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INTRODUCT IGH

Tha problem of heating water to be used for waghing, rinsing, and
sterilization of milking u‘&ensils is a cormon one on dairy farmse An
ample supply of hot water is necessary in the effective removal of fats
end milk residues on which bacteris thrive. 17)* 7o meet this require-
ment, electric water hesters are in wide use, being especially desirable
because of their cleanliness, low fire hazerd, and convenlence, The
annual price peld in Virginial for electrical energy consumed in these
heaters amounts to tens-of-thousends of dollars;

Cooling milk rapidly is anothor phase of the process for producing
a healthful, quality producte. Mechenical rofrigeration equipped with an
ai: condenser seems to offer the greatest satisfaction, resulting in en
increasingly wide acceptance of this methode This means that the alr
in the milk house, pessing through the condenser, indirectly sbsorbs the
heat from the milk in the milk cooler, Removal of this heated air from
the milk house is a problem in meny sections duwring the warmer seasons.

With meny mechenical milk coolers and electric water heaters being
used, often in proximity to ecach other, a method of reducing the ecost of
operating the water heater, end in some cases eliminating unnecessory
milk house temperature, suggests itselfs A properly designed coil placed
in an insulated pre~heat tank could replace the air condenser that is
usually a part of a fermesize coolers Tap water could then enter the

spefers to corresponding number in "Cited and Related Literature.”



pre=hoat tank to be preheated befors entering the electric water heater.
By this errangement, ah appreciasble savings of electrical energy mey be
effecteod,

Theoretically, the heat loss through a fouregan nilk cooler and the
heat given up by cooling four lO0«gallon cans of milk from S0 F to 40 F
amounts to epproximetely 22,000 BTU's per daye If this heat could be used
to heat water, apprmcim%elg 50 pallons of weter comnld be raised in teme
perature fram 60 F to 115 P every 24 hours. This water could then be
heated to 150 F in the electric water heater. If electrical energy for
heating wator in Virginie sold for ss low as one cent per kwhr, approxie
mately 5,000 cemercial producers of Grades A, B, and € milk could save
epproximately $125,000 annually on energy costse The heat exchanger cost

is o factor, however, that would require considerations

OBJECTIVES

The purpose of this study is:

l, 7To develop o mothod of utilising the heat obtained
from cooling nilk in a conventional wet~tank mechenical
milk cooler to pre-heat water before it enters an
elec*t::!;.e wnter heater.

2. To debtermine the practicability of thus tempering wetber.



REVIEW OF LITERATURE

The heat punp has attracted the attention of scilentists for a hundred
yearss Lord Kelvin suggested uslng o heat pump for changing the temperature
of air in e given space in a peper presented at a meeting of the Glascow
Fhilosophicel Society in December, 1852, About 75 ysars later, Holdano perw
forned some experiments in London with s heat pump using the Kelvin
principls. (29)

There is no fundamental difference between a conventiomal refrigeretion
systen and the "heat pump." Each employs a compressor, condenser, cooling
coils, or evepoarator, and an expsnsion walve, or constrietion, to absorbd
heat at a low temperatwre level and reject it to a higher tempersture level,
The source of heat can be the atmosphere, earth, wells, lakes, streams,
in menmufacturing processes, or any other sowrce of sufficient heat,

In 1934, the Fennsylvania Rallroad installed and operated heat pumps
in two of thelr psssenger cars using the atmosphere as the heat source.

In 1945, a Frushauf refrigerator ven was equipped with a heat pump to
supply year romd alr conditioning, In addition to atmospheric alr, waste
heat from the engine was utiliied to increase the efficiency of the system
dwring the heating cycle.ilg) |

Hearly all the heet pumps built, tested, and discussed during the
last ten years were used in oconjunction with equipment to heat and cool
comercial buildings and humess Sporn aud Ambrosge report(as) on five test
model heat pumps installed and operating in residential buildings. Three
of the units are of the alr-to-air type, one is a water and air-to-air type,



and one is an earth and sireto air type. Vater, varth, and air are
used as the hoat sources and air is used to supply the heating and coole

ing to the oooupied space. lontagnon repor't:s(l%)

on the heat pump ine
stalled to serve the Roynl Festiwal Hall during Britaints recent cele-
brations Varistions from these typical installations are the newspaper-
reported Cleveland ice skating rink thet uses heat from freezing lce to
heat adjoining buildings, end the Chicag@ beanane dealer who uses heat
dravmn from the 55 F storage room to heat the 75 F ripening room.

Although the heat pump has been largely used for yeareround air
oonditioning for man's canfort, it is used for processing in industries
which produce paper, artificial silk, salt, su@az;, condensed milk,
tobacoo processing plants, and concentrated fruit juices.(m) These
applications have overlooked many worthwhile ones, such as heating water
for ferm and domestic use,

Although the eleotric eppliance industry es e whole has not shown
a great interest in the heat pump water heater, it is possible to ine
stall a water tank in any highetemperature refrigerant gas line to heat
water for general usees A heat punp unit designed e_speoially for heate-
ing water is feasible and practical with any adequaté heat sources
Pem'od( 19) desoribed a heat pump installedﬁ during the_ year 1934 to proe
vide domestic hot water for use in the "Home of Tonorrow" of the
Westinghouse Electric Corporation st lansfield, Chios A commercial
1/2 hp compressor was used with a water coil of 3/8 in copper tubing
soldered eround the motor shell. A double tube condenser, one 3/8 in
copper tube inside e 5/8 in copper tube, was helically wound and
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mounted coneentrically over the motor shell and water coil, Water wes
ciroulated by & 3/20 hp centrifugal pump from the bottom of a 52 gal
insulated storage tanke Air was used as a source of heate. Two or more
kwhr of heat were added to the water for each kwhr of compressor energy
consumption. Sporn and Ambrose reported(zs} on a gself-contained heat
punp water heater with a forced air evaporator and a water-refrigerant
heat exchanger located in a standard 80 gal electric water tank. low=-
ever, the domestic heet pumps are in the experimental stage at the
present timee |

Theoretically, a heat pump could deliver eight times the heat energy
suprlled to the motor. (8) Performance ratios® in the neighborhood of fowr
to five have been suggested as practical, The performance ratio is
materially affeocted by water temperature, refrigerating compressor dow
sign, and motor efficliency. Since it seems desirsble to provide domos~
tic water at 150 F, and use standard refrigersting parts, such values
are diffioult to obtaine A performance ratio of le5 to 2.5 is about
ell that can be expected at this time because of mechanicel losses, end
present technical lmwledga.(m’gs) Fluotuating use of hot water will

*The Coefficient of Porformonce (C.0eF.) is well understood, having been
treated many times in refrigeration litersture. It is the ratio of the
heat capaolity of the system to the heat equivalent of the energy supplied
to the compressor. The Performance Ratio is the ratio of the heat dew
livered to the heat equivalent of the energy supplied the compressore
Stated as equations es used in this thesis:

Ce0sPe = Ugeful ﬂefr%@rﬂﬂlim in BTU

Electrical Enorgy Input to Kilk Cooler in BIU
PeRe = JUseful Heat Output in BTU

Tlectrical Enorgy Inpwt to Wik Cooler im BiU
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have a declded effect on tho performance ratio of the heat pump unit.
Large daily draweoffs cool the condensing water, thereby, allowing

better performance of the refrigeration unit,



MATERIALS AWD EQUIPLERT

A) M2k Cooler

The tests were started with a comventional "Unico" fowr can,
spray type, milk cooler, using Freon=22 refrigerant. Eémseh Products
Campany manufactured the hermetic refrigeration system compressore

The cooler consists of: (a) the insulated cabinet, 2 in of fibree
glass on the top and sides, and 3 in on the bottom; (b) a seperate
vertical tank about 3 £t high inside the cabinet holds water te the
haight of the overflow in the side of the tank; (o) distribution troughs
located above the milk can area to receive water from the overflow in
the vertical tank; (&) a ciroulating pump, similar in principle to a
"sump pump,” 1ifts the water from the bottem of the caebinet inteo the
vertical tank (the lower 4 in section of the cabinet serves as a
reservoir for water); (e) a pump time switch that oontrols the length
of time that water is sprayed over the cans, and (£) e refrigoration
system consisting of compressor, an eir condenser, & copper tube
evaporator, suspended in the vertical tank, anci a thermostatic switch
that controls the thiclmess of the ice bank on the ewveporator. The
manufacturerts specifications for the milk cooler are shomm in
Appendix D,
B) Water Heater

A conventionel water heater, (See Figure 1), consisting of (2) a
52 gal galvanized iron tenk; (b) three in of glass wool insulation;
(c) en outer shell of enameled sheet metal, an upper heating wnit of
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1500 watts, thormostatically controlled; and (d) a lower heating unit of
1000 watts, thermostatically controlled, was used without modification
throughout the tests.
C) Pressure Gauges and fecording Instruments

Gauges: A compound gauge, Frigidaire Type AMP 9567, with a range
of 30 in vacwum to 60 psi was connected to tho suction line near the

conpressors A pressure gauge, Frigidaire Type 13163-1, with a range of
0=300 psi, was mounted near the capillary tube on the high pressure
side, ‘hen the milk coocler system wes mpdified, two of these presswre
peuges wore nounted on the milk cooler control panel end connceted in
the liquid line between the water condenser and the capillary tube.

For this latter arrengement, a Bristol, todel 44, keyewind, 24«hr chart
pressure recorder was connected to the multiple velve located in the
liquid 1line (See Figwre 2)s This instrument had o range of 30 in
vecwmnm to 50 psi,

Recording Potentiameter: A l6-point stripechart recording poten-

tiometer made by the Brown Instrument Cgmpany, Model 153 x 60P16=-X1N,
was used for the tests. This instrument, with a range of «50 F to
300 Fy regorded at eight min intervaels the temperatures indicated by
each of the sixteen copper-constantan thermocouples (See Figure 3).

Recording Wattmeter: Iwo General Electric recording watimeters,

type CD 14, were used, one for the milk cooler, and one for the water
heater. .

To bring the one kw maximunm range of the meters into the range of
electric power used, General Electric lipdel lioe SJFY1F4B2 ocurrent transe

formers were used, one with each wattmeter (See Figure 4).
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Wetthour Neter: Two Sangamo, type HC, watthour meters were used to

deternine separately the energy consumption of the milk cooler and water
heater,
D) liscellaneous

Solenold Valve: A magnetic solenoid velve was connected to the oute
let of the pre~heat tank as an overflow control. This va.lw was opereted
by a thermostatic switch lovated on the meter panel with the bulb of the
switch attached to the side of the pre-heat tanke

Other pleces of equipment and materials used in assembling and cone
struecting the test unit were a dehydrator, weigh-tanks, scales, water
shut~off valves and galvanized water plpee. Three=eights in copper
tubing and various fittings were used to inter-connect the refrigerae
tion unit with the one~half in tubing used in the pre=heat tank coil.

Electric Power: The power supply used by tho milk cooler compressor

and punp motors was 115 wolt alternating current, while that used by the
water heater wes 230 volts slternating current.
Water: Water used in the milk cans and water heater was taken

fron the Virginia Polytechnic Institute water supplye.
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FIGURE 1
A B2 gal electric water heater wes used
in this study. Eech of the heating units
was controlled by an individual thermoe

stat

PIGURE 2

The .pwp motor, refrigeration wnit,
gauges, and some of the thermoe
couple locations are shown in this
Pmph. The white patch on the
dome of the compressor covers a
thermocouple.
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FIGURE 3 TR
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This l6epoint strip chart tempe-
ersture recorder was used in

making the temperature records.

FIGURE 4

o Mounted on the meter penel pice
tured were the kwhr meters, watt
meters, transformers, and thormo-
stetic switeh with indicator
light,
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PROCEDURE

Ao E‘eet Proc&dure

The millc covler and electric water hestor were first opersted as
seperate wnits as they are normally operated on o dalry farm. Then the
alr condenser of the nilk cooler refrigeration unit was reploced by &
specially designed copper condensing ceoll placed in a pre-heat tank.

(See Figure 5 and 6)e Tap water was then prelicated in this tenk before
entering the electrie water heaters

Tlectrical spergy consunption and cycles of operation of the milk
cocler and water heater were recorded for all bests, Temperature:; deter=
nined by using copper-constantan thernocouples were recorded at the followe
ing places: (a) water at the top of the electric water heater; (b) five
points on the presheat tank; (¢) five points in one of the milk cans placed
in the milk cooler; (d) inlet and outlet lines of the air condenser;

{e) inlet and outlet lines of the condenser coil of the pre-heat tank,
and (f) ambient,

In all tests involving the milk cooler, water wes used in the nilk
censs Although an average specific heat for milk ls 0,93, the average
weight is approximately 8.6 pounds per gallon, which gives about the same
heat content as water in the temperature range of 90 to 40 F. (2)

The average temperature of nilk pleced in a milk cooler is opproxie-
nately 90 F, To similate this condition, water from the hot and cold
water taps wes mixed in each milkk can to e temperature of 80 F, After
very little practice, and s lot of stirring with o wooden paddle, a teme
perature of 90 F as measured with a mercury thermameter, was readily

obteined (See Figure 7).



18

b Jlctti i1 &4

=

=

437700J3 XTI N

>
iy L3IN) ¥3LVM G109
Ho!IM
A Ti443A0] | SITVIS
——%
|
137INI
o 7100
m L ¥43sN3anND
| S
MNVL
HOIIM | Ig3WDs
¥431VM LOH
_ —%
1
ANV ANVYL
¥31vm LOH 1V3IH—38d
137100 13171100
JANTIYA dION3T0S

HOSE 344
—nO0D

IN3IALIND3I 1S31 HOrvW 40 AVHOVIAQ JILVWN3IHOS




19

FIGUEE €

The major equipment used in the
study is showm in this pleture.
The léepoint temperature recordw
er on the left is adjacent to the
nilk cooler. The instrument
panel was mounted above the milk
coolers The pre-heat tank, elecw
tric water heater, and weigh tank
are shown to the right of the
coolere

FIGURE 7

Before each test, hot and cold water
was . mixed in the milk cans until a
temperature of 90 F was obtained,
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In cooperation with the Deiry Deparitment of the Virginia Polytechnic
Ingtitute, it was estimated that a dairy farm producing four 10-galion
cans of milk per day would use 68 gal of approximately 150 F weter for
washing, rinsing, and sterilisation of aquimen‘b.(s) Much of the 34 gal
drawn off for each of the two milking periods normally would be mixed with
colder water until it becomes comfortable for the hands while washing the
ubensilses Seme of this water would be used at intervals throughout the
milking period with the largest portion being used at the end for washing
and rinsing equipment, T0 provide what appeared to be o reasonable rate
of water consumption, the following procedure was wsed:

At 8:00 peme, four gal of approximetely 150 F water were drawn from
the water heater into a weighetank (See Figwre 8)s Four gal were again
drawvn for the next three conseocutive lSe-minute periods, making a total of
16 gale Fifteen minutes later, or one how after the start of the test,
18 gal of water were drawvn, making e total of 34 gal for the assumed
milking periode

At 8:30 pems, one-hnlf hour after the start of the test, the first can
of water was placed in the milk cooler, and the spray punp operated for
30 minutes (See Figure 9). The second can was placed in the cooler at
9:00 peme, and the spray motor time clock set to operate for one hour,

The five thermocouples were placed in this second can (See Figure 10).

At 8:00 aene, twelve hours after the gbtart of the test, the procedure
for drawing water from the water heater was repeated, resulting in the
withdrawal of a total of 68 gal per daye. A third can of 90 F weater was



FIGURE 8
The scales and tank used to measgure
thenount of hot water drawn from
the electric water heater are

pictured et the right.

21

FIGURE 9

Cooling of the milk cens was
accomplished by & spray of
’ chilled water as showmn here,



22

placed into the cooler at 8130 a.m., and tho cpray pump operated until the
fourth and last oan wea placed in the cooler st 9:00 aume A% this time, the
thermocouples were placed in the fowrth can. It was assumed that the dairy
form was so located on the roule of the pickeup truck that the two cans d‘
nillk produced in the morning would remein in the milk cooler for an houwr
along with the two cans produced the previous nights Therefore, at 10:00 a.nm.
8ll four cens were romoved from the coolore The milk cooler was then empty
for the remainder of the dry, as it would normelly be on a dairy farme The
procedure herebofore outlined was followed for the 12 runs befors the prew-
heat tanls was installed es well as for the 13 runs after it was installed.
In order to be sure thel the canpressor would not be operanting against
dangerously hipgh condensing pressures during the tests with the pree~heat
tork, a thermostatically controlled solenold valve was placed et the outlet
of this taexk (Sec Figures 1 and 11)s This valve released smell gquantities
of weter to a woighetank when the water swrounding the condensing coil, at
epproximately ond-helf its lengbh from the inlet, attained e tempersture
of apprnximé.toly 110 Fe 7The water released by this velve was weighed and
the results arc tabulated in Table 8. Should the refrigeration unit fail
te cut off at the end of the cooling peried, this welve would also serve
as o safebty device, adnitting colder water into the pre<heat tank,
Individual recording watimeters and kwhr meters were used for the
milk cooler and water hoater (Sece Figure 4)e Readings of the kwhr meter,
asscclated with a piece of equipment, were recorded at the beginning
and end of each 24 hr test perlod. The recording wabtmeters gave a cone
timwus reocord of the electrical demends of each wnit, The milk cooler
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FIGURE 10

Temperatures in the milk cans were
deteormined by copper constantan ther-
mocouples mounved on a rode The red
was in turn atbeched to the 1id of
the cane The can with the thermow
couplee in place in showm heres

FIGURE 11

A thermostaticelly controlled
solenoid valve pictured at the
left was mounted neer the oute
ot of the preehcat tank,
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kwhr metor was calibrabted to read in tenths, while the one for the water
heator was caelibrated in hundredths.

Obviously, the use of a refrigerating system of e different design
night result in en entirely different water temperature in the pre~heat
tarks To approximate the eleotrical ocnergy consumption of the electric
water heater when other water temperatures prevelled in the pre~heat tank,
water of 956 F to 135 F in steps of approximately 5 degrees was admitted to
the water heater. Complete records were kept of the onergy requirements and
operating time of the electric water heater. The procedure mentioned
esrlier for drawing 68 gal of approximately 150 F water from the water
heater in 24 hr was followed.



Be Design and Construction Proocedure

Host of the equipment required for these tests was sveilable before
the study was underteken. However, it was necessary to dasig;xi and conw
struot the condensing coil for tho pree-heat tank and modify the tank lte
gselfs Preliminary estimates indicated thet a 30 gal pre~heat tanlk would
be suiteble for the purpose of the study, and one of this size was
obtained. I'

Tank: The tank was a 30-gal galvanized iron water tank, such as was
conmonly used some yeers past in conjunction with e kitehen renge heating
ool (See Figure 12)s A 2 3/4 in section of 8 in wrought iron pipe coup=
ling was first welded to the top of the tanke Then, the end of the tenk
inside the pipe was burned out with an acetylene burning torche To
¢lose this opening, a plug was constructed from e short section of
threaded 8 in wrought iron pipe, to which a oap plate was welded (See
Figure 13)s To this cap, one 3/4 in and one 1/2 in pipe couplings were
welded (See Figure 16). To provide openings from the couplings to water
in the tank, the cap metal inside the couplings wes then removed with a
drill. The 3/4 in coupling was connected 4o the inlet pipe of the elecw
tric wator heaters /A thermoecouple wire was inserted through the 1/2 in
coupling and satisfactorily sealeds Tmp wé.te‘r was connected to the
3/4 in pipe connecction at the center of the bottom of the pre~heat tanke

Condensing Coil: The guantity of heat conducted through a sube-

gtence per unit of time is proportional to the arenthrough which the heat
flows and to the temperaturc difference, Stated as a formula: Q = UAAb.



FIGURE 12

. A 30 gal galvanized iron water tank
‘was used for the pre-heat tank. The
tank as seen above was before modifis
catione
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FIGURE 13

To provide an opening for placing the econdensing eoil
ingide the tank, a seoction of an eight ineh coupling
vas wolded to the top of the tanks The cap made from
e plate welded to a section of pipe coupling is also
shown in this view.
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The over-all heat transfer cocfficient, U, of a condensing refrige=
rent can be separated into four componentse These cre (a) the refrigee
rant vepor f£ilm, (b) the refrigerent condensate £ilm, (¢) the tube wall,
end (d) the cooling water film.* The first two components may be
combined by assuming that the totel theormel resistance lics in the film
of condensate, through whiech the latent heat of condensation is conducted,
neglecting the cooling of the condensate.( 10) These threc resistances
are combined in determining the over=all heat transfer coefficient by

using the following formuls:

U = . 1l
1 + 1 + 1
hg he g

Twenty=five £t of 1/2 in copper tubing was used for the condensing
coils To arrive at this wvalue, calculations were made for the heat load
that would have to be removed in e 24 hr period (See Appendix B)e. The
heat transfer losses through the nilk cooler cabinet walls, ceiling and
floor based on 80 F ambient and 40 F milk coolor temperature were
calculated to be 5,877 BTU per 24 hrs.

Published data perteining to air changes(l) arc for larger rofriges-
ration wnitse Becouse of the limited nmunber of times the door would be

opened eech day, five air changes would be reasonable for this type of

* An 0ld tube might have an additional resistence due Lo scale deposit.
This secale nmay be outside the tube as a result of impure cooling water,
or may be inside the tube as a result of oil in the refrigerant. For
this experiment, o new, cleen tube wes used, which elimineted this
additional component,
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box and the methods of loadinge This resulted in a calculated infile
tration load of 349 BTU per 24 hrs. )

The caleulated product load, including 330 pounds of water and
106 pounds of galvanized iron cans, based on cooling from 90 F to 44 F,
wag 15,814 BTU por 24 hrs, Therefore, the total calculated heat load
for the milk cooler cabinet for a 24 hr period was 22,040 B7U, In addie
tion, considerasble heat could be expeeted to be imparted to the refrigew
rant from the sealedwin motor and compressor. It was calculated that
this would munt to 22,128 BTU per 24 hrs of operatione Cambining
these valuwes, the total amount of heat estimeted to be availeble for
preheating water was 44,168 BTU per 24 hrs of operatione

On the basis of the refrigeration unit of the milk cooler operaw
ting 16 hrs per day, the theoretlcal amount of heat te be removed ocach
hr everaged 2,302 BTU., A temperature difference of 40 F was assumed bee
tween the refrigerant condensate and the condensing water. Froam these
two values and the over-all coefficient of heat transfer, a tubo area of
1.78 8q £t was caloulated, using the forrmla: A = Q/UAte. The high prese
sure lines from the oompressor to the pre-hest tenlt coil were necessarily
longer then the original ones to the 3/8 in 0O.D. tubing eir condensers
To eliminate any additionel back prosswre on the compressor, as a re=-
gult of increased length of tubing, 1/2 in copper tubing was selectod
for the coll, With this size, a tube length of 15.1 £t wes required,
based on the formula: L = A/De This length was increased to 25 £t
for the reasons stated in /ppendix As 4 sixein mean diameter turn wes
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the largest thet could be conveniently fitted into the tank (See
Figwe 14)., This resulted in = coil of 16 twrns (See Figure 15).
Insulation: After the condensing c¢oil had been secured inside the
pre-heat tank and the plug fitted into the top of the tank, 2 in, blenw
ket type, rock wool insulation was wrepped around the tenk (See Figure
16)e Two in of insulntion was thouglkto be adequate for the study,
consldering that cormercisl water hesters of cormpareble size, and opera=
ting et considersbly higher water temperatures than anticipated in the
pre=heat tank, have approximately three in of insulation with coefficient
of heat transfer walues close to that of roock wooles Cord, and then fours
ply bituminous treated building paper wrapped with wire, held the insue
lation in place (See Figures 17 and 18"}. To decrease the heat loss
from the 3/4 in pipe, comnecting the outlet of the pre-heat tank to the
inlet of the water heater, 85 per cent Zemnecium insuiation was used,

Temporature leagurements: Copper-constenten thermocouples were

used for all testss. Lxclusive of those within the milk cooler, thermoe
couples were immersed in the water in the following locations: (a) top
of the preeheat tenk; (b) the inlet line of the pre-heat tenks (¢) the
inlet linc of the water hoater; and (d) the outlet line of the waber
heatere The thermocouple wires passed through 1/2 in pipe nipples and
‘2 suitable pipe fitting for the particular location, and the openings
were sealed to provent leaks (Sec Figure 19)s Thermocouples that would
heve Lcon exposed direcetly to the room air were held in place wiﬂ;ﬁ
rubber ﬁe.pev, then oovered with asbostos insulations (See Figure 2)e
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i

FIGURE 14

A ¢oil of 6 in mean diameter was
ebout the largest that would gon-
veniently pass through the tank
openings The coil is shown above
as it wes being placed into the

oL

FIGURE 16

The eondensing coil for the pree
heat tank is piotured at the left,.
It had 16 twrns of onewhalf in
eopper tubing. -



FIGURE 16

Two ineh blanket type rock wool insulation was wrapped

arouwnd the pre-heat tank and secured in place with cord.
Pipe couplings were welded to the top of the eight inech
plug for the water outiet and e thermocouple.

FIGURE 17

As an additional support for the insulation, bnudi.ng
paper was used as shown eboves The paper was held in
place with wire.
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FIGURE 18

The completely insulated pre-heat tenk is
shown aboves The 1 1/4 in supporting
pipe and base ean be seen.

FIGURE 19

To seal the opening through
which the copper-constantan
thermocouple wires passed,

& solid rubber stopper, such
as used in a chemistry
laboratory was sliced axially
to the center to recéive the
two thermocouple wirese The
rubber stopper was compressed
with a 1/2 in pipe cap
drilled at the end to admit
the wires, as shown at the
left.




Those located on the gide of the pre~heat tank were secured in place
with scoteh tape and then covered with rock wool insulation to the
same 2 in thickness as the rest of the tank,

Five thermocouples were spaced on e wooden red and supported by
the can lid, as shown in Figure 20, for measuring temperatures in the
nilk ocane With this arrengement, the top thermocouple was one and
three~quartors in below the surface of the water, the lowest thermoe
couple, one avd threc-quarters in from the cen bottom, with the three
remaining thermocouplos spaced four in on center between the other
twoe

Temperatures of the milk cooler water was observed by o thermoe
couple located in the center and one in below the surface of the
woter in the bottom of the starage compartment.

Thormocouple locetions for all tests are shown in Tebles 1 and 2.
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FIGURE 20

The thermocouple device for measuring
temperatures in the milk can is
shown aboves
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TABLE 1

Hilk Cooler and Water leater in Conventional Arrangement

Thermocoupie Hwiber ' Tocation

1 Milk Can

2 : il Cen

3 M#ilk Cen

4 Hilk Can

5 Milk Cen

6 Wator in Bottom of

Milk Cooler

7 Top of Adr Condenser

8 Inlet of Adr Condenser
9 Outlet of Adr Condenser
10 Tap Viater
11 Top of Vater Heakter
12, 13, 14, 15, 16 Ambient--3 £t ‘bove

Floor
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TABLE 2

Milk Cooler and Vater Heator With Pre~Heat Tank

Thermooouple Hurmber

1

16

Leeation
1ilk Can
Hilk Can
fmblente~3 £t Above Floor
1ilk Cen
Kilk Can

Water in Botitom of Milk
Cooler

Thermostatic Switch Bulb |,
Location on 8ide of Free
heat Tenk

Top of Compressor

Two in From Bottom of Pre-
heat Tenk

Tap Vieter
Top of Vater Heoter

Oatlot of Ireelicat Tank
Coil

Top of Pre~heat Tank

1/4 Distance Fram Bobttom On
Side of Frewllpat Tank

1/2 Distance From Bottom On
Side of Pre-lieat Tank

Inlet of Preedeat Tank Coil
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PESULTS

The results obtained from this experiment, including observed reade
ings are shown in Tebles 3 through 7 and Figures 24 to 29, inclusive,
A1l of the cwrves in Figures 24 through 29 were plotted from the temperae
ture recordings of the stripechart recorder, with a machine designoed for
worlz of this type (See Figure 21),.

The milk cooler consumed an average of Te45 kwhr of electric energy
in an average operating time of 14 hrs-30 min out of the 24 hr with the
air condonser in the refrigeration system (See Table 3)e Energy cone
sunption ranged from Tel to 7.6 kwin for the eleven complete testse
Eight of these results were within two percent of the average. Operae
ting tine ranged from 14 hre~l5 min to 14 hrs«-35 min, with six of those
results within one percent of the average.

After substituting the coil in the pre-heet tark for the air
condenser, the nllk cooler conswiod en average of 7.2¢ kwhr of electric
energy in an average operating time of 15 hrs-13 nin out of the 24 hrs
(See Toble 4)e Energy consumption ranged from Te2 to 7e3 kwhr for the
ten complete tostse A1l best results were within onhe percent of the
avoragc. Operabing time ranged from 14 hrs«59 nin to 15 hrs«33 nin,
with five of the results within one percent of the averagee.

Figures 24 and 25 irndicate that the retes of cooling of the water
in the nilk cans were not significantly different for the milk cooler
in socnventional ai*mng;exmnt and for the milk cooler in combination with

the preeheat tanke The mexdmmm temperature reached by the thermocouples
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in the milk cans waes 83 F for tho first situstion while the maximm
temperature reached in the socond situvation wes 82 F, Varistion in
temperature of the water in the bottom of the milk cooler during the
first hour of cooling wos a result of shuttingeoff of the spray system
weter punp at the tine of placing another can into the milk cooler.
Temperaturcs within the cabinct were influenced by ambieut terperae
tures a5 shown between the hours of 8 to 13 on FPigure 25 and between
the hours of 14 to 20 on Flgure 24.

In the conventional arrangement, the wator heator consumed an
average of 17,12 lkwhr of electric energy in an average opem‘aing time
of 15 hrs«5 min when 68 gel of 150 F water were withdmvm'in 24 hrs
(See Tgble 5)s Inergy consumption renged from 17,26 to 17,20 kwhr for
the six camplete tests. .All six rosulis were within one percent of the
averages Operating time ranged from 15 hrs-00 min to 15 hrs-10 min
with all results within 0.6 percent of the averagee

With the pre~heat tenk arrengement, the wator he-tor used an
- average of 11492 kwhr of electric energy in on average operating time
of 10 hro=-28 min, when €69 gal of 150 F weter were withdrewm in 24 hrs
(Seec Table 6)s Energy consumption renced from 11458 to 12,06 kwhr for
the nine complete testse 3ix of these results were within one percent
of the everage., Operating time ranged from 10 hrs«16 min to 10 hrgw
57 min, with five of the resuvlts within one percent of the avorage.
nder these conditions, 30,2 percent of the water hoater electric
cnergy consumption was saved by placing the refrigeration condenser

in the pre~heat tank,
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In addition to the 249 pounds of 95,9 F water in the pre~heai tank
at the time the refrigeration unit stopped opereting for cach 12 hr nilke-
ing poried (See Appendix (), thero was an average of 167 pounds of
115.8 F water passed through the solenoid walve to the overflow tank,
The quantity of water in the overflow tank ranged fram 148 to 185 pounds,
while the tenmperaturcs ranged from 115 F to 116 F (See Table 5).

As showm in Teble 7, an average Porformance atlo of le4l, with a
ronge of Lle34 to 1647 was attained with the hoat punpe The average
Coefficlont of Performance was le27, with a range of 1425 t0 1,33

As showm on Figure 26, the maximum temporature at the inlet of the
eir condenser was 153 Fe At this time, the outlet tewercture was 105 F.
Ambient tempereture was apwroximately 80 Fe Vintor temperature in the
bottan of the cabinet recached a low of 35 F when two cans of water were
being cooled, and o low of 38 F when the nilk cocoler had o capacity
load of four canse Fhe charackteristic tempersture rise of the water
in the bottan of the cooler duc Yo the interruption of the spray systen
con a2lso bo seen in this chart,

Filpure 27 shows naximun temperature of 189 F at the inlet to the
pre=heat tank coile At this tinme, the top of the shell of the sealed
refrigeration wnit reached a maxirmam temperature of 185 F, Tenperatwres
at the ocutlet of the preoehost tank coll reached 2 maximum of 116 F.

The 8:00 a.ne to 8:00 veme period showed six ripples in these curves,
while the 8:00 pame to 8:00 aune peiiod showed five rip;les, This
corresponds in time to the openings of the solenoid wvalve Lo discharge

water to the overflow tenk, as showm in Pigure 22. Under the maximm
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cabinet load of four cans more heat was relessed to the condensing
waters Greater variations in temporatures were noted at the coll oube
let, which, of cowse, was nearest Lo The tap vmter inlet,

Pigure 28 shows temperatures which existed at worious points in and
on the preeheat tanks The moximum temperature ot the top of the tank
was 122 Fe Temperctures midway of Lthe tanlk, at tho sane lewvel as the
ecll inlet, followed very closely terperatures at the top for nost of
the test periods Those midpoint temperature; values decroased earlier
and more rapidly at tho time of withdramals of large quentitics of water

~an the water heater.

Weter temperature in the upper half of the tarl did not wvary
noticeably with solencid walve operations Temporatures 43 in and 53 in
from the tep of the tanlk, the latber being in line with the ceil outlet,
indicate very definitely each 4ime vmter was released to the overflow
woish -tank (See Cuwrves 3 and 5 of Fipuwre 28)s The sreatest variation
of theze ‘two pogsiticns was in the one farthest from the tap water ine
let ot the center of the bottom of the tank, Vater tomperaturcs 64 in
fron the top or two in from the bottom of the tonk varied little duwring
e test (See Curve 6, Figure 28). lMaximm temperature of 75 I reached at
this podnt was recorded during the two periods when larsme quantities of
woter were withdrawn, resulting in maximun eireunletion of water within
the tanke Ourves 5 and 6, Fipure 28, representing temperaturecs from
the lowest eoil btwn to the bobtom of the tark indiecate that water
tenperature in the lower part of the tank was raised on an average of

approximately 10 F above thet of cntering water.



Fipgure 29 shows typical water temperatures obtained at the top of
the water heater, top of the pré-heat tank, and for tap water. The
varlation at the water heater was slight compared to that at the pro-
heat tanke This was expected, as the thermostationlly controlled heate
ing element of the water heater responded quickly to water temperature
chenges Also, the entire 52 gal of water was approximately 150 F at
the beginning of each 12 hr milking period. With 34 gal of water withe
drawm over an hour poeried, temperatures at the top of the tank did not
change wvery muche

Fipare 22 shows a representative chart of suction pressures for a
24 hr poricd. For approximately 45 min after the beginning of a milke
ing perilod, pressures were considersbly below those for the remainder
of the cyoclee These low pressures occwrred at the time water wes
withdrewn from the water heater, and cool tap water entered the proe-
heat tanlk.

At no time dwring any of the test runs vas the 1500 watts, wpper
unit of the water heater required to operate. The lower 1000 watt
wnit provided sufficient heat to maintain a weter temperature of
approximately 150 F under the conditions of the test.

A serics of tests were run to determine the olestrical enerpgy row
quired for the water heater when water ranging from 95 F to 135 F was
ednitted to the water heater. Results are shown in Table € and
Figure 23+ The owrve in Figwre 23 was plotted from the data of
Table 6, Comparison was made to the 17.12 kwhr consumed by the water
heater when approximately 62 F tap water replaced that withdrexm from



FIGURE 21

A speocially developed
machine for meking
eontinuous graphs from
recordings of the Strip=-
Chart Recorder is showm
at the right,

FIGURE 22

The suction pressure chart
pictured here is typicel of
these obtaired while the
prow-heat terk wes in the
cdrcuit.
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the heater. When 110 F water entered the water heater, the savings
on enorgy for the water heater were 45 percente Similarly, for 120 F

water, the energy savings were 56 percent.
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ELECTRICAL ENERGY CONSUMPTION

TABLE 3

AND

TIME OF OPERATION FOR MILK COOLER

CORVENTIONAL ARRANGILENT

IN

o
te 3 o
. NI
. L gy | 2= & .
3 g 2 | 2B & o &
g 53 8 8 a8
2 8= min | nia | B =
g 2 23 s | kg5 | & ¥
& £ 23 349 S5d8 Hrs Min
1 8 a.m. 70205
345
8 p.m, T06.0 7.1 * #*
3.6
2 8 a.m, 709.6
3.7
8 Delile 73-3o3 6 T3 1 15
3e
3 8 a.m, 716.9
37
8 pume 720.6 Te5 14 21
3.8
4 8 a.me 7244
3.7
8 p.m. 728.,1 ) 14 22
3.8
5 8 a.m, 731.9
3.8
8 pem. 735.7 4 7.6 14 35
3
6 8 aom. 739‘5
3.9
8 p.m, Th3 ek 7.1 13 36
342

(continued)
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TABLE 3 (continued)

5 5 g
AT
9 E? “:E e g f:
. a o »
8 4 g 8 5 2 5 8
3~ o o ~ 9
= o ga-p-t [} aml @’ ®
; . 28 552 | 852 2w
2 a 59 838 | 879 frs  stine
7 & a.m, 746,6
8 p.m. % " 3 * #*
8 8 @ o Jite #
3.8
8 p.i. 758,0 7.6 14 35
, 3.8
9 8 a.m, 761,8
3.8
8 p.m, 765.6 o 7.6 YA 39
3.
10 8 a.n,. 769oh V
3.7
8 Pellle 773.1 7-6 116 34
349
11 8 a.mn. 7770 '
3.7
8 Pelia 78007 706 ]J# 35
3.9
12 8 awm. | 784.6
8 peins TC
Ave = Teli5 14 hr 30 min

% Incomplete Tests
TC Tests Completed




TABLE 4

ELECTRICAL ENUVRGY CONSUMPTION AKD TIKE OF OPERATION

FOR KILK COOL:iR AFTER MODIFICATION “ITH FRE~HEAT TAKK

owm o ow =]
85| 3|
o g‘ﬁi ‘g"ﬁ 8 o
4 : sx | 25 | & o 3
;% P 53 58 5 2
3 & < g © g g 3
&= = >y S N
" o 3y 28 | 2% | =2
g 2 | 28 | &&8 | s
- = = Hrs ¥in
1 8 a.m,. 892,6
Le2
8 p.no. 896,.8 Tel i5 00
3.0
2 8 A ollte 899.8
& p.m. %3 % %® #*
3 8 .. 907.5
3.6
8 p.m. 91l.1 7.3 15 30
347
A 8 a.m. 914.8
3.7 :
8 pam. 918,5 T3 15 05
3.6
5 8 a.n. 922.1
3.7
& peltie 925,8 73 15 25
3.6
6 8 acm. 929"‘*
%
8 DPellie $3E it 3 &
¥
7 8 a.mn. 936.9
3.7
8 p.fﬁ. 930'6 7.2 ls 33

{continued)
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TABLE 4 (eontinued)

g o 2o
88 | 3%
Q. s |
%ﬂ I I
54 o a &4 o e o
@ R o o Bl
£ b § §= | &= 55
& 2= - £ g g2
- 1 2f | 2E | 3§
0 15 P2 @ D 233
o . B0 85 85
i e ! " Hrs ¥in
7 8 p.m. 930.6 =it pepeated)
345 ’
& 8 a.in. byl
» 3.7
8 peiiie 947.8 Ts3 15 15
3.7
9 8 a.m. 951.4
» 3.7
8 Pelle 95501 7;2 11; 59
3.5
10 8 8.3 958.6
3.7
8 p.lta 952.3 7.3 15 08
3.6
ll 8 Qellle 96599
3.6
8 p.m. 969.5 73 15 12
3.7
12 8 a.m. 973.2
35
8 jaXy: i 976-7 702 15 06
3.7
13 8 a.m, 980.4
8 Dellie TC
Avg = 726 | 15 hrs 13 min

* Incomplete Tests
TC Tests Completed
##% This data repeated from previous page for clearness of table.
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TABLE 5

ELECTRICAL ENERGY CONSUMPTION AND TIME OF OPERATION

FOR “ATER HEATZR IN CONVENTIONAL ARRANGEMENT

g2 | 52 :
el od B
e 2 o,
% g« g o
] o 0 N n N ()
2 k] 58 & 8¢« P
'g ;§=§ 3 S o :g
= 3
| . | 3y | P83 |pEz |5 3
(2] ﬁ - 4D tﬂg &)cg = N
& & 22 848 a 58 Hrs Min
1 8 a.m, 087.33
8,52
8 p.m. 095.85 17.06 15 06
8.54
2 8 a.m. 104.70
8.46
8 p.m. 113,16 17.07 15 04
8.61
3 8 a.m, 121.77
‘ 8.72
8 p.m. 130.49 17.09 15 03
8.37
4 8 a.m. 138.86
8.59
8 Pelite M7.55 17015 15 10
8.46
5 8 a.m, 156,01
8.48
8 p.m. 164,49 17.09 15 00
8,61

(eontinued)
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TABLE 5 (continued)
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TABLE 6 .
ELECTRICAL ENERGY CONSUMPTION AND TIME OF OPEZRATION
OF WATER HEATTR

WHEN USED IN CONJUNCTION WITH PRE~HEAT TANK

S5E | 8%
| N -+ 4+ o
¥ ltn | 8w | §
@ +
& = 28 25 2 @
< s 8% | 8% | 1. 8
3 2 ¥ |t | n 4 &
. . | & 4 |BE | PE -
] 5 e} o8 ] @ {\
| 2 |52 8 |85 | 258 |2
i ' Hrs ¥in
1 8 a.n, 3830%
6,05
8 peite 389499 12,06 10 37
6,01
2 g S ellie 396.0@
509& '
8 p.m,. 401 .94 11.92 10 33
5.98
3 8 a.ne 407 .92
6.00
8 penme 413,92 11.58 10 16
5.58
4 8 a.m. 419,50
#*
8 Peliie * * # *
*
5 8 a.m. 432.87
6,09
8 peme 438,96 12,00 10 31
5.91
6 8 s, Wik o 87
. A 5.99
5495

(continued)
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TABLE 6 (continued)

g o o0
88 | 88 | _
g By | OBY | S
E : |5
5 = 25 &0 ' n
g = =i 8« E; g ]
§ o w b & 2
= T 5 |es | B |
2 ® T %'ﬁ k& 5 3
] | ® 9 85 Es5H 2
& e = .= ™~ lhfs  Min
7 8 a,m. 456,81
6,01
8 p.m, 462,82 11.97 10 37
5.96
8 8 a.m. 468,78
5.97
8 Do, 474475 11.94 10 32
5.97
9 8 a.m, 480,72
5.95
8 pem. 486,67 11,84 10 27
5489
6,03
8 pem, 498,59 12.02 10 35
5.99
11 £ a.mn. 504..58
8 pem, ™
Ave = 11.92 10 hr 28 min

* Incomplete Tests

TC Tests Completed

X This is not a true indication of possibilities for system as
much hot water was released from pre~heat tank to weligh-tank
(see table),
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TABLE 7

PERFORMANCE FACTOR AND COEFFICIENT OF PERFORMANCE

OF MILK COOL¥R WITH PRE~-HEAT TANK
sifater in re-icat Tenk = 249 pounds

=
oo logn |8 |88

Sy |304ES el o8, | g o

(5 [sdesd L EEL | 8 ;
£ [ ] fe 40 Al d (OO gsﬂ. gg‘; g ;ég
3 He |2EFRAE P)% o uy B, & o &
: 28 15 8l5.s 138 |8525 | A% | &, |28

beid 0 G &=~ O d[“* 0__9‘ [>% 4 [ al
B4 oo |88 |2 B 2 a8 14838
17 % 5% |w8 Blud ! égécﬁ =5 PR
gl £ |88 |Edalzdb 182 IS28F | &4 i | 8a
3] 8 awn. | 176 [52.0 | 31.0 [63 |16,870 | 12,250 | 1.38 | 1.29
8 pems | 175 [52.0 | 31.5 [63 |16,950 | 12,600 | 1.34 | 1.25
L] 8 a.m. | 185 |53.6 | 33.3 |62 ]18,200 12,600 144 | 1.25
8 pom. | 170 [53.2 | 33.0 |62 |17.270 | 120250 | 1.41 |1.29
5 2 a.m. 179 5&--5 3305 61 18,100 12,600 loM 1¢25
8 pom. | 173 [53.5 | 33.3 |62 | 17,550 | 12,250 | 1.43 | 1.29
71 8 a.m, | e [ 33,8 | 61 K i v e
8 pome | 148 [53.4 | 33.5 |63 | 17,650 | 12,600 | 1.40 | 1.25
8] 8 a.n, | 176 [55.0 | 35.5 |61 |18,520 | 12,600 | 1.47 | 1.25
8 Pele Hi Rt 33 .0 63 Heede W R it
9| 8 aum. | 267 |54.6 | 34.6 |61 | 17,720 | 12,600 | 1.41 |1.25
& pem. | 148 |54.0 | 33.4 [62 |16,320 | 11,900 | 1.37 | 1.33
10} 8 a.m. 174 i54.2 33.4 | 62 17,720 12,600 1.41 ]| 1.25
g peme | 149 ]53.6 | 33.0 |62 |17,820 | 12,250 | 1l.45 | 1.29
1| 8 a.m. | 153 |54.9 | 33.7 |62 | 16,790 | 12,250 | 1.37 | 1.29
8 p'm' 172 53.5 33-7 63 17’590 12,600 lni&O 1025
12| 8 a.m, | 148 [53.8 | 33.7 |62 |16,360 | 11,900 | 1.37 |1.33
8 p.m, 170 153.9 | 34.0 |63 |17,630 | 12,600 | 1.40 | 1.25
AVE. Avg. | Aveg. fvg. | Avg. Avg, Avg. | Avg.
167 53.8 | 33.9 [62 |17,481 | 12,403 | 1.41 | 1.27
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TABLE 8
ELECTRICAL ENERGY CONSUMPTION AND TIME OF OPERATION
OF WATER HuATER FOR ENTZRING WATHR TIMPIRATURES

IN TH& RANGE OF APPROXIMATELY 95 F - 135 F

e g E o

" 's - E -« g:

o ”ﬁ: & o "46\::
o [ANEY} 1

: | 38 | da E (8BS
E id | one | B @ gt
= D 5 3 E o oW
2 | 8 =3 | 57 | © 13
& B+ &5 e Hrs Min 282

1 8 a.m. 101 4430 L 58 88

8 pame 106 5.3, 5 12 89

2 8 a.m. 100 4498 L 34 86

3 8 a.m, 169 545 L 2 79

8 p.m. 98 4,68 L 31 76

A 8 a.n. 102 579 4 39 79

8 peme 103 507 L N 82

5 8 a.un. 104 5440 4 57 79

8 p.m. 112 5.33 L 52 80

S 8 a.m. 110 455 4 8 82

8 pima 119 Lals3 4 9 83

7 8 a.e 110 3.94 3 45 81

8 peme 119 L5l 4 b4 81

8 8 a.n, 121 3.50 3 29 81

8 peris 126 3.58 3 21 80

9 8 Bellie 125 3tll 2 105 83

8 pei. 134 3.12 2 50 80

10 8 a.m, 125 2445 2 30 71

8 p.m. 124 313 2 54 79

11 8 a.m. 112 it 3 L5 a8l

8 pem. 113 habi, 3 57 82

12 8 a.m. 119 Lobily 3 30 81

8 peme 118 410 3 18 81

13 8 a.m, 11, 4401 3 18 8l

8 pume 100 5.27 5 27 g1

(continued)



TABLE 8 (continued)

fa 58 ®
° o %'53 ' 8o
B p s 2 1 £ g on
; 52| B8 38, | 858
: 52 | om | BUE | g3e
o L g = )
8 o gg ks E S N g-; %.§
ks g 85 | &1 trs win | 832
14 8 a.m. 119 s #* ¥ 81
8 pente 123 425 4L 7 83
15 8 a.m. 121 3.70 3 19 86
8 p.n, 113 Le52 4 16 85
16 8 a.m. 115 4.1 3 42 g5
17 g aun. 115 le51 L5 85
8 pele 129 3.28 3 7 75
18 8 a,.m, 134 3.12 2 LT 88
8 p.m. e - 2 20 88
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DISCUBSION

From discussions with several dairy specialists of the Virginis
Polytechnic Institute, it was estimated that the average dairy farm in
the Roanoke area, producing commereisl grade milk, has approximately
25 cows producing 20 pounds of milk per day per cowe With milk weighe
ing epproximately 846 pounds per pgal, the average farm in this area
would produce Ge61, ten gal c¢ans of milkper 24 hr, A fourw-can milk
cooler would be adequate to cool this milk, if the pickeup truek
schedule was such that two cans of milk from the previous evening were

2
left outside the milk ecooler for not nore than an heur.( )

Otherwise,
& sixecan cooler would be required.

A gixecan milk cooler would probably be more representative of the
capacity used on the average commercisl milk producing farm of Virginda,
since the production for the Richmond and Viashington areas is about
twice that of the Roanoke ares, lowever, o four-can size was used for
this experiment, primerily because of its availlability in the Agrie
cultural Engineering Laboratorye. Therefore, results obtained from this
exporiment may not represent average conditions for ‘the State of
Virginia, but are indicative of what might be oxpecteds Although a
four=can milk cooler could handle cight cans of milk in 24 hrs under
the right pick-up schedule, four cans per day were used in this experi-
mentes It was deternmined that this number would provide sufficient heat
for the size of pre-heat tank used in the study.

The 52 gal electric weter heater used in the tests is a slize often

used on farms.
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There appeared to be no significant differences in the rates of
‘ecooling of the water in the nilk cans for any of the tests. epresen-
tative tempersture curves in Figures24 and 25 }shmv the temperature
relationship in the cens when the elr gondenser was used and also when
the *rmmtank was usede These curves show that essentially all of
the $emperatwre reduction ocourred during the first howr, It is appa=-
rent that more heat was removed from a can of water in the first houwr

than in the Pollowing 11 hr.t%)

These results were anticlpated,
because of the prineiple of aperaﬁion of this particular milk cooler,
which, acoording to the manufacturer, builds up an eveporator ice bank
of approximately 125 poundss. This ice bank, combined with the spray
system, was largely responsible for the rapid cooling of the water dure
ing the first hr.

The refrigeretion unit operated until i:he ice bank on the oevepow
rator coils encircled the bulb of the hydraulic type thormostatic
switch conitrolling the compressor motore At times, the switch wes
opened just as the bulb became completely imbedded in the ice, while at
other times ice formed up to approximetely threoeeights of an inch over
the bulb before the system shut off. This wvarinble performance of the
switch could in ;:ar‘ﬁ aceount for the vardation in Performance Rptlo
and Coefficient of Porformance, (See Table 7), and was probably s cone
tributor to the greater vﬁriation of energy consumption and time of
operation within a series of milk cooler tests than between them,

(See Tablos 3 and 4)s Although a slightly lower average energy
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consumption, and longer operatiné, time of the milk cooler resulted with
the pre-hest tank arrangement, these differences did not appear to be
significant. |

The amount of heat ncoounted for in the 249 pounds of water of the
pre-heat tank, irmediately after the final opening of the solenoid wvalve
to discharpe weter to the overflow tank, was epproximetely 10,525 BTU.
This value wes based on temperatures of the pre-heat tank weter, which
were contimuously recorded at five points (See Toble 2)s To raise the
everage value of 167 pounde of water {See Table 7) that passcd through
the solenoid velve from 62 F to 115,8 F required apprroximstely 8,980
BTU, For e 24 hr period, or two milking periods, the sum of the heat
added to these two sources, as caloulated, was 39,010 BTUs In addition
to this heat, stand-by losses fron the pree-heat tenk, as caleulated and
shown in Appendix ¢, was estimated to be approximately 1,000 BTU per
24 hre During the first hr of each milking period, there was some
heat delivered from the refrigeration wnit teo the water that was drawm
fron the pre-heat tank to the electric water heatere This heat was
calculated to be 5,575 BTU for each milking period, making a total of
11,150 BTU per daye This velue was thought to be high, as manuface
turers! ratings for 1/3 hp comprossor wnits are in the viednity of
24800 BTU per hr, or as used in this test, 5,000 BTU per day. Using
this smeller value of heat for a 24 hr period and adding it to the
heat as caloulated in the other threc sources gives a total of approe
ximotely 46,000 BTU per 24 hr.
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Of the 46,000 BTU to be accounted for, approximately 22,000 BIU
could have been provided from the milk cooler with load (See Appens=
dix B)e Considering the utilization of all the heat from this source,
then 24,000 BIU must have been mrovided by the compressor and come
pressor mobtore & 1/3 hp motor is approximately 63 percent officient,
Froam this source, assuming full load conditions, for the epproximately
15 hr of operation, & maximum of 7,480 BTU could be expecteds The
canpregsor might hove hed a mechanienl efficlency as low as 50 percent,
giving 6,376 BTU, assuning full load operating conditionse These come
bined figures btotal to 13,856 BTU, or 10,145 BTU legs than the wpe
socounted for 24,000 BTU. Compresser shell, higheprossure refrigerant
lines, water lines comnecting the preehest tank to the weter heater,
end other stendeby lossos have not been taken into consideration thus
far. Although these losses were not measured, it would appear that

hey were subgtaniials the high temperatures represented by Curves 1 and
2 in Pigure 27 lend considorable support for this conclusion, Une
questionably, the theeoreticel heat of the nilk cooler, comprescor and
compressor motor would not be completely utilized as useful heate.

Power requirements for the nilk cooler, shown in Tables 3 and 4.
sear to be excessively high for all of the tests., Namufacturerts
egtinates ond tesks conducted by Furdue Upiversity Agriculiuwral
Engincering Dap@.rmﬁm:(aa) indicate that for comparable nilk coolers
the energy conswmption per 10 gal of milk cooled should be in the
vicinlty of one kwhr, whoress, for these tests tho average was 1.83

kehr per can cooleds On tho basis of tho hours of operation, energy
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consunption af the milk eooler, and the approximately 10,000 BTU of une
acocounted for heat, it is, thorcfore, concluded that:
1) Cabinet losses were higher than anticipateds This may have
been due to undetermined insulotion conditlions, glving rise to e
higher therml conductivity coeffieients Apparently, there were
same joints of the ouber shell of the metal eebinet that were not
tight, which would offer some supvort to this conclusion.
2) If the averape 'i:empera;bwe of the water in the pre~heat tank
Irredintely after the refrigeration wnit hed stopped operating
for o 12 hr veriod hed been n few depreecs lower than that calcuw
loted, the quentity of heat in the water would have been
apgreciobly lower. Therefore, the quantity of heet unscoounted
for would hove besn lowere. This condition may heve existed as
tenperatures in the uppor helf of the tenk, which was 66 in
long, were reocorded by two thermocouples, while temperatures
in the lower helf of the tank werc recorded by three thermoe
couples.
3) A quentity of heet was evidently cdded to the wator of the
milk cooler by the wabter pumpe 4 1/3 hp electric motor overated
Ghe pumpe és:;miz&g that the pump wes fully loaded, approxim
mately 3,412 BTU would be ndded during the three hr of operae
tion of the pump for e 24 hr test peoriod.
Possibly the constant high exbient vemperatures for the sir cone
denser and the high condensing temperatures in the pre-heat tank for

the secoud series of tests, accounted for sume of the high energy
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requirementse Certainly, temperatures in the vieinity of 185 F on the
sealed in compressor wit, as indleated by Curve 2, Figure 27, would
apoear to be excessive for the design of the wnits. Tomperatures withe
in the cleectric mobor may have been mch higher,

As previcusly mentioned, the terperatwre on the shell of the oome
pregscr was quite highe By irmersing o specially desipned refrigeros
tion unit in the preeheat tanls with the condenser, it is thought that
the heot from the compressor, ineluding the I°R loss and other losses
fran the nmotor, snd heat of compression, could be ubilized., ith a
thernestetically controlled booster heating clement of the resistence
type located in the top of the tank, the conventional water heater might
be eliminnted cumpletelys The thermostot controlling the heating elew
ment could be set for the nmininwn scceptable water tempersoturce

An avefa{;e of 187 pounds of 116 F water passed to the over-flow
tank ocach milking periode This amounted to 40 gal per day, a large
part of the highor tamperature watere If o larger pre~hest tank had
been used, o larger quentity of waber neer the temperature of 120 F
wenld heve been suprlied %o the woter heatere This ls quite definitely
indicated by Curve 1 of Figure 28, IHad this boon done, the energy save
ings in operatilon of the waber heater may have been greatly incressed
over the 30s2 percent recordeds The water entering the pre-heat tank
wes approximately 62 F for most of the tests and the everage arbient
bempereture was a 1ittle more than 80 F as indicated by Curves 4 and
7 of Figwre 28, During the cooleor months, lower tap water temporature
could be expected from many form water systens, which would reise the

average Ferformance Ratlo., Also the average ambient temperature would
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probably be lower most of the time thoreby decreasing the cabinet loss
and slightly inoreasing the Performance Ratlo.

There is a marked varietion in rock wool coefficient of heat transe
feor valuegs for temperature changos in the range of 60 F to 120 F.(al) *
For the preeheat tank stand«by loss calculetions in Appendix C, &
value of 0.27 BTU/(£t%)(hr)(°F) was considered re@resantaﬁive.(s') ot
ever, observed condenseation on the walls of the presheat tank, at the
time 18 gal of heated water was withdrawn and replaced with 62 F %tap
weter, leads the author o belleve that thermal conductivity of the insue
lation was greater than assumed, which would have led to greater stand-
by losses then indiceted, and e larger amount of unacoounted for heat,

It was observed, ss shown in Figura 28, thet considerable stratie
fication of water took place in the pre~heat tank. Natural convection
currents were not of sufficient mapnitude to appreciably affect water
tenperatures below the lowest turn of the condensing coiles 1It, theree
fore, seems roasonable to oonclude that the capacity of the tank might
have been used to better advantage by placing the outlet of the condense
ing ccll ocloser to the bottom, This position probably would cause all
of the water to be heated at a more uniform rete, and slightly inerease
the Performance Retlo,

The average Performence Ratio of 1,41 is not impressive, However,
Sporn and Ambroae(%) state that, with present day refrigeration equip=
ment, heat pump Performance Ratios of l.5 to 2.6 are about the best that
can be expeoteds On this basis, the averages for these tests do not

appear to be exoessively low,
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Since the Ferformance iptio is indicative of heat supplied by e
heat pump per wnit of power consumption, it is adventageous from the
view point of operating costs, for e heat pump only, to use minimunm con-
densing temperatures and z:m;immn’mporating temperatures. In this
particular cibuation, however, the primary function is to supply refrigee
ration for millce This in ltself requires low evaporator temperaturese
The function of heating water ls e secondary one, and therefore, it nay
be nooessary, with equipment of this type, to sacrifice higher
Performanoce Ratios in order to incremse the temperature of the cone
densing weter and at the same time meintain s sufficiently low evepo-
reting temperature in the milk cooler.(S)
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CONCLUS IOHS

The following sonclusions appear t0 have merit:

1) The heat obtained from oooling milk in s mechanical farm milk
cooleyr may be used for pre~heating a quantity of watere.

2) The smount of water heated and the temperature to which it is
heated are functions of the heat obtainable from the milk cooler and
refrigeration equipment,

3) The percentage of available heat from the condenser that is
aveileble in the water passed to the electrio water heater is a funetion
of: {a) the design of the condenser-to-water heat transfer system,

(b) +the size and shape of the storage tank, and (o) the losses fram
the storage tank.

4) The savings in oost of electrio energy for operation of the
electric water heater are eppreciable when heat extracted from cooling
milk is used to pre-heat watere In this study, the savings amounted to
8lightly more than 30 percent. However, & lerge quantity of heated
water passed to the overflow tank, A savings of 54 percent could be
realired when the water drawn fi-am the pre-heat tank into the water
heater was ralised from 62 F « 120 F in the pre-heat tank,

5) without the assistance of o competent refrigeration mechanioe,
the technical problems involved make it inadvisable for the individual
farmer to attempt s oconversion of ourrent milk cooling equipment for the
sdditional function of heating water,

8) This study indicates that greater savings mey be effected with
a refrigeration unit and condensing unit specifioally designed for
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heating weter, using the basie principles outlined in this study.
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SUGCESTIONS FOR FUTURE STUDY

l., Tests may be conducted using a lerger pree~heat tank with the
oondensing ool outlet placed as close as practical to the bottom of
the tanke In this mamner, better utilization of the extracted heat and
the tenk ocapecity and more uniform heating of the water may bg effectede

2e It is recamended thet tests be conducted with a refrigera-
tion unit immersed in a hot water tank. A refrigeration unit designed
for operation in a condensing temperature of 150 F « 160 F would be
desireble. With this arrangement a larger water tark could be used,
‘and e thermostatically operated booster heating wmit, of the resise
tance type,placed near the top. In this manner, the e¢lectric water
heater might be eliminated completely,
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APPERDIX A
DESIGN OF CONDENSING COIL FOR PRE-HEAT TANK

The following equations were used in designing the condensing coil,

A = Q
Uat
where: = Quantity of heat transmitted--BTU/hr
A = Outside surface area of coile-nq £t
At = Temperature difference causing heat to flow in
dogrecs F
U = Overall heat trensfer coefficiente-BTU/(£t%)(hr)(°F)
U g 1
1 + L + &
he hg by
where: he = Refrigerant condensate coefficient

he = Thermal conductance of the tube metal
hy = Water film coefficient
For the design of the coil, the temperature difference between the

refrigerant vapor and condensing water wes assumed to be 40 F‘(l) This
value was divided as follows: 10 F through the water £ilm, and the
remaining 30 F through the refrigerant condensate. An assumption of
this division was necessary in order to use design information aveilw
able. The added length of 3/8 in tubing %o roach from the compressor to
the pre~heat tank will offer more resistance to the refrigerant wspor
than the 3/8 in tubing which connected the compressor to the same size
tubing of the air condenser. Therefore, 1/2 in copper tubing wes selected
for the design, in order to sumewhat compensate for the extra length
required.



The refrigerant condensate film coefficicut he was obtained from
the theoretical equation reocrmended by licAdars for film-iype condensaw
tion of a pure saturated vapor oubside of horizontel tubes.(a)

(1) 23 Pe g N
0725 e

3
B

NDQ Mfﬂt

hg = Refrigerant condensate coefficientes
0.,
BT/ (e4°) (e )(°F)
Thermal conductivity of ocondensate at temperature

&
il

of condensote £ilmesBTu/(£4%)(hr )(oF)(%) |

@)
*
4

Donsity of condensate film at temperatuwre of cone
densate £ilme=Ibs/ft5(4)

g = Accoleration due to gravity=-ft/hr-hr

A = Enthalpy change, latent heat of condenssbion,

at saturation temperature, BTU/Ib(4)

b4 Humber of horizontel rows in a vertiecal tiler

i

BO
Mg

Outside diometer of tube in £t

il

it

Absolute viscosity of condensate at temperature
of condensate filneelbs/hr-ft
At = Tempersture difference across filmmF

he = 0,725 (4055% x 75° x 4,17 x 108 x 605
TE ST E L x50

he = 155
The weter £ilm coofficient, hy, was token as 92 from a nomograph
in the text, Heat Transmission, by iieAdams.u‘?’) In order to use this

alignment chart for the estimetion of neturel convestion coefficients



several assumptions had to be nmades Llean temperature of the wnter £ilm
(1) was assuned to be 90 F, which lies between the expected maximum
condensing water temperature of 115 F and tap water temperature of
60 Fy Tho temperature difference soross the £ilm ( t) was assumed %o
be 10 F as previously mentionod.

The coefficient of heat transfer, hg, of the i in OD copper tube
was 52,400, This value was obteined from the equation, hg = k/L,
where k was the thermal conductivity of the tube in BTU/(££2)(hr)
(°F){£t)5, and L was the thiclmess of the tube in ft.‘lﬁ)

A value of 32 was obtained for the overall heat transfer coefficient,
U, using the calculated values of hp, hy, and he in the previcusly
desoribed basic equation for this coefficient,

The amount of heat, ¢, to be removed in the condenser, based on
16 hr operstion of tho compressor(3) wes 2,297 BTU per hr. The anticie
pated heat for a 24 hr peried is shown in Appendix B,

From the equation, A = ‘B’%:’ » the surface erea required for the

condenser coil was caloulated to be 1,78 sq fte A coil length of

15.1 £t was determined from the equation L = "%'I}‘ s where L is the length
T

of the tube in £t, A is the ares in sq £, and D is the diameter of
the tube in £t. For this design, the arithmetic mean diameter was
med.(5) Following are the solutions for the values of ares and
length obtained.
4 = 2297 = 1478 8q £t

L = 1478 = 15.1 £t
x U.4b




To subcool the refrigerant is desirable from the standpoint of
better efficieney of the evaporator. For this resson and because the
theoretical equations used to caloculate the overeall coefficient of heat
transfer may be in considerable error for correot balance of the oxiste
ing refrigeration wnit, a condensing coil of 25 £t of 1/2 in copver
tubing was used, providing a safety faotor of approximately 30 percent.

By placing as much of the condenser coil as practiocal in the lower
part oi’ the pre~heat tank, lower condensing water temperstures might be
utiliszed., Therefore, coil twrns of the largest practicel diameter
would be the most desirable. IHowever, the largest twn thet would £it
conveniently through the tank opening wes 2 coll turn of 6 in mean
diameter, This resulted in a coil of 16 turns.
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APPENDIX B
iEAT LOAD CALCULATIONS FOR MILX COOLER

Basle Conditions

1. Average Daily Ambient temperature 80 F
2, Average Hilk Cooler alr and water temperature 40 F
3¢ Produst load

ae 4 sheeb iron ocanse » each 2645 1bs
be water « « each can 82.5 lbs
4. Air changes 5 per 24 hrs

Se Dimensions used for liilk Cooler

a« Outside
Depth (less door) 30 in
Width 58 in
Height 43 in
be Inside
Depth (less door) 26 in
width 54 in
Tedght 38 in

cs [iilk Cooler Door

Depth 2 in
width 35 in
Height 30 in

de Milk Cooler Volume Approximately 32 cu £t



6e Surface Aress and Conduotivities

Heat Transfer

Aree sq ﬁ:_ Coelflcient i

Botton 11l.5 0.0839
Side Vialls (including door) 3342 041160
Top 115 04,1160

Conducted heat load for 80 F Ambient tempersture and 40 F cabi-

net temperaturc.

o
i

where:

o o
i

o
#

>
+3
i

where: f1=

K =

X =

UA AT

quanity of heat transmitted

overall coefficient of heat transfer
BTY/(£4%) (br ) (°F)

area through which heat passes
temperature difference causing the heat
to flow

1
T 4+ 1+ A1+ Xo
Ty T, © 6]

conductance of inside £ilm

conductnnce of outside £ilm
thermal conductivity of a material
thickness of the meterial

By applying the equation ¢ = UAAT to find the conducted heat

load for the milk cooler, the following results were obtaineds



Q (Eottom) = 0.,0839 x 11.5 x 40 x 24 = 927 BTU per 24 hrs
Q (Side Walls) = 01160 x 33,2 x 40 x 24 = 3670 BTU per 24 hrs
Q (Top) = 041160 x 11,5 x 40 x 2¢ = 1280 BIU per 24 hrs

Total conducted load = 5877 BIU per 24 hrs

Infiltration Heat Load for 1ill: Cooler for 80 F Enbtering Alr
Losses = Volume x Alr Changes = BTU per ou £t
QL = 32 x% 5x 2,18 = 349 BTV per 24 hrs

Product Load for 24 hrs in Cooling from 90 F to 44 F
Q (330 pounds water) = 330 x 46 = 15,180 BTU per 24 hrs
%P (106 pound cans) = 53 x 04,13 x 46 = 634 BTU per 24 hrs
Total froduct Load = 15,814 BTU per 24 hrs

Total il Cooler Lood for 24 hr Period

Conducted 5,877 BTU
Infiltraetion 349 BTU
Froduct Load 3,5;83.4 BTU

Tobtal = 22,0640 BTU per 24 hre

In addition to the caleulnted total milk cooler load, it was exe
pectod that the seclede~in compressor and motor would contribute congie
dereble heat to the refrigerant wepor. A 1/3 hp electric motor operating
wnder full load is about 63 percent efficient, This would make aveile
able as heat approximately 498 BTU per hr of operation, or 11,952 BIU
per 24 hrs of operation, Assuning that 50 pereent of the energy of
the 1/3 hp compressor is available as heat enorgy from compression of
the gas, 424 BIU hr, or 10,176 BTU per 24 hrs of operation would be

added to the refrigerant.



Total theoretical heat reloased to the condenser
Total cabinet load = 22,040 BTU/24 hre
Electric motor = 11,952 BTU/24 hrs
10,176 BTU/24 hrs

it

Compressor
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APPENDIX C
STANDwBY HEAT L:5& CALCULATIONS FOR PRE HEAT-TANK

FOR A 24 HR PERIOD

Basis Conditions

1. Awverage Dally Ambient temperaturs 80

]

2e¢ Awerage Water temperaturc in top half of
pre=heat ‘tank 105 F=*
3¢ Averasge Vaber terpercture in lower helf
of preeheat tank 87 F*
4e Areu bank(includes averoge of 2 in
insulation) 22438 8q %
5. Overall coefficlent of heat transfer 0.116 BIU/hr-ft2-F

Conducted Heat Loss From Tank

Q = Urar
Q (upper half of tanl) = 0,115 x 11,19 x 25 x 24 = 775 BTU per 24 hrs
Q {(lower half of tunk)

i

0,115 x 11,19 = 7 x 24 = 251 BTU per 24 hrs
Total = 1,008 BTU per 24 hrs

=epresents the arithmetic average of each eight min temperature recor«
ding of each of the five thermocouples located on and in the tenk for a
24 hr test period
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APPENDIX D

HILK COOLER SPLCIFICATICNS

Hanufacturer?s specifications for milk cooler:

Capacity in 10 gel oans 4
Coolinge-cens per day (24 hrs) 8

Sige Unit 1,3 Hole
Depth (less door) 30 in
Width 58 in
Height (Cabinet) 43 4n
Height (Overall) 68 in
Water capacity (approximate) 80 gal

Nominal Ice Benk (approximate)
Wedght 126 pounds



