.3]| 67.1[104 j139 [179 294 ia05 | 1.00 1.00 i 0.55 ii?
5.0 [474] 832[135 [235 [31.6 [ 525 74.5] 115 | 154 | 199 327’?- 450 _| | _0.50 :
5.0 |568| 999|162 |28.2 |37.9 | 63.0 "39.4_ 138 [185_[238 |07 | va0_| Example: .
7.0 | 662]11.6 | 189 | 329 [44.2 | 735|104 | 161 | 216 m a8 4_»;@__ Determine whether No. FS7-SE Flow Switch will be
80 [ 7561133 [716 976 [505 | 84018 [184 1246 |318 151 7720 | ciuated by a-flow of 60 gpm of gasoling (Specific
9.0 |8.52 150 | 24.3 | 42.3 | 568 | 94.5 (134 | 207 | 277 | 387 | 589 | sto Gravity 0.75) in a 3 pipeling.
10.0 9.48 | 16.6 | 27.0 | 47.0 | 63.0 | 105 149 230 308 397 G54 490 Water cut-In flow rate for No. FS7-SE In 3" plpe (see
table page 9) is 46.1 gpm.
46.1 x 1,15 (Correction Factor) = 53.02 gpm.
This 53.02 gpm cut-in point is less than 60 gpm flow
rate; therefore No, FS7-SE is acceptable.
PRESSURE DROP (PSI) ' . ?
i . Flow Rate (GPM)
Sips | Flow Switch
. FORM ER PIP
. Mae Mgt [0 T.s[1.0]20] 4080 100]150] 200]29.0]30.0[50.0]75.0]100.0]130.0 200.0 ﬂOGt{E%L‘\\IEiOO%l'f?ERSG R - E'_ B i
w* | No. FSt 281.32| 47| 72| 2.74| 9.74| 14.4 1. Velocity in 11, per sec. (FPS) = .
__GPM X 0.321
Y81~ FS6 Series | .01(.02{.03].04{ .36{1.44]|2.164.85] 7.904]12.3 Pipe Area In sq, In,
£54.371-%, Examplo: With a flow ot 1200 GPM through
%" | r3a312.9% 01f.0af .14} 504 .78 an 8” pipe, determine velocity.
W | F34.373.% 03| 10| 32| 04[1.33 Velocity — 139_9?’:.‘:’.33_‘. ot 7.7 . per asc.
5 S X
1 | FSned 01 02| .08f 23} 33 2.VG|PMIHI f oioe A |
t 1. . X .in,
17 | F84.313.1 03| 07| .21| .61] .88 Socly nh.per ;";21 po fressy.’n
” FS4.3 Example: With a flow of 6.5 ft. per §e0.
1 FS4-3F 5] 32| 84126 2.20 through a 10” pipe, determine GPM.
1# | Fs8v o1] 05| .20{ 33| 78| 130 8.5 % 78.9
GPM = %331 o°f 1600 GPM,
3* | Fs4-3 ; o1} .01y 02| .05l .10, .18 40| .79
3" | Fsav 01 .01 .02{ .08 .0f .13 .17] .19 Standard
* Pipe Area
FS7 Series A
TTC IR L 03 .08] 7] 39| .72 3ize
~ | FS7 Serles : 8" 50.0
2 F37-4 Serins 02} 02| .04} .09 .13| .19] .51 .80 n 10" 78.9
w | FS7 Series | . : | . "
4 | (37.0%eries ; 01 .02; 03] .05 .06 . }.i i;gé !
o | FS7 Series ! o1 .01, 02| .02 s16” 0 i
FS$7-4 Series i ‘ o : £16 183.0 |

NEMA ENCLOSURES The following is a list of the general types of NEMA enclosures, along with

@

the McDonnell Fiow Switches which conform,

MEMA Enclosure McDonneil Flow Switches
Type 1—General Purpose All Modeis
Type 2—Drip Tight . Nos. FS7-V, FS7-SV, £57-4V, FS7-VL, £S8V
Type 3—Weather Resistant " Nos. FS7-V, FS7-SV, FS7-4Y, FS7-VL, FS8Y
Type S5—Dust Tight '.15. FS7-V, FS7-SV, FS7-4V, FS7-VL, FS8V
Type 7-——Hazardous Location Nos. FS7-C, FS7-SE, FS7-4E, FS7-EL
Type 9—Hazardous Location Nos. FS7-E, FS7-SE, FS7-4E, FS7-EL

Type 12—Industrial Use

Nos. FS7-V, “57-SV, F§7.4V, FST-VL, FSBY




Rep!acement Parts and Assemblies
MSEDonnell F&4 Series Flow Switches

PART NO. DESCRIPTION
*FS4-33 .............. Electrical Switch -~ Single pole, double
(Nustrated) throw. For FS4-3 and FS4-3T models...........

*412 or 612-MV. . .Electrical Switch—single pole, single throw.

{Not {MV means miltivolt service)
illustrated) For No. FS4 or FS4-MVY—Completes circuit
With AOW . e ivnierennenerecesnsnercsosanesans

*612R or 612R-MV Electrical Switch—single pole, single throw.

{Not (MV means millivolt service)

ilustrated) For No. FS4R or FS4R-MV—Breaks circuit
with low...coiviniiinennnenes Ceeesereresnsens

SAFS4-1R ........... Bellows Base Assembly for No. FS4 and

(ustrated) FS4-MV . ittt ittt iiiceeratesaans

SAFS4-1............. Bellows Base Assembly for No. FS4-3, FS4R

(Not and FSAR-MV. .. ... .. i i ittt iianees

illustrated)

Bellows Base Assembly for FS4-3T models.....
(Furnished with both gaskets listed below)

Gasket for No. SAFS4-T-36R Assembly. Fits
older “T” models marked on name plate :
for 100 PSI Maximum Working Pressure. ..... .

or FS4-T-41. ......Sealing Ring Gasket for No. SAFS4-T-36R
- Assembly. Fits later “T" models marked for
150 PS! Maximum Working Pressure.......... .

SAFS4-15....... +...Paddle Assembly for FS4-3, FS4 and FS4R.
(Consists of FS4-15 Paddle (for 1 inch tee).
FS4-16 Paddle (for 2 inch tee), FS4-17
Paddle (for 3 inch tee), S-21 Screw, 47-67
Llock Washer and C-35 Holding Nut

Paddle for FS4-3T1 models........c.ooviviiiiiiiinnns

Cupped Paddle Assembly for F$4-3T2 mod-
els. Can also be used on FS4-3, FS4 and
FS4R modeis for greater sensitivity. Consists
of No. FS4-15 Paddle and No. F$4-25
Cupped Paddle ...t

.............. Cupped Paddle only, for use with FS4-15
Paddle to field convert to SAFS4-25 ................

............... 6 inch paddle, for large pipe. Used with
FS4-3, FS4 and FS4R. ...........................l

*No. F§4-33 Switch is not interchangeable with 812 Series Switches.

MEDONNELL & MILLER, Inc., 3500 N. Spaulding Avenue, Chicago, Iil. 60618

Deip the () Tig T






VII. PUMPS

Pump P-4: Bell & Gossett, Series 60, 13"A, 6-3/8" dia. impeller.
Baldor Motor Serial No. 1078, Model VWL 1307, 3/4 HP,
115-208/230 volts. .

Pumps P-5 and P-7: Bell & Gossett, Series 60, 131"AA, 5" dia. impeller,
Identification No. 97185 BV, Model MRH 24 JX, % HP,
115 volts. o :

Pump P-6: Bell & Gossett, Series 100, 1/12 HP, 115 volts.

Installation, operation and service instructions:

AR



BELL & GOSSETT

SUBMITTAL

© LUPYKIGHT 1967, 1973 BY INTERNATIONAL FELEPHUNE AND TELEGRAPH CORPURATION

]/ A B-131.2
r 1 2 REVISION 6
Series 60" |
H )
In-Line Mounted
1 Stanford Food Commiissary Bldgs ) J
JoH Stanford University 8 & G REPRESENTATIVE Califom ia Hydronics
UNIT.TAG NO. P-4 : ORDER NO. DATE
ENGINEER Interactive Resources, Inc, SUBMITTED BY OATE
' Redwood Mechanical
CONTRACTOR APPROVED BY DATE
DIMENSIONS DISCHARGE— VR
A — P
, |
B - l
_.¥...._._ — ,ﬂi R
C J \* s T .
1 - T ry > bl Q| My e i ey
. IR ’_.é\! 1
: L
R R 8 sueTion P
: Companion Flanges furnished
TION _ ) X
PUMP SU::NDO pum.p DIMENSIONS—~INCHES for Suction and Discharge
SZE N OISR p e | kLl M| NP R]|S]| ¥ 6-3/8" dia. impeller
INCHES NPT )
1vA| " 1v | 9% |3u|4n| 1 |3%|9%| % 6w 7 | 13% SPECIAL INFORMATION REQUIRED
ALL MOTORS 1750 RPM ‘ 2O bPM__4S e T
MOTOR SIZE MOTOR DIMENSIONS~INCHES MATERIALS OF CONSTRUCTION:
H.P. _ PHASE A B ¢ .°‘ E | H J [{{BRONZE FITTED [] ALL IRON [J ALL BRONZE
ol 9% | 2% | 7w | 4% | 1% | 284 =  gecrricat oata: %.np :
% 3 H |~ 7% | 4% | 11 24 - =230 vours €0cv. / en
—— oy 1 9v. | 2n | 7n| 4% | 12 25 ~  MOTOR ENCL_ LRS- FRPIF.
% 3 h | — 7H | 4% | 11M ] 24n | = oee consTr e e
1 1 10% | 2% 8% | 4u 9% | 2% | %
< - APPROXIMATE WEIGHT LBS.
1 3 8% | — 84| 4% | 10 23 %
MAXIMUM WORKING PRESSURE 175 PS|
: 1v 1 10% | 2% | 8% | 4% | 10% | 23% | % _
‘ 1% l -3 ] 8%, _ 8% | 4u 107% 237% % SEE PERFORMANCE CURVE ON REVERSE SIDE

BELL & GOSSETT 1 1T
FLUID HANDLING DIVISION




V7 @@ V74
SERIES PERFORMANCE CURVES

PERFORMANCE CHARACTERISTIC CURVE
fonm 11/2”A nrrisycaL Puwr F16 no SERIES 60 SPELD 1750 AP w
CUNVES BASED ON SHOP TEST USING CLLAR COLU WALER AT A TEMPERATURE OF NOT
UVlR' 5%t Pll"(fONM.ANCE S GUA‘kANI(I(A AT II‘N)VIC)\.IIU Ql‘iRAlINli POINT ONLY.
HOKSLPUWLR CURVLS VO NOIT INCLULL MOTOR SERVICE FACIOR aPoROVED i B oatt 3-/9-63.
» R T
E&- 2 B ‘{{' '
I —_— -rm—‘ Sl e - V2 I o 10
- $ it BT N - e - gt . .
6 | 4 Hnpelers are lmmlnml " 'm;
Y “1T— b . . [ - - "t
N L b 0% 35& £ Q‘ :fff;;f.i-'.'u'y'.'::.-;.'....?;.’L';ufc;‘t:.'rum'-:.u
- - +rrT -t T T unpelter sicoy remaans with 111
f d l.H.-II &_-b:ns'scil'l; . _
5 soid Suris LT
w AN /
= [ ] ———] N ) .
Hpy . t <+ -t PN S
9 . 7 N LN ]
w N 3 S% N
~ \ N
) B R
= 3 r -
e & \\V - m.. . >‘\ b
= \\ ! TN 3b%
~NN, i N N L~ \
\ Ry N 2 N
N ‘ -\ L N[
\ : AV — szP
20 —
Fﬁ | [ paren e N S ; AT Plat e s e LTI‘.?!: b i T M LS Sy e — e =
' ! !
N H I A !
05— 10 20 36 30 50 60 70
CAPACITY IN U.S. GALLONS PER MINUTE
,

BELL & GOSSETT

QP00 N AUSTIN Avi - MOHTON GHUIVE L s
PRINTED IN U.S.A. 12.73 INTERNATIONAL TELEPHONE AND TELEGRAHI CORPOBATION




- CERTRIFUGAL PUMIPS B A 31 Ag
i BELL & GOSSETT SUBMITTAL b E .

? PRODUCTS 4 REVISION 2

.

in-Line fAcunted Centrifugal Pumps

SERIES ”60” i

T A R g T T Y T A I R S S T OO S

Stanford University .
Food Services Bldg.

uniT a6 no..__ P25 & P=7

encineer __Interactive Resources

contractor___ Redwood Mechanical
Calif., Hydronics K

JoB

B4 G REPRESENTATIVE

ORDER NO. OATE

SUBMITTED BY,

DATE

APPROVED BY__

T e g e e T R S T T e ) s A% €% et s P i S

DIMENSIONS R
B
| | | I
e IV _
, ==
L I
E F —FG
H

Companion Flanges furnished for Suction and Discharge

- . . Y T
SUCJLON PUMP DIMENSIONS—INCHES o Ny

- PUMP A
SIZE | DISCHARGE ‘ : ;
scrarGEl T e Tkl Tl wl nlelarls | v SPECIAL INFORMATION REQUIRED
INCHES NPT 21 22
‘ : GPM FT.
1v%AA 1% 5% 3% |3% | 1%{2nw | 7% ] %] 5 | 6 | 11 _ :
— MATERIALS OF CONSTRUCTION:
- ALL MOTORS 1750 RPM ,
MOTOR SIZE MOTOR DIMENSIONS—INCHES {J BRONZE FITTED [J ALL IRON 3 ALL BRCNZE
.. H.P. | PHASE A B c D [3 H ELECTRICAL D,ATA-'—I':——HP
“% Ya 1 7% - 7% 4% - 10 19 ' ! ‘5 VOLTS 60 cv. ] PH.
" 3 7% - 7% 4% 9y 19 motor encL.__drip proof -
% 1 Qv 2% 7% 4134 11 20v% SPEC. CONSTR -
% 3 7% - 7% 4 11 20% MAXIMUM WORKING PRESSURE 175 PSI
. Ya 1 9 2% 7% 4% - 11w 20%
3 —— ),
5 % 3 7% 7% L 46 11 20% SEE PERFCRMANCE CURYE CN REVERSE SIDE
. BELL & GOSSETT mMoRTON GROVE. ILL. 60053 ITT
Fluid Handhing Division. Internationai Telephone and Telegragh Cerpuration -

FRISTED IN UL A {02

© CGPYRIGHT 1907, 1972 BY INTERNATIONAL TELLPHSNL AND TELILRAPN CIRPGRATION




TOTAL HEAD N FEET

11@@ 178 |
SERIES & PERFORMANCE CURVES

son JA"AA  uerarucar mwr g

PERFORMANCE CHARACTLRISYIIC CURVE

Caracy ™
» SERIES 60 "ta0 et

CURVES hSED (1 SHOP TRST UTING CLEAZ COIN VATIR AT & THIPCATURE D% ROT
UviR b5 0 PLAECFVANCL IS GUAKANTEED A) 1% SCATIR UrtrAlING PO SHLY.
MORSEFGWER CUiveS DO NOT INCRULE MOTUR SIRVICE FACTUR

st

arpne g QZ t

7

1750 -

—ah o

re

farr G'IS'G!

! impetiers are tnmmed in %" incre-
nents to supply required capacity.
, tewputis:Ldy tor Bial impetler siz-
g temains with ITT Beil & Gossett.

T . - : T A
| i l i : i ! - i ! ! Vo
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, S A D 10 0 B D B A A
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; i ] 0 ! . N L.L. | : I |, H 1 ;
. - ——— - - g —— ¢ r -+ - —y - -
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CAPACITY IN U.S. GALLONS PER MINUTE

. BELL & GOSSETT MORTON GROVE. ILL. 60053
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BELL & GOSSETT

Iron & Bronze*
Booster Pump

SUBMETTAL
A-120.

R[VISION 10

Stanford University
Food Services Bldg.

UNIT TAG NO. P=6 o
enomeen_ _lNteractive Resources

CCNTRACTOR _ RedV’Obd MeChan I‘Cal

JOB

sacrernesentanve . Calif. Hydronics

ORDER NO. e DATE
SUBMITTEDBY . . . ... OAVE._________
APPROVEDBY ___ . ... ... . DATE

*Where Service Water Is Pumped. Use A Bronze Booster Pump

OPERATING DATA

Maximum Working Pressure....................... 125 PSI -
Maryimum Operating Temperature
Standard Seal: 225°F. continuous « 250°F. intermittent on -
closed systems using modulated temperature control, proper

20 GPM at 6" TDH

pump location and system pressurization.
Special Seals: 250°F. continuous consult your local whole-
saler, B&G representative or the faclory).

Maxn.mum Motor RPM . . . . i i i i 1750

. Capacity:

CONSTRUCTION MATERIALS

Booster Body..Cast tron or Bronze

Shaft..... Carbon Steel

Impelier: ' - ds Seal..... Mechanical, Carbon on Ceramic
Pump Model No. Iron Body - \Bronze ng_y) Pump Bearings. .Bronze. Sleeve, Oil Lubricated
Series 100 - Polypropylene or Brass — Coupler...All Booster Pumps except PD38 and PD40 Flexible,
SC-75 Brass Spring:loaded type PD38 and PD40. . .Flexible
( Series HV & 27 Phenolic . Phenolic Motor . . . . Vibrationless oil lubricated sleeve bearing motor
- Series PR, 2% 7, LD3, Steel, Cadmium  Brass " "approved by CSA and recognized under the Com-
HD3, PD35 & PD37 | . Piated ponent Progiam of Underwriters' Laboralories, Inc.
PD38 & PD40 Cast Iron Grass Motor Bearings. .Bronze, Sleeve. Oil Lubricated
SCHEDULE _ o .
**STANDARD 60 CYCLE
FLAEG‘E,T MOTOR CHARIACT'ERISNCS
moDEL | S{RELES avaiabie on request wrhsome QUANTITY
' (specily size) T VOLTAGE
— > "SERIES 100 | %, 1, 1% &1% |12 ¢ | ' =5 -
SC-75 SWEAT
SERIES PR | %, 1, 1% & 1% R )
SERIES HV | 1,14 & 1% 16 115—WITH _
1 | BUILT-IN
2 , 2 OVERLOAD -
2% 22 -1/4 PROTECTION
LD3 S ‘
HD3 . 113 .
) PD35-S | . 115/230 :
PD35-T*** 3 | 208-230/460
PD37-S | 3 a4 |1 | 115/230 —
PD37-T*** 3 | 208-230/460
PD38-S 1 1 | 115/230
pD38.-T1*** 3 208 or
. 230/460 B
PD40-S 1% 1 115/230 i
,\ PD4OT " 3 | 208 or
: 230/460

“*Motars with special electncal charactenstics are avalable on reguest
at addi,onal cost. Reter 1o motor cata sheet HS-615 or contac: your
tocal Bell & Gossett Regpresentative tor deia:!s.

***External overioad must be provided.

[~ STl UNTERNADICNS, TIIPA0CKE AN TEL R&1EA CUPTORATION

BELL & GOSSETT L1
FLUID HANDLING DIVISION




Pt

'IRON AND BROF\ZE BOOSTER PUMP [ fnmapss oo au ©2uiton eores RPN N

! nm or S e oy g (T &
. a : i S 0 10 S T I P B o
: $ e I~ - P S : 44 L.TRIv et ot Dased e ctr —
1 3 i __;_, _L - - |_ AP oot £oe 00 47 o0 A0
T ] ., Cyete =f s, darge: guToe w!
o R e —-"-'1 cmtet— = P ncrcnary Tut fiTIs A rr =
+ l—- ‘-f—'——-—i'—— - See - "I‘ ceepe borger Canatiics (00 €0 h
30 ] j —_ [ ~ _ 'L—T_—:"'—_T— loc. l_ﬂ&u ELICSOnst. veL
~ N H . - ot Aalit Gt T "'1
~— ; -
~T T v el 11 }
1 T oy
25 ~ . TN N Lo
« I -
E ——— L
3 NI N
20 - I
[ T .
o — o + \\
& ~— ' BN = PD30
iy SERIES PR _Tombo ' P06 = L]
) N N |
2 15 g H N N H
2 : . = FD37 T
z QY SERIES HV 1N }\ N\ 5
. RN - PU35 i
10 =it S - I e e
IERA LN \ '\:\I L I N b
- HC3
! s i R BN ]
s == \ N R T SN 1
I 177 1/N) N — 21y = N
[ SERIES 1653 I LD >
SC-75 \ : 1 ™
] )| \ h? | T T
o L1 1 1 ~ 11 :
.0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170

DELIVERY IN GALLONS PER MINUTE

DIMENSIONS & WEIGHTS

FLANGE OIMENSIONS 1N INCHES APPROX. SHPG.
SIZE NPT {open drip-proof) - - - WT:LBS. v
MODEL mg:‘nz§ T | IRON
NO. fspecily size) | A 8 c | o € | 800Y | BRONZE-
te [T - i
[URES LA S
'7» SERIES 100} 1& 1% 15 €4 . ) - 1 2 2l
% 2 TR _
SC-7% SWEA1 3 | - - - 2
] 91 -
SERIES PR [T & 1% 16% 13, [ - 3
1%, AT - !
SERIES HV ) 1 rs 85 R EE - 1 5 0
Mei, ] ' | ¥ T .
2 ! 2 182% 174 - . v 4 ELECTRICAL BOX ARRARGEMERT
Y% | 2y 17% 1414 - 52 62 FOR GOOSTER PUNPS WITH
103 t 10 " - T B0 BELL & GOSSETT
| - TANU .
HD3 | TR 150, i — s 3 l':qA .:I:ACT:JR[D N OTORSl . : -
PD35-S 20, Tit s %3 cocc- .l.L::Um rdr ;" - . R
— | — w T R Senes an :
PD‘.’S ! .. 2 12 ”’LE 1% r————-————@— SC-7% Standard | Other I
fous | 3 2 L LS ] W SeeswendZ | 115 Vol
FD37-T 203, 1 171% i €2 87 1@ Only | -
ro38-S 24 194, ~ 123 133 Senes PR
PD3L-T 245 14Y% 197, 1% -, 13 135 2Y5°, L03 and HD3 19
PDsO-S 8% 204 - 13 140 PD3Y anu FDI7 s All
PD4O-T 2% 2004 - o\ 137 PD3Y and PDAY - Ail
TYPICAL SPECIFICATION
The Contractor shall furnish and install in-The-Lme Pumps as illusirated on the plans and in accordance with the following specitications:
1. The pumps shall be of the horizontal. oil-lubricated type. speciically 4. For PD medels with 3-phase moters, aad the following:
designed and guaranteed for quiet operation. Suitable for 1255 work- The Contracior shall furnish and install a magnetc starter for each
ing pressure. booster pump. with &t lexst two thermal cverload proteciors. The
2. The pumps shall have a ground and polished steel shaft with integral starter shall be equipped with manua! rese: bultons.
thrust collar. The shaft shall be supported by two honzontal sieeve The pump sha!i be Bell & Gossett Model No. —______________ ¢f ap- ..
bearings designed to circulate cil. The pumps are to be equipped w.th a proved equal with a capacity ¢! . GPM at :
mechanical seal with carbon seal face rotaling agairst a ceramiz seat. F1. head when directly drniven through a se'-angming liexible couzting
The motor shall be non-overioacing at any po:nt on pump curve. by an c.t-lubricated motor. .. volts _ cycle -
phase( -
3. The motor shall be of the open, drip-proof. slecve-bearing. Guict-
operating, rubber-mounted construction. Motors shall have buiit-in 1= r- ' & E = i
ma! overloaz prqtectors. (Exception~PD mode:s with 3-phase maeors n @
see paragrzph 4.) BELL & GOSSE l ! ? i
B.uu N AUNT AT AL AT GRS -
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BELL & GOSSETT

INSTALLATION INSTRUCTIONS

LOCATION

If the pump is not installed on a closed system it should be placed as near
as possible to the source of supply, and located to permit instaliation with
the fewest possible number of bends or elbows in the suction pipe

ALIGNMENT

The compact construction of this pump makes'it very unlikely that any mis-
alignment of parts will occur, but a check should be made before putting
the pump in service.by turning the shaft by hanc 10 determine that there is
no binding.

PIPING

It is important that air be kept out of the system. On an open gystem always
piace the end ol the suction pipe at least 3 foet below the surface of the
water 1n the suction well to prevent air from being drawn into the pump.
Avoid air pockets in the suction line and make sure that each section of the
suction pipe is absolutely air tight.

Instail a square head valve and a check valve in the discharge pipe close to
the pump. The check vaive should be between the square head valve and the
pump discharge nozzle. The square head valve can be used 1o control the
capacity of the pump or to shut off the discharge line while repairs are
being made. The function of the check is to protect the pump casing from
breakage that might occur due to the action of water hammer.

A-10-32 NF eye bolt has been included with the larger pump packages, use
of which is optional, to enable supporting the bearing bracket from above
the pump when the piping Is not able to provide the necessary suppon.

Do not support under motor, misalignment will occur.

SYSTEM PREPARATION

Prior to pump start up, the system should be cleaned with a trisodium
phosphate solution, flushed and drained. Then refitled with clean liquid.
The PH should be maintained between 7 and 8.

PRIMING

DO NOT RUN PUMP DRY. Before starting, these pumps must be filled with
water. After the pump has been filled, turn the shaft a few times by hand to
allow all air to escape and if necessary add more water. The square head
valve in the discharge should be kept closed until the pump is running at
tult speed and then gradually opened.

LUBRICATION

All new Bell & Gossett Boosters and Series "60™ In-line centrifugal pumps !

are test run at the factory, but must be lubricated before being placed in
operation.

BOOSTER AND
SERIES “60” IN-LINE
CENTRIFUGAL PUMPS

INSTALLATION, OPERATION AND
'SERVICE INSTRUCTIONS

INSTRUCTION SHEET
S$16946

REVISION 4

Also replaces
Instruction Manual S17630

Lubricate as follows:

1. Pump Bearings—Fiil the bearing frame per oiling instruction tag with
SAE #20 oil until o1l Hiows trom the overtlow hole on the side of the bear-
ing bracket. PD38. PD40 and Series 6C "A" size pumps are to be fubri-
cated until oil level is up to the side hole. Retubricate as necessary to
maintain this levet.

2. Steeve Bearing Motor—Lubricate thru the two motor oil cups per motor

fubrication tag once every tour months. Use ten to lmeen drops in each
Oil cup il requireg e ~memmeomee ¢ e e s

3. Ball Bearing Motor—Reiubricate every six months Ic two years depend-
ing on operating conditions with 3 good soda-soap or hthium base
grease.

NOTE: Over-oiling can cause deteriuration of the motor mounts which in
turn causes excessive coupler wear from misalignment.

OPERATING INSTRUCTIONS

1. Be sure to operate the pump in the proper direction. All PD and Series
80 run clockwise when lgoking al.the pump from the motor end. All
boosters run counterclockwise when looking at the pump from the
motor end. All pumps are provided with arrows showing direction of
rotation.

2. Keep pump and moior bearings lubricated.

3. Do not disassembie purnp unless absolutely necessary as impelier has
been dccurately adjusted and tested before leaving factory.

4. Pump shaft should always turn freely by hand.

5. Ash for information or help if trglible is experienced that cannot be rec-
titied since this pump is guaranteed 1o operate as recommended.

6. If pumps are to be idie for a very long peripd of time the interior of the
volute should be cleaned-and-oiled.--This -prevents-parts-from rusting - -~
together and assures a longer period of satisfactory operation.

7. The motor should be protected against overload and under-voltage.
Control devices for this purpose can be obtained at a very low cost. They
are inexpensive insurance.

(OVER)

© COPYRIGHT 1967, 1977 BY INTLANATIONAL TELEPHONE AND TELEGRAPH CORPORATION
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SERVICE INSTRUCTIONS

An exclusive feature of the B & G Booster & Series “60” pumps I3 the avail-
ability of complete bearing bracket assemblies as replacements.

In those-cases where it may be necessary only to replace the seal assembly
the following instructions appty:

1. Turn off current to motor.

2. Close valves on both sides of pump (If no valves have been installed, it
may be necessary to drain the system).

3. Detach bearing-frame assembly from pump volute by removing eight
cap-screws trom center body-flange.

4. Remove impelier from pump-shalt (First turning impeller-nut counter
clockwise).

5. Lift off seal-spring — then place screwdriver point under top compres-
sion ring of seal and pry off. Sea! can then be removed by pulling
upward.

6. 8e sure that the shaft is thoroughly cleaned then lubricate with a thin
film of oil or water and push the replacement seal on as far as possibie
by hand. Next, using a screwdriver press down firmiy ail around the
outer edge of the top compression ring untit the seal is tight against the
face of the remite insert. It end play is present push the seal on tighter.

7. Replace impeller on shaft making certain that impeller-nut is firmty
tightened. The pump and bracket can then be reassembled into pump
volute and placed in service.

HOW TO REPLACE THE COUPLER ASSEMBLY
A ~— Turn oft current to motor.
B8 — Remove bearing bracket cover.

C — Loosen coupler haif from pump shaft by turning Allen set screw
counter-clockwise. .

D — Remove four cap screws that connect motor bracket to pump dracket
and slide motor away from bracket. If coupler sticks on pump, insert screw-

driver between rear bearing and coupler hatf, exening-pressure odtwarg”

Loosen set screw on motor coupling halt and remove coupling.

E — Install new coupler, slipping one coupling half on motor shatt first
and tighten set screw. Slip other coupling haif on pump shaft, tighten set
screw and bolt motor bracket 1o pump bracket. Replace bearing bracket
cover.

CAUTION:

Do not attempt to replace individual coupler springs. If coupler arms are
worn or springs are broken, always replace entire coupler agsembly.

HOW TO REPLACE THE RING MOTOR MOUNTINGS
A= Turn off current to motor.

B-~ Disconnect motor leads..

PRINTED IN U.S.A. 5.77

C— Remove coupler from motor shaft. A

D— Loosen rear clamp on motor using screwdriver to pry off clamp motor | -
can then be lifted out of bracket. T

E— Place screwdriver between tront mounting and end-bel! of motor and
strike firmly with a hammer on handle of screwdriver, forcing Inner ring
of motor mounting off the boss of end-bell. (Figure 1)

F— To install motor mounts, hold mounting firmly against boss of end-betl
and tap inner ring lightly until mounting has started. Continue {0 tap
around the inner ring (compression ring) until mounting is flush with
end of boss. (Figure 2) Repeat procedure with rear mount, however, do

. not rest motor on end of shalt when applying this unit.
G— Replace motor in bracket with oil well spouts up and tighten clamp.
H— Reconnect coupler and tum shaft by hand to make sure it is free.

i— Reconnect motor leads and turn current back on.

BELL & GosseTT JI''

INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORAITION




VIII. HEAT EXCHANGERS




r VIII. HEAT EXCHANGERS

A. Heat exchangers HE-1 and HE-2: Bell & Gossett, Type STH, Model
i No. 530-1, one pass.

B. Installation, opeation and maintenance ‘instructions:

*e



BELL & GOSSETT

SUBMITTAL

. C-220
+y Type STH
Heat Exchangers
Stanford University B & G REPRESENTATIVE __C_a_'_'_f_.._.HVd ronics Corp R

08 Food Services Bldg.

OPERATING DATA

UNIT TAG NO. r HE-1 ORDER NO. _ : DATE _

ENGINEER ' D) teractive Resou rces SUBMITIED®BY — DATE

contracton __Redwood Mechanical APPROVED BY —_— o OATE
_DESCRIPTION

B&G type ‘STH’ Heat Exchangers are of the sheil and tube type with non-removable tube bundles. Copper shell, brass
baffles and copper tie rods supply total nonferrous contact on the shell side. Replaceable zinc plug in the head provides
anodic protection on the tube side.

Note:

DUTY:

N Ouvw s W

o

o

\

1.

. Fluid Circulated . . . .water both sides

. Total Flow Expressed in GPM, GPH, CFM, CFH, Ibs./min,

.SpecificGravity. .......... ... ... N
. Specific Heat........ RPN e ..
LatentHeat.......... ... .. ..o e

.Temperature INJOLt .. .. ... .. i
. Transter BTUMF..............oL S
10.
11.
12.
13.

-1
Exchanger Model Number. S 30

2 units operating in series

SerVICE . . it e e Cooler.

Heater.

TUBE SIDE.

SHELL SIDE AIPPRQVALS

21 GPM

OFIDS. /Nl . ... e e e

21 GPM

. Viscosity Expressed in Proper Units and Temperature

such as centipoises @ °F

110/95°F

85/100°F

105,000

Thermat Conductnv:ty .............. P o

105,000

Max:mum Operating Temperature of Umt .............

......................... 7.0

Pressure Drop (Maximum) tot a‘ for both

16.0

Fouling Factor or Percentage-of Additional Surface. . ...

.001 .

€ LOPYRIGHT 19,0 LY INTIRNATIONAL TELEFeONE AND TELEGKAPH TCHE(FA%0S
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BELL & GOSSETT

SUBMITTAL |
C-220

Stanford Universfty

asé;nevass&nnmvz Calif. Hvdronics Corpo.

o8 Food Services Bldg.

UNIT TAG NO. HF=2 B} ORDER NO e —DATE

ENGINEER Interactive ReSOL‘J rces SUBMITTED BY . - I OATE L.

CONTRACTOR Redwood Mechanical APPROVED BY . OATE
DESCRIPTION

B&G type ‘STH' Heat Exchangers are of the shell and tube type with non-removable tube bundles. Copper shell, brass
baffles and copper tie rods supply total nonferrous contact on the shell side. Replaceatle zinc piug in the head provides

anodic protection on the tube side.

such as centipoises @°F..................... e

RY L VLK
OPERATING DATA , Note: 2 units operating in parwal tel
DUTY: ‘
- 1. Exchanger Model Number. 530- !
SrVICR . .o e it e Cooler. Heater.
. ' TUBE S!DE SHELL SIDE APPROVALS
2. Fluid Circulateg ... . Water both sides
3. Total Flow Expressed in GPM, GPH, CFM. CFH, Ibs./min. 21 GPM ' 2! GPM
orlbs./hr ... ... ... e .
4.SpecmcGrawty....................’ ............... :
S5.8pecificHeat............ . ... .. i - i :
6.Latent Heat....... e e FE : i i
7. Viscosity Expressed in Proper Units and Temperature Mﬁm ﬂm‘
- 135/7123%F 113/125%F

N

.Temperature In/Out............. .. ... ... ...
9. Transter BTU/hr. .. T TR

"10. Thermal Conductivity . . ..o vve e eeeeneeniannnn
11. Maximum Operating- Temperature of Unit.............
12. Pressure Drop (Maximum). total. . for. both.
13. Fouling Factor or Percentage-of Additional Surtace.. ...

L] .
€ COPYRIGHT 1977 BY INVERNATIGNAL TE..FHONE AND TELEIGRATN TGRFURATIGN

126,000 72,000
1O ‘ 5T
‘ 00T

BELL & GOSSETT L1 1
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TYPE STH HEAT EXCHANGERS

DIMENSIONS
A ol
G —l (4]
M M
+ L ) //
e N Q d[é
$ 1 i
K i °
iz
e Q
All vent & drain
tappings %4 * NPT
1 Pass Head , Tubeside | Sheilside Material Specifications
front & -
(tront & rear) Design Press. | 150 PSI | 225 PS| Heads-Cast lron__ Shell-Copper
Test Press. 200 PSI 300 PSI Tubesheets-Brass Shell Ends-Brass
Design Temp. | 300°F 300°F Tubes-STH300&400 Series Y4 in. copper
3 STHE00&609 Series % in. copper

AREA| A | B|] A B|] A|B|C]|] D E F |G| H ! JI! K| LIMIN|O|P |Q* |Approx.
MODEL | sq.ft.| In. [ in.| in. |ln. | I [in. jin. | dn. | in | in. [dno | In. [ In. INPTINPTINPTINPT lin. { In. {in. | in, wt.
| ) .

STH-310-* 42 [ 17% 17% 17% 13 i5% 16

STH-315-° 5.9 [23%]2%!123% (2%} 23%(2%|3'%]|18 1% % 4% 1% | Y| |1 141 2%| 2% 3% 21% 19

$TH-320-* 7.6 | 29% 29% 29% 25 27% 22

STH-410-* | 7.2 [ 17% 7% 17% 122, Loy 15%] 22

STH-415-* | 10.0 | 23%| 2% 23% | 2% 23%: | 2% [ 324} 1821 1"%¢] sy 5% 1 1'%e| o] 1 1,2 [ 1ls Panl3 j21% 32

STH-420-* | 129 | 29% 29%| |28y . 242, 27% 46
STH-515-* | 13.0 | 2a%| [24% 23% 18, |- . b 21%| 50
B STH-820-* | 16.7 ‘30?. 3% 30%|3%{29% 2% 5% 243 2% | 1% [ 6% 2% ["W )1 |1, 2% 1y 3% 4w 3%l 27% 56
—-?' STH-530-° | 24.0 | 42%| |42%| [a1%| - 36% ' . . 3ol 68
- . STH-620-° 28.2 | 314 _ 30 '30% 24 : 277% 74 ‘
STH-630-° | 40.8 | 43% 42 42 36 \ 39% 93
3% k) 3%| 6% 2N |1 [ 7% 3% § Y [1Va ) 2 3 [ 2 [47%g4%]3
STH-640-° | 53.4 | 55% 547 54% 48 H 517%% 112
STH-€50-° | 66.0 | 677 66%2 66Vsl - 60 i 637 131
| *No. of passes, either 1, 2 or 4. )
**Dimension for this arrangement only '
\ Note: Dimensions subject to change without nolice

| | BELL & GOSSETT [ TR
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INSTRUCTIONS FOR B&G HEAT EXCHANGER

INSTALLATION

1. Provide sufficient clearance at the end of the front head of unit to
permit removal of tube bundle from shell. At the rear head end of straight-
tube units, a space of 3 or 4 feet should be provided to permit the re-
moval of the rear head.

2. Provide valves and by-passes in the piping system so that both the
shell and tube sides may be by-passed to permut cutting out the unit for
inspection or repairs.

3. Provide thermometer wells and pressure gauge connection in all piping
to and from the unit and located as near the unit as possible.

4. Provide convenient means for frequent cleaning the unit as suggested
under “‘Maintenance.”

5. Provide necessary air vent cocks for unit so it can be purged to prevent
or relieve vapor binding of either the tube or the shell sides.

6. Foundations must be adequate so that exchangers wiil not settle and
cause piping strains. Foundation bolts should be set to allow for setting
inaccuracies. In concrete footings, pipe sleeves at least one size larger
than bolt diameter slipped over the bolt and cast in place are best for this
purpose, as they allow the bolt center to be adjusted after the foundation
has set.

7. Loosen foundation bolts at one end of unit to allow free expansion of
shells. Oval holes in foundation brackets are provided for this purpose.

8. Set exchangers level and square so that pipe connections may be made
without forcing.

9. Inspect all openings in exchanger for foreign material. Remove all
wooden plugs and shipping pads just before installing. Do not expose

since rain water may enter the unit and cause severe damage due to
freezing.

10. Be sure entire system is clean before starting operatlon to prevent
plugging of tubes with sand or refuse.

11. Drain connections should not be piped to a common closed manifold.

12. Steam hammer can cause serious damage to the tubes of any heat
exchanger. A careful consideration of the following points before an
installation is made can prevent costly repairs which may be caused by
steam hammer.

a. A vacuum breaker and/or vent, should be used in accordance with
the type of steam system instailed.

b. The proper trap for the steam system installed should be used.

¢. The trap and the condensate return line to the trap should be properly
sized for the total capacity of the convertor.

d. The trap shouid be sized for the pressure at the trap, not the inlet
pressure o the steam controller.

OPERATION

1. When placing a unit in operation, open the vent connections and start
to circulate the cold medium only. Be sure that the passages in the ex-
changer are filled with the cold fluid before ciosing the vents. The hot
medium should then be introduced gradually until all passages are filled
with liquid, close vents and slowly bring the unit up to temperature.

2. Start operation gradually. Do not admit hot fluid to the unit suddenly
when empty or cold. Do not shock unit with cold fluid when unit is hot.

3. in shutting down, flow of hot medium should be shut off first. !f it is
necessary to stop circulation of cooling medium, the circulation of hot
medium should also be stopped by by-passing or otherwise.

4. Do not operate equipment under conditions in excess of those specified

BELL & GOSSETT mortoN GROVE, ILL. 60053 ITT

fluid Handling Division, International Telephone and Telegraph Corporation

== Units-to.the elements»with: pads.or-ethes:covers-removed-fromsaozztesumwa=da=Torcleanzossinspeet=insidesofztubeszremeoveschannelzcover=and=r

small and of relatively thin metal.

on name plate.

5. Drain all fluids when shutting down to eliminate possibility of freezir
and corrosion. To guard aganst water hammer, condensate should 1
drained from steam heaters and sinular apparatus both when starting
and when shutting down.

6. In all installations there should be no pulsations of fivids, since tr.
causes vibration and strain with resulting leaks.

7. All gasketed joints should be checked after starting, for leaks &

. tightened if necessary.

MAINTENANCE

1. Do not open heads un!il all pressure ix
drained.

2. Do not blow out heat exchangers with air when fluids normally handl:
are of an inflammable nature.

off equipment and the ur

Provide convenient means for frequently cleanmg heal exchangers
suggesled below:

a. Circulating hot wash oil or light distillate through tubes or shell
good velocity will etfectually remove sludge or other similar soft deposi

b. Soft salt deposits may be washed out by circulating hot fresh watc!

¢. Some cleaming compounds on the market, such as ““QOakite’’ may !
used to advantage for removing sludge or coke, provided hot wash «
or water, as described above, does not give satisfactory results.

d. If none of the above described methods are effective for the remoy
of hard scale or coke a mechanical means may be used.

head. On exchangers having bonnet type heads (without channel cove.
piping must be disconnected and both heads removed.

5. Do not attempt to clean tubes by blowing steain through individu
tubes. This overheats the tube and results in tube expansion strains a:
sometimes leaking tubes.

6. Frequently and at regular intervals, observe interior and exterior co
dition of ail tubes and keep them clean. Neglect in keeping al tubes cle.
may result in complete stoppage of flow through some tubes, with cons
quent averheating of these tubes as compared to surrounding tube
resulting in severe expansion strains and leahing tube joints. Frequen
of cleaning should be according to scale build-up. Be sure to clean tub
during Spring before the arrival of warm summer-time cooling watc

7. Exchangers subject to fouling or scaling should be cleaned periodicat:
A light sludge or scale ccating on the tube preatly reduces its effectiv
ness. A marked increase in pressure drop and -or reduction in performan
usually indicates cleaning is necessary, if the unit has been checked f
air or vapor binding and this has t:een found not to be the cause. Sin
the difficulty of cleaning increases rapidly as the scale thickens or depo
increases, the interval between cleanings should not be excessive.

8. When removing tube bupdles from exchangers for inspection or clea
ing, care should be exercised that they are not damaged by improp
handling. Do not handle tube bundles with hooks or other tools which ¢
damage tubes. Tube bundles are often of great weight, yet the tubes a

If the tube bundle has been in service for a considerable length of tir
without being removed it may be necessary to use a hydraulic jack on t
rear tube sheet to get it started. A good sized steel bearing plate shou
be inserted between jach and tube sheet and the tube ends protected

means of a filler board.

In cleaning a tube bundlé. tubes should not be hammered on with a
metallic tool and in case 1t is necessary to use scrapers, care should

exercised that the scraper ts not sharp enough to cut the metal of the tube

PRINTED IN U.S.A, 7.




VALVES

IX.



IX. VALVES

A. Relief valves: ' Bell & Gossett Model No. 480-75

B. Circuit setters: - Bell &'Gossett'Model Nos. CB-1 and CB-13}
C.‘ Gate vales: Red;White/Toyo Model No. 206

D. Check valves: - ' , - Red—White/Toyo Model No. 236

E. 'Test plﬁgs: ) Peterson Equipment Company, Inc.

"Pete's Plug," Nordel with brass core and body

*e
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BELL & GOSSETT

- SUBMITTAL

A-434
REVISION 2

RELIEF VALVES —
ASME

-Valves and Fittings

Stanford Univesity
Food Services Bldg.

unitTagno._Solar panel & HW tank
enameernlNteractive Resources

contaacron _Redvwood Mechanical

Jae

sacaseresentanve __C31 1+, Hydronics Corp
ORDER NO. DATE
SUBMITTED BY DATE

DATE

APPROVED BY

DESCRIPTION

B4&G Relief Valves are designed to protect the heating system
against high pressure conditions. During an emergency, a
B&G diaphragm-operated valve has exceptionally strong
opening power. These valves are built to A.S.M.E. require-
ments—tested by National Board and labeled with A.S.M.E.

symbol. They are olfered in a wide range of capacities to
permit close matching of Relief Vaive capacity to the boiler
load.

CONSTRUCTION

All internal working parts in B&G Relief Valves are made of
brass or specially compounded rubber. Body is iron.

SCHEDULE
~ MODEL SIZE VALVE TAGGING | QUANTITY MODEL | SIZE_ | VALVE | TAGGING | QUANTITY
NUMBER | TAPPINGS | SETTING |INFORMATION RDERED NUMBER | TAPPINGS { SETTING | INFORMATION ROERED
_4E0-15 ] 15 Joso3o | [ 30 |
M- _480-30 | 30 [1050-36 | |36
_480-36_| 36 1050-45 45
48045 | 45 1050-50 | 1% x 1% | 50
48050 | 50 1050.75 | 75
~480-75 | 75 1050-100 100
a80-100| 100 1050-125 125
480125 125 3300-15 | 15 _
'750.15 | 15 3300-30 | 30
~ 750-30 | 30 330036 | 1% x 2 36
750-36 36 /3300-45 | 45
750-45 45 3300-50 | 50 |
1x1%
75050 50 4100-15 |- 15;
75075 | 75 4100-30 30
~750-100 100 410036 | 2x2 36
~750-125) 125 4100-45 | a5
105015 [ 1ax1%| 15 4100-50 50

© COPYRISHT 1966, 1975 BY INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION
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RELIEF VALVES—ASME (Valves and Fittings)

PERFORMANCE CHARACTERISTICS

MAX, WORKING PRESSURE—125 P.3.1.G. MAX. OPERATING TEMPERATURE--280 F.

T wvatveserring T [T T RELIEF VALVE MOOEL NUMBEA AND CAPACITY IN BTU PER WOUR
15tbs. "0 T 7Kg aEt15 T MO 750-19 | No 10S0-15 | Moo 330018 i No 10015
ST appdd | whge 656000 | 200000 | 2500000
30 Lbs. ‘Siandard [ No.480 17 TRe 7807 T The 16507 T T No.3360 T THo. 4109
_Seting .\ 480000 /! W00 | 100060 . 3300000 ;4100600
LS 77T T Roe8036 1 Ke.750-36 7 7 No 1050-36 N0 332036 T Ne.4100:367
' o0c0 ! 830000 o 1,200.000 3.695.000 4.60¢,000 -
a5 (bs. —”, No 26045 17 o 7504571 No. jusges T No. 330045 | No.dl0pies ~
640000 - LGWO00 1350000 450,000 | 5550000
T80 Lbs. i No.480-50 T No. 75050 " ;" Ne.1050-53 i No. 3500-%0 1 No.4100.50
R0 LG 1000 o 4%000 o 6050.00
Tisies T ; No.480-75F fio 75075 1 No. 105975 | —
o 90000 4 150330 1200000 i 1
105 Tos. ] No 20100 "1 No.780.100 Ko, 1050-100 ,
- P1250500 | 35030 | 2965000 L
56 7 No. 48012577 THa 783.125 T Mo 1050-125 ] B
| 15000 | 1:N00 ;3015000 | _
c
8
o)
" DIMENSIONS & WEIGHTS
' APPROX. SHIPPING
MODEL DIMENSIONS~INCHES ~ VALVE TAPPINGS WEIGHT~L 8BS,
NUMBER
. A ) .8 [+ ) . D INLET QUTLET, EACH
—3~ 480 v 6% 4% 1, | % 1 4
750 3V2 - 32 2 : 1
1050 7% 5% 2 Iy 14 3
- 3300 l1is | N
A———————— l .

TYPICAL SPECIFICATION .

Furnish and install as shown on plans a diaphragm operated Relief Valve, ASME labeled for relieving pressure
of_____ psigwitharating of Btu /hr. The fluid should not discharge into the spring chamber.
The valve should have a low blow-down differential. The valve seat and.all-moving-parts-exposed to-the fluid to
be of non-ferrous material.

Manufacturer ITT Bell & Gossett No
ASME Relief Valvesetat_________ psig, rated at Btu/hr.
. BELL & GOSSETT E 'E"Ei
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BELL & GOSSETT

SUBMITTAL

A-551
REVISION 3

Engineered Products

Circuit Setter®

.~ Balance Valves

- with NPT, Flanged and Solder Connections .

NPT SHOWN

Stanford University

408 Food Services Bldg.

sscaceresenave  Calif. Hydronics ..

N ORDEAND . . . ) . . DATE ... e

ENGINEER . . .. ' nteraCt' ve ReS?UrceS SUBMITIED BY L. . OATE . ._ ..
contracion . _Redwood Mechanical  APPROVEDBY .. . . C . pate . .
OPERATING DATA
MAXIMUM WORKING PRESSURE 125 PSIG. MAXIMUM OPERATING TEMPERATURE 250°F.
DIMENSIONS AND WEIGHTS 4
1. DIMENSIONS™ ININCHES ~rrremrmsemnliosmmnsierdrast v s st B o e st O PR
B M:dol- A = 7 < W::?M . |
‘ . o Size Normal| Insul | Normal| Insul | Normal | insul Lbs. | T T r" -+— B
CB-% Ya 2% | 4v L2% | 4u 1 2% | 4v %
CB-% Y 2% 2% 2% 1
== CB-1 1 3 2% 2% 1Y
: 5Y 3, 4%
Ce-1% | v | .| 3% ‘3 ‘2% 2 _
—{>{CB1% [ 1% 4% 3% 3% | 3% | le A >
- 6% 4V 6 - :
, ce-2 |2 - 5% 4% %% 5% —
- 1CB2% [ 2% | . | 7% 5% 4% | 16 | S ,
cB3_ |3 g 1% w7 5%l 7 I &L - _ I
CB4 |4 FLG { 9 | 9% | 8 8 110%!10% 52 ;
. : 4 - g N C
: ) . F{TS ‘ 4
 SCHEDULE . . - ij l
“ [ Model - -Taggi _ : v '
o ':o.e . lnl:rgn?;?lgn | Quantity. . .
CB- Va2 - CB-': THRU CB-3
CB- % : :
-~ CB1 ' 7 . . B T -l
Cb-1% [ o ] ) 0
=~ CB % -~ /\/\ o/f. . .
! CB-2 B 1a ( ;
| CB-2"% - o
e Nl /
. c8-4 ' | ' N O
cB-4

BELL & GOSSETT LT
| cometin i 2% b ottt 1 50 1S e 11 FLUID HANDLING DIVISION




REDWHITE/TOYO ¢
Bronze gate valves

;I s : RED-WHITE'S 206 and 207 GATF VALVI'S are hiahly recommended as the bhest buy tor conunerend snd resicleatal jobs

- Second to-none precision machingg and shelt molded castiog procdoe e ibese hab uodity aade valves Phew gasy anp band wheel
assures smooth lorQue Screwedhin bonnet. o 08 88 P Avaabat oo oszen o S5 o PP Comdoncioed of 85 5 5 s Hronee,
ASTR G2 Stem materisl of Diaga Stem

Working pressure non-shock (PS1)

Saturated steam. 124
Cold. water. 0, gas. . 200
Hydrostatic test pressure (PSH)
Shell. . 3uu
Seat . 125
C [
4
~ 8 . I ey
H ‘ . . =~
{ "\I J
AN O A R N )
A A

Figure #2086 1258 W S.P..2008 W O G, NON BICING S THM. SOLID WIQGE DISC. SCHEWED ERDS

Sizo W i, % AT 2 3 4"
A. 1% LR AR T RO '."':. .'"."u. A R L™ L
2] 3% 3. A [ M AR (T 15 LTS 1.0
C 1% 2% eI A 2% KA R R LA [T
Figure #207 1258 WS P 2001 W Q G, NON RISING STEM SOLID WEDGE INSC SOUDIE R NDSG®
s‘ze ) %u ) '/;" a,‘u X - 1" 11‘4- 1'/,,1- 2.. 2.{;- 3:: 40:
A 1"y y [ X o2 o e i RieT By Aad . [ (VLR
. B U gt A A nih iy G, 1ty e 1Y
- ¢ 1% 1 2N A VO RS T Whing A [T
: © T REDWHITE'S 208 GATE VALVF 1s specially construtod 1ar ecanbnuions samviee in esther open on tulty closed posation dos stoam, )
: water ol or gas. Satstintonly handles viscous maotersads whore entrapment i andesairable: Allow:s: Trees ow withe g prassones
“ " drop Waell-proportioned reimtorced budy desian provents aistortion tom pinahng striung and vibiations. Caomppad with i deep stuthng

box tiled with high grade malded graptnte impreanated asbestos pachimg and a alind foltowar Pogition ol steny indcates whiatha
? ~ valve s open or closed Slem Ihreads are tully protected trom tuds by the backseating, when the valve s oty open, prolonging
‘ ) service hte Stem and disc wing guides provide hight seat and sure-seat Can be installed in any positton Can he repached undor .
- pressure when wide open Available in9 sizes: from %" to 3 Constructed ot 85-5-5-5 FBronze, AS 'TM BG? Stemnatenai of ASTM 862, =
Complies with Federal Specaificaton WW-V-b4 Type Y, Class A, Style |
. A

Working pressure non-shock (PS1)

Saturated steam .0 - 105
Cold waler. ud, gas 200
Hydrostatic tost pressure (PSI)
Shelt Jue
Seat .. ... 128
. e
P
b
Q.
| ¢ o
. i
|
: -
A ‘
- Figure #208 175 WS 2008 WO G FISING STEM SOLID WEDGE DISC. SCIHEWFD ENDS
Size %u "',zu ?‘.u 1 1 .L;.. 1 |’,zu 2., - 2"2.. 3..
N 1% ? o4 A AL RIA 4r. S
B a4t 51, G e B, i 144 17%
C 1'"Ye P P A K Y LR 0y

*Working stearm prossure rana of all solder ond (C X5 valves applies to the valve bodhies These valves SHOULTYNOT be used in sorvice
where the temperature of the - handled s higher than the pomit at which THE SOLDER MAY SOF1EN




¥ ,ED W Ny I‘OYO Wl
Bronze check valves

© REDWHITE'S 236 and 237 Y PATTFRN SWING CHE CK VALVE S re nsed with gatn valves 1o provent bach-How in conunerciil
and-industnal steam, water. Ol or . ines. Can be easily mistaltod oo fancebons properly in enhior the vertical ar hoozoatal posation
D236 aviulable m 10 s es o " o 37 o averlable e sy eos roan S o0 P constractod of B9 5 0 G Bronce, ALTMBGL? Do corniphes
with Federal Specthication YNV L1 Type IV Clliee s A et connee tinne bane ]l 237 with WW VS0 Type IV Cllaess A et conies bowy J$
Solder ends i all sizes connply wilhh ANSEESH B Cest Bl Sobdes ot Ditings

Working pressure non-shock (PSI)
baturated steam 10

- Cold waler od, Qas Qo0
Hydrostatic test pressure (PSI)
Shelt . . 300
Secat.... . . 28510 115

Figure #2368 125# WS P, 2008 W O G LY PATTFIIN RODY, HWINO( Hi CKOBRONZE DISC, SCREWIEED ENNDS

Size %" % o ="'_/ Ty 2" 21 3" T
A 1'% 1V %y MO ’ -”’u Hh ' Gl I'!{i
3. |” 1% R R -' T 1"'§n ‘u ’ 'Vm LA
/’ igure #237 1258 W S.P. 200.4.W.0 G..Y-PAL WN-RORY- HWING EHEOKHRONTAHRISEE SOUER R
Wi s'ze ' %u '/)" . ;/n 1-' . ‘ 1o 1 /u 2u 2|// " . au
A 2%e 2% % . a4 av, b3, 6" g t 8%
8 1% 1% K] ™4 S 3t 3% A% hy f

REDWHITE'S 238 HEAVY-DUTY Y PAT I RN SWING CHECK VALV 11 used to provent back-tlow on industriat steam. walor, -
ol'and gas iines- Installs eusily 1o operite horizontally ar vertically Resigoad for mmmimum pressure change when openmng or closing
Avmlnb'u in 9 sizes from %" 1o 3" Body. dise and C.lp constructed of 65 H i) Hronzo, ASTM RG22,

Working pressure non-shock (PSH _ . x
Saturatedt steam . . 150 )

Cold water. oil, gas. 300 . ' : . .. _ » -
Hydrouauc test pressure (PSI) ) o ‘ ’ : . . -
Shell: . U 110 .

Seat. . S . 32510126

"’
A
,_C‘.gura #238 1508 WS P 3008 WO G SWING CI IFCK. BPONZE DINC. SCREWED ENDS_ =
I Size ?S“ |/7n -:!‘u 1" 1%" 1Y " 2" 2./,211 3"
‘ A. i % iy % a'ie iy 5 1Y, i
‘ 1y 14 P, AR TS MY ol Jm A i

——— s e - — RO S — -
‘ ——e . - s




ORDER FROM YOUR LOCAL REPRESENTATIVE'S STOCK

CALIFORNIA HYDRONICS CORPORAT\Q

£%  s50 HATCH DRIVE
' FOSTER CITY, CALIFORNIA 94404

PHONE (415) 341-6100

.‘:" :
Ylosm.niol,

-7 T PRESSURETEST ™77 -'*-"*PREssURE@&'T?MPERNF@REW@TEWERmﬂRE“resvwmﬁ

0 . PATENT NO. 3797317

N /1 l 1, Cap & Gasket Provents Unauthorized Tampering
/) 2. Two Neoprene, Nordel or Viton Self Closing Valves
E———— .'
2 , 3. Vaive Pocket for Added Pressure Protection '
" P 4, %" NPT, or " N.P.T,
- X 5. Valve Retainer

PETE’S PLUG will allow you to take pres- SS.. Recommended maximum temperature‘

sure or temperature readings — quickly — ratings of Neoprene is 200°F, Nordel Is

" and eliminate the need for leaving costly 275°F. T
gauges or temperature recorders on the line. The pressure gauge adapter has a ¥8 Dia.
Can be used on various applications of gas, probe of 304 stainless steel with union nut.
air, water or chemicals to 1000 PS! and tem- The large probe prevents bending or break-
peratures of —-40 to 350°F.-Available-in any- - ing-and is less-likely to become-clogged with -- -

combination of valve core and vaive body cf foreign material, and operates in either the
Neoprene or Nordel with Brass, or 316 Ya' or 2 N.P.T. test plug.

PETERSON EQUIPMENT CONMPANY, INC.

P. O. Box 217
Richardson, Texas 75080
Phone 214/234-2356




X. FLEXIBLE HOSES
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X. FLEXIBLE HOSES

Stratoflex Silicone Hose, Part No.s 4241 and 4244.

Use hose clamps only with extended tangs or shoes. Do not use wire-type
clamps.
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*gg DIESEL COCLANT |
i AND |

. HEATER HOSE

LR A R

) 3 .\,'i,'l""- {;"ly-:'.'f.‘"

1976 BY STRATOFLEX INC. BuL. $-29-




-

. CONSTRUCTION: Polysilosane (siicone) rutZer ~~es b, tes 70 ) 2t gt Upent

TEMPERATURES: 65 10 - 350 F. (uontummar érnced Bt ormgton gn tein ‘
‘peratures saceeding the rated IMits, Consust S'a®:* <o Eeguees + o Surgl : :
SPECIAL: For use with £1amps 10 0rMea 4o te 1 el ot =0 o 1
L]
| |
. MIN. MAL, | APPROX,.
g HOSE | HOSE HOSE BURST | WORKING| WT. |
PARY NO, SIZE I.D.. 0.D. PRESS.{ PRESS, - _LIS./ N
42436 .8 % .82 - 300 50 .009 |
42438 O - "" 74 300 50 012
4243.10 .10 %\ - .83 225 30 .04
424312 A2 D % . 98 225 50 017
1 424396 6 s .21 1 200 30 023
424320 | .20 Ty LA b £ >0 .030
. L .
P’

~ -

REDUCE MAINTENANCE COSTS

" tratosit hose offers the trucking industry product improvement and cost reduction. This relatively new Silicone hose
rtually eliminates "'nonscheduled” maimntenance resulting trom eatly or “premuature’ farlure ot coolant or heater lines,

Certainly, the price of hose 15 an important cost consideration to the fleet uperator. However, compounded expenses
related to trequent downtime, the possibihity of engine repant tronn overheats, and the loss ot eqrupment utibzation are tar
greater cost considerations that nave plagued the trucker tor years, Stratosil hase does initially cost more compared to
conventional hose when specitied on onigimat equipiment or when replaced in the field. However, the design objective and
primary advantage of Stratosil hose is to reduce (if not eliminate) hose failure during scheduled equipment operation.

PERFORMANCE

Stratosil silicone hose is resistant to a wide variety of chemicals. oxidizing agents. acids, bases, and solvents. The hose
also has excelient resistance to lubricating oils with low amihine pomts. Charring or tlaking-ott after exposure to heat and
different types of cooling system chemicals 1s negligible.

Stratosil is designed with high-perform'ance'and high-quality properties, making it an excellent hose tor diesel and gas
engine coolant applications. Stratosil is designed to tuiction at 10w ar high temperatures and under severe service
conditions. . '

STRATOSIL COOLANT AND HEATER HOSE

L : ) MiN. MAX. APPROX, |
o 424& H 05 1 . 4 HOSE HOSE HOSE BURSY | WORKING WrT.
e . e PART NO. | SIZE 1.0, 0.0, | PRESS. | PRESS. !LBS./IN.

; | :
42416 -8 e .66 3s0 50 010
4241.8 8. N .80 325 50 014
4241.10 .10 97 60 30 0te
124112 12 A 103 250 50 025
424110 a8 ! 1.42 200 0 - Q34

fabsic Drard. coverad with silicone rubper Lenle * t=m Braut 4= 1 ° tef tutwe
IDENTIFICATION: Green covar, Strataties name 4= 3 Zart iryesse g l

APPLICATION: Low pressure service 10r coohng 2 5 satef heoss @ee Lant 101 shiaton
coalants, steam. aging, Mildew. and masl ausr? 4t tude | 2 te ! resabain e 10
aiesal fuel, petroleum-base iy, and Molents

CONSTRUCTION: Polysilnsdne (ilitonm) rtee = ao ¢ L ree ¥ 0w b s0th Mg ot
maore phes of soven polyester tADe g ey .
Mmth 4 wrapped layer ot Sidicone ruhibere 7,

R I S AN I ER AT Tt |

IDENTIFICATION: Green cOver, Stratotios nast = o0 2 gt v o0 e !
APPLICATION: LOw Pressure Gervi e 156 Nimgter o oo fmae 4ot oy ogbon o opidanids,, ! i
steamy, aging, inildew, o 1Inost washdoat te, 2, Ctedte Yyt heset buel, |
petroleum nyse aily and sotuunts : |
. )

TEMPERATURES: KBS 1o -390 F 1ot ... ooy e For 0 o o gu tem ! H |
lefatures eaCkeing the rated limts - e L0 e m g bty o mee T . i
IPECIAL: Tre huse 1s cunstructed 1o 2AE 1200 “iie b epl Lot b reanne, H II
|




MIN. ,’ MAX. | APPROX. ~ .
g HOSE | HOSE | WOSE | BURST WORKING| WT. L2404 = OSE
PART NO. | SIZE 1.0. 0. | PRESS. | PRESS. | LBS./IN.
.
: i
4244.6 -6 T 76 340 ! 50 014
4244.8 - 8 ‘2 89 340 50 o
4244-10 10 3 1.02 3410 50 .025
4244.12 -12 W 114 340 50 .029
424414 14 s 126 340 30 032
424416 16 ) 1.39 300 30 016 |
4244-18 -8 Ve 1.51 300 50 .039 !
4244.20 -20 1, 164 280 50 .042
4244 22 .22 114 1.76 280 50 Qdo
4244.24 @ 189 280 30 -050. CUNSTRUCTION: Poi, s . ovarte toliaiied iubDer e tube, teatnced vdn ey v
4244-28 ) 2.4 260 50 057 ' Ve ity 0f WOVET Lo aeator Tani shpraginated A sthoune fabibers sl covene
4244.32 N2 b4 2.39 240 50 Q65 | At anaped layer ,' = e e asnded to te cenifon eent
4244-36 A6 2', 2.04 240 50 Q71 TOENTIFICATION: Grees  doer Strgtothes manmte e Gart numder
4244-38 -38 2% 277 200 50 074 APBLIWCATION - Lua prees Contlant e neater ose Roese st o entot
4244.40 -40 22 2.89 © 200 50 078 R T A R T T T T R TR TIYY P GRTIN FIC N TN RO
4244-44 -44 2% 314 160 ¢} 50 .085 T T I TV Wi s '
4244.48 -48 3 339 169 5Q .093 FEWMPERATURES: - ' Badd boontunens setece) Far oloraatide on tet
4244.52 .52 3, 364 140 50 102 Lee et s eag et et T Nty onsoll Strgfoties Eaginenig (et
} 4244.56 ;56 3t lse 140 50 107 SEES AL Y 0 e st 0t Lo Bveinad g biee e 3 el ey
| 4244.64 64 4 4.39 120 50 a2
|
Stratosil silicone coolant and hedter Nose vQuals Or ewCedds 4241 Hose-— SAE 120e Part 11 (SAE 20R3); ZZ-H-428 Type VI
the relevant performance values siecthed 10 RCCC Recom: A233 Hose — RCCC-RP303 Class 1 Type E .
mended Practice 303, SAE J20e .unc Federal Specitication 4244 Hose -~ RCCC-RP303 Clasy ! SAE J20e Part | {SAE 20R 1))
2Z-H-328. 2Z-H-4.28 Type | ) .
AL SACTLTREER SR IR N ALy b ol P i . o BN @82V R CeERCHECE KRV 20 1CH D X LARIPOSUN SAMN ik Il TN e S i i vy
HOW TO INSTALL STRATOS!. 4241 AND 4244 HOSE
: ' HOSE CLAMP
y Cut hose to the desired length ..ith.a.-knife. push.ontother v s« aon cis - -.~.fr~.= DR

formed tube end and secure with a3 clamp.

recommended. .
2. Do not use wire type clamps.

fittings .

PIPE MALE

g

NOTE:

3. Hose clamps should be located as tllustrated.

4, Clamping pressures—hose 1! 2inches and less in size,
tighten to a torque of 35-40 inch pounds. Larger sizes,
tighten to a torque of 45-30 inch pounds.

1. Extended tang hose clamps. or clamps with a shoe are

FORMED / Y i

TUBEEND  min. |
——

90 SAE 37 FLARE SWIVEL
90 SAE 45 FLARE SWIVEL
90 SF 3C F_LARE SWIVEL

l‘;in.l [__ N STRATOSIL HOSE

STRATOFLEX 213-TYPE HOSE FITTINGS FOR STRATOSIL 4243 HOSE

Stratosil 4243 Tube |.D. coolant hose is an extension of the 213 hose and fitting family. Designed to use 213-type fittings,
this hose will enable Heet operators to convert to siiicone cooiant hose without having to maintain a separate inventory of

SAE 37 FLARE SWIVEL
SAE 45 FLARE SWIVEL
SF 30 FLARE SWIVEL




APPENDIX B

AS-BUILT DRAWINGS
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