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SOLAR SPACE AND WATER HFATING FOR SHONEY'S

RESTAURANT IN NORTH LITTLE ROCK, ARKANSAS

ALSTRACT
Application space and water heating
Systen Type active
Collector Type flat plate liquid
Collector Manufacturcr - Chamberlain
Collector Area - 1428 (gross)
Storage Capacity - 1500 gallons
Building Load - 551 x 106 BTU/YR
BTU's Produced - 321 x 106 BTU/YR
Building Owner - Shoney's South, Inc.
Designer - Energy Solutions Incorporated
Contractor - Stephens Brothers, Inc.
INTRODUCTION

A solar heating svstem designed to supply a major portion of the space and
water heating requirements for a newly buflt Shoney's Big Boy Restaurant
in North Little Rock, Arkansas was installed with completion occurring in
December, 1979.

The restaurant has a floor space of approximately 4650 square feet and re-
quires approximately 1500 pallons of hot water daily. Figure 1 shows the
cast elevation of the restaurant with the four rows of flat plate sclar
collectors mounted on the roof. Not shown in the figure is an architectural
screen around the roof periphery to enhance the overall aesthetics of the
buildirg.
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FIGURE 1. EAST ELEVATION OF RESTAURANT WITH SOLAR COLLECTORS IN PLACE.

DESICN PHILOSOPHY

Based on the predicted thermal load of the building the annual solar frac-
tion was determined as a function of solar collector area. These results
are shown in Tigure 2, and in combination with appropriate economic con-

slderations led to a design area of 1428 square feet (gross) of single-
glazed liquld flat plate solar collector.

S‘milar calculations were performed to determine the optimum tilt angle
for the collectors. The optimum angle was found to be 359 (site lati-
tude = 359), but system performance was found to be rather insensitive

to tilt angle when the angle was between 25° and 60°., Architectural
considerations led to a design in which two rows of collectors are tilted
at 35° while the remaining two are tilted at 25°.
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FIGURE 2. ANNUAL SOLAR ENERGY FRACTION VERSUS COLLECTOR AREA,

Figure 3 shows the combined space and water heating load as a function of
time of year along with the solar energy supply. As can be seen, most of
the collected energy can be used by the restaurant,
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PIGURE 3. BUILDING THERMAL LOAD AND SOLAR ENERCY SUPPLY

Because of the continual demand fer domestic hot water at the restaurant,
storage 1s less of a concern than in many other applications. The system

employs a 1500 gallon steel storage tank located within an equipment room
of the restaurant, '

Figure 4 shows a schematic of the final system design. As can be seen, a
hydronic coll located in the main supply air duct transfers heat from the
solar storage tank to the building. Likewise, an external heat exchanger
is used to transfer heat from storage to the converitional electric hot
water heater,

Freeze protection is provided via an ethylene glycol/water mixture in the
collecter loop. Contamination of potable water is prevented through the
use of two heat exchangers between the collector fluid and the potable
witer supply,
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FIGURE 4. FLOW SCHEMATIC OF SYSTEM

Over-temperature protection is supplied by a purge coil in the solar
collector piping loop. Flow is diverted through this unit whenever
cemperature of the returning fluid excecds 240°F.

Figures 5 and 6 are photographs of the restaurant and various elements of
the solar heating system,

PROJECT STATUS »

The system installation was virtually completed in December, 1979.
System became operational in early 1980 and the final acceptance test
was conducted in April, 1980. No major problems have been encountered
during the first few months of operation,
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ACCEPTANCE TEST PLAN

PROJECT NAME: SHONEY'S SOLAR PROJECT

PROJECT LOCATION: NORTH LITTLE ROCK, ARKANSAS

DATE OF TEST: 2/13/80

INSPECTOR: E.H.PERRY, (ENERGY SOLUTIONS INC)

I. COLLECTION SUB-SYSTEM

A.

Verify that solar collectors are thosc called for and that the number
of collectors is that called for in the plans and specifications,

COMMENTS:: 68 Chamberlain Model 711101

Single Glazed Collectors

Verify that collector orientation is that called for in the ﬁlans.

COMMENTS: ___ Two rows at 35° tile, 2 rows at 259 tilt

g g

Verify that collector-loop pump is that called for in plans,

COMMENTS:: B&GC60-14T

Verify that pressure relief valves of the rating called for in the
plans are installed at cach collector array between anv shut-off
valves.

COMMENTS 0K

Verify that collector fluld s a water/ethylene glycol mixture with
a freezing point below -209 F,

COMMENTS: 0K

A-2




Verify that collector loop can maintain a pressure of 75 psig for
15 minutes with no leaks occuring. If relief valves are removed,
care should be taken to insure that solar cellectors do not over-

heat.

COMMENTS: 0K

With collector pump operating, adjust "circuit-setter' valves at
each of the four collector arrays to provide a flow rate through

each array of 10.0 + 1.0 CPM.

Array #1 (South-most) Flow Rate = 14 GPM
Array #2 Flow Rate = 14 CPM
Array #3 Flow Rate = 12 CPM
Array #4 Flow Rate = 13 CPM

COMMENTS: Data provided by Jim Hankins of NASA/MSFC

from tests conducted 4/2/80.

With collector pump operating and with clear skies prevailing, re-

cord the system performance via the below table.

Fluid temperatures

shall be taken with thermometers mounted in the collector supply and
return lines as necar the collector array as possible. Insolacion
measurements shall be made with a solar pyranometer in the plane of

collector Array #1.

S . S




TIME AMBIENT COLLECTOR COLLECTOR SOLAR
TEMP, SUPPLY RETURN INSOLATION
TEMP. TEMP,
(F) (F) (F) (BTUH/FT2)
(MEAN)
1 76° 1459 152° 28 2
COMMENTS:: Data provided by Jim Hankins of NASA/MSFC from tests

conducted 4/2/80
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HEAT DISSIPATION SUB-SYSTEM

A. Verify that purge unit is that called for in the plans or note
any exceptions. Verify that unit 1ls installed as shown In the
plans.

COMMENTS: McQuay APD - O08BV

Fluid Cooler .

B. Verify that whenever storage tank temperature exceeds a given
(adjustable) set-point that flow returning from the collector
array is diverted through purge unit.

COMMENTS: OK

C. With storage tank temperature above 180° F and with a solar in-
solation level above 200 BTUN/FTY in the collector plane, verify
that flow returning to tank heat exchanger via the purge coil is
at a lower temperature than flow leaving the tank heat exchanger,

COMMENTS : OK

STORAGE SUB-SYSTEM

A. Verify that main storage tank and all related hardware are as
specified in the plans. Verify that tank carries an ASME scal.

COMMENTS: Thermopak 1500 gallon




B. Verify that tank drain valve and sight gage arec opervative.

COMMENTS ¢ 0K

C. Verify that tank is equipped with a pressure relief valve as
shown in the plans.

COMMENTS : OK

IV.  SPACE HFATING SUB-SYSTEM

A. Verify that space heating coil(s) and pump are as shown as plans
or note exceptions,

COMMENTS: ___Two Coils

B. Through use of the "circuit-scetter” valve in the loop, adjust
the flow rate in the space heating loop to 20.0 + 1.0 GPM.

COMMENTS: _ Valves OK

€. Determine the pertformance of the system by measuring the space
heating coil inlet temperature, outlet temperature and tlow rate.

Coil Inlet Temp. (1)) 126 op
Coil Outlet Temp (12) . los o
Flow Rate (GIM) R S

Heat Delivery = 500 x (T)=Toyx GPM = - o

COMMENTS:




V. DOMESTIC HOT WATER SUB-SYSTEM

A, Verify that homestic water heating system is installed in
accordance with the plans or note any exceptions,

COMMENTS ; A. 0. Smith series 730

119-gallon, 54 kW external B & G H=X

Model BHST-520-C60

B. Verify that a tempering valve has been installed to prevent ex-
cessive delivery temperatures or note any exception.

COMMENTS: OK

C. Verify that a minimum of two heat exchanger walls separate the
potable domestic water from any non-potable fluids in the system.

COMMENTS: Primary solar H-X in 1500 gallon tank.

DHW shell-and-tube H-X (item "A" above)

VI. CONTROLS SUB-SYSTEM

A. Verify that controls are installed as indicated on the plans or
note any exceptions,

COMMENTS: Collector loop controller is Honeywell

A~7




B. Verify that solar collector pump starts whenever the collector
temperature exceeds the main storage temperature by 20° F and
remains on until this temperaturce differcence falls to less than
3° F,

COMMENTS: OK

C. Verify that whenever main storage tank temperature cxceeds a given
set point (nominally 240° ¥) and collector pump is on, the flow .
returning from the collectors is diverted through the purge coil
via the two-position motorized valve and that purge coll fan is
simultancously activated. Verify that this condition prevails
until tank temperature drops to at least 2° below the given sec
point.

COMMENTS: OK

D. Verify that whenever the building's thermostat calls Cor space heat
and the main storage tank temperature is above a given set-point




. R

(nominally 100°F), the space heating pump is activated and that
the air-handling unit is activated simultaneously.

COMMENTS : OK

Verify that 1if building thermostat calls for heat and storage tank
temperature is bealow a given set-point (nominally 100° ¥) that
electric resistance heating elements and the air-handling unit are
activated.

COMMENTS: OK

Verify that the domestic hot water pump(s) is (are) activated when-
ever the domestic hot water temperaturc is below 180° F and at

least 10° F below the temperature of the main storage tank. Pump(s)
shall stay on until domestic hot water temperaturce rcaches either
180° I or within 39 F of the main storage temperaturc.

COMMENTS : OK

A-9
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Absorber
. Model Coating Glazing Length Width Depth
711101 BikChrome Single 84V 38% 4%
"\ 71130° BikChrome Double 84Y% 38% 5%,
- 712101 Blk Paint Single 84Y 8Ys 4%
8% 8%

712301 Bik Paint Double 84V

7

Cover Assembly:
¢ Rigid extruded aluminum trame

o Marine glazing

o Stable. long life, weather res:stant glass
o Low iron glass = high transmissivity

o Minimum restriction for insolation entry
o Tempered Qlass provides resistance to

Features and Specifications:

breakage
e Serviceablein the field

Cover Gasket:

o Provides seu! between cover and box

o Thermally isolates absorber cavity from
melal parts exposed 10 atmosphere

o Resilient, long life material

Steel Absorher Plate:
o Maximum welted surfece
o Minimum fiow resistance
® Ruggod steel coastruction

o Pro:sure tested

e Seluction of coatings avaiiable

High Temperature Insulating Strip: ——

o Insulates alscrbe: piate from frame

A'sorber Support: —
o Aigid support bracket welded to side of box

Mounting: —
» Two %" weld nuts each corner

® Higid

e Easy to adapt to any support

® No projections — witl not become damaged
in shipment

-~y -.-’
Piping Connection: —) I...L—‘-‘-.. pvesrrastaandt
e " Femgle iron pipe thread

® Fiush mounteu - avoids shippitng damage
Uses ttuncerd pipe httings

Thanally insuisied from box

Rugeaiy attuched to box ~ allows 107 heavy
hanacd piunit-ers

150latcs absGrber plate from external piping
movainent

Dasiccant:
o Coitrols mowsture in absorber Cavity
e |.'in'mizes condensaticn on glass

* h.jeneated by absorber plate heat

)i
|

o g ORI ilhscncsttsacsmnict
T

]

insulation: ]

o {1yt temparsture Fiberglass insulation
¢ Muximum insulsthion with minimum volume
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® Absorber Plate - Two 20 gauge mild steel sheets seam welded
together around the perimeter and stite: welded on 1-3/4 inch
centers over the entire plate. The assembly is then pressure
expanded to form a flow passage between the plates resulting
in a very durable, low cost absorber with excellent heat truns-
fer chrracteristics due to the 90% wetted area.

o Black Chrome Selective Coating - Solar absorptivity = 0,94,
infrared emissivity = 0,12, or

e Black Paint Absorber Surface - Solar absorptivity = 0.97,
infrared emissivity = 0,92,

¢ Two Lite 1/8-Inch Thick Luw Iron Tempercd Glass Cover in Extruded
Aluminum Frame - Outer cover tempered glass, inner cover tempered
glass. Total solar energy transmission of each lite is 90% (.90
x .90 = .81 = total transmissivity), or

o One Lite 1/8-Inch Thick Low Iron Tempered Glass Cover in Extru.ed
Aluminum Frame - Total solar cnergy transmission of 907%.

® Roll-Formed, 18-Gauge Galvanized Steel Frame - Roll-formed steel
can be shaped at low cost at high pioduction rates and in a larpe
variety of shapes, Galvan.zing reduces corrosion problems.

e 1,000°F Rated Face-Temperature Fiberplass - The fiberglass insula-
tion is forme« from a S-inch thick blanket compressed to a nominal
J-inch thickn. 1. The insulation has an effective thermal resis-
tance €actor of approximately R = 10, The material has a very low
binder content, which eliminates outpassing problems sometimes cn-
countered in fiberglass insulations, The side insulation thickness
was sized to result in the greatest overall collector efficiency.
The insulation is building code approved.

® Desiccant - A passive drying system regenerated by the heat of the
absorber plate. ‘The desiccant used is silica gel. The desiceant
system reduces moisture condensation in the collector.

o Inlet/Outlet Steel Tubes ~ Angled from the ahiorber plate to the
collector frame, All expansion/contraction of the absorber is
taken up in the flexing of the tube internally ro the collector,
The tubes terminate flush to the box in a 1/2-inch NPT female
connection,

TRANSPARENT COVER:

Materials and Selection Rationale., The transparent cover material is com-

posed of one or two lites of 1/B-inch tempered glass with low iron content,
Tempered glass was selected for its ability to withstand wind and snow loads,




induced thermal stresses, and its resistance to degradation with temperature
and time, Low iron glass was chosen because of its high transmissivity and
cost-effectiveness,

Optical Properties. Tests conducted over a seven-month sample period showed
that the total solar energy transmissivity of the glass is 90% £ 0.5%. The
transmission losses are 8% reflection and 2% absorption. The glass emissivity
is 0.88; infrared reflectance is 4% and IR absorptance is 0,96,

Physical Properties. The thermal and physical properties of the gluss are
those common to standard tempered glass. The coeffi-ieut of thermsl expan-
sion is about 5 x 10°64n./in./°F; the modulus of elasticity is 10,000,000
psi. The tensile strength is 30,000 psi. Tests on a 3 ft by 7. ft sheet of
glass show it will withstand 1oads up to 50 psf. The glass meets standards
set forth by FHA, AAMA, and the Safety Glazing Code.

ABSORBER PLATE COATING:

Two absorptive cpatings are offered on the collector models described in this
document,

Material and Selection Rationale. Six of the most promising absorber coat-
ings were tested, and the two most resistant to thermal degradation and
offering the highest cost-effectiveness were selected., The black paint was
superior at low average plate temperature, and the black chrome was superior
at high average plate temperature,

Black Chrome. The coating consists of black chrome over dull nickel. The
solar at:orptivity is a minimum of 0,94, snd the infrared emissivity is 0.12
maximum. The coating mairtains its optical properties to 750°F. Black
chrome is not subject to photo degrsdation, and nickel-chromium coatings
offer excellent corrosion protection.

Black Paint. The paint is comprised of a two-step, two part process. The
base coat is an epoxy material which provides corrosiun protection and acts
as the primer for the hlack surface. The black paint outer surface is
specially formulated for large temperature excursions and long lifetime.
The paint has been exposed to the environmental elements for extended time
periods without property degradation. The resulting absorptivity and
emissivity of the paint is 0.97 and 0.92, respectively.

ABSORBER PLATE:

Materials and Selection Ratjonale., The absorber plate is made of mild car-
bon steel seam welded and pressure expanded. This recults in a wetted sur-
face of over 90%. The selection of steel was based on {ts superior corro- 3
sion properties, as compared to aluminum, and its cost advantage over copper, %
In addition, Chamberlain's years of fabricating steel products makes the :
eventual inclusion of the manufacturing of steel absorber plates a natural
expansion of the Corporation's product line,

.
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Fabrication procedures/Processes. The steel absorber plates are produced
as follows: Two sheets 20-paupe (.0359=-i{nch thick) carbon steel material
are placed flat against each other, with one of the sheetr having inlet/
outlet tube "atubs'" brazed in place. A continuous semm weld is made
around the perimeter of the plates, closing the system. Beginning a

short distance (approximately three inches) from cither end of the smaller
span, intermittent scam welds approximately 0.5-inch long are applicd to
within about three inches of the other end, which results in a "quilted"
pattern, or “stitch' weld. The dimensions are approximate, because each
end has a slight taper to the stitch weld for drainage purposes. Follow-
ing completion of the lengthwise stitch welding at 1-23/32 center-to-center
spacing, hydraulic pressurc is applied to expand the metal, forming the
flow passages with nominal 0.090-inch inside height on each passage.

Physical Properties and Dimensions. Fluid pressures up to 75 psi can be
sustained without deformation or degradation of the absorber plate. A

manifold at each end of the piate ensurcs proper flow distribution in the
flow passages. Typical passapge height between velds {s 0.090 inch,

Thermal Properties. The absorber plate dexign results in over 90% wetted
area. This results in excellent lieat transfer characteristics with a heat
removal factor Fp of about 0,97 and a collector efficiency factor F' of
about 0.99,

Minifold Design., The manifold design allows for even [low distribution.
Tests {n Chamberlain's solar laboratory have shown that the temperature
distribution across the collector at any longitudinal position is cssen-
tially constant. The manifold isx designed to allow the collector to be
drained completely at typical installation angles,

Inlet/Outlet Tube Deripgn. The inlet/outlet tubes exit the absorber plate
tn the center bottom of ecach end and exit the collector housing at the
sides of the lower and upper ends. The tubes are made of 0.375-i{nch 0.D,
by 0.035-inch wall, low carbon steel, dead soft anncaled. They taominate
flush to the collector housing in a V/2-inch NPT female fitting. This
arrangement allows the thermal expansion/contraction of the absorber
plate to be absorbed in the flexing ot the tubing internal to the col-
lector box,

INSULATION:

Materjals and Selection Rationale. The i{nsulatfon used for back and edpe
thermal protection {8 a low binder content {nsulation rated for 1,000°F
face temperatures. A 5-inch thick blanket is compressed to the 3-inch
dimensioned cavity behind the absorber plate. The edge insulation is
formed from a l-inch thick blanket compressed to 0.875 inch. Transportation
tests have proven that insulation movement, or "packing", does not occur,
The overall R factor on the backside is approximately 10,

Density. Nominal density is 1.05 1h/fe3.

B=-7
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Weights of Collectors. Collector model numbers 711301 and 712301 weigh 190
pounds dry (9 pounds/square foot); model numbers 711101 and 712101 weigh
160 pounds (7.6 pounds/square foot); model numbers 711302 and 712302 weiph
225 pounds; model numbers 711102 and 712102 weigh 190 pounds. Liquid capa-
city is approximately 0.6 gallon,

Method of Support. The collector is supported on each of the four corners
and attached by means of 5/16-18UNC bolts (two at each corner).

Provision for Uplift of Covers and Collectors. The entire cover assembly
can be removed from the collector by removing the retaining screws, The
cover can be removed without removing the collector from the array or dJdis-
tuirbing ad jacent collectors. Lifting the collector should be accomplished
by lifting from all four corners with an appropriate spreader, but the
collector may be lifted by hand without incurring damage.

Collector Ganging Configurations. Collectors may be positioned in arrays

in any manner as long as provisions are made to ensure that pressure drop
requirements are within acceptable limits, that there is equal flow toe all
collectors, and that no localized boiling occurs., Most large installations
will require analysis of the flow distribution,

Thermal Expansion with Ganged Collectors. All expansion occurs within the
collector box; therefore, the only expansion which must be considered in
the ganged collector is that of the connecting piping.

Nifferential Expansion Betwecen Roof and (Collector. The collector box is
thermally isolated from the absorber and will not experience sufficient
thermal expansion to cause differential expansion problems.

Maintenance of Weather-Tight Seal. Expericnce with the collectors has
demonstrated that no leakage occurs. This is a result of Chamberlain's
years of experience in manufacturing insulating doors and windows. The
various parts of the collector housing arc weatherproofed with a standard
architectural sealant,




B. INSTANTANEOUS EFFICIENCY CURVES

i

The instantaneous efficiency (Figures 3 through 6) has been normalized
to account for the varying insolation rates and ambient temperatures.
The curves thus represent efficiency versus AT/I, where

AT = Average fluid temperature minus ambient

temperature

I = Instantaneous insolation

This form is useful in describing collector parameters for systems analysis
computer programs such as TRNSYS and FCHART; it is also the form recommended
by NBS in their document NBSIR 74-635 and that form required in the ASHRAE
Standard 93-77. 1In accordance with ASHRAE 93-77, the collector efficiency
is defined as the ratio of energy collected to the energy falling on the
gross area of the collector. The curves presented in Figures 3 through 6
have been substantiated by test data gathered using production collectors

in the Chamberlain R&D Solar Laboratory.

This laboratory is instrumented

in compliance with NBSIR 74-635 and ASHRAE 93-77.

Using the simplified form of the definition of efficiency to describe the
linear variation of efficiency versus AT/I,

M= To - UL (AT/T),

the resulting equations for the thermal performance of the Chamberlain flat
plate collectors are shown below. The equations given are accurate for both

the 3 x 7 and 3 x 8 collector models,

Model 711101 and 711102 (Single Glazed, Black Chrome)

M= .80 - .85 AT/I

Model 711301 and 711302 (Double Glazed, Black Chrome)

M= .72 - .58 AT/I

Model 712101 and 701102 (Single Glazed, Black Paint)

N=.79 - 1,16 AT/I

Model 712301 and 712302 (Double Glazed, Black Paint)

N=.,73 - .80 AT/1
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C. PERFORMANCE CERTIFICATION TESTS

Independent performance certification tests on the Chamberlain Manufactur-
ing Corporation flat plate solar collectors were conducted during the
period 20 November 1976 to 5 February 1977. Tests were conducted on the
single and double cover black chrome models by Desert Sunshine Exposure
Tests, Inc., located in Phoenix, Arizona. The tests were performed in
accordance with DSET Specification 758E2, Method 75SE2.3 (NBS proposed
method TN899), utilizing an altazimuth sun-tracking (ENI) mount which
maintained the collectors at normal incidence to the sun over the test
period. The collector net aperture area was used for the performance
reference area.

Tabulated results of these tests, as provided by Desert Sunshine Exposure
Tests, Inc., are attached, in addition to the instantaneous efficiency
graphs. 1In the tabulated values, where integrated values were reported,
the mean value for the integral is given in parentheses.

The data were analyzed employing a second order least squares polynomial
which yielded the following equations describing the efficiency of the
collector in terms of the fluid parameter (T¢ - T,)/q;, where

]

?f average fluid temperature

T, = ambient temperature

= incident solar radiation

Sinple Cover-Black Chrome

T = 0.841 - 0.532 [(Tf - T,)/a;) - 0.505 [(T¢ - Ta)/ag)

Double Cover-Black Chrome

N =0.772 - 0.678 [(T¢ - Ta)/q;) + 0.006 [ (T¢ - T,)/q; )

Although second order analysis of the data is more consistent with the
thermodynamic considerations of collector performance, it is common prac-
tice to express collector performance equations in linear form for conveni-
ence and ease of analysis. In this respect, the data were also analyzed
using a least squares linear regression, resulting in the following linear
equations describing the efficiency as a function of the fluid parameter.

Single Cover-Black Chrome
N = 0.865 - 0.814 [(T¢ - Tq)/q1)
Double Cover-Black Chrome

M =0.771 - 0.67 [(Tg - Ta)/q;)
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COMPANY: CHAMBERLAIN MANUFACTURING CORP.
REFERINCE NO.: PO B~52337

DSET NO.: 170038

REPORT NO.: 76S1111A

TEST METHOD: DSET 75SE2.3 (NBS/ENI)

Pox 185, Black

DESERT SUNSHINE EXPOSURE TESTS, INC.

Canyon Stage

Phoenix, Arizona 85020

DATE: November 20, 1976
COLLECTOR: Mod. #711101, Ser. 01048
GLAZING: Single Glass 2
APERTURE AREA: 19.12 ft

(SINGLE COVER ~ BLACK CHROME)

t, solar 1108 1113 1118 1123 1328
4 (1b/hr) 274.74 274.69 272,72 273.69 283.12
ITi (°F) , 233.1 233.0 232.4 232.9 174.0
J‘r (*F) 242.8 243.0 242.5 242.4 187.2

A ]

T, (°F) - - i - -

T °F

5 (°F) _ _ _ _ _

T (°F :

', (°F) _ _ _ N -
ITa (*F) 70.6 69.2 68.7 70.0 73.8°
wind Velocity s 2 s4 s 8 w2 Sw 8
Alr Over
Collector (fpm) %0 300 200 .219 480
C, (BTU/1b.°F) 1.01142 1.01142 1.01136 1.01139 1.00279

jqi (BTU/FT2. hr) 325,02 326.39 327.42 327.60 322.80
9+ Diffuse 13.51 13.86 13.80 13.66 14.50
Tilt Angle 53.4 53.1 52.9 52.6 56.0
Incidence Angle 0° o° 0° 0° 0°
Azimuth Anqle 15.3 13.9 12.4 11.0 -25.1
P, (psi) 28.8 29.0 29.3 29.8 16.2
AP (psi) 4.2 4.1 3.8 3.8 4.2
far (o) 9.7 10.0 10.1 9.6 13.1
Te (°F) 237.9 238.0 EY TITT 100.6
Te (°F) - - - - -
Te-Ta (°F) 167.3 168.7 168.8 - 167.6 106.8
Tp‘Ta (°r) - - - - -
Ts-Ta (°F) 162.5 163.8 163.7 162.9 100.2
(T T /4" 0.515 0.517 0.515 0.512 0.331
(T-T /9" 0.500 0.502 0.500 0.497 0.310
(IB-Ta)/qi' - - - - -
n (X ] - - - -

ql -

Efficiency, n 0.433 0.445 0.445 0.423 0.603

#*nTU/FT? . hr

Mean values in parentheses.

**F/BTU/FT. hr

Page )} of ¢
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DESERT SUNSHINE EXPOSURE TESTS, INC,

Box 185, Black Canyon Stage
Phoenix, Arizona 85020

COMPANY: CHAMBERLAIN MANUFACTURING CORP.

REFERENCE NO.:

PO B-521337
DSET NO.: 17003s
REPORT NO.: 76S111A

TEST METHOD: DSET 75SE2.3 (NBS/ENI)

DATE: November 20, 1976
COLLECTOR: Mod. #711101, Ser. 01048
Single Glaas
19.12 gt

GLAZING:

APERTURE AREA:

{SINGLE COVER - BLACK CHROME)

e 3

Lt, soiar 1333 1338 1343 1448 1453
& (1b/hr) 279.23 281.22 281.20 285,92 283.92
T, (°F) 174.1 174.4 174.2 122.5 122.8
jro (°F) 186.9 187.2 1687.1 137.0 136.8
T (°F
_p( ) - - - - -

L ]
T, (°F) . . - - -
T [ ]
'y {*F) - - - - -

j‘l‘. (°F) 2.9 73.7 73.2 73.3 73.4
Wwind Velocity s 7 SW 9 s? s 3 w2
ir Over

80 51 320 2
Collector {fpm) 260 ¢ 0 . 420
€, (BTU/1b.°F) 1.00278 1.00282 1.00279 0.99828 0.99887
2

| DS 319.88 318,74 293.36 289.66
q ¢ ¥ Diffuse 14.06 14.61 14.86 16.69 16.78
Tilt Angle 56.5 56.9 57.5 65.6 66.4
Incidence Angle 0* 0* 0° o° o°
Azimuth Angle -26.4 =27.7 =-29.0 =43.7 -44.7
P, (psi) 16.2 16.1 16.1 17.2 17.0
4P (psi) 4.1 4.1 4.1 4.9 4.7

]A-r (°F) 12.8 12.8 12,9 14.5 14.2
T¢ (°F) 180.5 180.8 180.7 129.8 129.6
T (°F) - - - - -

F—-‘

Te=Ta (°F) 107.6 107.1 107.5 56.4 56.2
ip-‘l', ‘.P’ - - - - -
Tg=Ta (°F) 101.2 100.7 101.0 49,2 49.1
(Te-T )/q,"* 0.335 0.335 0.337 0.192 0.194
(T,-T, )79, 0.315 0.315 0.317 0.168 0.170
T 74 - - . - -
Efficiency, n 0.583 0.591 0.595 0.741 0.728
"r/a'w/rrz.hr "BTU/PT:.hr Page 2 of 4
Mean values in parentheses,
B-13
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DESERT SUNSHINE EXPOSURE 1FSTS, INC.

COMPANY: CHAMBERLAIN MANUFACTURING CORP.
REFERENCE NO.: po B=52337

DSET NO.: 17003s

REPORT NO.: 76s51111A

TEST METHOD: DSET 75SE2.) (NBS/ENI)

Box 183, Black Canyon stage
Phoenix, Arizona

DATE: November
COLLECTOR,

GLAZING:

85020

Mod.
Single
APERTURE AREA:

21, 1976

#711101, Ser. 0l10a.
Glass

19,12 £t

2

(SINGLE COVER ~ BLACK CHROME)

Mcan values in parentheses.

t, solar 1138 1143 1148 1153
4 (1b/hr) 289.79 290.81 295.11 289,72
I"} (*¥) 76.8 76.9 77.0 77.1
fr_ 0 94.4 94.4 94.5 94.7

Tp (°F) - - - -
T, (°F) - - - -
T, (°F) R - N -
ITa (°F) 73.1 72.4 72.5 72.8

[ Hinq_gflocity o 2 S 4 s 8 S5
Alr Over
Collcector (fpm) 30 250 500 500
C_ (BTU/1b. °F) 0.99802 0.99802 0.99802 0.99802

jqi (BTU/FT2.hr) | 326.26 327.05 328.33 328.87
9. © Ditfuse 14.73 13.36 15.07 15.09
Tilt Angle 52.2 52.0 52.0 51.9
Incidence Angle 0° 0° o° 0°
Azimuth Angle 6.6 5.1 3.6 2.1
Pin (Psi) 18.9 18.7 18.7 18.8
AP (psi) 4.9 4.7 4.6 4.7
_[A-r (*r) 17.6 17.5 17.5 17.6
Te (°F) 85.6 45.7 85.7 85.9
Tp (°F) - - - -
Te-Ta (°F) 12.6 13.3 13.2 13.1
 Tp-Ta (°F) - - - -
Ty-Ta 'F) 3.7 4.5 4.5 4.3
(TeT,0/9;° 0.038 0.041 0.040 0.040
(T-TV/a,° 0.011 0.014 0.014 0.013
(Tp-Ta)/qx. - - - -
in.. - - - -
Efficiency, n 0.914 0.812 0.821 0.810
*F/BTU/FT3 . he saptu/F1l.nr Page of 4
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I[ Dimensions subject to change without notice. Do not use for construction purposes.
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! SERIES "“60" CENTRIFUGAL PUMPS
|
1 .
; DIMENSIONS
! FI1G. 2 A SIZES
{
' FIG. 1 AA SIZES DiscHanGE
¢
'! =+ o] -
AC —id - . F
\
i 2 =
' lr- r —| o . ———— 1
ALL SINGLE PHASE MOTORS INCLUDE BUILT-IN THERMAL OVERLOAD PROTECTORS.
BRONZE FITTED CONSTRUCTION  —=COMPANION FLANGES FURNISHED FOR SUCTION AND DISCHARGE.
MOTORS~OPEN DRIPPROOF ENCLOSURE. SINGLE PHASE—UNIT NO. ENDING IN *'$** 118/230 VOLT * 60 CYCLE 3 PNASE 1750 RPM,
THREL PHASE=UNIT NO. ENDING IN *'T'* 200-230/460 VOLT 60 CYCLE 3 PHASE 1750 RPM. MAXIMUM WORKING PRESSURE 175 PS)
|
woott i puse 4 G uoTOR DIMENSIONS-<IN INCNES
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Dimensions subject to change without notice. Do not use for construction purposes.

SERIES "“60" CENTRIFUGAL PUMPS

DIMENSIONS FIG. 2 A 812E8
FIG. 1 AA SIZES DisCHARGE
TI__ |
A =
{
' ! o — 0~ ~gucTioN
MAXIMUM WORKING PRESSURE 178 P8I
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B&G Booster Pumps represent a long process of de-
sign refinement for performance improvement—yet
the basic principles of the tirst unit produced are still
present in today's models.

It is still a horizontal pump—a design originally
selected because it had humerous efficiency and in-
stallation advantages. The watertight seal, which
made possible an oil circulating lubrication system,
was pioneered by B&G. Today, while the same in
principle, it has been improved in design and mate:
rials used.

Sound engineering, supported by precision manufac.
turing, are the reasons the B&G Booster Pump shows
sucharemarkable record for efficiency, dependabilit
and long hfe. To date more than 8,000,000 B&
Booster Pumps have been installed. Ample evidence
that their quality remains unchallenged.

Iron or bronze-fitted pumps should not be used for
circulating service water. Continua! pumping of fresh
water, which contains acids and corrosive substances
invarying amounts, frequently casw<es rapid deteriora-
tion of such pumps.

Bronze non-ferrous Booster Pumps are availlable for
crrculating service water through builldings and for
energy saving controlied water circulation between a
heater and hotwalter slorage tank.

The "Remite’”” Seal in bronze B&G Booster Pumps
is a turther warranty of long lasting performance. The
extremely hard, corrosion-resistant material of which
the seal 1s made and ifs ingenious method of assem-
Dly assure lony service under severest operating con-
ditipgns. See page 4 for pump capacity chart.

-

SERIES 100
SERIES MY
SERIES 1Y,
SERIES PR
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BELL & GOSSETT ITT SMALL TUBE HEAT EXCHANGERS 1

Bell & Gossett ITT Small Tube Heat Exchangers are ideally designed to satisfy the heat transfer

requitements of any number of industrial applications—and are immediately available from factory |
stock. This means that there is no long wait for delivery once you give your Bell & Gossett |
representative the system requirements. Simply let him know what you need, and Bell & Gossett |
will computer-select the right un‘t for your particular requirements—right away.

You will probably find your area of interest covered in this sample list of industries and
applications served by Bell & Gossett STH Model heat exchangers. But remember, for almost any
heat exchanger applications you may have, your Bell & Gossett representative car come up with
the right answer and products.

Transformer Oil Cooling / Engine Oil Cooling / Injection Molding Machine Coohng /
Mechanical Seal Cooling / Compressed Air Cooling / Cutting Fluid Cooling / Torque
Converter Fluid Cooling / Solar Heat Transfer / Gas Turbines / Rectifiers / Laboratory
Applications / Marine Applications / Machine Tools

Bell & Gossett STH heat exchangers—in Bell & Gossett designs are matched in quality
addition to being immediately available— by advanced manufacturing techniques. Unit
incorporate advanced design techniques. Each components are precision die formed to

unit has been computer-designed to be the insure an extremely tight fit.

best size for the job. Contact the Beii & Gossett representative in
Angular baffle cut design prevents shell fluid your area and let him use over fifty years of
short circuiting, insuring maximum heat experience to solve your heat transfer
transfer for your investment. The use of a problems.

crimped tube to serve as a tie rod also
increases heat transfer surface.
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Catalog 630-7

R freom’ air cooled _

refrigerant condensers |
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Type APD & APB; 7%-140 tons
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McOQunrny AIRCORY

qir cooled condensers

Clannld .
,;'u \\\‘ Listed by
LU Underwriters'
N’ Laboratories, Inc.

Type A¢D
vertical airflow
direct drive fans.

t : “McQUAY™, “AIRCON", “DAMPERTROL", “HI-F”, and "SEASONTROL" are
& registered vademarks of McQuay Group, Minneapolis, Minnesota.
\ f “Bultetn dlustrations cover the general appearance of McQuay Group products at
¢ time of publication and we reserve the right to make changes i design and con-
struction at any time without notice.”
MODEL NOMENCLATURE BUILT TO PERFORM
The heart of any condenser is the heat exchanger surface,
APD 008 B-V and the AIRCON air cooled condenser features the famous
T T Airflow McQUAY HI-F coil with patented fin design. McQUAY has
V = Vert, been designing and building coils since 1933, and the AIR-
H = Horiz. CON HI-F condenser coi! is the latest generation in a long,
Air cooled - Design successful line, The coil is computer matched with high
condensing vintage efficiency fans driven by inherently protected motors, pro-
Propeller fan Nominal viding you with the highest heat rejection capacity avatiable,
Drive type capacity
D=Direct tons
B =Belt BUILT TO LAST
Heavy uuty construction throughout insures long and satis-
factory operation. Thick wall condenser coil tubes and fins,
TABLE OF CONTENTS tans of aluminum or zinc piated iridite finish stee!, weather
r“‘"""""’ T T s e e T protected condenser fan motors, with inherent protection,
| | and heavy gauge galvanized steel cabinet all combmne to
E Design featunes 3.4 give the service you expect.
| Oputonal featwres ..o 0 L 4
Selection data 510
i
: Low amluent operatron . o0 o0 10:13 VEBSAT'L|TY OF APPUCATIO.N . )
Designed to fill your condensing job requirements. Vertical
Refogerant charge calcatation. R E R k) or hotizontal air flow, 23 sizes from 7 1/2 thru 140
Retiigerant prmmyg duta . 15.17 nominal tons, The M'CC_)UAY AIRCON air cooled condenser
' ) otffers complete flexibility in coil sectioning: s:ngle or dea!
Dimensionagl data . ... 18 section tor water chiller or compressor unit remote
Ployarcal datu . . 19 condensing, or gustom multu-sncpon to serve the sevelr;as
comprressors  (with varying refrigerants and condensing
Winmg diagrams .. ... .. L 2002 temperatures) found in today’s modern supermarkets.
Optiona! factory or field installed packages for prec.se, ail
Engineernmgspecibcations o000 23 weather head pressure contro!, and sub-coolers to increase

wacity and ehminate liquid tine flash gas.

R
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The answer to your air cooled condenser needs...

Proven performance, high efficiency, reliability of operation and versatility of application make McQUAY
vour ideal choice. Over the years tens of thousands of AIRCON air cooled condensers have and still are
proving themselves in the field. Designed by McQUAY engineers and manufactured to rigid quality
standards for long lite and superior operating efficiency, these units feature HI-F condenser coils,
dynamically balanced fans driven by individua!l motors, rugged yet architecturally streamlined cabinet
construction, plus numerous optional features to meet your special application.

ARCHITECTURALLY PLEASING

AIRCON air cooled condensers are designed to fit without
mariing your huilding sithouette, The complete line of APD
direct drive vertical air flow units up to 100 tons are not
mote than 4 feet high including fan shrouds. APB belt drive
units up to 140 tons are only 4 1/2 feet high.

Multipte fans and inherently protected motors provide
maximum protection against unit down time. Multiple fans
with independent motors permit low cost FANTROL tan
cycling head pressure control for operation in cooler weath-
er. Direct drive fans (APD units) have aluminum blades
riveted to a zine plated steel hub, Belt drive fans {APB units)
are zing coated steel, iridite dipped, with heavy taperlock
safety hubs, Fans operate at low tip speeds for minimum
noise and vibration. All fans are statically and dynamically
balanced and the umit is factory run before shipment, Full
width partiions between fan sections prevent air bypass
and elimingte tan windmitiing in off-cycles due to nearby
operating fans.

Inherent motor protection with automatic reset guards
motors agamst focked 1otor, single phasing and high ambi-
ent condivons. Direct drive motors are permanently lubri-
cated ball bearing type with splashproot design and pro-
tected by a rain slinger. Single phase direct drive motors
are PSC type for maximum economy, Belt drive motors are
of the open dup proot design and are weather protected by
the unit cabinet, Motors are tactory wired to a convenient
juncuon box, or to an optional FANTROL factory mount-
vd panel.
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AIRCON® CONDENSER CAPACITIES

Table No. 4
1 TOTAL HEAT REJECTION — BTUH R-12, SEE NOTES 2 AND 3 BELOW
T [ TYPE APD DIRECT DRIVE UNIT SIZE
oose | Jotoe | o158 | o208 | o258 | o30B | 0358 | 0408 | 0458 | 0508 0558 0801

1 : 4,200 | 7,260 | 9,000 ] 11,200 | 13,460 | 16,060 | 18,520 | 20,240 | 22,620 | 25,080 | 26./90
5 | 17,600 ] 23,500 | 34,300 | 45,000 ] 56,000 | 67,300 | 80,300 | 92,600 | 101,200 ] 113,100 | 125,400 | 134,000
10 | 35,200 46,800 [ 72,500 | 90,000 ] 112,100 [ 135,600 [ 160,600 | 185,200 | 202,400 | 226,100 | 250,800 | 267,900 |
15 | 52,700 [ 70,300 | 108,800 | 135,000 | 168,200 | 203,400 | 240,800 {277,900 | 303,500 | 339,200 | 376,100 | 401,900
16 | 56,200 [ 75,000 [ 116,000 {144,000 | 179,400 | 216,900 | 256,900 [296,400 | 323,800 | 361,800 | 401,200 | 428600
17_| 59,800 [ 79,600 |123,200 |153,000 | 190,600 {230,500 {272,900 314,900 {344,000 [ 384,400 | 426,300 | 455,400
18 | 63,300 | 84,300 130,400 | 162,000 | 201,800 {244,100 |289,000 |333,500 | 364,200 | 407,000 | 451,400 | 482 w00
19 | 66,800 | 89,000 |137,800 | 170,900 | 213,000 {256,500 {305,000 {352,000 | 384,500 | 429,600 | 476,400 509,000
20 | 70,300 | 93,700 |145,000 | 179,900 | 224,200 | 271,100 | 321,100 |370,500 | 404,700 | 452,200 | 501,500 | 535,800
21 | 73,800 ] 98,300 | 152,200 | 189,000 | 235,400 | 284,700 | 337,200 | 739,000 | 424,900 | 474,800 | 526,600 | 562,600
22 | 77,300 {103,100 {159,500 { 198,000 | 246,600 {298,300 {353,200 [407,600 | 445,200 { 497,400 | 551,700 | 589,400
23 | 80,800 (107,700 | 166,700 [ 207,000 { 257,800 {311,800 | 369,300 {426,100 | 465,400 { 520,000 [ 576,700 | 616,200
24 | 84,400 {112,400 [ 174,000 {215,900 | 269,000 {325,400 [ 385,300 [444,600 | 485,600 | 542,600 | 601,800 | sav Ll
25 | 87,900 | 117,100 | 181,300 | 225,000 | 280,300 | 339,000 | 401,400 463,100 | 505,900 | 565,300 | 626,900 | 069,60U |
26 | 91,4007]121,800 ] 188,500 |233,900 | 291,500 | 352,500 1417,400 |481,700 | 526,100 | 587,900 | 652,000} 696,500
27 | 94,900 127,400 ] 195,700 242,900 | 302,700 | 365,100 | 433,500 | 500,200 | 546,300 | 610,500 | 677,000 | 723 500
28 | 98,4001 131,100 1202,900 | 251,900 | 313,900 | 379,600 | 449,500 | 518,700 | 566,600 | 633,100 | 702,100 | 750,100
29 {101,900 (135,900 {210,200 {260,900 | 325,100 {393,100 {465,600 |537,200 | 586,800 [ 655,700 { 727,200 { 776,900
30 [105,500 | 140,600 {217,600 {269,800 | 336,300 [ 406,600 | 481,700 [555,800 | 607,000 [ 678,300 | 752,300 | 803,700
35 123,000 | 164,000 | 253,700 {314,900 | 392,400 | 474,500 | 561,900 |648,400 | 708,200 | 791,400 | 877,600 | 937 700
40 1140,600 ] 187,300 [289,900 {360,000 | 448,400 [ 542,300 {642,200 | 741,000 | 809,400 | 904,400 | 1,003,000 1,071,600 |

Table No. 4 (continued)

\ TOTAL HEAT REJECTION — BTUH R-12, SEE NOTES 2 AND 3 BELOW

10 TYPE APD DIRECT DRIVE UNIT SIZE BELT DN T S1ZE
0658 0708 0758 0808 0858 0908 1008 1108 1208 1308 | uoa_:

1 29,460 | 32,500 | 35,160 37,380 39600 40,190 43,600 45,400 50,100 55,600{ 60,700

5| 147,300 { 162,500( 175,800] 186,900( 198,000 201,000 | 218,000 | 227,000 | 250,500} 278,000| 303 700

101 294,600 | 324,900 351,500 372,700 395,900| 401,900 | 436,000 | 454,000 | 501.000! 556,000 607300

151 441900 | 487,400 | 527,300 ; 560,500 593,800 602,900 | 654,000 | 681,000 | 751,500] 834,000{ 911,000

16| 471,400 | 519,800 562,400} 597,800 633,400 643000 | 697,600 ] 726400 | 801,600 889,600] 971 700

171 500,800 | 552,300! 597,600 635200! 673,000] 683,200 | 741,200] 771,800 | 851,700 945,200{1.032, 500

18] 530,300 | 584,800| 632,700 672,500’ 712,600] 723,400 | 784,800 | 817,200 | 901,800 1,000,800 {1,093,200
19| 559,700 | 617,300 567,900 707,900 752,100 705,600 { 828400 § 862,600 | 951,900 ]1,056,4001,153 90
201 589,200 { - 649,800 | 703,000 747,300 791,700 803,800 | 872,000] 908,000 [ 1,002,000 (1,112,000{1,214,70C

21| 618,700 | 682,300] 738,200( 794,600| 831,300 844,000 | 915600 ] 953,400 !1,052,100 |1,167,600 |1,275 400

22| 648,000 | 716,700] 773,300 | 822,000} 970,900] 884,000 | 959,200} 998,800 |1,102,2001,223,200 1,336,120

231 677,600 | 747,300 ] B0B,500 | 959,300} 910,5001 924400 11,022,800 ] 1,044,200 | 1,152,300 11,278,800 | 1,396 800

24 707,000 | 779.800| R43,600! 896,8001 951,000] 964,600 {1,046,400 } 1 089,500 |1,202,400{),334,400 | 1,45/ 40¢

25| 736,500 | B12,300| 878,800 934,100 989,700 (1,004,800 {1,090,000 [ 1 135,000 | 1,252,500 (1,390,000 1,5\8,31“»*
26 | 766,000 | 854,200 913,900 971,500 1,029,200 | 1,044 900 |1,133,600] 1,180,400 | 1,302,600 | 1,445,600 | 1,579 00
(27 795400 | B77.200] 949,100 | 1,008,900 1,068,800 1,085,100 |1,177,200} 1,225,800 {1.352,700 11,501,200 | 1,639 20"
2w ] B24,900 | 90,700 | 984,200 11,046,100 1,108,500 11,125,300 |1,220,800] 1,271,200 |1,402.800 }1,556,800 | 1,700 5¢

291 BY4,300 | 942,200 11,019,400 ; 1,083,600 | 1,148,000 1 165,500 11,264,400 ] 1,316,600 | 1,452,900{1,612,400 1,76} 200
30 | 483,800 | 974,700 |1,054,500 | 1,121,000) 1,167,500 | 1 205 700_| 1,308,000 1,362,000 | 1,503,000 | 1,668,000 | 1.822,0¢ |
(35T ,0m, 100 11,137,200 (1,230,300 | 1,307,200 1,385,600 Lgo_i_ﬂm 1,526,000 1,589,000 {1,753,500 (1,946,000 2,\?5,();\‘-;%
40 [ 1,178,400 [1.299,600 (1,406,000 {1,494,500 1,583,500 | 1607600 | 1,744,000 1,816,000 {2,004,000 (2,224,000 2.4L"?,P<'1‘j

(1) TD - Condensing temperature minus ambient air temperatuio
{2} For B-500, use R-12 rating; tor copper Lins, increase all ratings by 4%,
(3} Ratings are ot 60 Hertz, For 50 Hert2 systems, multiply copacities by 0.90.
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Multi-section AIRCON air cooled condensers are availuble ed into the proper number of sections, each sized to meet
for applications where more than one compressor is used the specified capacity. Each section is supplied with a hot
either on the same system or separate systems. Usually, gas inlet and liquid outlet connection and tagged for identi-
this arrangement will result in lower installation costs than fication. The last fan(s) on the multi-section unii should re-
installations using separate condensers. main operative as long as a condensing requirgment ¢xists
Coils for multi-section units are factory circuited and divid- in any section of the unit,

HEAT REJECTION CAPACITY

SAMPLE SELECTION Table No. 7
GIVEN:
Six hermetic compressors with evaporator tem- Maximum 20 DEGREES TD = COND TEMP-ENT AIR TEMP® |
peratures, design T.D.'s (or condensing temper- MODEL | =\ ot R.12 R-22 R.502 !
atures) and capacities tabulated below. NUMBER| o cuits [TotalUnit| Bih |Total Unit| Biuh |Total Unit] Btuh
Refrigerant R-12 Btuh  [Per Cire.] Biuh _ |Per Cire.] Btuh | Per Cire.
Ambient Temp. 100F | APD-00BR| 12 ? | 10,300 | 5848 74,000 |_61 IO 72,520 'G:J‘_‘l_
PRQCEDURE APD 010" Y 93 700 7.808 98.600 8 220 96 ¢ G?B 8 0‘.:«.
. Tabulate customer data in columns 2, 3, 4 | APD-0158]_ 24 145,000 6,047 | 152,600] 6.360 140+ 48 6. 1’31
and also in column 5 when available, If heat | APD-020u| 24 179,900( 7,495 | 189,400| 7,890 | 185612 7,133 |
rejection factors are not available (column |_APD-0251 2 224,200] 9,342 | 236,000{ 9,.830] 231,280] 9.636
5), use factors from Table 3, Page 5. {Con- APD 030“ 24 271.100] 11,295 | 285,400] 11,800 279,692 11,(5‘23___1
densing Temp, = Ambient Temp. + T.D.) APD- 035“ 24 321 10() 13,379 ! 338,000 14,080 331 240 13,801
2. Select T.D. adjustment factor from Table 8 }__{\PD 0408 24 370, 500 15437 ] 390,000 16,250 ! 382,200 15,925
and tabulate in column 6. This converts ca- | APD-045B] 24 404,700/ 16,862 |_426000]17,750 | 417.4801 17,395 |
pacity to equivalent at 20 degreesT.D. "APD-0508] 34 452,200] 13,300 | 476,000] 14,000 | 466,480 | 13,720 |
3. Multiply items in columns 4, 5 and 6 and }_A”D 0558 34 501,500] 14,750 | 527,500} 15515 | 517,400 15,2)@
Jist in cotumn 7 for each section. _APD-OGUR| 34 535,800] 15,759 | 664.200[76,594 7] 552,800 [ 16,254
4. Add all items in column 7 to obtain the qug_ﬁ_a!} 34 £89,200) 17 329__ b!‘J 200 13,?1"_‘ _bustuo 118t
total BTUH required at 20 degree T.D. and | APD-0708| 8 649,800 9,555 684,000] 10,050 | 670,320 9.857
use this value to select the proper AIRCON | APD-0758] 68 703,000/ 10,338 | 740,000 10,880 | 725,200 10,664 |
unit size. APD-080B] 68 747.300 10,989 | 786,600 11,560 | 770,868 11.336
SELECTION: APD-0858| 68 791,700 11,642 | 833400] 12,250 | 816,732 12,0010
Baseu cin the total heat reiection capacity for APD- O'JOB 68 ﬁqlu()u r_‘_‘ 321 8458001 12,438 829,000 12,191
the six compressors of 200,199 BTUH at 20 [ APD-100u; 68 __ T 87200012824 | 917,600] 13,493 | 900,000 713,235
degree T.D., Table 7 shows that the smallest | _APB-1108/ 68 908,000 14,353 | 956,700} 14,009 1 934 L0 15,65
unit which will meet the requirements is an ’.\,’3“.‘303 68 11,002,000 74,735 71,063,300] 15,490 [1,033.000 ] 16,197 _
APD-025B with 224,200 BTUH. Table 7 also | APH-130u| 68 [1,112,000 16,353 1, 170,800 17,218 | 1,146,/ 16,853
lists the heat rejection capacity per circuit of APB 1408 68 1,214,700 17,863 | 1,278,490 18,800 [1,2652,000]18.412
this unit as 9,342 BTUH (tabulated in column *Capacitics at T.D.'s other than 20° can be found by dividing Table 7 capacities by
8 below). Tabte 8 adjustinent factori.

To determine the number of circuits re- TD ADJUSTMENT FACTOR

quired per scction, divide column 7 by column Table No. 8
8 for eacn section. Example: Sectipn No, 1 re- DESIGN TD ADJUSTMENT FACTOR
quires 16,800 — 9,342 = 1.79 or 2 citcuits. 40 050
The sample tabulation shows that 24 cir- 15 057
cuits are required when using an APD-0258B 30 067
and Table No. 7 indicates that 24 circuits are -
available for this madel. If the total number of 2% 0.80
circuits required exceeds the number of cir- 20 1.00
cuits available, as listed in Table No. 7, itwill be 15 1.33
e cessary to permit a slightly higher condensing 10 2.00
temperature than planned for one or two of
the sections. A sccond alternative would be to Piping connections: Hot gas and liquid connections for
scelect the next larger unit size, multi-section units should be sized according to the capac-
ity of the condenser coil section served, Refer to page 17
SAMPLE TABULATION for details.
1 2 3 4 5 6 7 8 9 )
"~ DESIGN COMPRESSOR HEAT TO ADJUSTFD | BTUMPER | NUMBER |
SECTION | evaronaton | DESIGN TAPACITY | REJCCTION | ADJUSTMENT TOTALBTUH | “cincuiT | CIRCUITS |
' YEMP, (BTUH) FACTOR FACTOR e xbx 6 | ©200TD | REQUIRED |
1 +20 25 15,000 1.40° .BO 16,800 9,342 2 i
2 -10 15 17,500 1.563° 1.33 35,611 9,342 4 i
3 +40 30 28,000 .31 67 24 576 0342 3 |
4 ~-20 15 20,500 1.61* 1.33 43 80 9,342 5 :
5 -10 20 34,000 157 1.00 53,380 9,342 6 |
6 +20 20 25,500 137 1.00 34,935 9342 | 4 |
) 209099 24 j
* Intarpolate from Table No, 3
B-29
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Furnish and install as specified and as shown on plans . ..
McQUAY Type (APB) (APD) air cooled condensers, ar-
ranged for (horizontal) (vertical) asir flow. Condensers
shall be multiple fan design and shall perform in accordance
with (following scheduls) (schedule on plans).

Each condenser shall consist of casing, condenser coil,
multiple propelier fans driven by independent tan motors,
fan guards and mounting legs. All fan motors shall be fac
tory wired to a common electrical junction box. Units shail
be U.L. listed.

CONDENSER COIL-The condenser coil shall be con-
structed of seamiess copper tubes on a staggered tube pat.
tern. Tubes shall be mechanically expanded into continu-
ous, rippled (aluminum) (copper) plate type fins for
permanent metal to metal contact. The fins shall have full
depth fin collars completely covering the copper tube
against atmospheric corrosion.

Copper tubes shail be attached to headers with heavy
wall fittings for maximum resistance to piping strain and
vibration due to discharge gas pulsation.

Coils shall have a working pressure of 425 PSIG. A 425'

PSIG relief device, one per circuit, to be fisld installed.
Coils shall be factory leak tested, dehydrated, evacuated
and sealed with caps brazed on coil connections,

CASING-The condenser casing shall be of heavy duty
reinforced construction utilizing continuous galvanized
steel, Casing shall be divided into individual fan sections by
. tull width galvanized steel partitions.

Structural support members, including coil support
frame, motor and drive support (APB Units) and tegs shall
be 7 and 10 gauge continuous galvanized steel for strength
and corrosion resistance,

Large, latch-type access doors shall be provided adjacent
to each motor on belt driven units for convenient access to
interior of casing for maintenance and service of mator
and drive.

FAN AND FAN GUARD-(APD-008B thru 1008) direct
drive fans shall be aluminuin with center hub of steel, The
center hub shall be zinc plated for corrosion resistance,
(APB-1108 thru 140B) belt drive fans shall be zinc
plated steel with tridite finish. Fan shall be secured to fan
shaft by means of heavy taper-iock hub. Maximum fan

~ diameter shall not exceed 48 inches. Funs shall be statically

and dynamically balanced and factory run before shipment,

Fan gudrds shall be heavy gauge, close meshed, stee!
wire, zinc plated and Iridite dipped. Guard shall be con-
toured fur maximum rigidity,

DRIVE AND BEARINGS-(APB-110B thru 1408) belt
drive units shall have motor and bearings mounted on a
common base of 10 gauge continuous galvanized steel,
Bearings shall be heavy duty industrial type ball bearings
and shall be provided with grease fittings. Permanently
saaled bearings will not be accepted,

Stecl fan shafts shall Le ground and polithed and
coated with weather resistant dressing,

V-Beit Orives shal! be designed on the basis of 24 hour
per day operation with 2.0 drive service factor.

MOTORS-(APD-0088 thru 1008} direct drive fan motors
shall be weather protected, with built-in overload protection.

{APB-1108 thru 1408) beit drive fan motors shall be
positioned within unit casing for weather protection.
Motors shall include built-in overioad protection. Adjust-
able motor mount shall be provided for belt tension
adjustment.

HEAD PRESSURE CONTROL-Condensing pressure con.
trols shall be provided to maintain at least . . . F con-
densing temperature at . . . F minimum outdoor air temper-
ature with compressor capacity reduction to . . . % and
shall be automatic in operation without daily or seasonal
adjustment. Control shall be as follows: [Choose one.)

Furnish FANTROL head pressure control to cycle con-
denser fans in response to ambient 3ir temperature. Con-
trol package shall include condunser fan motor starting
contactor(s) and fine voltage thermostat(s) in a weather
tight enclosure,

Furnish SPEEDTROL head pressure control consisting
ot fan cycling in response to ambient temperatures and
speed modulation of last fan{s) on, in direct response to
refrigerant head pressure,

Furnish DAMPERTROL head pressure control con-
sisting of fan cycling in response to ambient temperatures
and tace and bypass damper modulation of fast fan(s) on,
in direct response to refrigerant head pressure,

Furnish SEASONTROL head pressure control consisting
of three way modulating valves to control head pressure by
back flooding the condenser coil with liquid refrigerant,
System shall provide adequate hot gas pressure 1o liquid
fine duting cold start.




Honeywell

THE C773 IS A PLATINUM FILM SENSOR
WHICH HAS A POSITIVE TEMPERATURE
COEFFICIENT. ON A RISE IN AMBIENT
TEMPERATURE THE RESISTANCE OF
THE SENSOR INCREASES.

0 C773A contains a single sensor for storage
tank or solar collector mounting.

0 C773B contains a double sensor for storage
tank or solar collector applications.

0O C773C contains a single sensor with a flat-
tened end and mounting hole for easy solar
collector installation,

0 C773D contains a double sensor with a
flattened end and mounting hole for easy
solar collector installation.

O Available with a medium or high ambient
temperature range (specitfy when ordering).

0O Immersion well and remote sensor wiring
compartment available separately.

R.L.
077 (.03)
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SPECIFICATIONS

IMPORTANT
THE SPECIFICATIONS GIVEN IN THIS PUBLICATION DO NOT INCLUDE NORMAL MANUFACTURING TOLEAANCES.
THEREFORE, THIS UNIT MAY NOT MATCH THE LISTED SPECIFICATIONS EXACTLY. ALSO, THISPRODUCT IS TESTED
AND CALIBRATED UNDER CLOSELY CONTROLLED CONDITIONS, AND SOME MINOR DIFFERENCES IN PERFOR:
MANCE CAN BHE EXPECTED IF THOSE CONDITIONS ARE CHANGED.

TRADELINE MODELS AVAILABLE:

C773A Temperature Sensor. Single sensor mounts in
storage tank using immersion well or on collector
with mounting clip.

C7738 Temperature Sensor, Double sensor mounts
in storage tank using immersion well or on col-
lector with mounting clip,

C773C Temperature Sensor. Single sensor has flat-
tened end with mounting hole for collector
installation.

C773D Temperature Sensor, Double sensor has
flattened end with mounting hole for collector
installation,

LEADWIRE:

C773A,C -two black 18 inch {457.2 mm}, No. 22,
NEC Class 1.

C7?738,D-two black, two white, 18 inch [457.2
mm], No. 22 stranded, NEC Class 1.

TEMPERATURE RANGE: Minus 50 to plus 450 F

Iminus 46 to plus 232 CJ.

DIMENSIONS: See Figs. 2 and 3.
ACCESSORIES:
Immersion Well-for mounting sensor in storage
tank, See Table 1 and Fig, 1.

Remote Sensor Wiring Compartment-for winng

storage tank sensor, Part No. 111892F,

SENSOR

l msuu\nonl IMMLNSION
CLAMP LENGTH o=t e eesovme | 3 NG T
INCLUDES TUBE CLAMP NO.
121371 FOR 172 OR A NPT, [T1}%

FIG. 1-TANK SENSOR INSERTED IN IMMERSION
WELL.

TABLE | -IMMERSION WELL TABLE

IMMERSION INSULATION SELECT WELL MATERIAL AND
LENGTH LENGTH ORDER NUMBER BELOW _
-~ — o e COPPER STAINLESS STEEL
1/2 NPT 3/4 NPT 1/2 NPT 3/4 NPT

33/8 857 | 1172 3.1 121731A 1213718 121371E 121371F
3378 857 | 1372 30 121371Kd - -
33 857 | 3 62| 113711 171371M - -
33/8 857 | 4 101.6_ | 122550A8 | 122455Aa - -
53/8 | 1366 | 4 101.6_ | 12255482 12255504 - -
6 1524 | 11/A 318 | 11262088 - - -

aHas plastic steeve on insertion well,

continued on page 3

—

CRDEDING INFORRIATION

COMPLETE ORDERING NUMBER, OR SPECIFY~

1. Order number,

PRODUCTS OR SERVICES, PLEASL WINTE Ol PHONE:

2. RESIDENTIAL DIVISION CUSTOMER SERVICE
HONEYWLLL INC., 1885 DOUGLAS NDRIVE NORTH
MINNEAPOLIS, MINNESOTA 55427 (G12) H42.7500

WHEN PURCHASING REPLACEMENT AND MODERNIZATION PRODUCTS FROM YOUR TRADELINE
WHOLESALER OR YOUR DISTRIBUTOR, REFER TO THE TRADELINE CATALOG OR PRICE SHEETS FON

2. Accessories {immersion well remote sensor wiring compartment),

IF YOU HAVE ADDITIONAL QUESTIONS, NEED FURTHER INFORMATION, OR WOULD LIKE TO COMMENT ON OUR

1. YOUR LOCAL HONEYWELL RESIDENYIAL DIVISIONSALESOFFICE (CHECK WHITE PAGES OF PHONE DIRECTORY!,

{IN CANADA-HONEYWELL CONTROLS LIMIYED, 740 ELLESMERE ROAD, SCARBOROUGH, ONTARIO M1P 2v9) ‘
INTEANATIONAL SALES AND SEHVICE OFFICES IN ALL PRINCIPAL CITIES OF THE WORLD,

J




a1

-t_‘ 19.8) ;A

A HON (48] 2 ] WIHTU LEADWINEY ONC 7730 ONLY

.z i) ' TOIN (4372 mmj
i BLACK

[ VEADWIREY

E"‘_E 2w

AT

RN (40 2 mm) BLACK LEADWIRES

l% 1108) _——’! /
xS

i

Y an _(:)_ H_%‘
| I l—- LY /'\ >
]
o D
i B

Tiom —

A 101N {487 2 enm] WHITE LEADWIRES iN Tirt C2730OMLY

Sibe

FiG. 2-C773A,8 DIMENSIONS IN INCHES (MIL.
METRES IN BRACKETS),

FIG, 3-C773C,D DIMENSQBNS IN INCHES [MIL.
METRES IN BRACKETS],

INSTALLATION
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LB AR

1. Installer must be trained and experienced.

2. Disconnect power supply before connecting
wiring to prevent electrical shock or equipment
damage.

3. Always conduct a thorough checkout as outlined
in the instructions with the primary control
when installation is complete.

LOCATION

Follow the system manufacturer’s recommendations
for the best location of the sensor. Each sensor should
be located so that it experiences the most useful tem-
perature for proper systein operation,

MOUNTING SENSOR

Mount C773AB as a storage tank sensor using an
immersion well as follows:

1. Drain gystem fluid to a point below the sensor
fitting.

2. Screw the well into the threaded fitting, Use an
approved pipe dope or ‘I'eflon tape to seal the threads.

3. Refill system and check for leaks,

4. Insert the scnsor probe into the immersion well
until it bottoms, See Fig. 1.

5. Attach retainer clamp over groove on well spud.
Fit wires in clamp groove and lightly tighten screw, Do
not overtighten,

Install C773A,B 45 a collector sensor using the mount-
ing clip provided and No. 8 screw. Mount C773C D asa
collector sensor using the flattened end with mounting
hole and & No. 8 or 10 screw.

Temperatures in excess of 450 F (232 C| will damage
the sensor. Shicld the sensor against possibie overtem-
perature conditions prior to system operation. Do not
mount collector sensor to collector rluid channels.

WIRING

1. Shield the sensor against possible overtem-
perature condition. prior to system operation.

2. On unglazed collectors mount the sensor with
leadwires down t0 keep sensor from accumu-
lating water,

3. Wire additions to the leadwires must be capable
of withstanding a temperature of 450 F [232 C],

All wiring must comply with applicable codes and
ordinances. The C773 can be used for numerous appli-
cations in solar energy systems. Fig. 4 shows thie sensors
wired to an R7412 Differential Temperature Controller.

HIGIQOWFLREINY AL

o TEMPEHATUHL CURTHOLLLA
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Ly

1., 4-WIRING C773 TO R7412 DIFFERENTIAL
TEMPERATURE CONTROLLER.
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fFor the CT736 amd C77130 Tempetatuie Suinsis,
the two black leadwires belong to one wnsor and the
two white leadwires belong to the other sensor.

If the amount of sensor cable used exceeds 100 feet
|30.5 m], use No. 14 wire and grounded metallic con-
duit or two conductor shielded cable, Connect the shield
or conduit to ground at the controller. Grounded metallic

*

conduit or shivided cable (such o3 beiden 8762 ot yaiv-
alent) minimizes ponible radio frequency sgnal inter.
ference. :

Remote Senscr Wiring Compartment (Part No.
111892F) is available for tank sensor wiring (see
Accessories).

OPERATION AND CHECKXOUT

OPERATION

The C773 is a platinum film sensor packaged in a cop-
per capsule. The sensor has a positive temperature coef-
ficient; on a rise in ambient temperature the resistance
of the sensor increases (Fig. 5).

CHECKOUT

Make certain that each sensor is securely mounted,
When observing the system in operation, check that the
sensors are correctly located. lach sensor should be
located 30 that it experiences the most useful tempera-
ture for proper system operation.

To determine the temperature which the sensor is
exporiencing, use a high resistance ohmmeter (20,000
ohm/volt or greater) to measurc the resistunce of the
sensor. This measuiement may be converted to a tem-
perature reading using Fig. 5. Check a variety of tempera-
ture locations to insure that the sensor teading is pro-
viding the most accurate temperature for proper system
operation,

1t the sensors are not providing correct temperature
readings because of location, change the location and
mount properly.

©“ew
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2 ) :
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. 1%4 t J 3 i H
I s LHIRTE
» ° ™ 100 ™
1 48) 1181 190 193 1149
SENBOR TEMALAATUN [ T

FIG. 5~-CONVERTING SENSOR RESISTANCE INTO
DEGREES F [C).

HONEYWELL MINNNATOLIS, MINN L0408 INTERNATIONAL Sales Offices in all prncipal eities of the world. Manufacturing in
avctialie G Bt France Conmany, Japon, Meaico, Hetholands, Spain, Tawan, United Kingdom, US A
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THE 14029E AND F MANUAL RESET
LIMIT CONTROLS OPEN A LINE QR LOW
VOLTAGE CIRCUIT ¥ T'HE AIR
TEMPERATURE REACHES A CRITICAL
LEVEL AT THE UINIT CONTROL
LOCATION. THE LIMIT CONTROL WAY
BE USED AS A FIRE STAT IN THE DUCT.
WORK OF AIK CONDITIONING AND
VENTILATING SYSTEMS. IF THE CIK.
CULATED AIR REACHES A TEMPERA.
TURE INDICATIVE OF FIRE, THE LINIT
CONTROL SHUTS OFF T AN, THE
L4029 LIMIT CONTEROL W)L PIRUEVENT
THE FAN FROM CONTRIEIVING 1O THE
SPREAD OF A BIRE,

0O The LA029E and Fare oo suitable for use
with any warm air furnace to srovide positive
lockout of the burner in the event of fan
failure.

L Internal snap switch actuated by a bimetal
strip mnserted directly into the air stream
responds rapidly to temperature  chanues.

23 Switch breaks and locks ont o ston burner
or fan operation when the temperature rises
10 the cutout point

71 When temperature fa'ls aproximately 25
degrees below the cutour pomt, the switch
may  be reset by opusheng the hoton oand
iviedsing

vJ.
10-75 (.028)
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ATIONS

SPLCIFIC

MODEL: L4029E Tradeline Manual Reset Limit
Control with case and cover.

CUTOUT SETTING (fixed): To break the circuit
at 1250r 165 F.

ELECTRICAL RATINGS (in amperes):
30V AC | 120V AC [ 240V AC

Fult Load 2 10 H
l.ocked Rotor — 60 30

0.25 amp tull load at 0.25 to 12V dec.
2000 VA maximum connected load.

SWITCH ACTION: Opens circuit and locks out on
temperature rise to cutout point.

MAXIMUM AMBIENT TEMPERATURE: At switch
190 F, at bimetal 350 F.

TRADELINE MODELS

MANUAL RESET: Button through front of cover,
Must be pressed and released to remake switch
after temperature falls approximately 25 degrees
below the cutout point,

DIFFERENTIAL: Manua! reset only, after approxi-
mately 25 F drop in temperature.

DIMLENSIONS (in inches; excluding element):
LA029E--3-3/4 high, 2.5/16 wide, 2 clcep (see

Fig. 1).

ELEMENT INSERTION LENGTH (in inches): 3-1/8.

MOUNTING MEANS:

LA029E-two screw holes are provided through
back of case (see Fig. 1).

WIRING KNOCKOUTS (L4029E): Bottom--for 1/2
inch conduit.

FINISH: Smooth gray.

MODEL:
L4029E Manua! Reset Limit Contro! with case
and cover,
L.4029F Manual Reset Limit Control less case and
cover.

CUTOUT SETTING (fixed): To hreak the circuit
at 125,135, 165, 200, or 240 ¥,

ELECTRICAL RATINGS (in amperes):

_ 30V AC | 120V AC } 240V AC__

Full Load 2 10 5

Locked Rotor — 60 30

0.25 amp full load at 0.25 to 12V dc.

SWITCH ACTION: Normally closed spst switch openg
on temperature rise to the set point. Switch must be
manually reset to operate.

MAXIMUM AMBIENT TEMPERATURE: At switch
190 F, at bimetal 350 F.

MANUAL RESET: Button through front cover. Must
be pressed and released to remake switch after
temperature fulls approximately 25 degrees below
the cutout point.

STANDARD MODELS

DIFFERENTIAL: Manual reset only, after approxi-
mately 25 F drop in temperature.

DIMENSIONS (in inches; excluding element):
1.4029E - 3-%/4 high, 2-5/16 wide, 2 deep (sec Fig. 1).
L4029F - 2-4/4 tgh, 1-7/8 wide, 1-15/32 deep (see

Fig. 2).

ELEMENT INSERTION LENGTH (in inches): 3 or 7
inches. .

MOUNTING MEANS:
14029E-1wo screw holes are provided through back

of case (see Fig. 1).
L4029F two screw notches are Jrovided through
the backplate (sec Fig. 2).

WIRING KNOCKOUTS (L4029E): Bottom-for 1/2.
inch conduit.

FINISH: Smooth gray.

UNDERWRITERS' LABORATORIES, INC. LISTED:
LA029E, File No. MP465 Guide No. 167E7.

UNDERWRITERS' LABORATORIES, INC. COM-
PONENT RECOGNIZED: L4029F, File No. MP466,
Guide No. 167E7.

.

{continued on page 3)

CRPERING INFORRIATION

COMPLETE ORDERING NUMBER.

SPECIFY~
1. MODEL NUMBER,

3. CUTOUT POINT DESIRED.

PRHODUCTS OH SERVICES, PLEASE WRITE OH PHONE:

2, HESIDENTIAL DIVISION CUSTOMER SERVICE
HONELYWELL INC., 1885 DOUGLAS DIIVE NORTH
MINMNEAPOLIS, MINNESOTA 95422 (612) b42-7500

2. ELEMENT LENGTH DESIRED (3 OR 7 INCHES).

WHEN PURCHASING REPLACEMENT AND MODERNIZATION PRODUCTS FROM YOUR TRADELINE
WHOLESALER OR YOUR DISTRIBUTOR, REFER TC THE TRADELINE CATALOG OR PRICE SHEETS FOR

IF YOU HAVE ADDITIONAL QUESTIONS, NEED FURTHER INFORMATION, OR WOULD LIKE TO COMMENT ON OUR

1. YOURLOCAL HONEYWELL RESIDENTIAL DIVISION SALES OFFICE (CHECK WHITE PAGES OF PHONE DIRECTORY).

(1N CANADA-HONEYWELL CONTROLS LIMITED, 740 ELLESMERE ROAD, SCARBOROUGH, ONTAR!IO M1P 2v9)
INTERNATIONAL SALES AND SERVICE OFFICES IN ALL PRINCIPAL CITIES OF THE WORLD.
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FIG. 1-MOUNTING AND CASE DIMENSIONS IN
INCHES FOR LA02YL.

FIG. 2-MOUNTING AND BACKPLATE DIMENSIONS
IN INCHES FOR L4029F,
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1. Installer must be a trained, experienced
serviceman.

2. Disconnvct power supply before making wiring
connections to prevent electrical shock and
equirinent damae.

3. Always conduct a tharough checkout when
mstallation is camplete.

LOCATION

1.0 or F should be mounted where the element
cot ronend quichly o air tempersture changes 1 the
G,o.ont i a vontiatig or gt conditioning mstallation,
e s toty control nonormally metalled with clement
Bt astteam of fun Where thore iy no intake duct,
the Ll s0oF or Fomay be mounted on asuitable bracket
oo the ade entening the fands drawn across the element,
In g dowentiow fronace mstallauen, locate the LA029K
et P o otcon thrads) and blower where the arcula-
G of anob not rostneted by Latfles, Do not permit
oot card o toweh filter or other internal parts,

LMOUNTING
Al clectdd locadon, cut a hole in sheet metal to
¢ oroeement guad, and diitl holes tor mounting

B-37
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screws (see Fig. 1). Remove cover (L4029F), insert
clement into hole, and fasten contro! securely with
SCIUWS.

WIRING

- - A AR - W"T\' > A .-.-’." Tt S e g s §

f ZINETTTRY,

P . . o 1
All wiring must agree  with local codes andt
ordinances, i

In all installations follow the equipment manu.
facturer’s instructions. If npot availuble, the typica!
cireuits in Fios. 3-5 can be used.

PAN Timi W . ‘
O LNt D ER paditr
o ‘
- -y R
' : 1.
] - :
i
R I O 1 ) |
& . oy .
N j . ‘
ol |
|
- !
\ FOwlR SUSPLY UROVIOE Dr3C0naE U ML AN AND (v s R0
RN TR PR TERIVTINE ¢ . |
i

FIG. 3-TYPICAL DIAGRAM OF L4029E OR ¥ IN
VENTILATING FAN CIRCUIT.
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FI1G. 4—TYPICAL. DIAGRAM OF LA029E OR F IN
GAS-FIRED DOWNFLOW FURNACE
CIRCUIT.

FIG. 5-TYPICAL DIAGRAM OF LA029E OR F IN
OIL-FIRED DOWNFLOW FURNACE
CIRCUIT.

CHZCKOUT

There are no field adjustiments to make on the
14029E or F.

TO RESET

When the temperature has dropped approximately
25 degrees (F) below cutout pomnt, push and release the
button protruding through the cover.

1. If the lmit control should require servicing or
replacement, be swe to order by model number.

2. Never use a lighted match to heat the bimetal
element for checking the operation,

3. Limit controls do not require lubrication.

Before leaving the job, check the installation as
follows:

1. Disconnrect the fan fiom its power supply.
2. Turn on the burner by operating the thermostat.

3. The L4029 will shut off the burner when the
plenum temperature reaches the limit setting of the
control.

4. If the L4029 fails to shut the burner off, check
the installation and wiring carefully. Retest. If control
still fails to shut off burner, replace cont ol

HONEYWELL MIHINEAPOLIS, MINN 55408 INTERNATIONAL Sales Offtces i oll principal cities of the world Manufacturing in
Autraha, Canda Bindand, France, Genmany, Japan, Mexico, Netherlands, Span, Taiwan, United Kingdom, U S AL

PRINTEDIN US AL
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THE M495 AND M845 ARK 2 POSITION,
SPRING RETURN MODUUROL RIOTORS, o oy em
\ ; o

THEY ARE USED TO OPERATE DAVKERS SEEAARER RN
OR VALVES IN APFLICATIONS WiERE T \x, i L
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M85 operates on 2V e
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[ 3
U AN models have o one minute, 160 degree .
stroke.
() Sturdy, Hightwewght, die castaluninum case -
L1 Integral spring returns motor o normal po-
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gitiel Operation.
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-1~ SPECIFICATIONS .

as noted below:

TRADELINE MODELS AVAILABLE: M845A
Modutrol Motor-2 position, spring return motor
for use with dampers and normally closed valves.
An internal spdt switch is provided for actuating
auxiliary equipment. Motor operates from 24V
ac and includes a cover mounted transtormer for
120/208/240V ac control circuits.

ELECTRICAL RATINGS: Voltage and frequency-
motor requires 24V ac, 60 Hz. Cover mounted

TRADELINE MODELS

Tradeline models of this device are selected and packaged to provide ease of stocking, ease of handling, and
maximum replacement value. Tradeline model specifications are the same as those of standard models except

transformer has 120/208/240V ac multitap pri-
mary and 24V ac secondary.

ADDITIONAL FEATURES:
—Multitap transformer for 120/208/240V ac con-
trol circuits.
~Tradeline pack with cross reference label and
special instruction sheet.

STANDARD MODELS
MODELS: ELECTRICAL RATINGS:

The M445 and MB845 are 2 position, spring return =‘——T=ﬁ=====‘-=
Modutrol motors with 1 internal auxiliary spdt MODEL | WATTS | VA vos"o.ll‘:: :’ZAC
switch. They are for use with dampers and -
normally closed valves (except M445B and MB45E Ma45A 17 y3 120,208,2202,
are for normally open valves). 240 .

M445A -Modutrol motor as described above for line M4458 17 2 120
voltage cperation. M445C 47b 53 120

M445B-Modutrol motor as described above for line- MA445D 17 21 120
voltage operation with normally open valves. ME4A5AC 18 21

MA445C—-Modutrol motor as described above for line MB458¢ agh 51 24
voltage operation. lucludes internal thermo- M345C 18 21
statically controlied heater. Mg4a5cd 18 21

M445D--Modutiol motor as described above for line -

3450 Hz only.

voltage operation; without auxiliary switch.

MB845A -Modutrol motor as desciibed above for 24
volt operation. Available with 120/208/240V ac
multitap cover mounted transformer (see
Tradeline specifications).

MB845B -Modutrol motor as described above for 24
volt operation. Includes internal thermostatically
controlled heater. Available with 120V ac cover
mounted transformer.

M845C~Modutrol motor as described above for 24
volt operation; without auxiliary switch.

MB845E - Modutrol motor as described above for 24
volt operation with normally open valves. With
120V ac cover mounted transformer.

bincluding 30 watts for internal heater.': .
CAvailable with cover mounted transformer,
dincludes cover mounted transformer.

AUXILIARY SWITCH RATINGA (in amperes):

120V AC 240V AC
Full Load 7.2 3.0
Locked Rotor 432 21.06

aSwitch rating is for one contact only; if both are used,
second contact is rated 40 VA,

{continued on page 3)

ORDERING INFORMATION

SPECIFICATION NUMBER, OR ...
SPECIFY -~

1. MODEL NUMBER, SPECIFY TRADELINE
IF DESIRED.

2. VOLTAGE AND FREQUENCY, ON
MODELS WITH COVER MOUNTED
TRANSFORMER AVAILABLE, SPECIFY
WHEN ORDEKING.

3. ACCESSORIES, IF REQUIRED.

WHEN ORDERING REFER TO THE TRADELINE CATALOG OR PRICE SHEETS FOR COMPLETE ORDERING

ORDER FROM-
1. YOUR USUAL SOURCE, OR
2. HONEYWELL

1885 DOUGLAS DRIVE NORTH

MINNEAPOLIS, MINNESOTA 55422

(IN CANADA-HONEYWELL CONTROLS LIMITED
740 ELLESMERE ROAD
SCARBOROUGH, ONTARIO)

INTERNATIONAL SALES AND SERVICE OFFICES

IN ALL PRINCIPAL CITIES OF THE WORLD.

e e e . Gy A a2 P
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INTERNAL HEATER THERMOSTAT (M445C, M845B Q605 Damper Linkage-connects motor to damper.
ONLY): Automatically makes at 20 F on temperature INCLUDES MOTOR CRANK ARM.
fall, breaks at 50 F on temperature rise. Cover-transformer—-die-cast aluminum cover with
CRANK SHAFT: Double ended shaft, 3/8 inch square. built-in transformer. Part No. 130810A has 120V
, STROKE: 160 degrees. ac primary and 24V ac secondary; Part No.
( , DUTY CYCLE: Unlimited. 130810B has multitap primary for 120/208/240V
MAXIMUM OPERATING TORQUE: 50 pound-inches ac and 24V ac secondary.
(may be divided between the 2 ends of motor if no Q601 Linkage~—connects Modutrol motor to water
more than 25 pound-inches is applied to auxiliary or steam valve.
end). Q100 Linkage —connects Modutrol motor to butterfly
DEAD WEIGHT LOAD ON SHAFT: valve.
Power end -200 pounds. - Q618 Linkage—connects Modutrol motor to water or
Auxiliary end-10 pounds. steam valve.
AMBIENT TEMPERATURE RATING: ' 7640JT Weatherproofing Kits-weatherproofs the
Maximum-125F. M445 and M845 Modutrol Motors.
Minimum-15 F (minus 40 F with internal heater). 7616BR Motor Crank Arm-included with Q605 but
UNDERWRITERS' LABORATORIES, INC. not with motor.
LISTED: M445A,B,D and MB845A,B.E-File No. DHE 94 Explosion-proof Housing—encloses Modutrol
E4436, Guide No. XAPX. (NOTE: Only motors with motor for use in explosive atmospheres. Not
line voltage or auxiliary switches require listing.) | for use with Q601 and Q445 Linkages. Order from
require listing.) _ Crouse Hinds Co. Requires Honeywell 7617DM
DIMENSIONS: See Fig. 1. Coupling.
ACCESSORIES: WB859A,B Economizer Controls—provide changeover,
. Q607 Auxiliary Switch-controls auxiliary equipment mixed air, and minimum position controls.
( ' as a function of motor position. Mounts on top of motor.
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FIG. 1-DIMENSIONS OF M445 AND M845 MOTORS (IN INCHES). BROKEN LINES SHOW ADDITION OF COVER
MOUNTED TRANSFORMER.
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INSTALLATION

CAUTION

1. Installer must be a trained, experienced
serviceman,

2. Disconnect power supply before installation to
prevent electrical shock and equipment damage.

3. All wiring must comply with applicable codus
and ordinances,

4, Do not exceed the ratings given in the
SPECIFICATIONS section.

5. Always conduct a thorough checkout when
installation is complete.

LOCATION

Install the Modutrol motor in any location except
where au.d fuies or other deteriorating vapors might
attack the exposed metal parts of the motor or in
atmospheres of escaping gases or other explosive
mixtures. When choosing a location, allow enough
clearance for mounting auxiliary equipment and
snrvicing the motor.

MOUNTING

CAUTION

Do not turn the motor shaft manually or with a
wrench as damage to the gear train will result.

The motor hoax a flange ou the bottom for mounting.
The mounting holes are sized for 1/4 inch machine
screws ot bolts. The motor may be mounted in any
position as long as the shaft is horizontal.

The MA45A C,D and M845A,B,C are shipped from
the factory in the closed position. The closed positicn
is the lmit of counterclockwise # ™\ rotation, as
viewed from the power end of the motor, with the
groove in the shaft on top and the flat of the shatt 10
degrees from horizontal,

The M445B and MB45E are shipped from the factory
in the open position. The open position is the limit of
clockwise /77N rotation as viewed hom the power end
of the motor, with the groove in bottom of the shaft and
the flat of the shaft 10 degrees from hoiizontal.

LINKAGES

The motor comes without a crank arm. The motor
crank arm i included in the Q605 Damper Linkage or
niay be ordered separately (Part No. 76161R)

When planning for and mstalling a motor and hink-
age, check for the following ponts of operation.

1. When encrgized, the motor shaft must be free
1o travel to the end of its stroke while opeming or
clouny a valve cr damper. The motor must be stopped
at the end of 1ty suoke by the unit switch and must
not be stal'ed Ly the damper or valve. This hollds true
ceven of the full energized stroke is not requied to duve
the valve or damper thiough its required stroke.

2 When de energized, the sping returns the motor
10 its starting position. In some applications, 1t nay
be desitable 1o e a shortened stroke to provide
addijonal force with the motor in the de energized
posttion, as, for example, when holding o damper

Closed

In these cases, the linkage may be adjusted so that
the damper closes before the motor reaches its internal
mechanical limit in the de-energized mode. (Note that
this applies to the de-energized mode only; the motor
must always be free to travel to end of its suoke when
energized.

CAUTION
When shortening the motor stroke in the de-
energized position as described above, use extreme
care in adjusting the linkage as damaye to the
linkage or damper may result,

3. Do not exceed load or torque ratings in any
application.

WIRING

CAUTION )
Disconnect power supply before making wiring
connections to prevent electrical shock and equip-
ment damage. '

Nl wiring must comply with applicable codes and
ordinances. Make sure that the voltage and frequency
stamped on the motor correspond to the characteristics
of (e power supply. Do not exceed »wi'~h rating.
when wiring auxiliary s i,

Viring terminals and conduit knockouts are provided
for wiring the motor. When wiring, remove top cover
by removing 4 screws, replace when wiring is complete.
Models with cover mounted transformer have a bracket
to support the cover on motor when wiring. Multitap
transformers have color-coded leads for wiring the power
supply ; refer to Fig. 15.

Internal schematics and typical wiring hookups are
shown in Figs. 2 to 14. Note that these diagrams for
M845 motors show an external transformer. On motors
with a cover mounted transformer, the secondary leads
are wired to the motor terminals. (If the transformer
is not required, remove leads and wire 24V ac directly
to the motor.)

POWER
suPPLY

10
THE#NOSTAT

]

N\(?;)-:] ?{1‘-—’gln

HEATER
\ LimT
THERMOSTAY SWITCH

MOTOR
HE2TER

AN\ LI VOLTAGE #0K MadsC OH 24V FOR MEes8

o\ M4 TERMINALS LABELED L1 AND L2 aia

FIG. 2.-INTERNAL SCHEMATIC DIAGRAM FOR
THE M4A5C AND M8458 WITH INTERNAL
HEATER.
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BRAKE

A\ WUSADBD TERMHALS LABELED “L1™ AND “L2".

TRANSFORME R -1

Lot pontr
LEHOY) ey SUPPLY

Q . 3N ) -3 ]
@ ! @@ THERMUSTAT L
.- CONTROL

[13] ]

rata

Ai‘RQVIDE.DIS{(nNIC1 MEANS AND OVERLOAD FRUTECTION AS REQUINED

FIQ. 3-INTERNAL SCHEMATIC DIAGRAM FOR
M445A,8,D0 AND MB4SA,CE.

Ma43A 8.0 THERMOSTAT LimiT CONTROL

?9 ?

L 4

A\ POWER
LN supPLy

L

APROVIDE DISCONNECT MEANS AND OVERLOAD PROTECTION
AS REQUIRED. . :

FidaA

FIG. 4-CONNECTION DIAGRAM FOR M445A.B.,D

MODUTROL MOTORS.
medsAC THERMOSTAT  LimiT CONTROL
o}

Q ? ?

TRANSH ORMER

A
POWER
SUPPLY

APROV!DE DISCONNECT MEANS AND OVERLOAD PROTECTION
AS REQUIRED.

[ETTYY

FIG. 5-CONNECTION DIAGRAM FOR MB845A,C.E
MODUTROL MOTORS.

AN
oL
l [l 4]

L >
| T
@ @\-_— y W THERMOYTAT Limit

CONTRUL

M4asC

A PROVIDE DISCONNECT MEANS AND OVERLOAD PRITECTION AS RUQUIRED

[

FiG. 6-EXTERNAL CIRCUIT CONNECTIONS FOR
THE M445C (WITH INTERNAIL HEATER).
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FIG. 7--EXTERNAL CIRCUIT CONNECTIONS FOR
THE MB45B (WITH INTERNAL HEATER).

MOTOR Me434.8.0
SOWER STARTER
UPPLY g
YN

/'.\PROWDE OISCONNECT MEANS AND OVERLOAD PROTECTION AY
RCQUIRED

SIANA

FIG. B-POWER CONNECTION FOR MA445A,8D
MODUTROL MOTORS USED TO CONTROL
AIR DAMPERS.

. MITOR
1 , STARILR

Powtr =12
SUPPLY gy oy .

00,00

INTLRNAL
Juwiy K

MasC

N\ PROVIDE DISCONNECT MEANS AND OVENLOAD PREDTECTION AS
REGUIRED

sise s

FIG. 9—-M445C MODUTROL MOTOR CONNECTIONS
WHEN USED TO OPEN A DAMPER ON FAN
START. DAMPER CLOSES WHEN FAN

STOPS.
MOTOR
POwER == STANTER MB4YA C.E
SUPPLY ¢ . 9 Q
TRANSFORMER

a;ou@

APnOwDE DISCONNECT MEANS AND OVERLOAD PROTECTION AS

REQUIRED. TiveA

FIG. 10-POWER CONNECTION FOR THE M845A CE

MODUTROL MOTORS USED TOCONTROL

AIR DAMPERS. DAMPERS CLOSE WHEN
FAN STOPS.
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FIG. 11-WIRING DIAGRAM FOR AN M445C MODU-
TROL MOTOR USED TO CONTROL A PRE-
HEATER COIL VALVE. 0 @\ D @~
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JuwpPt R

CUTSIDE AIR CONTROLL ER
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APHOVIDL' DISCONNECT MEANS AND OVERLOAD PROTECTIUN
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FIG. 13- THREE M445C MODUTROL MOTORS
UNDER THE COMMAND OF ONE CON-
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VA . T8 Ly
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Z AUXH IARY  SWITCH .
_::,II:N—. :.%é %‘,D YELLOW
‘ G*Z?ranen *
THANSHORMEK
e (1F mead USED) RED
FIG. 12-WIRING DIAGRAM FOR M445 OR M845 T
WITHOUT INTERNAL HEATER CON- e
TROLLING A PRE-HEATER COIL VALVE.

FIG. 14--AUXILIARY SWITCHES USED IN THE
Ma45 AND MBA5 HAVE COLOR-CODED

LEADWIRES.
COVLR MODUTROL
THRANS OKME R MOTOR
{ BiACK HROWN ' .
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i
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FIG. 15~WIRING DIAGRA..t SHOWING COLOR-CODED LEADS FOR POWER SUPPLY CONNECYIONS,
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AUXILIARY SWITCHES

The M445 and MB845 Modutro! Motors have an aux-
fliary switch that can be adjusied to operate at any
point in the stroke of the motor. Sce Fig. 16. This
switch may be adjusted approximately without running
tha motor by using the following procedure:

1. Remove the "C" clip holding the drive bracket
against the spring hub. Take off the drive bracket. Refer
to Fig. 18. ’

2. Remove the 4 screws from the corners of the
return spring housing and pull the housing and spring
straight out,

CAUTION

- Do not attempt to adjust or loosen the locking
sciu.v on the differential cam.

3. With the motor in the normal position, loosen
the adjustment . screw for the operational cam. Sce
Fig. 17. Using the 10-degree marks on the cam and
a fixed point such as the cam roller for a guide, rotate
the cams clockwise /7~ \ (counterclockwise # ™\ for
notmally open motors) through an arc equal to the
number of degrees the motor should travel bLefore
switch operates. Tighten the operational cam adjust-
ment screw.

4. Replace the spring and rciurn spring housing
using the 4 screws removed earlier.

%. R :place the drive bracket and “C" clip.

R oo
O 7
FACTORY $ET
DIFFERENTIAL
™ / CAM LOCKING
SCREW
(D0 NOT ADJUST)
Caniocems 1
i ks MOTOR
SCREW ~e | i. N SaFT
COLOR ‘ . cm
gg',’ﬁ_,...—-—- [T~ ROLLER
et ‘
OVERATES, '
wiTen // ] "=~ SWITON
N\ MOTOR $HOWN AT CLOSED POSITION -

FIG. 16-LOCATION OF AUXILIARY SWITCH IN
THE M446 OR M845 MODUTROL MOTOR.

ort nmoz

OPERATIONAL CAm

DIFriREntIaL ADIVITRERT SCALW
Cam

(LUK
CODING LOT

DIFFERENTIAL Can
ADIUSTutn? Kikew
00 NOY LOOSEN OA

i ATTEMPT TO ADJUST

FIG. 17-SWITCH CAM MAY BE ADJUSTED TO
OPERATE THE SWITCH DURING ANY
PART OF THE STROKE.

ﬁ 1F NECESSANY USE

' SCNEWDUIVEN 10}

’ LOUSEN N TNy

! UING HOUSING

L9

F.\' Ny
| i
N
St

SCREwS 4

L
/

vt
[THECE N

e

TS RETURN SHPRING
AND HILSING

FIG. 18-REMOVING THE RETURN SPRING HOUSING TO ADJUST AUXILIARY SWITCH.
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CHECHOUT

Alter the installation is complete, check the entire
system for the following points of operation:

1. Motor operates the load properly.

2. Motor responds properly to the controller.

3. Motor returns to the starting position when
power is interrupted.

DAMPER OPERATION

STEP1

Check the entire motor-damper linkage to see that
the mechanical connections are secure and properly
made. Make sure the ball joint on the dumper crank
ann is properly placed to give the required amount of
travel.

STEP 2

Enetgize the motor and run it to the full open
position. Check the damper linkage while the motor is
running to see that there are no loose or binding
connections.

If the motor does not begin to run, check the con-
trol circuit for an “open’’ or “short,” the presence of
power, and the amount of power available at the motor.
(The voltage at the motor must be at least 85 percent
of the rated voltage on the nameplate.) Make sure that
the maximun net load of the motor is not exceeded.

STEP3

Intcrrupt the power to de-encrgice the motor and
allow the spring to return the motor to the sturting
position. If the motor does not return, check to see
that power is actually interrupted and that the return
load is not exceeding the rated motor load.

VALVE OPERATION

STEP1

Check the entire motorized valve assembly to e
that the mechanical connections between the mnotor,
linkage, and valve are proper and secure. Make sure
that the linkage is adjusted according to the linkaye
instructions. Leave tho cover off the linkage until the
checkout is completed.

STEP 2

Make sure that the load does not exceed the motor
rating. When using a Q601 Linkage with the motor,
lubricate the bearing surfaces to prevent excessive
loading. The valve packing must not be 100 tight. The
motor actuating arm must be installed against the
shoulder of the motor shaft to prevent binding ot the
connecting linkage bearings.

STEP3

Energize the motor by setting the controller so that
its vontacts close. The motor should start and run
smoothly, and the valve stem should move to the op-
posite end of its stroke. If this is not the case, make
sure that there is power to the motor. If there is no
power, check the controller circuit for open or short
circuits. If the trouble still cannot be found, meaure
the voltage at the source supply. Line voltage must
be at least 85 percent of the rated voltage stamped on
the nameplate of the motor. )

STEP4

De cnergize the motor by resetting the controller
$0 its contacts open, or remove one of the wires from
a controller terminal. Spring power should return the
valve 10 its normal position. If this does not happen,
check the linkage for binding or in the case of normally
closed valves, check for fluid pressure in excess of the
close-off rating.

STEPS
Replace the linkage cover.

OPERATION

In an operational circuit, a single-pole, sinyle
throw controller (line voltage for M445 or low voltage
for M8ds) is wired in series with the motor cireuit,
When the controller switch closes, the motor is enevgived
and tuns to the end of its stroke. At this point, the
Lt switch is opened and the motor is de-enevgized.

The brake solenoid is energized, however, and remains
so as long as the controller is closed. The brake holds
the motor in the open position until the controller
opens. At this point the brake is released and the spring
on the motor returns it to the starting position.

]
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B EPECIFICATIONS | .

TRADELINE MODELS

Tradeline models are selected and packaged to provide ease of stocking, ease of handiing, and maximum replace-
ment value. Tradeline mode! specifications are the same as those of standard models except as noted below,

TRADELINE MODELS:
Q618A Valve Linkage with 80 or 1460 Ib, seal-off
force on valve stem.

ADDITIONAL FEATURES: Tradeline pack with cross
reference label and special instruction sheet.

STANDARD MODELS
MODEL: Q618A Valve Linkage. WEIGHT: 3-1/2 pounds.
STROKE: 3/4 inch [19 mm], fixed. MOTOR REQUIRED:

SEAL-OFF FORCE ON VALVE STEM: 80 or 160 160 pound-M944, M644, M941,

pounds. 80 pound -M945, M445, M845, M934, M634.
VALVE BONNET SIZE: 1.3/8 inches [35 mm ). MOTOR STROKE: 160 degrees—normally open or nor-
TEMPERATURE RATINGS: Limited only by tempera. mally closed.

ture rating of valve and motor.
LINKAGE REFLACEMENT INFORMATION:

DIMENSIONS: See Fig. 1.

TYPICALLY USED ON- REPLACEMENT LINKAGES
OLDLINKAGES ' —yZTVE | SIZEiN INCHES [MM] | STANDARD | TRADELINE
VEoT1 172-3112.5-76] QB18A1008 | 0G18A1024
- Cvsois 1/2-3 (12.5-76) QG18A1008 | 0618A1024
Q455C and Q601D V50478 1-1:1/2 (25.5-38] 0001K1003 -
V5047 2(51] 0618A1008_ | 0618A1024
V50512 2.1/2-6 [63.56-152.5] Q601K 1003 -
a0 V50113 4-6[101,5-152 6| 0601E1000 -
V5013 4-0(101.6-1525] 0601E1000 -
, V50112 4-6 [101.56-1525] 0G01F 1009 g
Q4B5E and QEOTH Vs 4-G (101.6-1525] Q60171009 -
V5011 7/2-3 [12.5-78] Q618A1016_| Q61841032
VE013 1/2-3 (12.5-76] QG18AI016_ | Q618A1032
Q445F ana Q601G | V50478 T-1.1/2 125.5-38] 06011002 -
V5047 2151] QG18AT016_ | Q61BA1032
V50513 | 2.1/2-6 [63.6-1525] | 0G601L1002 -
Q455G ve0112 1/2=-3(12.6-76 0601M1001 Q601M1019
V50134 1/2-*3 12.6-76 QGOIMI1001 Q60IM1018

8Sce Q601 Specitication Sheet, 71.92136.
{continucd on page 3)

L "ORDERING INFORMATION |

WHEN ORDER!NL: REFER TO THE TRADELINE CATALOGOR PRICE SHEETS FOR COMPLETE ORDERING
SPECIFICATION NUMBER, OR .

SPECIFY— ORDER FROM-
1. MODEL NUMBER, SPECIFY TRADELINE, 1. YOUR USUAL SOURCE OR
IF DESIHED. 2, HONEYWELL

1885 DOUGLAS omvs NORTH

MINNEAPOLIS, MINNESOTA 55422

{IN CANADA-HONEYWELL CONTROLS LIMITED

R . . . 740 ELLESMERE ROAD

S, T SCARBOROUGH, ONTARIO)

> ? e ' -~ INTERNATIONAL SALES AND SEHRVICE OFFICES
L ieir, IN ALL PRINCIPAL CITIES OF THE WORLD.

« 2. SEAL-OFF FORCE.
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CONNECT VALVE STEM TO LINKAGE
NORMALLY CLOSED MOTORS

1. Place a heavy duty screwdriver under the linkage
slide and into the slot in the back of the linkage (Fig. 5).
2. Use the screwdriver as a lever to force the slide
mechanism up (comgressing the tension relief spring)

until the stem button clamp can be fully inserted into
its slot.
3. Replace and tighten the stem button clamp screw.
4. Replace the cover on the valve linkage.

NORMALLY OPEN MOTORS

1, Place a heavy duty screwdriver between the lide
mechanism and the top of the linkage frame.

2. Use the screwdriver as a lever to force the shide
mechanism down until the stem button clump can in:
fully inserted into its slot.

3. Replace and tighten the stem button clamp screw.

4. Replace the cover on the valve linkage.

i
? - ShEM 3
4 T HON L
NEY

FIG. 5—~THE STEM BUTTON CLAMP FASTENS THEC
VALVE STEM TO THE LINKAGE SLIDE
MECHANISM.

HECKOUT

After installation has been completed, the motor
linkage, and valve should be checked for the following
points of operation.

1. Motor should be free 10 run through its complete
stroke.

2. The linkage should wurk freely without hinding.

3. The valve must close ¢!t tightly at the bottom of
its stroke (both ends of stroke for 3-way valve). Check
for at least 1/32 .8 mm| deflection of the roller bracket
in closed position (Fig. 6).

Refer to the motor instructions for motor checkout
procedure.

LUBRICATION

‘The Q618 Valve Linkage was lubricated at the factory
and shouid require no additional lubrication at the time
of installation. For optimum performance, the slide
mechanism rollers may be lubricated yearly with a good
arade of cup grease.
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THE R7412 DIFFERENTIAL TEMPER.
ATURE CONTROLLER PROVIDES AUTO-
MATIC CONTROL OF CIRCULATING
PUMPS, VALVES, DAMPERS, MOTORS,
AND OTHER ACCESSORIES USED IN
SOLAR ENERGY SYSTEMS.

0 Al models contain a solid state dif-
ferenitial temperature controller.

o R7412B,C include freeze protection.

0 R7412D,E include overtemperature
protection.

0 R7412F includes freeze and over-
temperature protection {field adjustable), and
an auxiliary relay driver.

1+ Plug-in resistors perinit changing on
and off temperature differential and adapt-
ing R7412 tor single function temperature
control.

0 R7412B-E cvertemperature and freeze pro-
tection set points are selectable for factory
setting, but are not field adjustable.

(0 Uses one or two C773 Temperature
Sensors,

O Separate sensors are not required for freeze
and/or overtemperature protection.

R.L.
REV. 2:78 {.09)
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SPECIFICATIONS

IMPORTANT

THE SPECIFICATIONS GIVEM IN THIS PUBLICATION DO NOT INCLUDE NORMAL MANUFACTURING TOLERANCES.
THEREFORE, TH!S UNIT MAY NOT MATCH THE LISTED SPECIFICATIONS EXACTLY,ALSO, THISPRODUCT ISTESTED
AND CALISRATED UNDER CLOSELY CONTROLLED CONDITIONS, AND SOME MINOR DIFFERENCES IN PERFOR-
MANCE CAN BE EXPECTED (F THOSE CONDITIONS ARE CHANGED.

TRADELINE MODELS

TRADELINE MODELS are selected and packaged for ease of stocking, ease of handling, and maximum replare-
ment value. TRADELINE spacifications are the same as those of standard models except as noted below.

TRADELINE MODEL AVAILABLE: TRADELINE FEATURES:
e Includes freeze and overtemperature protection
R7412F Differential Temperature Controller. and an auxiliary relay driver.

o TRADELINE Pack with cross reference label.

STANDARD MODELS

MODEL DIFF. TEMP, FREEZE OVERTEMPERATURE AUXILIARY RELAY
| CONTROL PROTECTION PROTECTION DRIVER
__._R1a12A Yesd
R74128 Yes? o Yesd
R7412C Yes? 1 Yestd YesC
R7412D Yesd Yeshd
R7412€E Yes? . Yescd YesC
R7412F Yesd Yesacd Yesbed YesC
nternal relay energizes. Pinternal retay de-energizes. CAuxiliary relay energizes. Protection setpoint is factory fixed.
TEMPERATURE SETTING RANGES: 47 F |3, 6, or 8 C], but it is factory fixed.
Control Range-0 to plus 210 F [ minus 18 to plus R7412F has field adjustable settings at 37, 42, or
99 C| as defined by temperature of low tempera- 47 F |3,6,0r8C|.
ture sensor. Freeze differential-3 F [1.7 C}.
" Differential Temperature Controller--Adjustable ON Overtemperature Protection-
and OFF differentials from minus 10 to plus 40 F° R7412D,E set point may be specified at 5 F
|minus 5.6 to plus 22.2 C|. Factory-set at 18 F 3.2 C| increments from 140 to 190 F |60 to
110 C| temperaturedifference ON and 3 + [ 1.7 C| 88 C|, but it is factory fixed.
temnperature difference OFF. Plug-in resistors vary R7412F has field adjustable settings in 5 F | 3.2 C|
settings (see Table 1, page 7). increments from 140 to 190 F [60 to 88 C].
Frecze Protection— Overtemperature differential—-10 F {5.5 C}.
R7412B,C set point may be specified at 37, 42, or {continued on page 3)

ORDERING INFORMATION

WHEN PURCHASING REPLACEMENT AND MODERNIZATION PRODUCTS FROM YOUR TRADELINE
WHOLESALER OR YOUR DISTRIBUTOR, REFER TO THE TRADELINE CATALOG OR PRICE SHEETS FOR
COMPLETE ORDERING NUMBER, OR SPECIFY - 3. Freeze protection (R74128B,C) or overtemperature

1. Differential Temperature Controller order protection (R7412D,E) set point desired.
number. 4. limmersion well order number,
2. Temperature Sensor order number (two 5. Accessories, if desired.
required), 6. Optional specifications, if desired.
IF YOU HAVE ADDITIONAL QUESTIONS, NEED FURTHER INFORMATION, OR WOULD LIKE TO COMMENT ON OUR
PRODUCTS OR SERVICES, PLFASE WRITE OR PHONE: C e

1. YOUR LOCAL HONEYWELL RESIDENTIAL DIVISION SALES OFFICE (CHECKWHITE'PAGES OF PHONE DIRECTORY),

2. RESIDENTIAL DIVISION CUSTOMER SERVICE '
HONEYWELL INC,, 1885 DOUGLAS DRIVE NORTH
MINNEAPOLIS, MINNESOTA 55422 (612) Hb42-7500

HIN CANADA--HONEYWELL CONTROLS LIMITED, 740 ELLESMERE ROAD, SCARBOROUGH, ONTARIO M1P 2V9)
INTERNATIONAL SALES AND SERVICE OFFICES IN ALL PRINCIPAL CITIES OF THE WORLD.
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ELECTRICAL RATINGS:

Input Voltage—120V ac, 60 Hz.

Load Relay Contacts-—
1 N.O. Pole-10 AFL/60 ALR at 120V ac.
1 N.C. Pole—125 VA at 120V ac.

Auxiliary Relay Drive—5 VA maximum at 24V ac,
60 Hz.

Power Consumption -7 watts maximum.

AMBIENT TEMPERATURE RANGE:
Controller—plus 20 to 115 F [minus 7 to plus 46 C].

Temperature Sensor—Minus 50 to plus 450 F [iminus
46 to plus 232C]).
MOUNTING:
Controller—two screw holes in opposite corners of
case. Mounting screws not included.
Electronic Temperature Sensor—Sensor is available

for mounting with clip or has a flattened end

with a mounting hole. Tank sensor mounts in an
immersion well, See ACCESSORIES,
WIRING CONNECTIONS: 9 screw terminals. Also, 2
leadwires.on R7412C E/F.
DIMENSIONS: See Fig. 2.

SENSOR TANK
WIRES ' Swo\ Eom\u

INSULATION t‘l IMMERSION

LENGTH —— LENGTH

INCLUDES TUBE CLAMP NQ.
121371 FOR 172 OR 3;4 NPT (11

FIG. 1-TANK SENSOR INSERTED IN IMMERSION
WELL.

AUXILIARY RELAYS:

R856A Fan Centers -
Line voltage spst and spdt switching.
Low voltage terminal strip for wiring thermo-

stat and high side panel.

RB225A Fan Relay-spdt switching, one double
throw contact.

R8225B Fan Relay-spst switching; normally open
contacts,

R8225C Fan Relay-—dpst switching; one normally
open and one normally closed contact.

R8225D Fan Relay-dpst switching, one normally
open muain and one normally open auxiliary
pole.

OPTIONAL SPECIFICATIONS:

Indicator Light--indicates when pump or fan are
operating.

Auto-Off-On Switch--manual override switch which
permits automatic operation of the controller
ot allows the controller to be switched directly ON
and OFF. Switch does not affect the operation of
the auxiliary relay in R7412C,E, and F.
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ACCESSORIES:

C772A Temperature Sensor. Single sensor mounts in
storage tank with immersion well or on collector
with mounting clip.

C773B Temperature Sensor. Double sensor mounts in
storage tank with immersion well or on collector
with mounting clip.

< C773C ‘Temperature Sensor. Single sensor has flat
tened end with mounting hole for collector in-

C773D Temperature Sensor. Double sensor has flat-
tened end with mounting hole for collector in-
stallation.

Immersion Well--for mounting sensor in storage tank.
See immersion well table and Fig. 1.

Remote Sensor Wiring Compartment—mounts to im-
mersion well. Part No. 111892F.

stallation.
U  SELECTWELL MATERIALAND
o WELL D""[‘ENS'ONS , {i _ ORDER NUMBER BELOW L
INSERTION INSULATION |
LENGTI! LENGTH . COPPER STAINLESS STEEL
T L em T T wm T 1/2NPT | 3/ANPT L 1/2NPT } 3aNPT
338 ' 857 2 L23A | 1213718 “12137E 121371F
338 w57 12 L - ke R R
T Taas T Tesy T3l T . L 213w f'"'_--"_'_}'_‘_‘_‘_}:’:'_i:
538 | 8s7 | a4 S aposnapa T D 102645R3 | - -
B DR R - N A T | rsaAe 1226650 ] =
6 had U 31RO G ne2onRe ) [ - _I -

dHas plastie sheeve oninsertion well,

INSTALLATION

r' " AR R R R ik SoED
. "1 "\. ',,“
il st

et s m s————— b -.,a._...‘.—.“...‘

1. fnstaller must be a trained, experienced service
technten,

to

Disconnect  power supply  before connecting
withg,

3 Conduct tharough checkout when installation
is cumplete,

IMPORTANT

Do MOT mount collector sevisor to eollectar Hurd
chogne s, Frotect semnor from extreme tempetatine
comndions whiteh may be cocountered when the
et channels e dramned,

|

MOUNTING CONTROLLER

Loowen the cover sortew and remove the cover.
Locate the contioller case o any conveent it
sitface near the cnculator o stennge tank, Aambeent

P iture gt b st shonhi s exoreed Ve

[ O Secme the contrcer oo the O monntimg
Lodes Jocated i sppostte cotners ot the cane aned )

et serews (ot mehmded)

MOUNTING TEMPERATURE SENSORS

Mount tank sensor and immersion well as tollows:

I. Drain system fluid to a point below the sensor
fitting. (Refer to FFig. 1))

2. Serew the well into the threaded fitting, Use an
approved pipe dope or Teflon tape to seal the threads.

3. Refill system and check for leaks.

4. Ingert the sensor probe into the immersion well
until it bottoms.

5 Atnich retainer clamp over groove on well spud.
Fit wites in clamp groove and lightly tighten saew. Do
not over tighten.

Mount collector sensor according to the collector
manutacturers recommendations. Fasten the sensor to
the panel with o No. 8 or 10 saew (Fig. 3). Do VOT
oty collector sensor to collector tuid  channels.
Do not excecd ambrent temperature ratings.

z
i
Sl

F1G. 3 MOUNTING THE C773 TEMPERATURE
SENSOR.

="

————




WIRING

All wiring must comply with applicable codes
and ordinances. The R7412 can be used for numerous
applications in solar energy systems. Refer to Figs. 4
through 7 for typical examples of R7412 hookups.
Also, the OPTIONAL APPLICATIONS section depicts
the R7412 using only one temperature sensor.

The temperature sensors are wifed to the controller
through the 1/2 inch knockout for conduit in the top of
the controller case. Wire the power supply, relay contacts,
and auxiliary relay driver using the three knockouts for

1/2 inch conduit in the bottom of the controller case
(Fig. 1).

If the dmount of sensor cable used exceeds 100 fect
(30.5 m], use No. 14 wire and grounded metallic
conduit or two conductor shielded cable. Connect the
shield to ground at the controller. Crounded metallic
conduit and shielded cable (such as Belden 8762 or
equivalent) minimizes possible radio frequency signal
interference,.

111892F Remote Sensor Wiring Compartment is
available for tank sensor wiring (see ACCESSORIES).
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ADJUSTMENTS AND CHECKOUT

DIFFERENTIAL TEMPERATURE
SELECTIUN

The control settings may be adjusted by changing the
ON and OFF plug-in resistors (see Fig. 8). The R7412is
factory-set for pullin at 18 F [10 C] temperature
difference with a 4750 ohm ON resistor. Dropout is set
for 3F [1.7 C] temperature difference with a 9760 ohm
OFF resistor.

To change either setting, refer to Table 1 to select the
resistor(s) needed. See Fig. 9 to prepare resistor for in-
stallation. Remove the old resistor and plug in the re.
placement, Be sure the correct resistor is inserted in the
proper position. Use 1/8 watt, 1 percent resistors, avail-
able locally.

OiF FERIENTIAL

TLMPEMATURE

SELECTION (H-ON, H-OFF)
N

I y T
SRR T T

* ERIN K]

el e

o s
RN

B -
Bacad K BULIEY
. Pt TN
| AR IMENTS
{1 g
L L)

SPREEZL

AN LECTION
5E1 POINY
SLLECTION (1140)

7
UVIEHTLMPLRATUTIL
St PUINT ere
$ELLCTION (A28, HeE)

FIG. 8B—ADJUSTMENT COMPONENTS OF THE

R7412..
)

3 ! 15 1301 |
CUTOFF 1 ‘
LAl SS Jo—

LLAL | S |
k.—._;u.‘ Pimmme]
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i
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FIG. 9-PLUG-IN RESISTOR PREPARATION. DI
MENSIONS IN INCHES [MILLIMETRES IN
BRACKETS].

TABLE 1-ON, OFF DIFFERENTIAL

TEMPERATURE CONTROL
FOR USE RESISTANCES
TEMPERATURE BELOW FOR
DIFFERENCE ON OR OFF
- OF: RESISTORS
F . c (IN OHMS)
-10 - 6.0 27500

- 5 - 3.0 15400

0 0 11500

1 0.6 . 11000,

2 1.0 10500

3 1.7 9760

4 22 9310

5 3.0 8870

6 33 8250

7 4.0 7870

8 4.4 7500

9 5.0 7150

10 6.0 6810

12 7.0 6340

14 8.0 5620

16 9.0 5230

18 10.0 j 4750

208 | 11.09, 42204

25 140 | - 3320

30, 17.0 2430

35 19.0 1750

40 20 | 1210

aMaximum OFF setting must not exceed 20 F [11 CJ;
resistor value must be greater than 4220 ohms.

R7412F FREEZE PROTECTION
TEMPERATURE SELECTION

Frecze protection setting is adjusted by changing the
freeze protection plug-in vesistor, R40 (see Fig. 8). The
R7412 freeze protection is factory-set at 37 F [3 C].

To change the setting to 37 F |3 C, simply remove
the frcuze protection resistor and leave it open
circuited. For a setting of 42 F [6 C], install a 110
kilohm resistor using the resistor preparation indicated
in Fig. 9. Use a 48.7 kilohm resistor to change the
freeze protection setting to 47 F (8 C|.

R7412F OVERTEMPERATURE SETTING
SELECTION

Overtemperature protection setting may be adjusted
by changing the overternperature protection resistors,
OT1 (R41) and OT? (R26) (sce Fig. 8). The R7412 over-
temperature limit is factory-set at 140 F [66 C}.

To change the setting, refer to Table 2 to select the
resistors needed. Sce Fig. 9 to prepare resistor for in-
stallation. Remove the old overtemperature resistors and
insert the corvect resistor in the proper position. Use 1/
watt, 1 percent resistors, available locally.
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TABLE 2-OVERTEMPERATURE CONTROL

onc:s':t- CHANGE CHANGE
TEMPERA. RESISTOR RESISTOR
TURE 71 (R41) 0T2 (R26)
LIMIT OF: TO: TO:
=T 6 (OHMS) (OHMS)
140 | 60 11,800 174,000
145 | 63 16,900 113,000
150 | 66 19,100 61,900
155 | 68 22,100 44,200
160 | N 25,500 33,200
165 | 74 30,9C0 27,400
120 | 77 38,300 23,200
176 | 79 52.300 20,000
180 | 82 78,700 17,800
185 | 85 154,000 15,800
190 88 Open 14,300

ADJUSTING FUNCTIONS OF THE R7412F

Refer to Fig. 8 for the location of the components
which can be removed to change the function of the
R7412F.

The R7412F can be modified to provide freeze
protection through the internal relay, the auxiliary relay,
both the internal and the auxiliary relay, or neither.
Diodes CR9 and CR11l control these types of freeze
protection. If both CR9 and CR11 remain in the con-
troller, the internal relay will be energized as well
as the auxiliary relay. Removing CR9 disables the
internal relay; clipping out CR11 disables the auxiliary
relay, When both CR9 and CR11 are taken out, the
frceze protection feature of the R7412F is completely
disabled.

Usually, CR9 or CR11 is removed to provide freeze
protection which is operated by either the internal
relay or the auxiliary relay, but not both.

Also, the R7412F may be adjusted to give over-
temperature protection through the internal relay, the
auxiliary relay, both the internal and the auxiliary relay,
or neither, Diodes CR10 and CR12 control these types of
overtemperature protection. If both CR10 and CR12
remain in the controller, the internal relay will be de-
energized and the auxiliary relay will be energized.
Removing CR10 prevents the internal relay from locking
out the pump during overtemperature; clipping out
CR12 disables the auxiliary relay. If both CR10 and
CR12 are clipped out, the overtemperature protection
capabilities of the R7412F are completely disabled.

Normally, CR10 or CR12 is clipped out to give over-
temperature protection through the internal relay or
auxiliary relay, but not through both.

In most cases the auxiliary relay is used for freeze
protection or overtemperature protection, but not both,
Therefore, CR11 or CR12 is usually removed when

modifying the R7412F.

To convert the R7412F to models R7412A, B, C, D,
or E use Table 3.

TABLE 3-R7412F ADJUSTMENTS

TO CONVERT cLIP LEAVE

R7412F TO: OUT: IN:
o [T
Ria128 | o CR1. | cre .
R7412C 22?'2(’“’0' CR11
R74120 ggs:,?cnn, CR10
R7412E gg?'jca10' CR12

OPERATION ARD CHECKOUT

OPERATION

The controller relay contacts make when the differen-
tial temperature is greater than the ON setting and
breaks when the temperature difference is less than the
OFF setting.

CHECKOUT
Check control for proper operation as follows:

1. Disconnect low temperature terminal, jumper low
temperdature and common terminal, Relay should pull in.

2. Remove jumper, Relay should drop out,

Observe system operation for one automaiic cycle.
Make certain that system comes on and turns off in
response to the R7412 Differential Temperature Con-
troller. Check for proper operation of freeze and over-
temperature protection and of controlled equipment

"such as circulators and valves.

Shorting out the high and common terminals will
simulate a freeze condition.

Shorting cut the common and low terminals will
simulate an overtemperature condition.
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OPTIONAL APPLICATIONS

In addition to the differential temperature control,
the R7412A can serve as a single function temperature
controller such as a high temperature limit or an
Aquastat. The R7412A is adapted to these functions by
changing the ON and OFF resistors and the sensor
connections. When changing functions, use 1/8 watt, 1
percent resistors, available locally.

Use the following procedures to change the factory-
set differential temperature controller to a single
function temperature controller as indicated in
Figs. 10and 11.

1. Remove cover. Remove the OFF resistor and re-
place with an 11,500 ochm resistor according to resistor
preparation shown in Fig. 9, .

2. To adjust the temperature differential, remove
the ON resistor and sclect a resistor value according to
Table 1. Install the selected vesistor,

3. To adjust the temperature setpoint, select a
resistor value according to the graph in Fig. 12
Connect the selected setpoint resistor to the low
temperature and common terminals for make on
temperature rise control (FFig. 10). Connect to high and
common terminals for make on temperatuce fall.

4. Wire the sensor to the high temperature and com.
mon terminals for wake on tanporature rise; wire the
sensor to the low temperature and common terminals on
temperature fall.

5. Check the resistors for proper location and value.
Replace the cover.
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THE T675 AND T678 TEMPERATURE CON-
TROLLERS REGULATE THE TEMPERA.
TURE OF AIR OR LIQUIDS IN DUCTS, : ,
PIPES, TANKS, AND BOILERS. TYPICAL L ANYY aEaley ey
USES INCLUDE CONTXOL OF DAMPERS D NALEY by =

AND VALVES IN HMEATING, COOLING, : it ! ‘ s _
OR HEATING-COOLING SYSTEMS. ; L RS AN PN

0 T675A has 1 single-pole, double-throw
{spdt) switch that breaks R-B and makes R-W
at the set point on a temperature rise.

r_
}
3
:
i

0 T6758 has 1 single-pole, single-throw (spst)
switch that breaks at the set point on a tem-
perature fall, and requires manual resetting.

(1 T678A has 2 single-pole, double-throw
(spdt) switches that operate in sequence. The f AvS
right switch breaks R-B and nakes R-W at the LI I ; ‘o
set point on atemperature rise. The left switch ST ;\M ' Swoe
breaks R-B and makes R-W if the temperature *‘\-J .

continues to rise through the interstage e - ) !0 ’
differential,

B O ot i il
& .
e

0 T675N models available with an adjustable l Q J i
differential.

1) T675A and T678BA have set point adjust- v |
ment knob on front of case. ) i

17 T675R has manual reset button on front of ' . . .
case, . s e

(1 Capillary tubing allows remote mounting of

sensing element; models available with various i

lengths, ("\ - “j ’?
. ) : ,d '\/; r\ l s

3 T675A and T678A models available with a ‘ e ﬂ T

fast-response sensing element. ; M AR A A Ul{[Gm

' m = &ng E
(3 Controller can be mounted in any position. . B L\ HY ‘

1 Mounting accessories available for all ' o N
appiications. t

T Ty AN
J.B, ' '

HEV, 7-78 (.08}

- v~

R L TU" VAT Wi Wiy . iy

B-60



.. . SPECIFICATIONS

RIS

IMPORTANT

THE SPECIFICATIONS GIVEN IN THIS PUBLICATION DO NOT INCLUDE NORMAL MANUFACTURING TOLERANCES.
THEREFORE, THIS UNIT MAY NOT MATCH THE LISTED SPECIFICATIONS EXACTLY,ALSO, THISPRODUCT IS TESTED

AND CALIBRATED UNDER CLOSELY CONTHOLLED CONDITIONS, AND SOME MINOR DIFFERENCES IN PERFOR.
MANCE CAN BE EXPECTED IF THOSE CONDITIONS ARE CHANGED,

TRADELINE MODELS

TRADELINE models are sclected and packaged to provide ease of stocking, ease of handling, 2ind maximum
replacement value. TRADELINE model specifications are the same as those of standard models except as noted
below, -
TRADELINE FEATURES:

TRADELINE MODELS AVAILABLE: o All TRADELINE Modsls include a 107324A
T675A and T678A Temperature Controllers—see Capillary Holder, except those with a fast

Table I for TRADELINE models available. response sensing element-which include a

CAPILLARY: 8 feet (1.5 metres] long, copper 131524A Capillary Holder,
(except 1 T675A model witha 20 foot [6.1 metre] o TRADELINE pack with cross reference and
capillary). special instruction sheet.
TABLE |-TRADELINE MODELS AVAILABLE
OPERATING - MAXIMUM
TEMPERATURE SAFE BULB
MODEL . DIFFERENTIAL RANGE (SCALE RANGE) TEMPERATURE
: F c 3 c
Adjustable 310 10 F , 0to 10080 | .18tw0+ 38 | 125 52
TE675A [1.7 10 5.6 C) 160 10 260 710 127 280 138
::v:;f\t) Ad'[u'.’s.t;?:gfé? 12F 55t0 1752 131c 79 200 83
Fixed at 1 F (0.6 C] 010 100 -18to + 38 125 62
Each switch: \
Fixedat 3F [1.7C)
Interstage: 010 1002 1810+ 38 | 125 | 82
T678A Adj. 3to 10 F
(2 spdt (1:7 10 5.6 C)
switches) Each switch:
Fixed at 3.6 F [2.0 C}
Interstage: 5510 1759 1310 79 200 93
Adi.36t012F
{2.010 6.7 C)

STRADELINE model also available with a tast-response sensing element, including a 131524A Capillary Holder.
bTRADELINE model also available with a 20 foot [6.1 metre) copper capillary,

-

AR ORDER!MG IRFORMATION

WHEN PURCHASING REPLACEMENT AND MODERNIZATION PRODUCTS FROM YOUR TRADELINE
WHOLESALER OR YOUR DISTRIBUTOR, REFER TO THE TRADELINE CATALOG OR PRICE SHEETSFOR
COMPLETE ORDERING NUMBER, OR SPECIFY -~ 4. Capillary length and material.

1. Order numbar; specity TRADELINE model, 5. Fixed or adjustable ditferential on a T67SA.
it dosired, 6. Differential range on adjustable T67SA and
2. Operating temparature range (scale range). T678A models,
3. Stundurd sensing bulb or fust-response sensing 7. Replacement parts, if desired.
slemont (if available), 8. Accessories, if desired.

tF YOU HAVE ADDITIONAL QUESTIONS, NEED FURTHER INFORMATION, OR WOULD LIKE TO COMMENT ON OUR
PROPUCTS OR SERVICES, PLEASE WRITE OR PHONE:

2. RESHIENTIAL DIVISION CUSTOMER SERVICE
HONLYWELL INC., 1885 DOUGLAS DRIVE NORTH
MINNEAPOLIS, MINNESOTA 55422 (612} $42.7500

{IN CANADA—-HONEYWELL CONTROLS LIMITED, 740 ELLESMERE ROAD, SCARBOROUGH, ONTARIO MIP 2Vv9)
INTEHNATIONAL SALES AND SERVICE OFFICES IN ALL PRINCIPAL CITIES OF THE WORLD,

1. YOURLOCAL HONEYWELL RESIDENTML DIVISION SALFS OFFICE (CHECK WHITE PAGES OF PHONE DIRECTORY),

h=-61]
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STANDARD MODELS

MODELS (alio refer to Table I1):

T675A Temperature Controller- spdt switching to
make or break a circuit on a temnperature change;
fast-response models operate approximately 4 times
faster than standard models.

T675B Low Limit Temperawure Controller -spst

switching to break a circuit on a temperature fall,
must be manually reset.
T678N Temperature Controller—2 spdt switches
operate 2 independent circwils in sequence, faut-
response models operate approximately 4 times
fuster than standard models.

T/\BLI‘ H STI\NDARD MODELS AVAILABLE

e T T T T T T  onearing | kiviom
, TEMPER'ATURE RANGE SAFL BULR
DIFF .
MODEL stvfrTé:gs IFFERENTIAL " (SCALE RANGE) __ |TEMPLHATURE
U Ptinbhiiill I U F ¢ L
A"g‘::;","(;'g 010100° | 18to+ 38| 126 | 52
0. 7!056C! 160!0 260 7110 127 ?BU ; 138
e r Advusl.chh' Ty T t~’~ - t T
T675A s"m“‘ : 361012F 5510 175¢ 1310 79 | 200 93
! 1201067C) N
Fixedd at __ 010100 | 1B+ 38| 125 ' 63 _
i ‘iOlb o s5101768 11310 79| 200 | w3
B o S 16010 260 | 7w 127 | 280 134
76758 :’:: E Manual reset” 301 50° | - 1104 10| 125 52
T CTTTT T TRach switeh: T
Foot o 37 117 C) 010 100 18to+ 38 | 125 ‘ 52
! Interstage. ~ i
Adjustahle ! !
| do10r | . |
1wo | 1171056 Cl 160 to 260 7110 127 1 280 138
T678A s;:'dl - Each switch: ) ! - -
ae '
j Fixedd ot A6 £ (2.0 C) 0w 100 -18to+ 38 125 82
© o Interstage:
i Adjustabite -
d6w 12F
| w‘o“«)m‘:/c) 5510 175 1310 79| 200 93

A ditferentials are subtmﬂne except for the T6788B (which has m.mual reset) and the interstage differential

on T678A models.

chmperatulc shoutd rise 10 degrees F (5.6 degrens G oabove the set point before resetting.

CModet available with dual scale marked in T-oth Fahrenheit and Celsius).

dModel availuble with a fast-responae sens - ay element, including a 131524 A Capillary Holder,

€Factory-set und locked at 37 F |3 C).

’Snnsing clement isa 121t 13.7 m] averaging clement on the end of a 10 11 {3.0 m] copper capiftary.

ELECTKICAL RATINGS:
T675A models with adjustable differential and T678A:

e - 120\/ AC ‘ 240\/ AC__
Futt Load Amp 1 Ho o Hhot

" Locked Rotor Ay ! Tmﬁo”"“ W

T675A models with fixed dificrential -12% VA at
120/208/240V ac.
T675R-125 VA pilot duty up to 240V ac.
T678A - maximum connected Joad - 2000 VA,
OGPERATING TEMPERATURE RANCE (SCALE
RANGE): See Table Il
LIFFERENTIAL: Sce Table 11

ADJUSTMENTS:

Set Pomnt (Operating Teniperature):
To/5A and T678A adjustment knob on dial on
on front of controller,
T6758 - screwdriver slot in center of dial (cover
must be removed).
Differential (cover must be removed):
To75A models with adjustable differential -ad:iust-
ment dial on snap-acung switch,
T678A interstage differential -star wheel on left
side of chassts.
MAXIMUM AMBIENT OPERATING TEMPERATURE
(CONTROLLER CASE): 125 F |52 C|

B=62

{continued on page 4
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MAXIMUM SAFE BULB TEMPERATURE: See Table 11,

TEMPERATURE SENSING ELEMENT: Standard ale-
ment is a liquid-filled, remcte bulb. Some models
ave available with a fast-response, liquid-filled, coiled
capillary element which reduces response iime to
approximately 1/4 that of the standard bulb,

SENSING BULB SIZE:

Length—~4-3/16 inches [106.4 mm ] ;

Diameter-1/2 inch (127 mm}.

MAXIMUM SENSING BULB PRESSURE: 50 psi [344.7
kPa) for direct immersion.

CAPILLARY LENGTH AND MATERIAL:

T675A and T678A sandard models-5 ft [1.5 m]
coppet, or 20 ft[6.1 m] copper, mone!, or stainless
steel.

T675A and TE78A fast-response models -5 ft {1.5 m|)
copper capillary with a coiled sensing element on
the end; sensing slement is coiled 1/8 inch (3.2
mm] tubing, 1.1/2 inches [38.1 mm| diameter
x 5 inches [127 mm)] long. The coil may be
stretched to approximately 10 inches [ 254 mm].

T675B-10 ft [3.0 m] copper.

CAPILLARY HOLDER: 107324A included with
TRADELINE models (except {ast-responie models).
1315624A included with all fast-response models.

WIRING KNOCKOUTS: Two, 7/8-inch |22.2 m]
diameter knockouts for 1/2 inch conduit (1 in the
top and 1 in the bottom).

CONTROLLER MOUNTING: Any position; 3 screws
through slotted holes in back of case (Fig. 1).

SENSING BULB MOUNTING:

In air ducts—-capillary holder (Figs. 2 and 3).

In boilers or storage tanks- immersion well (Fig. 4)
or capillary compression fitting (Fig. 5).

DIMENSIONS: Ses Fig. 1.

APPROVALS.

UNDERWRITERS LABORATORIES INC. LISTED:
T675A and T678A-File No. E4436, Vol. 4;

Guide No. XAFPX,
T6751 -File No. SA481, Vol. 3; Guide No.
SDFY.

CANADIAN STANDARDS ASSOCIATION CERTI.

FIED: T675A and T678A-File No. LR1620,
Guide No. 400-E-0.

REPLACLMENT PART:

1. 141524N Capillary Holder, for mounting a fast-

reponse sensing element in an air duct,

ACCESSORIES:

1. 107324 Capillary Holder-for mounting a sens

ing bulb in an air duct; 8-3/8 inches [ 212.7 snm | long.

2. 3112661 Duct Bulb Holder.

3. Immersion Well Assembly-to protect sensing
bulb from mechanical or chemical damage when mount-
ing in a boller or storage tank; copper; 4-3/4 inch {120.7
mm) insertion length; includes 11272] Tube Clip for
clamping capillary tube to immersion well-

-112622AA, 1/2:14 NPT external threads on spud.
~112630AA, 3/4-14 NPT external threads on spud.

4. Capillary Compression Fitting—to provide seal-off
when mounting sensing bulb directly in a boiler or
storage tank; brass; 5/8 inch [15.9 mm)] thread length-

~104484A, 1/2-14 NPT external threads on spud.
-104484B, 3/4-14 NPT external threads on spud.

5. 105900 T.strap~for clamping sensing bulb to a
pipe or similar mount,

6. 76¢40HY Bag Assembly -with standoff bracket for
mounting the controller to an insulated duct.

7. Q615A Weatherproof Enclosure.

8. 801534 Calibration Wrench.
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FI1G. 1=DIMENSIONS OF THE T675 AND T678
TEMPERATURE CONTROLLERS, IN IN:
CHES [MILLIMETRES IN BRACKETS).

IWWESTALLATION

1. Installer must be a trained, experienced service
technician.

2. Disconnect power supply before beginning
installation to prevent electrical shock and
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3. Perform all required checkout tests after
installation is complete.

equipment damage.
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LOCATION AND MOUNTING

The controller may be installed in any convenient
position. Mount it with 3 screws through the slotted
holes in the back of the case (Fig. 1). ¥.2 sure to consider
the length of the capillary before mounting the controller.

Install the sensing element where it is exposed to the
average temperature of the controlled medium. The
sensing bulb may be directly immersed or mounted in a
well. T675A or T678A fast-response models must use
the capillary holder furnished with the device (Fig. 2).
The remote sensing bulb of standard models should be
held in place with a capillary holder, immersion well, or
compression fitting (Figs. 3-5). Sharp bands or kinks in
the capillary tubing affect the efficiency of the control-
ler and must be avoided. Excess capillary should be
carefully coiled and left directly beneath the controller.

NOTE: When pressure fittings are used in areas of vibra-
tion, such as pipe lines, the bulb must be adequately
supported.
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FIG. 2-MOUNTING A FAST-RESPONSE ELEMENT

IN Al AIR DUCT.
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A REQUCER FITTING MAY BE NECESSARY TO ADAPT SPUD TO TAPPING.

saae

FIG. 5-MOUNTING THE SENSING BULB USING A
. CAPILLARY COMPRESSION FITTING.

WIRING

Disconnect the power supply before making wiring
connections to prevent electrical shock and equipment
damage. All wiring must comply with applicable electrical
codes, ordinances, and regulations. If using the controller
with a flame safeguard control, use moisture-resistant
No. 14 wire suitable for at least 167 F [75 C] for a
primary control (such as aa RAB90), or for at least
194 F [90 C] f~r a4 progratt.aing control (such as an
R4140). For high temperature.installations, use moisture-
resistant No. 14 wire selected. ror a temperature rating
above the maximum operating temperature.

Two knockouts for 1/2 inch conduit are provided -
one in the top and one in the bottom of the case. Fol-
l~+ the wiring instructions furnished with the heating
or. .oling system. Fig. 6 shows the switching action,

tom ’

TE78A HAS 2 5PDT SWITCHES THAT OFERATE IN SEQUENCE:
LEFT SWITCH OGPt RAVES AT A HIGHER TEMPERATURE THAN
THE RIGHT SWITCH.

SWITCHES BREAK R TO B AND MAKE R TO w ON TEMPERA.
TURE RISE; RIGHT SWITCH MAKES R TO W FIRST.
14148

FIG, 6-T678A SWITCHING ACTION. T675A IS
SIMILAR, BUT IT HAS ONLY ONE SPDT
SWITCH. T675B HAS ONE SPST SWITCH
THAT OPENS ON TEMPERATURE FALL.




OPERATION

T675A

As the temnperature of the controlled medium falls
below the set point less differential, the T675A switch
makes terminals R to B and energizes a normally closed
solenoid valve to provide heat. In cooling applications,
the T675A makes terminals R to W as the temperature
rises above the sed point, energizing cooling equipment.
Fig. 7 shows the operation of the T675A. Fig. 8 shows
the location of the adjustment dial on models with an
adjustable differential.

m T675A OPERATION
SUT POINT R-W MAKES
i {ADIUSTABLEYY T T T - -8 BREAKS
! - _/‘& ON HISE

’ " SWITCH DIFFLRENTIAL
; (ADJUSTAHLE FROM APPROXI-
{ -

MATELY 3 TO 10 DEGHEES F
1 11 7705.6 DEGREES C) ON
[LMPERATURL -{ >TANDARD MOUELS, OR HROM
IS 1., I6TO 12 DEGREES F [2.0TO

! 6.7 DEGREESC)I ONSS TO 125 ¥
- 11310 79 () MODELS)
i Y mwuReAKs
. R-B MAKES
f' ON FALL

L’\, MODELS ALSO AVAILABLE WITH A FIXEDL DIFFERENTIAL OF
APPHOXIMATELY ' DEGREE F {0.6 DEGREE Y.

14164
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FIG. 7-OPERATION OF THE T675A.
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FREEZE-UP PROTECTION

When using the T675A (auto-recycling) for freeze-up
protection, the recommended set point is 38 F [3.3 C|
plus the switch differential.

Example: Set point of 38 F [3.3 C] plus 1 degree F
10.6 degree C] (fixed differential model) equals an
actual set point of 39 F [3.9 Cj.

Example: Set point of 38 F [3.3 C] plus 3 degrees F
[1.7 degrees C] (adjustable differential model)
equals an actual set point of 41 F [5 C].

This provides an adequate safety factor for freeze-up

protection.

NOTE: The T675B is 2 manual reset device specifically
designed for freeze-up protection.

T6758

Used as a low limit controller, the T675B interrrupts
the operation of equipment if the temperature of the
controlled medium falls below the set point. The device
is reset manually after a rise in temperature of approxi-
mately 10 degrees F [5.6 degrees C}. The operation of
the T675B is shown graphically in Fig. 9.

T6758 OPERATION

MANUALLY RESET
TO MAK® CONTACTS

,ﬁ

TEMPERATURE
RISE

RESEY DIFFERENTIAL
10 DEGREES F

156 DEGREES C)
MAXIMUM

OO

m

SETPOINT [

(FACTORY.SEY | ]
AND LOCKED q
AT 37F [3C))

CONTACTS BREAK
ON FALL

| | NOTE:
THE TEMPERATURE OF THE CONTROLLED
U MEDIUM MUST ORIFT UPWARDS THROUGH

THE RESET DIFFERENTIAL BEFORE THE
SWITCH CAN BE MANUALLY RESET.

! 14174

FIG. 9-OPERATION OF THE T6758.

T678A

\/hen the iemperature at the sensing element rises
above the set point of the controller, the switch on the
right makes R-W. Sh~uld the temperature continue to
tise through the preselected interstage differential of
the controller, the switch on the left will make R-W.

Conversely, on a temperature fall, the switch on the
left makes R-B, providing first step switching. If the
temperature continues to fall, the switch on the right
makes R-B to provide sequencing of equipment.
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The T678A Temperature Controller has an adjustable
interstage differential. The set point adjustment knob
determines the temperature at which the right switch
operates, The left switch can be adjusted to operate
from 3 to 10 degrees F [1.7 to 5.6 degrees C) (or 3.6 to
12 degrees F [2.0 to 6.7 degrees C] on some models)
above the point of operation of the right switch. An
ilustration depicting the operation of the 1'S78A s
shown in Fig. 10. The interstage differential is adiwited
by turning the star wheel with a narrow screwdriver
inserted into the rectangular hole in the chassis (I7ig. 11\
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AND CHECIKOUT

All controllers are carefully tested and calibrated at
the factory under controlled conditions. If the controller
is not operating at a temperature corresponding to the
scale setting and differential setting, check to see that
the sensing bulb senses the average temperature of the
medium controlled. !f the temperature of the controlled
medium is changing rapidly, the difterential will appear
wider than its settiny.

For calibration, an accurate temperature reading of
the controtled medium must be tahen, Place an accurate
thermometer near the sensing bulh, or refer to a ther-
monieter that has been installed as part of the system. If
the sensing bull is mstalled in an inaccessible area, or if
the controlled medium is unstable, the balb should be
removed aud placed in a controlled bath for accurate
calibration.

T675A

These controllers are calibrated so that the dia! setting,
indicated by the pointer on the adrustment knob, is the
pont at which the H-5 seteh contacts mialke on a tem-
petature rise. Measute the temperature at the talb,
Raotate the adiustment knob counterclockwise /7N
from the top ot the scale, stmutating a temberature rise,
until the R'W switch contacts make. Mote the dial
reading, ot differs trom the bu'b temperature. calibrate
i dinlay tollows:

1. Determine the number of degrees difference be-
tween the bulb temperanie and the dia! reacding at which
the W oawatch conticts make,

2. Remove the admstinent kneh and slip the fingers
of the adibretion veench (aocessory, Vart No. 801534)
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into the slots of the dial. Rotate the dial until the fingers
of the wrench drop into the slots of the calibration nut
under the dial. Note the dial indication at this point.
Turn the dial and the calibration nut up or down scale
the number of degrees that the bulb tempurature diiters
from the point at which the contacts make {determinedt
in step 1). For example, move the dial from 45 10 69
if the dial reading in step 1 was 415 degrees and the bu'd
temperature was 65 degrees.

3. Check the calibration adjustment by moving the
adjustment knob up and down the scale while tistenin:
for the contacts to make and break. If the dial iy still
out of calibration, repeat the calibration procedure,

T675B

NOTE: The cover must be removed to sec the dial. A\!!
T675B models have been factory-set and loched at
37F13C).

These controllers are calibrated so that the dia!
setting, indicated by the fixed pointer at the ton of e
dial, is the point at which the switch contacts hreac on
temperature fall,

Measure the temperature at the bulb. Remove the
cover of the contro'ler. Loosen the locking serev. Inyove
a screwdriver in the dot in the center of the il o
with the dia] at the bottom of the scale, and rotate the
dia! counterclockwise "™\ to simulate a temnerature
fall until the switch contacts break. Note the Jial readine,
If it differs from the bulb temperature, tollows the =i
bration procedure outlined for the T67SA. ighten the
locking screw and replace the cover,




-vh

T678A

These controllers are calibrated so that the dial set-
ting, indicated by the pointer on the adjustment knob,
is the point at which the R-W contacts of the right switch
make on a temperature rise. If the temperature con-
tinues to rise, the R-W contacts of the left switch make
at the dial setting plus the interstage differential. (The
interstage differential is adjustable as shown in Figs.
10and 11.)

Measure the temperature at the bulb. Rotate the
adjustment knob counterclockwise »\ from the top
of the scale, simulating a temperature rise, until the
R-W contacts of the right switch make. Note the dial
reading. If it differs from the bulb temperature, follow
the calibration procedure oatlined for the T675A.

After calibrating the dial, check the setting of the
interstage differential. Set the adjustment knob at the
bulb temperature. Then rotate the adjustment knob
counterclockwise » "\ , simulating a temperature
rise, until the R-W contacts of the left switch make.
Note the dial reading. The difference between this
reading and the bulb temperature is the interstage
differential. The interstage differential may be adjusted
if necessary (Fig. 11).

CHECKOUT

Check the operation of the controller by raising and
lowering the set point through the temperature range of
the air or liquid being controlled. Make sure that the
controlled equipment operates as intended.

HONEYWELL MINNEAPOLIS, MINN. 55408 INTERNATIONAL. Sales Offices in all principal cities of the world. Manufacturing in
Austialia, Canada, Finland, France, Germany, Jupan, Mexico, Netherlands, Spain, Taiwan, United Kingdom, U.S.A.

PRINTED IN US.A,
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PROTECTION FROM FREEZING AND OVERHEATING

At night and during the winter months the collector array will spend more
time at ambient temperature than in a heated condition. Therefore, the

collectors MUST be protected from freezing in areas where freezing occurs.,

It also is true that during periods between the heating season and the
cooling season much more livat is collected than can be used or stored, at
least in normal sized stovape systceus. The excess heat MUST be digposed

of without damaging the system or causing excess pressure.

Both problems can be solved by =imilar means, and the choice of the best
protection system is the responsibility of the installer. The following

sethods are presentod for consideration,

FREEZE PROTECTION

weciredlation of Mot Water from Storage

" those areas where frcesing is extremcely intrequent, freezing of the
drstribution and collector array may be prevented by recirculating small
seounts of water from storage to keep the water containing elements abowve
coe Freczing temperature,  This action, of course, is a waste of stored

woar, and hence cannot be feasible in areas of {requent tyeezing,

»

A Suerested control circuit is shown in Figare 19, in which contacts, €,
aroratod by relay, R, control the operation of pump, . "A" is o tempera-
ture control which responds to the temperature of the retorn Fine [rom

the wotar array at a point wvhere it is exposced to outdoors,  "AY closes
its contact when the reaperature as near as possible to the collector ot
et 011 ta 359K, Its balb should be placed ander the insalation, close

te the collector. 1t closes relay, K, which starts the pump by means ol

contaet, €, and also eloses conact '.{\,, which holds the relay Mo witer

the temperature at A rises ahove 3574,

B
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Control Circuit for Recirculation
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Drain-Down Freeze Prevention




FREEZE PROTECTION (Continued)

Temperature controller, B, measures the temperature of the return line
from the collector array at a point near where it enters the building,
or the storage if it is located outdoors. It should be set to open its

contacts on a rise in temperature to approximately 40°F.

With this system warm water is circulated long enough to assure that the
entire distribution system has reached a non-freezing temperature each
time the pump is started. CAUTION: DO NOT USE THIS SYSTEM OF FREEZE
CONTROL IN ARFAS WHERF FREQUENT OR PROLONGED FREEZING CAN OCCUR. IN AN
EXTREME CASE, A SYSTEM COULD DISSIPATE THE STORED HEAT COMPLETELY AND
FREEZE ANYWAY,

Use of Anti-Frecze Solutions in the Collector Circuit

A preferred method of preventing freezing damage in areas where frequent
sub-freoezing weather occurs is the use of an anti-freeze solution in the
collectors and associated piping., This necessitates a heat exéhahger if
the entire storage is not filled with the anti-freeze - usually too costly

to consider due to the volume of the storage.

Figure 20 illustrates typical piping for use with anti-freeze. The closed
circuit for the plycol or other anti-freeze requires the use of an expan-
sion tank, E, to which may be attached the relief valve, R, and manual

valve, V, for control of the afr space in the tank,

The heat exchanger may be cither inside the storage tank as at A, or out-
side as at B. A small additicnal pump, C, will usually be needed when an
external heat exchanger is employed, and should operate whenever the col-

lector pump runs,

To prevent thermal siphonal action causing circulation and consequent heat
loss, a check valve should be used in the line to the collector pump suc-

tion, as showm at Vl'
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FREEZE PROTECTION (Continued)

When using this approach to prevent freezing damage it should be noted

that a somewhat higher collector temperature is needed to achieve a given
temperature in the storage tank. The difference is usually 10° to 15°F
even with a well designed heat exchanger, and must be taken into considera-
tion in determining the number of collectors used. For a more detailed
explanation of anti-f{recze protected subsystems and related accessories

sce Appendix 1,

Draining Collectors and Associated Piping

Freezing damage also may be prevented by draining the water out of the
collector and ali outdoor piping whenever insufficient heat is being re-
ceived to hold a temperature above 32°F, A simple method of accomplishing
this result is shown in Figure 2], The storage tank must be tightly sealed
to prevent entrance of air or corrosion may result, and the collector array

must be located completely above the storage tank.

All piping must be sloped for free draining back to the pump and the

storage tank,

In addition to the circulating loop, a vent line, L, is run from the top-
most location on the outlet header system of the collector array to the
top of the storage tank. This line should terminate flush with the in-
side, to avoid submergence in the water surface. The vent line should be
enclosed within the insnlation of the outlet header so that it will be

kept warm by the circulating fluid when the pump is operating,

For systems in which nitrogen charging is specified, Figure 21 illustrates
provision for charging the void in the system with dry nitrogen., In closed
loop systems the hydraulic industry normally considers this practice unneres-
sary., This is discussed as the first subject of Section VI - Corrosion Pro-
tection in the Fluid Circuit, Gas trapped in the system yvickly is deoxidized

and for all practical purposes is inert.

Cc-5
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VREEZE PROTECTION (Continued)

When a dry-nitrogen tank is connected to ven: line, 1, through charging
wmive Vo, a veatinge valve, Vi, also should be provided, Space must be
ettt above the water in the storage tank to accommodate all the water
irom the collector arriv and external piping whenever the pump is not
running. Under this condition the water should he at least 1 inch below
the underside of the top oi the storage tank. A pressure gauge, G,
should be provided as cn a hol water boiler to indicate a slight positive

pressure at all times,

{ning this system, the pump must be selected so that it is capable of
providing the head, h, vepresented by the distance from the top of the
cater in the storage tank to the top of the return header at the collector
array. Note that full flow need not be achieved at this head - only enough
Liore 1o provide a vvasonably rapid [illiung of the system, A Contrifuéal

e ebenld be used.

When the pump is not running, the highest water level in the external pip-
ing is the same as in the tank. Pumps normally are started vhen the tem-
perature at the collectors rises above the Lemperature in the storage

{auik = usnally well above TOO°F., Upon starting, the pump draws from stor-
ape to [i11 the supply piping, the collectors, the outlet headers and re-
turn piping, forcing the inert gas or nitropen back through the vent line,

i, into the storape tank,

Vhen the pump is stopped for any reason - say when the storage reaches its
aaxinum desired tempervature, or when no iurther solar energy is being col-
iected = the inert pas or nitropen [lows back into the piping system and
(e collectores as the water drops back into the storape, Water flows

Soeck throuph the return header, and throuph the non-operating centrifugal

pump .,
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FREEZE PROTECTION (Continued)

The changes in water level between operating and non-operating periods are
relatively minor in hoet systems, since the size dffscorlgc increases with
the number of collectors. For a more detailed explanation of water drain-
down subsystems and accessories see Appendfx 1,

PROTECTION FROM OVERHEATING

Whether a system provides space heating only, air conditioning only, hot
water heating only, or any combination thereof, there are periods when
more heat is collected than can be used or stored. It is important to
provide for dissipation of this heat without boiling the water or anti-
freeze in the collectors. The most commonly accepted methods to dissi-
pate the heat are described below for the consideration of the systems
installer of Chamberlain Solar Collector Panels., It is a,responsibility
of the systems installer to ascertain that adequate pro;iéién s made to-

protect the system and its components from excess heat.

- Dissipation to the Ambient

The excess heat'may be dissipated from systems which cannot be drained,
or are not intended to be drained, by an additional heat exchanger as
shown in Figure 22, 'Thus this method applies to most systems using
enti-freeze, although it can be used with the inhibited water systems,

Figure 22 shows a system similar to that shown in Figure 20-A. Valves

A and B are added to bypass the heat exchanger whenever the maximum stor-
age temperature is reached, Valves C and D divert the flow of anti-
freeze to a finned coil type of heat exchenger, H, located outdoors. A

fan is provided to circulate air through the heat exchanger when heat is

to be dissipated.
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Figure 22
Heat Dissipation Method
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PROTECTION FROM OVERHEATING (Continued)

A temperature controller, T, measures the storage temperature at some
location near the bottom., At low temperature valves A and C are open
while B and D remain closed. Whenever the balance of the control system
(not shown) senses that the collector temberature is above storage tem-

perature the pump will operate and charge the storage.

When hot water in the storage near the bottom reaches the setting of con-
troller, T, it closes valves A and C, and opens valves B and D to cause
the heat exchanger to be bypassed, and the anti-freeze solution to flow
through the outdoor heat exchanger, H. Controller, T, also should pro-
vide that when the balance of the control system starts the pump again,

the fan of the outdoor heat exchanger, 11, also operates.

As soon as the storage tcomperature falls below the seteting of T the sys-
tem reverts to normal operation to charpge the storage again! This s a
simple arrangement which dissipates excess heat at any time of year. It

uses a minimum of controls in addition to the usual system controls,

It is the responsibility of the systems installer to provide a suitably
sized heat exchanger to prevent boiling in the collector array under all

conditions when this system is used,

Draining Collectors and Associated Piping

The collecter itself, if drained of fluiil, will rise to n sufficiently
high temperature to dissipate to the ambient any heat received., By add-
ing a temperature control to Figure 21 for semsing the storage temperature
nesr the bottcr, and connecting it to prevent opération of the pump vhen-

ever the stocage temperature hecomes excessive, excess collection is

prevented,




PROTECTION FROM OVERHEATING (Continued)

Use of this method of preventing overheating of the water and boiling

in the collectors will result in high collector temperatures durimg stay-
nation periods of bright sunshine, Temperatures in excess of 400"V may
be experienced, but the materials used in the Chamberlain Solar Collector
Pancls are chosen to witastand such temperatures., Suitable warnings or
safety enclosures should be furnished if the collector array is locate!
on the ground, and such safety measures are the responsibilicy of the

systems installer.
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CORROSION PROTECTION IN THE FLUID CIRCUIT

The steel absorber plate used in this solar padef shonld be applied only

in closed loop'systems. That is a system which, once filled with the

circulating heat transfer fluid, is closed and sealed from the atmosphere
except for the periodic addition of make-up solution, These systems are
operated pressurized from several psi to as high as 50 psi. A properly

installed and chemically maintained system has long life expectancy.

In theory there should be no water caused problems in closed systems.

The small amount of oxygen present in the water when the system is charged
is dissipated quickly and a-slight protectivé black film is formed on the
internal surﬂaces, a condition observed in many hydronic systems after
20 or more years of operation, llowever, experienéé has shown that many
systems do not behave in accordance with theory. Make-up water is required
and the need for water treatment and periodic monitoring of fluid condi-

tions in the system is now commonly accepted by the hydronic '{ndustry.‘

It is necessary to recognize precautions which must be taken to maximize
the corrosion resistance of solar energy absorber panels. The following
suggestions and discussion are offered to help the user to establish his
own specific corrosion control program for the solar energy collection

system,

It is anticipated that solar energy collector systems will be "multi-metal"
systems in which the heat transfer fluid circulates through components of
various hase metals,

.
Internal corrosion problems in sular absorber panels relate primarily to
the nature and corrosive characteristics of the heat transfer fluid used.
In turn, the choice of heat transfer fluid relates to system des’gn and to
the type of service for which the system is intended. 'The two basic

systems are:
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1. Systems in which the heat transfer fluid can be exposed to
temperatures helow 32°F (0°C),

2. Applications in which the fluid {s not exposed to freezing
temperatures.

TRANSFER FLUID EXPOSED TO FREEZING

In the first type of rpplication -- where the heat transfer fluid is
exposed to low tem} .ratures -- heat transfer fluids chosen may be water-
crthylene glycol antifreeze mixtures or suitable nonaqueous heat transfer

fluids which remain fluid at low ambient temperatures,

Glxcol-Water‘

Corrosion problems mav develop either because of water chemistry (impuri-
ties in the water) or by degradation of the ethylene glycol. Ethylene
glycol breaks down gradually in use. The end products of glycol degrada-
tion include organic acids which progressively and substanciéily lower the®
pH of water-glyco! mixtures to levels at which the resulting acid solution
will become seriously corrosive to steel, Commercial antifreeze formula-
tions contain various '"buffers" and "inhibitors." The "buffers" are in-
tended to control the pH level. However, their effect is limited and if
glycol degradation is al]oweq to continue indefinitely, the "buffers" will
be used up and the solution will become acid, For example, in automotive
service we have the usual recommendation that the water and antifreeze
mixture be drained and replaced at safe intervals, usually one or two

years.

.
In hydronic glycol systems corrosion inhibitors are required and must be
monitored. If concentration of the inhibitor drops below a protective

level, the inhihitor level must be re-established.
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TRANSFER FLUID EXPOSED TO FREEZING (Continued)

1t is important to note that one of the major factors determining the rate
at which ethylene glycol degrades is the temperature io which it is exposed,
The higher the Cehperature, the more rapid the degradation., Although 'nor-
Mmui" maximum operating temperatures for mos: solar collector systems are
below maximum automobile radiator temper: .ares, solar collectors will reach
higher temperatures under stagnation conditions. When the heat exchanger
fluid is not circulating through the absprber, temperature will rise,
Typical summertime stagnation temperatures will be above 375°F. At such
temperatures, glycol degradation will be accelerated substantially. It
follows tha:.the condition of the glycol-water solution in solar service
must be monitored and that the water-glycol mixture must be replaced when
degradation has progressed to the point that the solution will become

acid, System maintenance is critical. It is known that operating condi-

tions, including temperature profiles of solar systems, are.quite variable
from system to system. Therefore, it is not possible to prescribe specific

intervals for change of the heat transfer fluid, From this if‘is'apgprenf

that system monitoring is critical.

Scaling can cause serious problems in hydronic systems if precautions are
not taken to control soluble salts in the water, When water with high
hardness is used in the system even a small amount of make-up, over a
period of time, will cause difficulty. Difficulty also can be experi-

enced with low hardness water if high make-up volume is required,

Galvanic Corrosion

-
Galvanic corrosion problems occur because of the presence of dissimilar
metals in a multi-metal system. less "noble" metals will corrode prefer-

entially in contact with more '"noble" metals, For example: Copper will
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TRANSFER FLUTD EXPOSED TO FREEZING (Continued)

galvanically corrode aluminum or steel, steel will galvanically corrode
aluminum, etc, One source of galvanic corrosion is direct electrical con-

nection betwecn two dissimilar metals,

Another source of galvanic corrosion is the presence of ions of the more
"noble" metals in solution which galvanjcally deposit on the surface of
the less '"noble" metal. The "inhibitors" in hydronic systems and water/
antifreeze formulations are designed to minimize this problem by suppress-
ing corrosion of all metals in the system and thereby roducing the extent

to which metal ions po into solution,

Frosion Corrosion

Heat transfer fluid design velocity through the system should be limited

to four to six feet per sccond to prevent evosion-corrosion of'the system.

Non-Aqueous Systems

An alternate to water-glycol antifreeze mixtures is the application of
non-aqueous solutions. There are a number of fluids which the manufac-
turer identifies as beinp chemically stable at 400°F and over. Other
characteristics claimed are non-corrosive and non-ionic, therefore not

capable of supporting galvanic corrosion.

"Dowtherm J" is a preflerred non-aqueous solution, !t has been uscd as a
heat transfer [luid at tcmperatures above 450°F, The manufacturer's litera-
ture states that it is "non-corrosive' toward common construction metals
such as steel, copper, aluminum and stainless steel alloys. 1f you are
interested in Dowtherm .1, contact the Functional Products and Systems
Department of the Dow Chemical Company in Midland, Michigan 48640, for
additional advice and information concerning Dowtherm J, particularly that

relating to the proper procedures to be followed in its use.
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TRANSFER FLUID EXPOSED TO FREEZING (Continued)

It should be noted that, charaéteristically, non-aqueous heat transfer
fluids (such as Dowtherm J) have lower thermal céphcity and inferior heat
transfer characteristics as compared to water-glycol mixtures. This means
that, for equal heat transfer efficiency the wetted area of heat transfer
surface and the total cross-section of the heat transfer passages in a
solar absorber panel will have to be greater when such fluids are used

than when water-glycol mixtures are used,

Wetted area of our absorber plate is high enough that loss of transfer
efficiency in this area is of no importance, However, the heat exchanger
required for transfer of heat to storage necessarily will have to be con-

siderably.larger,

Viscosity of non-aquecous fluids usually are substantially higher (parti-
cularly at low temperatures), a factor which must be taken into considera-

tion in system design,

TRANSFER FLUID NOT EXPOSED TO FREEZING -

The commonly used fluid is water., In many cases, it is desirable to use
potable water as the fluid, An example is a solar water heater in which
the use of potable water as the heat transfer fluid will allow combining
the collector circuit with water storage. As indicated previously, pot-
able waters are highly variable in their composition and corrosivity.
Most, but not all, can be used in copper without corrosion problems.

Stecl absorber plates are not suitable for potabfe water application.

INHIBITORS

In the case of steel with water or water glycol solutions, it is necessary

to treat the water in order to insure the integrity of the protective films,
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INHIBITORS (Continued)

Various types of inhibitor blends are commercially available and instruc-

tions for their use can be obtained from water treatment companies,.

Nitrite base corrosion inhibjtor systems are best suited for this type of
service, Th.y are compatible with the water-ethylene glycol mixtures most
often used in solar energy collection systems. Further, nitrite based
inhibitors usually are acceptahble to health authorities whereas chromate

based inhibitors are not,

Some of the water treatment companies who have nitrite-borax and organic
inhibitor blends available are listed below,

Company Product
Retz Laboratories, Inc. Corr-Shield K-7

Somerton Road ’
Trevose, PA 19047

Calgon Corporation Corrosion Inhibitor
Water Management Division "csY
Box 1346

Pittsburgh, PA 15230

Dearborn Chemical Division Dearborn 537
Chemed Corporation

300 Genesee Street

Lake Zurich, I1. 60047

Drew Chemical Company CWT 110
Division U, S, Filter Company

1000 East B80th Place

Merrillville, IN %6410

Nalco Chemical Company Nalco 39
2901 Butterfield Road
Oak Brook, 1L 60521

Treatment of closed systems with these inhibitors will not be expensive.
Some companies have test kits available for monitoring the system, In all

cases a regular schedule should be established to check for inhibitor
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TRANSFER FLUID NOT EXPOSED TO FREEZING (Continued)

concentration as well as the possibility of the glycol producing an acidic
condition caused by degradation trom hiéh,atugnatidn tomperatures, Such
monitoring is important regardless of which material i{s used for the
absorber, .

CAUTION: CHROMATE INHIBITORS SHOULD NOT BE CONSIDERED FOR USE WITH WATER-
ANTIFREEZE MIXTURES.

As indicated above, all of these suggesciods offered for the consideration
of the system designer or user are intended to help optimize corrosion pro-
tection of system components. Recognize there is substantial diversity of
system design and this may introduce other factors which ultimately control
the rate Af corrosion, The design of collector hydronic and storage sub-

systems is beyond our countrol,

3

In view of the circumstunces outlined above, what has been offered in the
foregoing discussion are suggestions intended to assist thivdesigner and
user in optimizing the performance of the final product., They should not
be considered as constituting an implied warranty and are advisory in
nature, The only warranty which we can reasonably provide is included

as part of Sectjon 1 of these instructions,

SYSTEM CLLANING, CHARGING AND INHIBITOR MONITORING

Starrtup of a solar system must he accomplished under strictly controlled
conditions, tnder no circumstances shall a system be charged, with water

or heat transfer fluid, prior to cleaning, A typical procedure and cleaning
materials specification is outlined on the following page. Charge the system
immediately after completing the cleaning and flushing operation, including

the inhibitors,

e
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SYSTEM CLEANING, CHARGING AND INHIBITOR MONITORING (Continued)

DO NOT ALLOW THE SYSTEM TO STAND IDLE FOR ANY PERIOD OF TIME WITH INTERNAL
SURFACES STRIPPED OF ALL PROTECTION,

Cleaning the Solar llydronic System

The hydronic system shall be cleaned typically in accordance with the

following:

1.

Before connecting the solar panels into thesystem, add jumper piping and

panels at the solar array and thoroughly flush out the system with water

80 as to remove any fore{gn matter that can be removed by flushing,

Drain the entire system including piping and equipment, Also clean

strainers. At this time connect the solar panels into the system,

F1ll system with specified chemical formulated cleaning materials to
proportions of 60 pounds per 1,000 gallons clean water. (éee Cleaner

Composition specifications, Page VI-9).

Heat solution and maintajn temperature at 150°F to 170°F., Circulate

solution for a minimum period of 24 hours,

Usge perm;nent system pumps and heat exchangers to accomplish the heat-
ing of solution, temperature maintenance and circulation. If heat is
not available, the cleaning strength should be doubled or the normal

strength should be circulated for a minimum of 48 hours,

Temporary side stream filter around pumps to remove foreign materials
may be used. Fize of filter shall be sufficient to by-pass the equiva-
lent system volume in four hours., Filter medium shall be 25 microns in

size,

If filters are used, replace filter mediumas necessary to assure proper

flow rate through filter during the entire 24 hours,
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SYSTEM CLEANING, CHARCING AND INHIBITOR MONITORING (Continued)

8. Drain and flush system with new water to remove .all alkalinity from
cleaning., Clean strainer and clean out legs.

9. After satisfactory completion of cleanfhg and flushing operations, all
water used for cleaning and testing of the system shall be drained com-
pletely. The entire system shall then be filled with treated water,
Level of treatment shall be reached as soon as possible,

Cleaner Composition

Following is a typical composition by weight for a hydronic cleaning com-
pound, This formulation is satisfactory for steel, copper, brass or copper
alloys, but is not satisfactory for aluminum or galvanized pipe.

% DBy Weight

Soda Ash . 10,0
Caustic Soda 45.0
Trisodium Phosphate Anhydrous 8.0
Sodium Meta Silicate 7.0
Sod{um Gluconate 15.0
Wetting Agents and Surfactants 10.0
Sodium Chloride - 3.0

100.0%

Note: At 60 pounds cleancr per 1,000 gallon level, total alkalinity is
approximately 6,000 ppm. After cleaning and flushing, alkalinity should

be within 50 ppm of fresh rinse water, Continue to flush after cleaning
until this value is reached, The conductivity meter listed under Suggested

Instrumentation (Reference Page VI-16) can be used to check level of clean-

ing solution in the system,
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SYSTEM CLEANING, CHARGING AND INHIBITOR MONI'TORING (Continued)

Corrosion Inhibitor Specification

The specified material is a borax-nitrite mixture containing special organic

and inorganic inhibitors.

1. Physical Porm:

11. Composition:

I1I1. Wateé,!naolubie Matter:

IV, pH Value:

V. Performance Assurance:

V1. Containers:

Shall be an off-vhite colored, free flow-
ing, granular psoduct with a bulk density
of 71-77 1bs/fe”,

Shall be a mixture of borax, sodium
nitrite, benzotriazole and inorganic cor-
rosion inhibitors. Minimum NaNO; content
is 707%. Minimum triazole content 1.8%.

Less than 0.1% by weight,

The pH of a 1% aqueous solution at 25°C
.h.ll be 7.0-8.5' »

The product shall meet the fbllpwing per-
formance requirements: ;

(a) Be compatible with ethylene jlycol
and methanol types of antifreezes.

(b) Ilmpart no color to the treated water.

(¢) Not be detrimental to painted sur-
faces, pump glands and packings, or
water seals.

(d) Not cguse dermatitis when handled
by operators with reasonable care,

(e) Contain a specific innrganic corro-
sion inhibitor effective in reducing
corrosion of . aluminum,

Shall be delivered in non-returnable
moisture-proof, fiber drums,

NOTE: Calgon Corporat.on's Corrosion Inhibitor CS will meet these

specifications.
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SYSTEM CLEANING, CHARGING AND INHIBITOR MONITORING (Continued)

Recommended Svstem Chemistry Control

The range of inhibitor concentration in l.fypicalAnyltcm a8 sodium nitrice
would be from a minimum of 1,400 ppm to a mmximum of 4,000 ppm. The normal
recommended operating concentration would be 2,000 ppm as sodium uitrite.

As noted in the Corrosfon Inhibitor Specification the pH of a 1% aqueous
solution of the inhibitor at 25°C shall be 7.0 to 8.5. The system normally
should operate slightly on the alkaline side. '

At the time of system charging a conductivity level will be estabiished as
the result of adding the prescribed inhibitor concentration to new water.
This conductivity level should be recorded as your system base line.

Charging the System

A

When filling the system chemicals can be injected by mean;.of a by-pass »
pot-type feeder of proper size installed in the closed loop. See Figure
Vi-1. laving a pot-type feeder in the system allows the operator an easy
- method of adding chemicals whenever necessary. Chemical addition require-
ments are dictarted by the in-plant tests performed by the operator on a
routine basis, 4

It can be stated that very serious corrosion and scale problems in the
closed system are directly proportional to the make-up water added to the

system, Therefore, every effort should be made to maintain a closed aystem,

The amount of make-up can be detcrmined in a closed system by several tech-
niques used in chemical tracing. In the case of nitrite, a simple series
of time versus concentration tests will provide a method of determining the

amount of make-up actually going into the system,
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SYSTEM CLEANING, CHARGING AND INHIBITOR MONITORING (Continued)

Instrumentation for monitoring nitrite is readily available, Inhibitor
suppliers usually have kits available, '

Calgon Corporation has such a kit, their Catalogue No, K0065.

Closed System Charping and Volume Calculation

In Chemical Charging and Controlling of Chemical levels in a system, {t is
desirable to know actual volume of the system. This can be accomplished in

several ways, The most direct ix to install a meter in the fill line.

Calculation of the volume is sometimes attempted, however, accuracy of cal-
culated volume at best is an approximation. A more acceptable procedure
would be to track chemical concentration. In applying this procedure esti-
mate and purposely put In an initial chenical "charge' lower than estimated
need, then test, A sccond addition of chemical is then made and tested,
From the weight of chemicals and test results one can calculate the actual
volume of the system, Once the exact volume is known, it {s posszible to
add an exact amount of chemical to bring the readings to proper limits

without guess work,
The procedure is demonstrated by the following illustrative example:

Let us assume our cost studies clearly show product "A", a poudered
material, is most economical and does the job, That product “A" must
be added at a level of one pound per 50 gallons to give minimum pro-
tection. Further, that this recommended addition by the supplier is
equivalent to our instrument nitrite reading of 1,400 ppm nitrite. We
therefore not only cuan charge the system but can figure the actual

volume of the system by using the following technique:

IMAL YASL O
OF PLOR QUALTTY
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SYSTEM CLEANING, CHARGING AND INHIBITOR MONITORING (tontinued)

Step One:

First estimate pallons in the system from physical layout and/or
drawings. For large systems add one pound of "A" per 50 gallons,

Anything under 100 gallons use 1.5 pounds "A" per 50 gallons,

Instrument nitrite reading for one pound "A" per 50 pallons = 1,400

ppm NOj.

After adding charge of X pounds of product "A" you get 800 ppm nitrite

reading,

NOTE: 0.1 pound "A"/50 gallons = 140 ppm nitrite increase

1 pound "A"/500 gallons = 140 ppm nitrite increase
Step Two:

After the second addition of say Y pounds of "A", we get a 390 ppm
increase, that is to say 800 ppm + 390 ppm = 1,190 ppm nitrite reading

on the second sample.
Step Three:
We can now calculate actual volume in the system as follows:

390 ppm _ , 79 - but 1 pound of "A" equals a 140 ppm

140 ppm 7 increase in 500 gallons,

Therefore actual volume of system is equal to Y pounds of "A'" added

for the 390 ppm increase ratio

Y Pounds x ;?Q?a = Total Callons in System.
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SYSTEM CLEANING, CHARGING AND INHIBITOR MONITORING (Continued)

Step Four:

For the third adjustment go to 2,200 bbm. This gives a 200 ppm
reserve inhibitor since 2,000 ppm is the normal level,

2,200 ppm - 1,190 ppm = 1,010 ppm increase needed in system,

Therefore:

;T%%Q‘REE = 7.21 pounds "A" needed for each 500 gallons in
pem . the system.

Pounds of "A" to add to the system is obtained as follows:

Total Gallons of . 7.21 Pounds “A* rounds "A" required to

System From Above 500 Gallons reach 2,200 ppm level
in the system.

The reason for adding 1.5 pounds of "A" for small systéﬁs ig that as
long as the reading for nitrite is over the minimum of 1,400 ppm you
are safe, At 1.5 pounds of "A" per 50 gallons we obtain a level of
2,000 ppm nitrite. Larger levels of nitrite are not harmful. However,
in large systems of 5,000 to 10,000 gallons the above method optimizes
the treatment, allowing us to determine the volume, Once the above is
done accurately we will know how much chemical will be necessary to
bring such a system up to any level, when for any reason we lose part
of the system's water or have a drop in nitrite reading. We can cal-
culate the exact amount of chemical "A" necessary to bring the system's
nitrite content from a low reading to the desired level. A fixed

weight of "A" will raise a fixed volume of the system by an exact

amount,
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SYSTEM CLEANING, CHARGING AND INHIBITOR MONITORING (Continued)

Monitoring the System

The following specific items wmust be monitored for your system:

1. Nitrite concentration,

2. Total Dissolved Solids (TDPS) (con: :tivity).

See the Sugpested Instrumentation section below for details on instrument
identification and availability,

Since exposuré to change is greatest during the first few wecks of opera-
tion, it is important that each of these items he monitored daily for the
first week, weekly for cight (8) weeks or until readings stabilize, and

then monthly,
Attached 18 a sugpested log sheer.

Sugpested Instrumentation

1. Nitrite Analyzer - Catalogue #K-0065 and reagents R5237 and RS5018

Water Chemicals Department
Calgon Corporation

Calgon Center

Pittsburgh, PA. 15230

2. Conductivity Metér - Catalogue #SD-23641-F Solu Bridge

Beckman Instruments, Inc,
Cedar Grove, NJ
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STARTUP, OPERATION AND MAINTENANCE

START-UP AND OPERATION

After all piping has been cowpleted and the storage system has been filled,
the piping and collector connections should be tested for leaks. The piping
portion can be tested at pressures up to 50 psig., Pressure testing will
require valving off from the storage tank unless it is designed to take the
same pressure, The glycol systems of Figures 20 and 22 must be tested

separately, Add any needed inhibitors and bring to desired pH.

Check the system to see that the pump operates and circulates the required
amount of fluid. If the self-draining system of Figure 21 has been used
be sure that all the fluid drains back into the storage after the pump is

stopped.

ONLY AFTER COMPLETING THE FOREGOING STEPS SHOULD THE PLASTIC BANDS AND THE
COVER MATERIALS OVER THE GLASS BE REMOVED. After their removal the system

should begin to collect heat whenever it is available from the sun,

Observe that the expansion tank of systems shown by Figures 20 and 22 are
approximately half full of air - pump more air in if needed after the sys-
tem warms up and valve a small amount of the anti-freeze solution out,

keeping it in a closed container until needed again,

For the system of Figure 21, when dry nitrogen purging 's used, it is best
to eliminate all the air possible by opening the vent valve, V,, and over-
filling the storage until some water vents. Then close the vent valve,

and start draining some water from the storage, whﬁlo opening the nitrogen
charging valve, V.. Watch the pressure gaupe to sec that the limiting pres-
sure is not exceeded, When the water in the storage is well below the top
of rhe tank, close the nitrogen charging valve. If the water level cowmes
leas than an inch from the tuop of the storage as the system heats, valve

out more water. Repeat until some nitrogen is still trapped in the stor-

age below the top.
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STARTUP AND OPERATION (Continued)

It is normal for some gases to be released from the water as it
heats. This will gradually increase the pressure over a few hours
or a few days. As this happens, open the vent valve while the pump is
not in operation and bleced down to atmospheric pressure, to thus remove
as much as possible of the oxygen rich mixture. Then close the vent and
the nitrogen valve to restore the proper pressure. This process should
be repeated four or five times. Thereafter, merely hold the proper pres-
sure by bleeding in nitrogen. In a tight system this seldom should be

necessary,

MAINTENANCE

Chamberlain Solar Collector Panels are designed to need little maintenance.
Yet provision is made for certain operations in the field without removing

the panel from the rack.

Glass Breakage

The use of tempered glass should prevent all but the most unusual breakage.
Should a glass cover break the outer cover frame can be removed and the

glass replaced. Follow this procedure:

1. Remove the hold-down screws which attach the cover assembly to the
collector housing. Then remove the glass in the frame to a convenient

location,

2. Remove the retainer screws in the corner locking pins, allowing

either the two ends or two sides to be removed.

3. Insert spacers at the edges of the glass to retain the glass separa-

tion distance when the frame is dismantled.
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MAINTENANCE (Continued)

4, Carefully remove the rubber (EPDM) seal from the aluminum extrusion

or the edge of the glass.

5. Position a new piece of glass on the spacers for separation after

ascertaining that it is in clean condition,

6. The EPDM scal then is placed around the edge of the glass, and the

aluminum frame is replaced.

7. The corner locking pins then are replaced, and the assembly is
i .
mounted on the collector housing and is attached with the original

|
sheet metal screws,

The single glass cover procedure is similar, except that the spacers are

not needed,

Filter ' '

.

Need to clean the fluid filter will be evident if the temperature differ-
ence between the pump outlet and the return to the storage system increases
beyond normal, Keep the filter clean - doing so helps collect a greater

amount of solar energy.

Inhibitor and pH Control

Within 30 days after the system is first started the amount of inhibitor
remaining active in the water or anti-freeze solution should be determined.
Use the advice of the corrosion consultants to see whether any changes in
amounts or type of treatment are needed. Thercafter:follow their recom-

mendations in maintaining the inhibitor and pll levels.

Géneral

In working over the collectors one must be prepared for exposure to con-

siderable heat. Special ladders can be arranged to span the collector
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MAINTENANCE (Continued)

array even if it is two or three rows high. 1t should have a shield to

allow the workman reasonable comfort whilg‘he works.

Care must be exercised to avoid dropping tools on‘glass covers. THEY CAN
BE BROKEN, One good nethod iz to use plywood sheets with a wooden "hook"
to rest over the top of collectors adjacent to the work. This protects

both the collector and the workman,

SPARE PARTS

For very large installations it i{s wise to stock several extra frames with
glass installed to expedite replacement of any broken plass. The time

saved may well be worth the investment.

A parts list can be obtained by writing to Chamberlain Maﬁpcht@ring

Corporation,
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PROJECT DRAVINGS

P




T

} :

$6008 01000 - TEME CLotK ’,‘? I rj. r r

.
'

BNy S
)

: T Y 1]
. ' é‘ (13 Qv &y A ‘d,' -
i |
‘ Rt WaR7 L /052 - FACLTAONT G
- sCQUENLER SCTr 7a*
T W y ‘ '

1=t I i

=t 7 O3 B———¢ waki w Rl TITa

I $o17368 TS ISeS RS

bos AT SwrTen NITE Lo AImIT 1Y 413 [/} S |
T'STAT .
, :
K12 A 1904 . DEF A CNTEAN C AT4IADIOOY- b2 Fieen TR | .
TEAIPERAT ARTC CONTEOMMER ! TEiMora STwAl ConTReALER !
LA+ {0 SET I AT -3 bzem. - 1%0% HT AIMTT .
. D A M
: 88 =-OLOmMS 2} .
i b | N—ponTen Ll i
e 2 Apm— s
: - L z . i

1 3% et b g 11 !
3

COLLECTOR TO STORAGE MODE: The selar collecter pump, P-1, will start vhenever the temperature of §he cellecter pamels
excesds that of the thermal esergy storage tank by 20°F and shall turn off whea this temperature Gfferesss falls U'Olﬂ Pl B

CULLECTOR TO FUNOR WODE: When the therwml swergy ‘wtorage tenk teaporatute snsevds 260°F emd
three-wey twe-position valve shall be positioned te direct flov through the puzge seil, K3 and’
start. The heat purge eperatien will conticus umtil the storage tank tempezature dzeps belew 2

STORAGE TO SPACE WRAT MODE: When the building thermestat calls for spase hast aad the thermal
evature exceeds 100°F, pump P2 and the atr handling unit, ANU-1, shall be activated.

STORAGE TO DOMESTTIC WATER WEAT VODE: Pump P-3 will turn en whenever the thetwal ecergy eterage
the domsstic het water tank temperature by 10°P or mors, and shall tura off whanever this temper
below I°F or vhenever the domestic hot vater tank temperature. reaches 1807, Crae. pums #.7

BACK UP HRATING MODES: Whenever the building therwostat calls for hsat the the thermal energy » :
ts belov 100°F, Both the air hendling unit fan and the electric ctrip heateme in the atz duct shal}

Whean the domestic hiot water tark tempersture falls belew 140°F, the tateraal elestric hesting el
and remsin en watil the vater temperature rises to 145°F, ¥

.

HOTFmaN BANINA NEMAR | FALLDSWEE wETH KEY WOLK

FOLDOUZ ERAME

UORIGINAL Yasp W
P POR ALY




1 . . . P .
. - . i
E BER . |
4 R ) : '
. . : i
3 E | Avgto A -SHTF e ' ‘ » i 4 .
3 E . . . 4 .
- 3 ‘ .1""'“ ¥ ;] [}
= A & i = e
1 L 440 o Nveaa e 327 .
5 "‘ ..- L ‘" .., . ™ 124% Feae grar 2n 2C0WIS
f MRS T Afruad A2R SOV memrre
, - " sTaaTIA rwvar®nm; -0
a—$ 1w a0y PALSSUAL S aTan £ '
b i WaR? L 1052 - FaceTONTe | (LYY ¥ 7 8 Wefpay ASR .
scduencie  Scr e ‘ e s Sub :
H . . L & . e
| M = T10aA 1010 TimMdATL
— ¢ \J‘a!i Wi R T TP - } BIATOR £ MMmaN ASK
-+ SARAT IR :
i p-———-——@.—-g
1 43 I! I‘; J ]d a 2| comaanatug T @i .
' Y - S, EY ,
EITAT . . - s | COnpEASER S wugT ¥y :::J::‘ .
‘ 1] swatson LINC Festirstiwgy orvit wgve
a4 ia0i008- 02w Fregm o | . 5 ,“' v':n  Paah
BEmorear ac conToorig® | L " T
: P LaNTASYESS
F 0® AT . 3Y .= 1g0* L} g
. " 3% brem. - 180 ;Nl’ AZmrT '_"r (RTS8 1650 TIRTAT Ganee £5° Te 198 .
~ e LT 100* Wi SN SAME wmrEd STRAASSE :
Iy ! ™ 11 R6208 BTN WELL .
A2 § » SblmAenstae raaver
- ? ) . 2e2} ol | VETH 1aev eli
""4‘ , \ Bt 8
i ToPump b2 MuM (sPaer #em)
: ”‘:g}a G771 1000 SHNZOL STRAS To LINE AEAVENG SOMAE PANEMS
, ( cJ "y L273B10088 ‘
B vhanever the tenperature of ihe cellectes pemsils . X PubL FLEMIVT SlaktoR
R off vheu this temperature fjfforonse mu bolew 89‘! . 1 th sreanee TANR  Wiwiia Coms rETvEve ‘W‘%
. ,. - ¢ o Mg s b tady s oA (U2 om ey 83 oy o u Yo aeply gitem ]
‘ 4 i y C-?"'Dl ~sT . whivia, Lo b
b the purge suil, K3 el ' g .*:g}.,.,,.'.’::‘.“l‘-‘.f,iz“. 4T e A L
B temperatare dsepe belev 2 el e b a8 14 2oy
] Lo ' N . V] awenirze’ sTeaves
E, hast and the thasma) ; o,
1 % acctvated, PR o3 vEva lasv coms l —
» e, . | —90 ot ) ““"“ b ’ e
i the ;ml energy etercgs X 1] e A i o sraLTEn g
never this tsaper éifforante I8 . ' L X ¥,
2 " Taan To PumA 5. By 4 (eoiirevel) wve vmm ¥
i 1007, Coae Pums 0.1 """".‘,"”_‘"“"""‘ - r 'Mh‘ e Gy ':
[hast the the thersal energy » tash touprvigene i 2 ;
Bo hastens in the atr duct shall busw we. ' : A _ 0P tamuree .
b tatersal oleacric basting slanfnt vill So activeted ;_ ' : , Lo . .
: : . ) TUIRAIIR - T 4 TMmgT™ T'STAT ‘
A . w Auch :
. 112LABAA ¥y X ¥* UCW 3N 6524 waTLA aTedsel A 'h-:"
- 116 vars ) L o
4 - ~E Npo# Ney
: PR) S
' N s
f oo . : corag, .
§ ‘ To Putpd’ . i R
21¢ - as i
u.o(w WETH  XEY WOLK *‘c e _'! g e o :
1 “,?,r-’,
. A M,
.
- . e atnashe o S
R‘\.;W' TIMPLAAT UYL SOrmAel oVSTEm: E<

Mm ¥ SHonNrvYS T ) w—"j | “ 1

LETTLE Roex REK.

JE RV |

e e e v e

R PRI L Vi -




o
’ i SR i
' C e ' . ,J » [ SO
7 = — - -
e X T st
- L L ., ! I”'_’ = g‘. ;
l - ¥ K= N ! '
#—i y - - I [ R
. ] i - - Shomitd oy
. Y ke wees ! H 'J Pt e
st 20 Wanag i . s
‘ .
mnu.&m; Fon, hIA Lt 1
B 1= SOPINE . ‘ ; L
; oo i i
Ny i il |
. e ubtny L ¥ j
: a'iomesn eh | - —~ |
b . . 4
: Pl S,
i i
- s
8 v |
i i P R P
s LT RS BT 4N !\bv -
"‘ + L S SERNT R T
b ~ | met u:unn
-~ ! | .
P waunutum)
t PTIS Ny 11 TS5
h ' ™
,-rf 5 a
. \ Ui

<

e VOV Tasaed
.*-f R S vy
B S

PER TN

1 | [ - I e SN <—'
4 - i1 “:" L
1. N SR ° t
N w:'q. ] T
e s ’ .
R / j
e : i A 2
. Y , - L
A S e / ' e ."‘Gj sl vomih .o
. o o ol (Y - o
] '//"’i‘ ’ | - ' o o
/ i X
r :-“ [] / s% » ® 4 e ' ’J‘l.li
.if - { ( 'e 4,/ . s t
'4. ! \ \ é“ L ! 4
Ry = \\ L ("] e ol \
> L CLTDFERE RO '
s 1 ALe s RSO FEat :
T Tilt i {wt Linl
‘\
. CFaaat kgt fng
.? - b im{:l
48> ap o EN
TN R oy | gy -
N :
; . :
FRDCTT FRAM O T W O, Lk .
;'4 el - ~-..t-t‘i ' ;
i
. N
wg;::, T T Y Y - o



- Wy N
--'n LTS Ry
Yt
-3 ¢ ! boosr e
e LT RN : ¥ : [ =1 o4
TR ;\‘:w ik TR 4 ) ! ' ‘V’ 1‘
‘suemrmw + HORS {
A 1 i
e ) My
L 4,
S S
K H L i
! i e's 'i reet . '
e ) | _4" i PR )
%! . Ciee 1T 17
] - { ) , } .
DA B N Lo o 1
E u'i i —— "5 4 - hJ.,}4 . - R [P -SSR
| el i
4 ! . LI L
4-‘.“7# ‘ Codee 790 L LG e |
-4 . e T P P Y SV
- - - e ..,_,a
. i MR -ém.m’«.o o Wl
- e i T~ 4
- .- : E T T WY 2 AL .
S T ITERE LD ISkl T wtaet bauwin, ,
S X 1
. - - f H H
- I G .

- W et
TRy
i a . ‘ ‘|
== = i ‘
H s 1T MJI. AR id A
et BT DY 5 A
-’-‘-{"J' TSR e DY

AL piie i Nt amt
ST RSN T

-

/e LR AE0 W A&
451 Junshes Aoy

Y

- .Qu.&. - .
. BRI TaT :

&%«myzﬂ

4

! " :
i E- -1 SN 4
t : (i
. -1
-, - . -"
2 F
; _—
L Chroae DeEeTiON AA e ;
F Vae e el e e el .

P i

— ’.—-v—d‘

114 "u

l‘*" -

NEIES:

‘ . 1

{

t . [+

1 LA

1 # a \W]| . P :

i

X _As BunT — h
« - . *
L

hY
[YSUN SR B Py tu-.mv.&
s 19, 74 Lok A LD, i daary werd
15 AR ® e

b Clnnallsys W v(-..n..s.
h-mh« -Pl
t‘l'y Ly i A BA A e

b NCRIL Bk SBLY HE1E dimd ol T TR Wi et sk, Puzepr, 7
PETUEPWALL RIWRS Toe TRALEN °, y
£ eu AT HCZE ERMAAT LUET Wide WeSep Tk Soag Wit £ A e Reab 14
A ShL Wil Py €Ty > -
3. LER s uBh e Al P m,a.u- Il T eTTEl

ORUGINAL ¥AGE I
&P PR ATUALTY

i
.
.

N i

-ty TH g




HJ“:L‘“‘—"“*"“ - V,fi

™ i

»

i

[ atew.yaoiu. ‘
) . . [ QI E IRy Sy

Fause oo A.:ﬁ-‘

r
/ o=

e Gt
R r’."‘l«‘- ‘%ﬁ {!‘hk‘.l

1» 2"

e 4

[ER-r 1
| Ve
.t -_ L

K B
e ) -:4»1!}%. Q;

et "% A
Boran jaa - i
Rak T e

2 J/}_QH"?

5

3

14

h‘?q FHREE * aye

!
|

kA tiik sumt

!.,
&

T apee
r
!
4 ‘
¥
. v L
ooy !
Ry tim r
Pl
. bl }
. hilian)




R SRS

T T

v

w3t widk

R L A

0 ’_"'. n
= PRI
i s
O GAL- | ! ¥
W |
e
ot
Y b A 21

N
W

o e

LE W s e
Sk L capybE.

ra"

PN

=aMEA
[53~ THEEMOMETER NAUGE =o- 240 F BXCEPT A WoWD
& GATZ VALVE

4 CHECWK VALY

2ée CHCUIT SETTER
KELJEF VALVE

4T MARUAL PETceck AL VN

14" oWk ook (ain)

Ddia ACTOMATIC A venT 8 N0 T

© b M »{bx«

LRI URE e

HBE A 1

As BuiT DRAWINGS

T oAl kehiwh PrRodEcT

T

TAE bRENe PR S Thic -
EHENS rAWRy R G, TEMM

CELE yoka
-

Sawine BUNSAE




+ — .

B

"5 ;
Avonar vt

S amrewd (4 /,
Y A R T

€ OF Higyn "By

Sl o

B
L]

I

SOUTHIDE LLDA. WAL

FOLDOUT FRAME /

Ours ol Ml wvk -




AL ‘@ Hduew wuok zzez
.UIH.&.QN.?J.&NF\U.

\P\l J‘J:}éz
GAVEANIAAY e " e~ < o TR DIV b { Hi2tcor

I==rovy) J?Fd\di N<.._Q\0 — 3 YM_JQ_L_ =

&
T

XA

.
8,

-,
.Y
~ .

SR
ey 4
FOLD(’:'T FR;_MEZ

TINGL 4
it

A

Ty
s
oF

N

- - - R +
- - —— B 1 M N,
| - l:///.) ' m
M L . — L et
I 4 ) R S0
3
o /
m e ! \\ -
iodi y B \
Sl 4 ., \\ *
i > i U 2 * ) "
W mm RN W a.v D R S Z PTIr I e St S atve: Sl o e S SR grean 3 lmﬁc.df _ @ S S
i 1 ’ 5,
. | | ™
I - 4 i | '
) = 18 ! N
[ . ' | t ] '
it r U: ~Z,0<_ o ! _ ! ! ! : ! Hﬁ W& » mm_ -,.u. E b
ST y ' ' , _ Poai, A N
Gy ! ! _ ' :‘JA k_ ! P -
_ - : I T i OILTL.\IQF Pl NI § |4 1~ [Te oy SR o s s 3 b SIS U 1 u , e e
b b1 wh N -
1y | b ;
1 I vsd b P }
23 %3 * * . .
‘. i i
T ’ ‘W L N A % r w 3
||J~ D T T e o b e e e Y S e st o S e M ¢ oy’
-~ M 1




	1981002012.pdf
	0001A02.TIF
	0001A03.TIF
	0001A04.TIF
	0001A05.TIF
	0001A06.TIF
	0001A07.TIF
	0001A08.TIF
	0001A09.TIF
	0001A10.JPG
	0001A10.TIF
	0001A11.TIF
	0001A12.TIF
	0001A13.TIF
	0001A14.TIF
	0001B01.TIF
	0001B02.TIF
	0001B03.TIF
	0001B04.TIF
	0001B05.TIF
	0001B06.TIF
	0001B07.TIF
	0001B08.TIF
	0001B09.TIF
	0001B10.TIF
	0001B11.TIF
	0001B12.TIF
	0001B13.TIF
	0001B14.TIF
	0001C01.TIF
	0001C02.TIF
	0001C03.TIF
	0001C04.TIF
	0001C05.TIF
	0001C06.TIF
	0001C07.TIF
	0001C08.TIF
	0001C09.TIF
	0001C10.TIF
	0001C11.TIF
	0001C12.TIF
	0001C13.TIF
	0001C14.TIF
	0001D01.TIF
	0001D02.TIF
	0001D03.TIF
	0001D04.TIF
	0001D05.TIF
	0001D06.TIF
	0001D07.TIF
	0001D08.TIF
	0001D09.TIF
	0001D10.TIF
	0001D11.TIF
	0001D12.TIF
	0001D13.TIF
	0001D14.TIF
	0001E01.TIF
	0001E02.TIF
	0001E03.TIF
	0001E04.TIF
	0001E05.TIF
	0001E06.TIF
	0001E07.TIF
	0001E08.TIF
	0001E09.TIF
	0001E10.TIF
	0001E11.TIF
	0001E12.TIF
	0001E13.TIF
	0001E14.TIF
	0001F01.TIF
	0001F02.TIF
	0001F03.TIF
	0001F04.TIF
	0001F05.TIF
	0001F06.TIF
	0001F07.TIF
	0001F08.TIF
	0001F09.TIF
	0001F10.TIF
	0001F11.TIF
	0001F12.TIF
	0001F13.TIF
	0001F14.TIF
	0001G01.TIF
	0001G02.TIF
	0001G03.TIF
	0001G04.TIF
	0001G05.TIF
	0001G06.TIF
	0001G07.TIF
	0001G08.TIF
	0001G09.TIF
	0001G10.TIF
	0001G11.TIF
	0001G12.TIF
	0001G13.TIF
	0001G14.TIF
	0002A02.TIF
	0002A03.TIF
	0002A04.TIF
	0002A05.TIF
	0002A06.TIF
	0002A07.TIF
	0002A08.TIF
	0002A09.TIF
	0002A10.TIF
	0002A11.TIF
	0002A12.TIF
	0002A13.TIF
	0002A14.TIF
	0002B01.TIF
	0002B02.TIF
	0002B03.TIF
	0002B04.TIF
	0002B05.TIF
	0002B06.TIF
	0002B07.TIF
	0002B08.TIF
	0002B09.TIF
	0002B10.TIF
	0002B11.TIF
	0002B12.TIF
	0002B13.TIF
	0002B14.TIF
	0002C01.TIF
	0002C02.TIF
	0002C03.TIF




