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I.  ABSTRACT - 
- •

A heat recovery system is described which uses air conditioner or
heat punp waste heat for domestic water heating. Current coninercial
units and field test data are detailed with economic guidelines to aid
in choice of a unit . This report enables the reader to determ ine the

- 
- cost effectiveness of having such a unit installed . Safety, prod LEt

warranty, and city and state coding restrictions are discussed . The
cur rent and future testing and demonstration plans are cited for the
unit .
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II. INTRODUCTICt’i

The concept described is that of recovering the waste rejected heat
f ran central air conditioners for use in domestic water heating. In
this concept the condensation of refrigerant is still done by rejecting
heat to outside air; however, the desuperheating of the refrigerant at
higher temperatures is used to heat water within the residence .

In the sane manner the heat recovery system (HRS) may be used with
a heat pump above the balance point when it is operating in the heating
mode . In both air conditioners and heat punpe the FIRS is placed between
the can~ressor and the condenser .

A similar system could be applied to residential ~efrigeration
systems, however, a stody done by A. D. Little, Inc., indicates the
areas of concern: (1) longer periods to payback , (2) uncertainties in
the reliability of the system and , (3) uncertainties of the Impact on the
prod~~t warranty of the refr igerator . No testing has been done on this
concept and further consideration is not g iven here .

The residential FIRS system is a lower limit to payback on initial
investment. Coninercial FIRS systems have invariably better payback
periods than do residential systems.

I

~~~
-. 
:

_ _ _ _ _ _ _ _ _

‘4 1Design , Development and Demonstration of a Prom ising Integrated
Appliance, A. D. Li ttle , Inc., W. D. Lee , Project Manager , perform ed for
ERDA September 1977.
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III. PRECEDENT AND BASIC DESIGN

Initial development of heat recovery units for residential and snail
commercial use was per fo rmed by Florida Ftwer and Light in the early

-
• 1960s . A system was designed which is being marketed today, shown in

Figure 1, in which water is circulated f ran the storage hot water tan k
to a heat exchanger placed between the compressor and condenser of the
air—cooled air conditioner . During the operation of the compressor ,
if the water temperature in the storage tank is below the upper limit ,
the circulation pump is activated and heat is extracted fran the
refrigerant, thereby providing water heating. Typica~ iy, the
refrigerant enters the water heat exchanger at 200—250 F, providing
ample temperature for achiev ing useful water temperatures for domestic

• purposes (130— 140 F).

Another basic design consists of a bayonet—type exchanger in the
water heater which is fed by refrigerant circulated f ran the compressor ,
eliminating the water pump. This design is no longer being marketed ,
therefore no further consideration is given to this unit .
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Figure 1. Heat Recovery Water Heating System
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IV. METhODS OF ENE~~Y SAVINCS

A. Heat Recovered from Refrigerant

In a refrigeration cycle , which is the basic cycle used in a
refrigerator6 air conditioner and heat pump, high temperature refrigerant
gas (200—250 F) enters a condensing unit where it exchanges heat with
an air or water stream , depending on the condenser design . This heat
is normally lost except during the heating modes of a heat pump where
it is utilized for space heating.

Li. Cooling Mode

¶r~pically an air conditioning system with an air—cooled condenser
rejects about 16 ,000 to 17,000 BtWhr for each ton of cooling capacity.

- Of this amount 3000 to 5000 Btu/hr of superheat can easily be utilized
for water heating. A heat exchanger is installed in the hot gas line
between the compressor and the condenser of the air  conditioner . Water
f ran the cold water supply to the water heater is circulated throngh
the heat exchanger by a circulating pump. In practice removal of heat
f ran the refrigerant is limited to the superheated reg ion , since the
maximum amount of water heated to final utilization temperature can be

- prod uced . Furthermore excessive heat removal in the auxiliary heat
exchanger causes condensation arid results in the formation of subcooled
refrigerant in the conde1isor . This in turn causes choking ft-i the

- capillary ex pansion process .

A.2. Heating Mode

Luring ~he heating mode of a heat pump since the coefficient of
performance is generally higher than 2 , each Btu of electrical energ y
input can generate ts~ or more Btu ’s of heat which can be uti l ized for
space heating as well as water heating. The mechanism of heat extraction
is identical to that of a refrigeration cycle .

• — B. Compressor Efficiency Improvement

• • 
- refrigerant loop temperature which in turn results in lower compressor

I 

Removal of superheat from the refrigerant causes a red uction in the

- - •~ pressure head . Because of this red uction in head pressure , the
compressor operates more efficiently and the electrical demand of the

• compressor is red uced . Etirther inore , lower temperature of the refrigerant
loop causes greater temperature driving force in the evaporator which

I’

1 
• heat obtainedCoefficient of performance = electrical energ y required

I
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in turn red uces the operation time of the compresso r for a g iven cooling
load . The effect of the refrigerant inlet temperature to condenser on
the energ y efficiency ratio EER (ratio of cooling capacity in Btu/hr
to total unit input in watts) of an air conditioner or heat pump for
three different outside temperatures is presented in Figure 2. It should
be noted that this figure is the result of a computer simulation of an
air conditioner/heat pump model (fo r detailed description refer to
A. D. Little report) . Normally, even with the FIRS, the refrigerant gas
inlet temperature to the condenser ~~uld never be less than 125 F. The
steep portions of the curve represent abnormal operation and may be
ignored . As is shown, a drop in the refrigerant inlet temperature to the
condenser causes an increase in EER. From an empirical standpoint most
manufacturers of heat recovery units claim an efficiency improvement
equivalent to 1 to 25% reduction in total energ y consumption of
compressor.
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V. OPTIPLJM DESIGN FEK[~JRES

Wriile many variations on flo~s and controls are available from
various manufacturers, the two basic components of the heat recovery
system ( FIRS) , the exchanger and the pump, may be d iscussed . These
optimums may be further refined for specific eriviroments in future
testing . The reader may determine further optimums for his conditions
f ran the field test data .

A. Heat Exchangers

In general counter current coaxial tube in tube exchangers have
proven satisfactory. Al though no safety problems oa ur f ran tubing
failure ( see Safety section) there is some thought that double walled
tubing will be required in the future as exchangers . The heat exchanger
should be sized to recover about 25 to 35% of the air conditioner unit
si ze; e.g., a 4— ton air conditioning unit should have an FIRS with a
capacity of 1 ton for the pump flow rates recc*i9ended in the nex t
section . Work perform ed by A. D. Little , Inc., analyzed th~ optimum
exchanger size using a computer program which modeled both the air
conditioner and the FIRS. As shown in Figure 3, the optim um tJA (overall
heat t~ansfer coefficient times area) lies in the region of 150 to 200
Btu/hr F, where the curv~ slope decreases . A. D. Little chose a unit
with a h A  of 165 Btu/hr F which is also consistent with the 25—35% rule
above .

The heat exchanger tubing should be sized such that an excessive

• pressure drop is not imposed on the air conditioner (or heat pump)
compressor while the FIRS is not functioning . Field test data at Patrick
Air Force Base in Florida on 1500 units irx~ icates that the heat exchanger
should not increase the compressor discharg e head by more than 6 psi
while the FIRS has no water flowing.

B. Pump

A magnetically driven circulator should be selected which will
del iver 0.3 to 0.5 gal ,4nin per ton of capacity of the air conditioning
uni t .  The pump should have a flat pump curve to red uce the pressure
differential  across the valve when flow is restricted to a minimum . The
pump should be wi red so that it runs only when the compressor of the
air conditioner (heat pump) is r unning.

1Design , Development and Demonstration of a Promising Integrated
Appl icance, A.D. Little Inc., W.D. Lee , program manager , perform ed for
ERDA, September 1977.
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VI. COMMERCIAL UNITS AND DESIGN DIFFER~ 4CES

A summary of the commercially available units and their manufacturers
is g iven in ‘Iable 1. Teble 2 presents a number of significant features
of these units.

The cost of each of the units in ~~ble 2 should not vary appreciably
f ran the $300 — $400 range for a heat recovery unit installed on a 3—ton
air conditioner. In ~~ble 2 typical Btu/ton—hr reclaimed refer to the
amount of heat which is recovered and utilized for water heating per
ton capacity of air conditioning per hour . These f igures are obtained
f ran the manufacturers’ claims on rates of hot water production and/or
available test data , therefore they may vary considerably depending
on the test conditions. Cold water i~ assumed to enter at 70 F to the
heat recovery unit and to exit at 140 F. Furthermore, test results are
averaged over the entire testing period and are not to be compared with
the values obtained from continuous compressor operation.

These val~~s are presented to give an idea of heat reclaimed for
water heating based upon manufacturers’ data arid should not be used as
a criteria for comparision among different un its . No unit appears to

-- have a significant advantage over the other , if the conditions in the
Cptimun Design Features are real ized . Further tests under similar
conditions are required for the usage of typical heat reclaimed as a
criteria for comparison. In addition , all units except the Halstead and
Mitchell have comparable first costs .

Although the basic design of all presently manufactured heat recovery—
water heating units are similar to one in Figure 1, their operational
concepts differ  according to their regulating valves and pump control set
ups. There are two basic operational control designs which time arid
control the water flow and temperature respectively. In one case , here
referred to as discrete flow, water is stored in the heat exchanger , by a
temperature sensing valve, until its temperature reaches a pre—specified
lim it , at which point the regulating valve is opened allowing water to
flow into the storage tank. In another case , here referred to as semi—
continuous flow, the water pump, which is electrically coupled with
compressor, is activated circulating water through the heat exchanger and
into the storage tank. Water is circulated in a loop until its
temperature has reached an upper limit or the compressor is deactivated .
In same designs a combination of temperature sensing regulating valves
controls the flow of water and refri gerant . For instance in a Marvair
unit flow of hot refrigerant gas through the heat exchanger is regulated
to control excessive temperature rise in the heat exchanger thereby
l imit ing scaling. The heat exchanger conf igurations for the water

1i~ circulating systems use a tube—in—tube , tube—on--tube , or tube—in—shell
conf iguration . Refrigerant and water are separated by either single
wall , double wall or bond ing wall.  In some designs water flowa in the
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TABLE 1

CCt”IMERCIALLY AVAILABLE HEAT RECOVERY-
WATER HEATI~~ UNITS

Unit Manufacturer Address
- 1. E~ U Energy Conservation Lorgwood , Florida 32750

Unlimited
- 2. HOT—TAP Ehergy Conservation Unl imited — Phoenix , Ar i zona 85000
-

- 
Promoted by Arizona Publ ic
Service Co.

3. rectra Growth Systems Technology Tampa , Florida 33600
Saver Irds., Inc.

4. H&M HRU* Halstead & Mitchell Scottsboro , Florid a
- - 5. Weather Weather Kin g ,  Inc . Orlando , Florida 32800

King HRU

6. Econ—O— Sun—Econ , Inc . Baliston Lake , NY 12019
Mate

7. Hot—Shot Carrier Syracuse , NY 13200

8. Heat Lynn—Aire Prod ucts, Inc . Decatur , Georg ia 30030
Grabber

I 9. Heat **W. L. Jackson Mfg . Co., Inc . Chattanooga , TE 37400
Gainer

1, — -

10. A/C and Ma rvair Co. Coredele, Georg ia 31015
H.P. Water
Beater .- -

I

‘4 
* HRU (Heat Recovery Unit)

** No Longer in Prod uction
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inner tube and refrigerant in the outer one . This design allo~~ the
refrigerant to escape to atmosphere in case of an external tube r upture.
If the water is on the outside, howaver, refrigerant tube failure causes
high pressure refrigerant to escape into the potable water. The
placement of the refrigerant tube is not crucial because , as d iscussed in

ç the Safety Section , mixing of refrigerant with water does not seem to
cause any heal th problems.

Cr~e of the basic concerns in design is scaling which always exists
with heat exchangers. The severity depends on the quality of water (soft
or hard) , and the water turbulence or mixing patterns . Convoluted wall

- design o~ heat exchanger is used in sane heat recovery units as a means
- of enhancing flow turbulence thereby minimizing scale fo rmation . Other

designs take advantage of removable exchanger ends for cleaning purposes .
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VII. FIELD PERFORMANCE

Evaluation of field performance of heat recovery—water heating units
is a difficult task and the resul ts could vary considerably depending
on variable weather conditions, and use patterns . The only ava ilable
residential field test data is summarized in Table 3. Shown here are
the claimed energy savings and the supporting field test data which was
provided by the manufacturers.

• A. Case History

Location: Patrick Air Force Base , Florida

One thousand EEU un its and 500 Weather King units have been installed
on 2—5 ton heat pump units in mil itary family housings. This represents
the largest scale test to date .

Over a period of 1 year, these units have operated essentially with
no trouble and with no significant differences in performance . Savings
on water heating over a 9—month period are reported to be $16/month based
on 30/kWh electric cost and 1200 ft residential unit. These units
were installed on unitary as well as spl it systems on heat pump units
by Weather King, Florida Air , Bard, Carrier , arid G.E. Heat recovery
units have all had coaxial exchanger tubing but none with double wall.

Based upon their experiences they have specified the use of a
separate storage tank for damping out rapid tem~~rature cycling.• Furthermore, at water feeding temperature 8f 140 F f ran storage tank
the electrical heater should ~ie set at 120 F. They also specify that
the r ise in compressor d ischarge head be less than 6 psi with no water
flowing through the heat recovery unit . As for heat removal, only the
super heat should be reclaimed in order to avoid the capillary expansion
problem of slugging. Finally, a safety valve shou~d be installed on
the hot water tank with temperature setting at 210 F and discharged to
the outside.

B. Operation Problems and Maintenance

There are basically two main problems with all of commercially
available units; scal ing and freezing . Scaling problem is unavoidable ,
since water flow, in both discrete flow design and semi—continuous flow
design , is periodically stopped , enhancing scale fo rmation . Removable - - it

ends on a heat exchanger prov ide a convenient means of cleaning the heat
1
~~ exchanger . In a non—removable end heat exchanger chemical cleaning is

required . Insufficient data is available to specify cleani ng frequency
die to scaling . Freezi ng of water in the heat exchanger and connecting

• 
4.~~~ lines can be avoided by installing the heat recovery system indoors .
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Because of the simplicity of design , heat recovery units have little
operational problems and their maintenance is rather easy. Results of
the test from installation of 1000 ECU units and 500 Weather King units
in Patrick Air Force Base in Florida along with the results of tests by
Alabama RD war , Ar izona Publ ic Service , Florida Puwer , and Georg ia Puwar
indicate that these units in their present form have performed with
littl e or no operational pt~oblems.
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VIII. COST EFFECTIVENESS

A. System Design Selection

The aforementioned study by A. D. Li ttle , Inc., on the economics of a
heat recovery system with single tank water storage and dual tank system
based on initial costs for new installation indicates that the economics
of a single tank system appears to be more favorable . This was
determ ined to be as a result of the increased surface—to—volume ratio of
the dual tank system over the single tank system, resulting in greater
standby loss .* In practice , however , the results of the field test data
from Patrick Air Force Base on 1500 heat recovery units installed
indicates the preference of the dual tank system . The additional tank is
used for damping out rapid temperature cycling.

B. Economics in Different Climate Zones

Based on an initial added cost of $300 for a heat recovery system ,
total electrical sav ings on water heating are used to obtain a payback
period . Since total heat recovered is directly related to operating
hours, reg ional annual operating hours of central air conditioners
(Figure 4) were used to generate annual savings for different climate,
zones .

In the aforementioned stud y by A. D. Little , Inc., the single tank
system was used in a computer model in different climate zones to
generate potential savings and payback periods on heat recovery units.

The results of this analysis, forecast for year 1990 , are presented
in ‘I~ble 4. Columns 1 through 3 are self—explanatory. In column 4 ,
total annual point of use savings is combined water heating savings and
coimpressor efficiency improvement savings for each zone . Column 5 refers
to the annual B’IIJ’s saved f ran the installation of a heat recovery system
at power plant . l.~ ing the payback periods presented in Table 4 , which is
only applied to central air conditioners, and appropriate modifications
for heat pump installation, a simplified regional analysis is developed
which justif ies or rejects the installation of MRS on central air
conditioners or heat pumps.

J t

_ 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

*This may not be the case for a tank with greater insulation .

* 0  17
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Figure 4 is divided into three reg ions: Region 1. covering air

conditioning use of 890 hr/yr and above (Nashville , Dallas , and Miami)
appears to be a favorable reg ion for installation of heat recovery—water
heating units . Payback periods vary from 1.7 years to 3.2 years if
installed on an air conditioner . Furthermore , payback periods can be
significantly reduced if installed on a heat pump. Reg ion 2 covering
air conditioning use of 520 hr/yr ( Washington, I~~) has a questionable
economics. Annual savings are to be calculated f ran the following
equation:

Pmount savings = A x B x C x D x E where :

A = B’IU Savings
Thn—hr A/C

B = electricity cost , $/kwh

C = 0.000293 kwh/Btu

D = Location Factor , Figure 3, li/C hours/yr

E = A/C capacity*

Assumptions : Central A/C
Electrical water heating - -

,
Total usage of hot water

• Finally, payback period should be estimated fr om the initial cost ,
including installation, and ann ual savings. Typical installation time ,
based ~çon the experience of Arizona Public Serv ice Company, is 4 to 6
man hours.

If used wi th a heat pump, the payback period is red~.ced but field
test data is insufficient to confirm the 50% reduction in payback period
cited in Table 4 by A. D. Little . Region 3 covering air conditioning
use of less than 500 hr/yr does not appear to have a favorable economics
for installation of heat recovery units on central air conditioners.
Installations on heat pumps are questionable since economics are
dependent on the coefficient of performance of the heat pump, and -

~~~

enviromental conditions for various locations in this zone . . 
-

• Further field test data on installation of heat recovery—water 
- 

-

- 

I heating un its on heat pumps are required in order to clarify the
- - 

- 

-

~~ economics. —

*1 to 25% compressor efficiency improvements are not Included as a -

•

conservative measure .
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IX. CURRENT AND FUINJRE TESTTh~3 AND DEMJNSTRATION

Reports f ran Division of Building and Coftinunity System of ~~DA,
— Consumer Pro&rts & Tachnology Branch of ~~~~~~~~ , Office of Energ y

— - 
Conservation of NES, Center for Building Technology of NES, Department
of Energy and the F~deral Trade Commission, indicate that a number of
tests are bei ng conducted on heat recovery—water heating units.
Standards are being developed which would specify installation codes ,
labeling, safety requi rements, and warranty. The Departm ent of Energy
and National Bureau of Standards are currentl y jointly involved in
developing test methodology and eval uati ng eners~y recovery on the heat
recovery-water heating systems manufactured by EX IJ , Carrier , Marvair ,
Sun—Eon and Lynn Aire . This prog ram , under the airection of Dr. Don
Wal ukus (DOE-ORNL) and Dr. Andy ~bwell (NES ) will be completed around
mid—year 1979. In addition EPRI is currently sponsoring follow—on work
by Mr. Richa rd Merriam of A. D. Little and installation of heat recovery
units in southern brewery refrigeration systems. The above tests should
establish standard test procedures for rating and specifying heat
recovery units. Al so these works should establish optimized
refrigeration unit control , optimized sizing of the HRS, and the effect
of the H1~ when used with a heat pump in the northern United States.
Figure 5 presents A. D. Little’s fo recast of the growth of these units

• with and without support of DOE.

‘lb date , federal and state regulations do not allow man ufacturers
to claim the energy savings of the FIRS as part of the air conditioner
energy efficiency. This policy hinders commercialization and should
be reconsidered.

I -
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X. SAFETI

- Basic concerns in safety are dt~ to either electrical shortage in
the unit or a possiblity of a potable water contamination from freon
and compressor oil d t.e to a complete exchanger integrity failure .

In the former case , approval by Applied Resea rch Laboratories and
— compliance with local electrical codes are sufficient for safe operation.

- In the latter case studies by Dr. Gibson , of duPont , Drs. Miller
and Co~san of S uthern Research Institute, and Sun Patroleun Prod ucts
Co., indicate that neither the freon nor compressor oil leak (either
fresh or burned oil) cause any health problems when leaked into water
in a heat recovery—water heating system. Further testing by the

- }k lman/Pyle Company has concluded that microrg anisms cannot live in a
- Freon 22 system and so the danger of contamination is reduced . The

IJrx~erwriter Laboratory Standard for coil design SA1287 has been used
with the Heat Exchanger.

I
I, I
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- XI. PRODUCT ~‘iIRRANTr
- 

- All presentl y available heat recover y units are covered for a period
- of one year by respective manufacturers . Furthermore , no major

manufacturers of air conditioners and heat pumps will void their warranty
- 

- on their units if it is retrofitted with a heat recovery unit as long
as it is installed by. a qualified technician according to the

- instructions set forth by the manufacturer of the heat recovery unit. -

I
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— XII • STATE AND CITY PRODUCT APPROVAL

It should be noted that installation of heat recovery-water heating
units is subject to the approval of the local departments of Health and

- - Social Serv ices , Building and Zoning, Safety and Permits, Electric and
Water Utiliti~~ , and Insurance. A number of the manufacturers of heat
recovery units have presently received installation approvals from many
local ordinanc~~. Installation in each area should be checked for local
approval through the manufacturers.

I
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XIII. CCt4CLUSIC*~4S

The following conclusions are made based upon this study:

1. The heat recovery system (Hl~ ) does save energy and has a reasonable
payback period. It has proved to be simple and trouble free. The number
of HRS will continue to grow and may be incorporated as part of normal
heat pumps or air conditioners in the near future .

2. Insufficient test data are available to indicate which unit performs
better than others , so within optim ized equipnent guidelines , selection
must be based upon economics and availability. FIRS rating standards
are being determined and comparisons should be available within 2 years.

3. A method is available (described herein) to determine if the unit
is econom ical for each region of the country. Heat pumps operating above
the balance point provide better payback than air conditioners using
FIRS, but insufficient test data are available to quantify the advantage
due to the use of a heat pump. For gas water heating, in most cases ,
the FIRS is not j ustified at this time .

4. Local municipal or state codes should be checked before installation
of these units. ‘Ibx icity due to Freon 22 or compressor oil is not a
problem so safety may be determined through standard testing procedures
by Appl ied Research Laboratories , ~.k~derwr i ters Laboratories , etc., for
each unit .

5. All commercial FIRS units have 1—year warranty. In~”4~~icient field
test data are available to determine longevity. No c’. ~iercial
manufacturer of air conditioners or heat pumps will void their warranty
with the installation of an FIRS; however, the Indiv id ual manufacturer
should be contacted to determine specific installation instructions.

4 •
~ :4~
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XIV. RECO!~ ENDATI~ 4S

Based upon this work the followi ng recommendation is made :

That this report be used only durin g the interim period until DOE
and !‘FS complete work on comparison and standard generation methods.
The DOE—NBS work should be followed closely and their results should
be incorporated into any j udgements concerning economics or relative
merits of the commercial un its. No further work should be done until
the results of the NES—DOE tests are known .

• 
‘4

•
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XV. LIST OF CCt4TACTS

Institution Name Organization Phone N umber

Government Eldon Ehiers EPR I 451—855—2558
And y Fbwall NBS 301—921—3748
Don Wal ukus DOE 615—483—8611
Jim Hildenbrand NBS 301—921—3892
Clinton Phillips NBS 301—9 21—3741
Dav id Didion NES 301—921—2994
George Kelley NBS 301—921—3521
Bill Walsh DOE —

Larry Fischer NBS 301—921—3828
Esher KWeller NBS 301—921—2938
L. Raap DOE -

Public ‘Ibm Pbrron Ar i zona Public 602—271—2477
- Service Co. Serv ice

Nance Louvern Alabama Powar 205—323—5341
W .J. Patterson Alabama Power
F.R. Denny Alabama Powar
Jerry Ha rdin Georg ia Power 404—522—6060 )

Manufacturers Richard Hibbard GST Industries 813—621—9459
and Pay Davis Weather King 305—894—2891

Consultants Dav id Lee A. D. Little 617—864—5770
Richard Merriam A.D. Little
R. H . Neisel Johns—Manville 303—979—1000
Bill Simmons Carrier 315—432—6000
Reid ~4ii te Carrier
Bill Davis Lynn—Aire 404—377—8646
Doug Boudry Ma rvair 912—273—3636
C.D. Moreland Ma rvair
Otto Nussbaum Halstead & Mitchell 205—259—1212
Jose~th Mihal z Sun—Econ Inc. 512—877—7416 - - 

-

Graham Harris E.C.U. Inc 305—834—0400 - 
-

Edward Wintergalen Friedrich A/C & 512—225—2000 - 
-

Re fcb.
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-~ .., Addendum to

Wperfo rmance Eval uation of Concepts and Devices for Heat Reclamation
fran Air Conditioners, Heat Pumps, and Refrigeration Equipm ent”

The Colloid—A—Tron and The Condenser Spray Unit

The Colloid—A—Tron is a device which controls scale precipitation
by influencing the size , shape and place of its formation. The
Colloid—A—Tron consists of a metall ic core inserted into the water
stream. It is fashioned by an al loy of copper , zinc , nickel and tin.
The core’s configuration creates a turbulent water flow that produces an

( electro—chem ical reaction which generates a collodial suspension from
f mineral ions in water . The colloids are kept suspended in the moving

• stream of water and don ’t deposit as scale. This unit , in use since
- 1969, is patented and manufactured by Century III Corporation , Tucson ,

Arizona.

The Colloid—A—Tron is effectively used in conjunction with the
Condenser Spray Unit (C~1J) for saving energy in air conditioners. The
C~ U works by spraying water on the condenser coils dur ing each on—c~’cle
of the compressor. This spray over the condenser lowers the refrigerant

— 
temperature exiting from the coils which causes an improved compressor
efficiency. No heat is reclaimed in this unit. The Colloid—A—Tron is
used for minimizing scale deposition on the consenser coils.

The Condenser Spray Unit has been marketed since May of 1977 ,
• al though its test models date~back to early 1976. The presently

available models of (~ U are (~ U 3000 and 4000; the former is recommended
for use with a 3—ton to 7.5-ton system (or 15 tons split systems with
two compressors) , while the latter is designed for A/C units up to 15
tons or split systems up to 30 tons.

Energy Saving Economics

- ‘Tb date no test data other than the ones conducted by the manu—
- - facturer are available. The manufacturer saving claim of 30%, based on a

vendor test which was witnessed by the ‘Itzcson Gas & Electric Company,
appears to be valid . Based on this figure it appears that the unit can
save about 1/2 to 3/4 of the energ y saved by a heat recovery water
heati ng unit dependirg upon the section of the country. Since the
installed cost for (SU, (about $400) , is comparable to a }1~RS unit , the
pay—out period for (SU would be 1.3 to 2.0 times as long as that for a
HNRS unit.

‘4 Usi ng the A. D. Li ttle model of heat recovery systems along with the
- results of the tests provided by the manufacturer , it appears that up
- to 6 times the water usage recommended by the (SU vendor will be

requi red .
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Warranty

No A/C manufacturer has approved or endorsed the (EU for installation
on their unit at the present time. }bwever , marketing research by
Century III Corporation indicates that 95% of A/C in use are no longer
under warranty.

Operation, Longevity and Code Compliance

The only operational problems inherent with the (EU appears to be
a tendency toward slugging; however , the manufacturer adjusts the
refrigerant charge to el iminate this problem . A long—term test (>2 yrs.)
would be necessary to determine if scaling is a problem. No information
was obtained on code canpl iance.

Conclusions: while no direct test comparisons are available between
the (EU and FFt1RS Systems, preliminary results indicate the following :

1. The (EU unit can save an appreciable amount of energy in air
conditioners; however, the energy is not reclaimed in the fo rm
of water heating .

2. Pay-out periods on the (EU uvlit may be from 1.3 to 2.0 times
as long as for the FIWTRS, based upon limited test data for the -- 

- - -
-

(EU and extensive test data for the I4~JRS.

3. Test data for the (EU are so limited that longev ity, operational
problems and maintenance are uncertain. Furthermore , the
possibility of warranty jeopardization is present with the (EU,
but does not exist with the FIØIRS unit.

4. Safety is not a consideration with the (EU unit .

Recommendation: Based upon this study the following recommendations
are made:

1. That a direct comparison of the (EU be made to the II~4RS
System . The most likely place for this to o~~ ur is in the
cur rent IBS~DOE study mentioned in the main report .

2. That until such tests are made , the I~1RS be given preference 
- 

-

over the (EU unit .

‘4
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Ft Sam ~buston , TX 78234
Commander, TRAD(X~

:4. ~ Office of the E~ig ineer M’CE Center
4 ATI’N: ATEN — FE—U Tyndall AFB, FL 42403

Ft I.bnroe, VA 23651
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Commander , I~~RCCt4 Commander
Director , Installation Naval Facilities Eng ineeri ng and

and Serv ices Western Division
5001 Eisenhower Ave. Box 727
Alexandria, VA 22333 San Bruno , CA 94066

Commander , DARCOM Civil Engineering Center
ATIt4: thief , Eng ineering Div. AT’IN: Moreell Library
5001 Eisenhower Ave . Port Huen ane , CA 93043
Alexandria , VA 22333

Commandant of the Marine Corps
Air Force Weap ons Lab /AB*JL /DE HQ, US Marine Corps
thief , Civil Er~g ineeri ng Washington , DC 20380

Research Division
Kirtland MB , l~1’1 87117 National Bureau of Standards (4)

Materials and Composites Section
Strateg ic Air Command Center for Build ing Technology
AT’lTh ESC/CE (DEEE) Washington , DC 20234
Of futt AFB, NE 68112

Assistant thief of &~g ineer
- 

Headquarter USAF I~m lE 668, Pentagon
Di rectorate of Civil Eug ineering Washi ngton, DC 20310
AE/PREES
Boiling AFB, Washington , DC 20333 The Army Library ( ANRAL—R )

AT’fl~: Army Studies Section
Strateg ic Air Command Room IA 518 , The Pentagon ~~~- I
&lgineer ing Washington , DC 20310
ATI’N: Ed Morgan
Of futt MB, NE 68113 Commander in thief

USA, Euro pe
USAF Institute of Technology ATIN: AEAEN
AFIT/DED AP0 New York , NY 09403
Wrig ht Patterson MB, OH 45433

Commander
Air Force Weapons Lab USA Foreign Science and
Technical Library (DOIJL) Technolog y Center
Kirtland AFB, FL 87117 220 8th St. N.E.

tharlott esviiie , VA 22901 - -

Chief , Naval Facili t ies 
—

thg ineer Command Commander
ArrN: Chief Eng ineer USA Science & Technology 

j
Department of the Navy Info rmation Team, Europe
Washi ngton, DC 20350 AP0 New York , NY 09710

Commander Commander
Naval Facilities Engineering Qnd USA Army Science & Technolog y
200 Stoval l St Center — Far East Office
Alexandria, VA 22332 AP0 San Francisco, CA 96328
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Commanding General Facility Eng ineer
USA Engineer Command, Europe Fort Benning
AR) New York, NY 09403 Fort Bermning , GA 31905

Deputy Chief of Staff Facility Engineer
for Logistics Fort Bliss

US Army, The Pentagon Fort Bl iss, TX 79916
Washington, DC 20310

Facility Eng ineer
Commander , TRAD(X Carlisle Barracks
Office of the Eng ineer Carlisle Barracks , PA 17013
ATThI: Chief, Facilities
Engineering Division Facility Engineer

Ft Monroe, VA 23651 Fort Chaf fee
Fort thaf fee , AR 72902

Commanding General
USA Forces Command Facility Engineer
Office of the Engineer Fort Dix

(AFEN—FES ) Fort Dix , NJ 08640
Ft McPherson, GA 30330

• Facility Eng ineer
Command ing General Fort Eustis
USA Forces Command Fbrt Eustis , VA 23604
ATTN: Chief , Facilities

Eng ineering Division Facility Eng ineer
Ft McPherson, GA 30330 Fort Gordon

Fort Gordon , GA 30905
Commandi ng General , 1st USA

• AN!’J: Engineer Facility Engineer
Ft George G. Meade, MD 20755’ Fort Hamilton

Fort Hamilton , NY 11252
Commander

I USA Support Command , Hawaii Facility Engineer
Fort Shafter , HI 96858 Fort A.P. Hil

Bowling Green, VA 22427
Commander
Eighth IS Army Facility Eng ineer
AR) San Francisco 96301 Fort Jackson

Fort Jackson , SC 29207
Commander
US Army Facility Engineer Facility Eng ineer

Activity Korea Fort Knox
AR) San Francisco 96301 Fort Knox , KY 40121

I -

- 

4 

Commander Facility Eng ineer
IS Army Japan Fort Lee

- 
S AR) San Francisco, CA 96343 Fort Lee, VA 23801

Facility Engineer
Fort Belvoir

() Fort Belvoir , VA 22060
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Facility Eng ineer Facility Eng ineer
Fort McClellan Pine Bluff Arsenal
Fort McClellan , AL 36201 Pine Bl uf f , AR 71601

Facility Engineer Facility Engineer
Fort Monroe Rad ford Army Ammunition Plant
Fort Monroe , VA 23651 Rad ford , VA 24141

Facility Eng ineer Facility Engineer
Pres idio of Monterey Rock Island Arsenal
Presidio of Monterey, CA 93940 Rock Island , IL 61201

Facility Engineer Facility Engineer
Fort Pickett Rocky Mountain Arsenal
Blackstone , VA 23824 Dever , CO 80340

Facility Engineer Facility Engineer
Fort Rix~ker Scranton Army Ammunition Plant
Fort Rucker , AL 36362 156 Cedar Ave.

Scranton , PA 18503
- Facility Eng ineer

Fort Sill Facility Engineer
Fort Sill, OK 73503 Tobyhanna Amy Depot

Tebyhanna , PA 18466
Facility Engineer )

Fort Story Facility Engineer
Fort Story, VA 23459 Tooele Army Depot

- Thoele , UT 84074
Facility Engineer
Kansas Army Ammunition Plant Facili ty Engineer
Independence, MO 64056 Arlington Hall Station

400 Arlington Blvd.
Facility Engineer Arlington, VA 22212
Lone Star Army Ammunition Plant
Texarkana, TX 75501 Facility Engineer

Cameron Station , Bldg 17
Facility Engineer 5010 Duke Street
Picatinny Arsena l Alexandria , VA 22314
Dover, NJ 07801

Facility Engineer
Facility Eng ineer Sunny Point Mili tary Ocean Terminal
Louisiana Army PinmLrlitiori Plan Southport , ~~~~~ 28461
Fort MacArthur , CA 90731

Facility Engineer
Facility Engineer US Military Academy
Milan Army Ammunition Plant West Point Reservation
Warr en , MI 48089 West Point , NY 10996
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Facility Eng ineer Facility Eng ineer
Army Materials & Mechanics Fort Ritchie

Research Center Fort Ritchie , MD 21719
— - Watertowr~, W~ 02172

Facility Engineer
Facility Eng ineer Vint Hill Farms Station
Ballistics Missile ~dvancod Warrentown , VA 22186

Technology Center
P0 Box 1500 Facility Engineer
Huntsville , AL 35807 Twin Cities Army Ammunition Plant

New Brighton, MN 55112
Facility Engineer
Fort Wainwright Facility Engineer
l72d Infantry Brigade Volunteer Army Ammunition Plant

— 
Fort Wainwright , AK 99703 Chattanooga , ‘IN 37401

Facility Engineer Facility Engineer
Fort Greel y Watervliet Ar senal
l72d Infantry Brig ade Watervl iet , NY 12189
Fort Richardson , AK 99505

Facility Eng ineer
Facility Engineer St Louis Area Support Center
Tarheel Army Missile Plant Grani te City, IL 62040
204 Granham—Ibpedale ki
Burling ton , I~C 27215 Facility Eng ineer

Fort Monw uth
— Facility Engineer Fort Morm~ uth , NJ 07703

Harry Diamond Laboratories
2800 Po~~er Mill. Ri Facility Eng ineer
klelphi, MD 20783 Redstone Arsenal

Redstone Arsenal, Al. 35809
Facility Engineer
Fort Missoula Facility Eng ineer
Missoula , MT 59801 Detroit Arsenal -

- -

Warren , MI 48039
Facility Engineer
New Ctinberland Army Depot Facility Eng ineer
New Cunberland , PA 17070 Aberdeen Proving Ground

Aberdeen Proving Ground , MD 21005
Facility Engineer
Pacific lbrthwest aitport Facility Eng ineer
Seattle , ~~ 98119 Jefferson Proving Ground

- 
4 

- Mad ison , IN 47250 - -

Facility Engineer - -

Oakland Army Base Facility Eng ineer - -
Oakland , CA 94626 E~ gway Proving Gro und

JXigway, (71’ 84022. J t c
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Facility Engineer Facility Engineer 
~~~~

-

White Sands Missile Range Fort McPherson
White Sands Missile Range , Fort McPherson, GA 30330
NM 88002

Facility
Facil ity Engineer Fort George G. Meade
Yuma Prov ing Ground Fort Georg e G. Meade , MD 20755
Yuna , AZ 85364

Facility Engineer
Facility Engineer Fort Pol k
Natick Research & Dev Ctr Fort Polk, LA 71459
Kansas St.
Natick , MA 01760 Facility Eng ineer

Fort Riley
Facility Engineer Fort Riley, KS 66442
Fort Leonard Waod
Fort Leonard Waod , MO 65473 Facility Engineer

Fort Stewart
Facility Engineer Fort Stewart, GA 3l~3l2Fort Bragg
Fort Bragg , t~ 28307 Facility Eng ineer

- Indiana Army Ammunition Plant
Facility Engineer Charlestown, IN 47111
Fort Camrt)ell
Fort Caim~*ell , KY 42223 Facility Eng ineer 4Jol iet Army Ammunition Plant
Facility Eng ineer Joliet , IL 60436
Ford 

- Car son
Fort Carson , CO 80913 Facility E~xg ineer

Armiston Army Depot
Facility Engineer Anniston, AL 36201
Fort Drum
Watertown , NY 13601 Facility Eng ineer

Corpus Christi Army Depot
Facility Eng ineer Corpus Christi , TX 78419
Fort Fbod
Fort Ibod , TX 76544 Facility Eng ineer

Red River Army Depot
Facility Eng ineer Texarkana , TX 75501
Fort Ind iantown Gap
Annv ille , PA 17003 Facility Engineer

Sacramento Army Depot - -
Facility Eng ineer Sacramento , CA 95813
Fort Lewis f

4 Fort Lewis , WA 98433 Facility Eng ineer
4 

Sharpe Army Depot
Facility Eng ineer Lathrop, CA 95330 - :

-~~~~~~ Fort MacArthur
Fort MacArthur , CA 90731 Facility Eng ineer

Seneca Army Depot
Facility Eng ineer Romul us, NY 14541
Fort McCoy
Spar ta , WI 54656
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Facility Eng ineer (X)L E. C. Lussier
Fort Ord Fitzsimons Army Med Center
Fort Ord , CA 93941 AT’IN: }EF-DFE

Denver , CO 80240
Facility Eng ineer
Presidio of San Franciso US Army Engr Dist, New York
Presid io of San Franc iso~, AT’ThJ: b~ NIN—E
CA 94129 26 Federal Plaza

• New Yor k , NY 10007
Facility Eng ineer
Fort ~~eridan ISA Eng r Dist, Baltimore
Fort Sheridan , IL 60037 ATTN: Chief , Engr Div

P0 Box 1715
Facil ity Engineer Baltimore , MD 21203
Fblston Army Ammunition Plant
Kingsport, ‘IN 37662 WA Eng r Dist, Charleston

AT’IN: Chief , Engr Div
Facility Engineer P0 Box 919
Baltimore Oitput Charleston , SC 29402
Baltimore , MD 21222

ISA Eng r Dist , Detroit
Facility Engineer P0 Box 1027
Bay Area Military Ocean Terminal Detroit, MI 48231
Oakland , CA 94626

ISA Engr Dist , Kansas City
Facility Engineer ATIN: Chief , Engr Div
Bayonne Military Ocean Terminal 700 Federal Office Bldg
Bayonne , NJ 07002 601 E. 12th St

Kansas City, MO 64106
Facility Engineer
Cult Octput LEA Eng r Dist , Qnaha
New Orleans, IA 70146 AT’IN: Chief , Engr Div

7410 USP0 and Courthouse
Facility Engineer 215 N. 17th St.
Fort Huachuca Quaha , NE 68102
Fort Huachuca, AZ 86513 - - 

-

- : USA Engr Dist, Fort Warth
Facility Engineer ATTN: Chief , SWFED—D
Letterkenny Army Depot P0 Box 17300
Chambersburg , PA 17201 Fort WoLth, TX 76102 

- 
- 

-

Facility Eng ineer LEA Eng r Dist , Sacramento

1 ~ Michigan Army Missile Plant AT1fl4: Chief , SPKED—D
- I Warren , MI 48089 650 Capitol Mall - -- -

Sacramento , CA 95814

ISA Engr Dist, Far East
~T’IN: Chief , Engr Div

- 

- AR) San Francisco , CA 96301 - 
-
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LEA Engr Dist, Japan LEA Engr Div , Ohio River
AR) San Francisco , CA 96343 ATIN: Chief , Engr Div

P0 Box 1159
USA Engr Div , Euro pe Cincinnati , Ohio 45201
European Div , Corps of Engrs
AR) New York, NY 09757 ISA Engr Div, North Central

ATTN: Chief, Engr Div
USA Engr Div , North Atlantic 536 S. Clark St.
AT’IN: thief , ~~tEN—T Chicago , IL 60605
90 Church St
New York, NY 10007 LEA Engr Div , South~~stern

AT’IN: Chief , 9.*JDED-Th
USA Engr Div , South Atlantic Main Thwer Bldg , 1200 Main St
ATTN: Chief , SAEN—TE Dellas, TX 75202
510 Title Bldg
30 Pr~vr St. 9iJ LEA Engr Dist , Savannah
Atlanta , GA 30303 AT’rN: Chief , SASAS—L

[0 Box 889
USA Engr Dist , Mobile Savannah , GA 31402
ATfl4: Chief, SAMEN—C
P0 Box 2288 Commander
Mobile , AL 36601 (5 Amy Facilities Engineering

Support hgency
USA Engr Dist , Louisville Support Detachment II
ATThI: Chief , Engr Div Fort Gillem , GA 30050 - a
PO Box 59
Louisville , KY 40201 Commander

US Army Facilities Eng ineering
USA Engr Div , Norfolk Support Aqency
ATIN : thief , ~~OEN—D AT’IN: MAJ Br isbine
803 Front Street Support Detachment III
Nor folk , VA 23510 [0 Box 6550

Fort Bliss , TX 70015
USA Engr Div , Missouri River
ATTh: thief , Engr Div ~~0IC
P0 Box 103 Dewntown Station US Army Facilities Engineering
Qnaha , NB 68101 Support Detachment

Support Detaci-inent III
USA Engr Div, South Pacific ATTN: FESA—III—SI
AT’IN: Chief , SPDED—’I~ P0 Box 3031
630 Sansane St , km 1216 Fort Sill , Oklahoma 73503
San Francisco , CA 94111

NCOIC
- 

- USA Engr Div , Huntsville US Army Facilities Engineering
a AT’l’N: Chief , II,~DED—ME Support Agency

- ;  P0 Box 1600 West Station Support Detachment III
• 

- 
— Huntsville , AL 35807 ATTh: FESA—III—PR

P0 Box 29704
Presidio of San Francisco , CA 94129
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i~coic z~coic
(S Army Facilities Eng ineering (S Army Facilities Engineering

Support Agency Support Agency
ATIW: FESA—III—CA Support Detachment II
Post Locator AT’IN: FEA-Il--JA
Fort Carson , Colorado 80913 Fort Jackson , South Carolina 29207

Ccnma~der/CPF Ryan }~ OIC
IS Army Facilities Eng ineering (S Army Facilities Engineering
Support Agency Support Agency

Support Detachment IV Support Detachment II
R) Box 300 P0 8ox 2207
Fort Mormouth , New Jersey 07703 Fort Benning, Georg ia 31905

~~OIC I~ 0IC
(S Army Facilities Engineering (S Army Facilities Eng ineering

Support Agency Support Agency
ATiN: FESA-IV-MU Support Detachment II
[0 Box 300 ATIN: FESA-II-KN
Fort f’tmouth, New Jersey 07703 Fort Knox , Kenttx~ky 40121

~~OIC
(S Army Facilities Eng ineering

Support ?qerx y
Support Detachment IV
ATh FESh-IV-S’1~
Ste~~rt Army Subpost
Ne~r .burgh, New York 12250
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