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INTRODUCT IC 

the problem of henting water to be used for washing, rinsing, and 

sterilization of milking utensils 4s a common one on deiry farms. An 

ample supply of hot water is necessary in the effective removal of fate 

and milk residues on which bacteria thrive, (7)* To meet this require. 

nent, electric water heaters are in wide use, being especially desirable 

because of their cleanliness, low fire hazard, and convenience, The 

annual price paid in Virginia for electrical energy consumed in these 

heaters amounts to tens-of-thousands of dollars . 

Cooling milk rapidly is another phase of the process for producing 

a healthful, quality product. Mechanical refrigeration equipped with an 

air condenser seems to offer the greatest satisfaction, resulting in an 

inercasingly wide acceptance of this methode This means that the air 

in the mili house, passing through the condenser, indireotly absorbs the 

heat from the milk in the milk cooler. Removal of this heated air fron 

the milk house is a preblem in many sections during the warmer seasonse 

With meny mechanical milk coolers and eleetric water heaters being 

used, often in proximity to each other, a method of reducing the cost of 

operating the water heater, and in some eases elininating unnecessary 

milk house temperature, suggests itself. <A properly designed coil placed 

in an insulated pre«heat tank could replace the air condenser that is 

usually a part of a farmesize cooler, Tap water could then enter the 

  

«nefers to corresponding number in "Cited and Related Literature."



preeheat tank to be preheated before entering the electric water heater. 

By this arrangement, am appreciable savings of electrical energy may be 

effected. 

Theoretically, the heat loss throurh a fourecan milk cooler and the 

heat given up by ceoling four 1O=gallon cans of milk fran 90 F to 40 F 

amounts te approxinetely 22,000 BTU's per dey. If this heat could be used 

to heat water, approximately 50 gallons of water could be raised in tem» 

perature from 60 F to 115 PF every 24 hours. This water could then be 

heated to 150 F in the electric water heater. if eleotrical energy for 

heating water in Virginia sold for as low as one cent per kwhr, approxi« 

mately 5,000 commercial producers of Grades A, By, and C milk could save 

approximately $125,000 annually on energy costs, The heat exchanger cost 

is a factor, however, that would require considerations 

OBJECT IVES 

The purpose of this study is: 

le To develop a method of utilizing the heat obtained 

from cooling milk in a conventional wet«tenk mechanical 

milk cooler to preeheat water before it onmters an 

electric water heater. 

2e To determine the practicability of thus tempering water.



REVIEV) OF LITERATURE 

The heat pnp has attracted the attention of scientists for a hundred 

years. Lord Kelvin suggested using « heat pump for changing the temperature 

of air in ea given space in a paper presented at a meeting of the Glascow 

Philosophical Society in December, 1852, Abmrt 75 years later, Holdano per~ 

formed some experiments in London with a heat pump using the Kelvin 

principis. (19) 

There is no fundamental difference between a conventional refrigeration 

system and the "heat pumpe" Each employs a compressor, condenser, cooling 

colls, or evaporator, end an expansion valve, or constriction, to absorb 

heat at a low temperature level and reject it to a higher temperature level. 

The source of heat can be the atmosphere, earth, wells, lakes, streams, 

in manufacturing processes, or any other source of sufficient heat, 

In 1934, the Fennsylvania Railroad installed and operated heat pumps 

in two of their vcassenger cars using the atmosphere as the heat source. 

In 1945, a Fruehauf refrigerator van was equipped with a heat pump to 

supply year round air conditioning. In addition to atmospheric air, waste 

heat from the engine was utilized to increase the efficiency of the system 

during the heating oyeles | 

early all the hoat pumps built, tested, ond discussed during the 

last ten years were used in conjunction with equipment to heat and cool 

commercial buildings and homese Sporn aud Ambrose report (29) on five test 

model heat pumps installed and operating in residential buildings. Three 

of the units are of the air-towair type, one is a water and air«toenir type,



and one is an earth and aireto air type. Vater, carth, and air are 

used ag the heat sources and air is used to supply the heating and cool- 

ing to the ocoupied space. Montagnon reports (14) on the heat pump ine 

stalled to serve the Royal Festival Mall during Britain's recent cele- 

bration. Variations from these typical installations are the newspaper- 

reported Cleveland ice skating rink thet uses heat from freezing ice to 

heat adjoining buildings, and the Chicago banana dealer who uses heat 

dravm from the 55 F storage room to heat the 75 F ripening roome 

Although the heat pump has been largely used for yeareround air 

conditioning for man's canfort, it is used for processing in industries 

which produce paper, artificial sill, salt, sugar, condensed milk, 

tebacco processing plants, and concentrated fruit juices, (19) These 

applications have overlooked many worthwhile ones, such as heating water 

for farm and domestic use. 

Although the olectric appliance industry as a whole has not showm 

a great interest in the heat pump water heater, it is possible to ine 

stall a water tank in any hishetemperature refrigerant gas line to heat 

water for general usee A heat pump unit designed especially for heate 

ing water is feasible and practical with any adequate heat sources 

Penrod‘ 19) desoribed a heat pump installed dur ing the year 1934 to proe 

vide domestic hot water for use in the "Home of Tomorrow" of the 

Westinghouse Electric Cerporation at Mansfield, Ohio. A cammercial 

2 hp compressor was used with a water coil of 3/8 in copper tubing 

soldered around the moter shell. A double tube condenser, one 3/8 in 

copper tube inside a 5/8 in copper tube, was helically wound and
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mounted coneentrically over the motor shell and water coil, Water was 

circulated by a 1/20 hp centrifugal pump from the bottem of a 52 gal 

insulated storage tanke Air was used as a source of heate Tyo or more 

kwhr of heat were added to the water for each kwhr of compressor energy 

consumption. Sporn and Ambrose reported ("*? on a self-contained heat 

pump water heater with a forced alr evaporator and a water-refrigerant 

heat exchanger located in a standard 80 gal electric water tanke Howe 

ever, the domestic heat pumps are in the experimental stage at the 

present time. | 

Theoretically, a heat pump could deliver eight times the heat energy 

suprlied to the motor. (8) Performance ratios* 4n the neighborhood of four 

to five have been suggested as practical, ‘The performance ratio is 

materially affected by water temperature, refrigerating compressor de# 

sign, and motor efficiency. Since it seems desirable to provide doancs~ 

tic water at 150 F, and use standard refrigerating parts, such values 

are difficult to obtain. A performance ratio of 1.45 to 2.5 is about 

eli thet can be expected at this time because of mechanicel losses, and 

present technical imowledge. (18225) Fluctuating use of hot water will 

  

*The Coefficient of Performance (C.OeF.) is well understood, having been 
treated many times in refrigeration literature. It is the ratio of the 
heat capacity 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 compressor. 
Stated as equations as used in this thesis: 

CeOePe = Useful Refrigeration in BIvU 
Electrical Increy mput to Miik Cooler in’ Biv 

Poke = JUseful Heat Output in BTU 
Electrical Energy iInpue to Wiik Cooler in Biv 
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have a decided effect on the performance ratio of the heat pump unit. 

Large daily draweoffs cool the condensing water, thereby, allowing 

better performance of the refrigeration unite



MATERIALS AND EQUIPHENT 

A) wie Cooler 
The tests were started with a conventional "Unico" four can, 

spray type, milk cocler, using Freon=22 refrigerant. Teounseh Products 

Campany manufactured the hermetic refrigeration system compres core 

The cooler consists of: (a) the insulated cabinet, 2 in of fibres 

glass on the top and sides, and 3 in on the bottom; (b) a separate 

vertical tank about 3 ft high inside the cabinet holds water to the 

height of the overflow in the side of the tank; (c) distribution troughs 

located above tho milk can area to receive water from the overflow in 

the vertical tank; (d) a cirouleting pump, similar in principle to a 

“sump pump," lifts the water from the bottem of the cabinet inte the 

vertical tank (the lewer 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 (f) a refrigoration 

system consisting of compressor, an alr condenser, a copper tube 

evaporator, suspended in the vertical tank, and a thermostatic switch 

that controls the thickness of the ice bank on the evaporator. ‘The 

manufacturer's specifications for the milk cooler are show in 

Appendix D. 

B) Water Hester 
A conventional water heater, (See Figure 1), consisting of (a) a 

52 gal galvanized iron tank; (b) three in of glass wool insulation; 

(c) an outer shell of enameled sheet metal, an upper heating wit of
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1500 watts, thormostatically controlled; and (d) a lower heating unit of 

1000 watts, thermestatically controlled, was used without modification 

throughout the tests. 

C) Pressure Gauges and Aecording Instruments 

Gauges: A compound gauge, Frigidaire Type AMP 9567, with a range 

of 30 in vacuum to 60 psi wag connected to the suction line near the 

compressor. <A presswre gauge, Frigidaire Type 1316381, with a range of 

0-300 psi, was mounted near the capillary tube on the high pressure 

side, iithen the milk cooler system was modified, two of these presswre 

gauges were mounted on the milk cooler control panel and conneeted in 

the liquid line between the water condenser and the capillary tube. 

For this latter arrangement, a Bristol, Medel 44, keyewind, 24«hr chart 

pressure recorder was connected to the miltiple valve located in the 

liguid line (See Figure 2). ‘This instrument had e range of 30 in 

vacuum to 50 psi. 

Recording Potenticneter : A 1l6«point strip=chart recording poten 

tioneter made by the Brawn Instrument Company, Model 153 x 6OP1G=X1N~» 

was used for the tests. This instrument, with a range of -50 F to 

500 F, resorded at eight min intervals the temperatures indicated by 

each of the sixteen copper-constantan thermocouples (See Figure 3) 

Recording Wattmeter: Two 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 maximum range of the meters into the range of 

electric power used, General Electric Model Noe BPIFP4B2 current trans- 

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

determine separately the energy consumption of the milk cooler and water 

heater. 

D) Miscellaneous 

Solenoid Valve: A magnetic solenoid valve was connected to the out~ 

let ef the pre~«~hoat tank eas an overflow control. This valve was operated 

by a thermostatic switch lovated on the meter panel with the bulb of the 

switch attached to the side of the presheat tank, 

Other pleces of equipment and materials used in assembling and con= 

structing the test unit were e dehydrator, weigh-tanks, scales, water 

sintt-off valves and galvanized water pipe. Three=oights in copper 

tubing and various fittings were used to inter-connect the refrigera- 

tion unit with the one-half in tubing used in the presheat tank coil. 

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

and pump motors was 115 volt alternating ourrent, while that used by the 

water heater was 250 volts alternating current. 

Water: Water used in tho milk cans and water heater was taken 

fron the Virginia Polytechnic Institute water supply.
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FIGURE 1 

A 62 gal electric water heater was used 

in this study. Each of the heating wits 

wag controlled by an individual thermo- 

stat 

  

FIGURE 2 

The pump motor, refrigeration unit, 

gauges, and some of the thermoe 

couple locations are shown in this 

shatbearerhs The white patch on the 

dome of the compressor covers a 

thermocouple. 
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FIGURE 3 

This l6epoint strip chart temp- 

erature recorder was used in 

making the temperature records. 

  

FIGURE 4 

Mounted on the meter panel pic- 

tured were the kwhr meters, watt 

meters, transformers, and thormo- 

stetic switch with indicator 

light. 
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PROCEDURE 

Ae Test Procedure 

The milk cooler and electric water heater were first operated as 

separate units as they are normally operated on a dairy farm. Then the 

air condenser of the nilk cooler refrigeration unit was replaced by a 

specially designed copper condensing coil placed in a pre-heat tank. 

(See Figure 5 and G6)» Tap water was then preheated in this tank before 

entering the electric water heaters 

Dlectrical energy consunption and cycles of operation of the milk 

cooler and water heater were recorded for all tests. Temperatures deter- 

mined by using copper-constantan thermocouples were recorded et the follow 

ing places: {a} water at the top of the eleetric water heater; (b) five 

points on the pre«heat tank; (o) 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#hent tank, 

ang (f) ambient. 

In ell tests involving the milk cooler, water was used in the milk 

cans, Although an average specific heat for milk is 0.93, the average 

weight is approximately &.6 pounds per gallon, which gives about the sane 

heat content as water in the temperature range of 90 to 40 F. (2) 

fhe average temperature of milk placed in a milk cooler is svrroxci- 

mately 90 F, To simulate this condition, water from the hot and cold 

water taps wes mixed in each milk can to a temperature of 90 F. After 

very little practice, and a let of stirring with oa wooden paddle, a tem« 

perature of 90 F as measured with a mercury thermaneter, was readily 

obtained (See Figure 7).
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FIGURE 6 

Tho major equipment used in the. 
study is shown in this pictures 
The léepoint temperature record- 
er on the left is adjacent to the 
milk cooler. The instrument 
panel was mounted above the milk 
cooler, ‘The preeheat tank, eles- 
tric water heater, and weigh tank 
axe shown to the right of the 
coolers 

  
  

FIGURE 7 

Before each test, hot and cold water 
was mixed in the milk cans until a 
temperature of 90 F Wes obtained.
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In cooperation with the Dairy Department of the Virginie Polytechnic 

Institute, it was estimated that a dairy farm producing four l0@galicn 

eans of milk per dey would use 68 gal of approximately 150 F water for 

washing, rinsing, and sterilization of equipment. ‘>? Much of the 34 gal 

drawn of f for each of the two milking periods normally would be mixed with 

colder water until it becomes oomfortable for the hands while washing the 

utensils. Some of this water would be used at intervals throughout the 

milking period with the largest portion being used at the end for washing 

end rinsing equipment. fo provide what appeared to be a reasonable rate 

of water consumption, the felloawing procedure wos used: 

At 8:00 pete, four pal of approximately 150 F water were drawn fron 

the water heater into a weighetank (See Figure 8). Four gal were again 

drewn for the next three consecutive lSeminute periods, making a total of 

16 gal. Fifteen minutes later, or one hour after the start of the test, 

18 gal of water were drawn, making a total of 34 gal for the assumed 

milking period. 

At 8:30 peme, onewhalf hour efter the start of the test, the first can 

of water was placed in the milk cooler, and the spray pump operated for 

SO minutes (See Figure 9). The second can was placed in the cooler at 

9:00 peme, and the spray motor time cleck set to operate for one hour, 

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

At 8:00 aeme, twelve hours after the start of the test, the procedure 

for drawing water from the water heater was repeated, resulting in the 

withdrawal of a total of 63 gal per day. A third can of 90 F water was



FIGURE 8 

The seales and tank used to measure 

theNnount of hot water dram from 

the electric water heater are 

pictured e% the right. 
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FIGURE 9 

Cooling of the milk cans was 

accomplished by a spray of 

chilled water as shown here,
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placed into the cooler at 6:30 aem., and the spray pump operated until the 

fourth and last can was placed in the cooler ot 9:00 aeme At this time, the 

thermocouples were placed in the fourth cen. It was assumed that the dairy 

farm was so located on the route of the pickeup truck that the two cans of 

milk produced in the morning would ramain in the milk cooler for an hour 

along with the two cans produced the previous night. Therefore, at 10:00 aeme 

ell four cens were romoved from the cooler. The milk cooler was then empty 

for the remainder of the dey, as it would normelly be on a dairy farme The 

procedure heretofore outlined was followed for the 12 runs before the pre- 

heat tani was installed es well as for the 15 runs after it was installed. 

im order to be sure that the campressor would not be operating against 

dangerously high condensing pressures during the tests with the preeheat 

tark, a thermostatically controlled selenoid valve was placed at the outlet 

of this tank (Sec Figures 1 and 11). This valve released emell quantities 

of water to a weighetank when the water surrounding the condensing coil, at 

approximately ofc-helf its length from the inlet, attained a temperature 

of approximately 110 F. The water released by this velve was tieighed and 

the results are tabulated in Table 5. Should the refrigeration unit fail 

te cat of f at the end of the cooling pericd, this valve would also serve 

as a safety device, admitting colder water into the pre«heat tank, 

Individual recording watimeters and kwhr meters were used for the 

milk cooler and water hoater (See Figure 4)- Readings of the kwhr neter, 

associated with a plece of equipment, were recorded at the beginning 

and end of each 24 hr test period. The recording watimetera gave a cone 

timwous reoord of the electrical demends of each wit. The milk cooler
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FIGURE 10 

Temperatures in the milk cans were 
determined by copper constantan ther- 
mocouples mounted on a rod, The rod 
was in turn attached to the lid of 
the cane The can with the thermoe 
couples in place in showm here. 

  

| FIGURE 12 

A thermostatically controlled 
solenoid valve pictured at the 
left was mounted near the out~ 
let of the preehoat tank, 
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kwhr meter was calibrated to read in tenths, while the one for the water 

heater was calibrated in hundredths. 

Obviously, the use of a refrigerating system of a different design 

might result in en entirely different water temperature in the pre-heat 

tanks TO approximate the electrical energy consumption of the electric 

water heater when other water temperatures prevailed in the preheat tank, 

water of 95 F to 155 F in steps of approximately 5 degrees was admitted te 

the water heater. Complete records were kept of the onergy requirements and 

operating time of the eleetric water heater. The procedure mentioned 

eerlicr for drawing 68 gal of approximately 150 F water from the water 

heater in 24 hr was followed.



Be Design and Construction Prosedure 
  

Most of the equipment required for these tests was available before 

the study was undertaken. However, it was necessary to design and con» 

struct the condensing coil for the preeheat tank and medify the tank ite 

self. Preliminary estimates indicated that a 30 gal pre-heat tank would 

be suitable for the purpose of the study, and one of this size wag 

obtained. . 

Tank: The tank was a SO8gal gaivanized iron water tank, such as was 

commonly used some years past in conjumotion with a kitehen range heating 

ooil (See Figure 12). A 2 3/4 in section of 8 in wrought iron pipe coup» 

ling was first welded to the top of the tank. Then, the end of the tank 

inside the pipe was burned out with an asetylene burning torch. To 

close this opening, a plug was constructed from a short section of 

threaded 8 in wrought iron pipe, to which a cap plate was welded (See 

Figure 13). 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 was then removed with a 

drill. The 3/4 in coupling was connected to the inlet pipe of the elec» 

trie water heater. thermocouple wire was inserted through the 1/2 in 

coupling and satisfactorily sealed. Tap water was connected to the 

3/4 in pipe connection at the center of the bottom of the preheat tanke 

Condensing Coil: The quantity of hoat conducted through a sub- 

stance per unit of time is proportional to the creathrough which the heat 

flows and to the temperature difference, Stated as a formula: Q = UAAts



  
  

FIGURE 12 

_ A SO gal galvanized iron weter tank 
‘was used for the pre«heat tanks The 
tank as seen above was before modifie 
cations
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FIGURE 13 

To provide an opening for placing the condensing ¢oil 
inside the tank, a section of an eight inch coupling 
was wolded to the top of the tanks The cap made from 

@ plate welded to a section of pipe coupling is also 
showm in this views 
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The over-all heat transfer cocfficient, U, of a condensing refriges 

rent can be separatcd into four components. These are (a) the refrigee 

rant vapor film, (b) the refrigerant condensate film, (¢) the tube wall, 

and (d) the cooling water film.* The first two components may be 

combined by assuming that the totel thormel resistance lics in the filn 

of condensate, through which the latent heat of condensation is conducted, 

negleoting the cooling of the condensate.‘ 10) These three resistances 

ere combined in determining the overenall heat transfer coofficlient by 

using the following formula: 

vo= |. i 
Lo+ Lo o+ di 

“he “Bo “hy 
Twenty-five ft of 1/2 in copper tubing was used for the condensing 

  

coil. To arrive at this valuc, calculations were made for the heat load 

that would have to be removed in a 24 hr veriod (See Appendix B). The 

heat transfer losses through the mil cooler oabinet walls, ceiling and 

floor based on 80 F ambient and 40 F milk coolcr temperature were 

calculated to be 5,877 BLU per 24 hrs. 

Published data pertaining to air changes (2) are for larger rofrige+ 

ration uwnitse Because of the linited number of times the door would be 

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

  

* An old tube might have an additional resistance due to scale deposit. 
This seale may be outside the tube as a result of impure cooling water, 
or may be inside the tube as a result of o11 in the refrigerant. For 
this experiment, a new, clean tube was used, which elinineted this 
additional componente
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bos and the methods of loadings. This resulted in a calculated infil-~ 

tration lead of 349 BTU per 24 hrse | 

The calculated preduct load, including 550 pounds of water and 

106 pounds of galvanized iron cans, based on cooling from 90 F to 44 F, 

was 15,814 BTU por 24 hrs. Therefore, the total caleulated heat load 

for the mili cooler cabinet for a 24 hr period was 22,040 BTU. In addie 

tion, considerable heat could be expected to be imparted te the refrige~ 

rant from the sealedein motor and compressor, It was calculated that 

this would anount to 22,128 BIU per 24 hrs of operatione Combining 

these values, the total amount of heat estimated to be available for 

preheating water was 44,168 BTU per 24 hrs of operations 

On the basis of the refrigeration unit of the milk cooler operae 

ting 16 hrs per day, the theoretical amount of heat to be removed cach 

hr averaged 2,502 BTU. A temperature difference of 40 F was assuned be# 

tween the refrigerant condensate and the condensing water. From these 

two values and the overeall coefficient of heat transfer, a tube srea of 

1078 sq ft was caleulated, using the formmla: A= 0/UAt. The high pres~ 

sure lines from the ocampresser to the preeheat tank coil were necessarily 

longer than the original ones to the 3/8 in OoD. tubing air condenser. 

To eliminate any additional back prossure on the compressor, as a re= 

sult of increased length of tubing, 1/2 in copper tubing was selected 

for the coil, With this size, a tube length of 15.1 ft was required, 

based on the formila: L = A/D. This length was increased to 25 ft 

for the reasons stated in fppendix Ae A sixein moan diameter turn was
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the largest that could be conveniently fitted into the tank (See 

Figure 14). This resulted in a coil of 16 turns (See Figure 15). 

Insulation: After the condensing coil had been secured inside the 

pre-heat tank and the plug fitted inte the top of the tank, 2 in, blane 

ket type, rock wool insulation was wrapped around the tank (See Figure 

16)- ‘Two in of insuletion was thoughb to be adequate for the study, 

considering that commercial water heaters of comparable size, and opera= 

ting at considerably higher water temperatures than anticipated in the 

presheat tank, have approximately three in of insulation with coefficient 

of heat transfer values close to that of rock wool, Cord, and then four~ 

ply bituminous treated building paper wrapped with wire, held the insue 

Jation in place (See Figures 17 and 18). fo decrease the heat loss 

from the 3/4 in pipe, connecting the outlet of the pre#heat tank to the 

inlet of the water heater, 85 per cent zesnecaum insulation was used. 

Temperature igasurenents: Coppereconstantan thermocouples were 

used for oll tests. Exclusive of those within the milk cooler, thermo.~ 

couples were immersed in the water in the following locations: (a) top 

of the preeheat tenks (b) the inlet line of the pre«heat tanks; (c¢) the 

inlet line of the water heater; and (da) the outlet line of the water 

heater. The thermocouple wires passed through 1/2 in pipe nipples and 

‘@ suitable pipe fitting for the particular location, and the openings 

were sealed to prevent leaks (See Figure 19), Thermocouples that would 

have bcen exposed directly te the room air were held in place with 

rubber tape, then covered with asbestos insulations (See Figure 2).
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FIGURE 14 

A goal of 6 in mean diameter was 
about the largest that would son- 
veniently pass through the tank 
opening. The coil is shown above 

as it was being placed into the 
ad 

FIGURE 15 

The condensing coil for the preb 
heat tank is pictured at the lefts. 
It had 16 turns of oneshalf in 
copper tubing. 

 



  

FIGURE 16 

Two inch blanket type rock wool insulation was wrapped 
around the pre«heat tank and secured in place with cords 
Pipe couplings were welded to the top of the eight inch 
plug for the water outlet and a thermocouple. 

  

  

FIGURE 17 

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

The completely insulated pre-heat tank is 
show above. 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 recoive 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 
lefte 

 



Those located on the side of the preeheat tank were secured in place 

with seeteh tape and then covered with rock wool insuletion to the 

seme 2 in thickness as the rest of the tank, 

Five thermocouples were spaced on ea wooden red. and supported by 

the can lid, as showm in Figure 20, for measuring temperatures in the 

milk cane With this arrangement, the top thermocouple was one and 

three-quarters in below the surface of the water, the lowest thermo- 

couple, one and three-quarters in from the can bottom, with the three 

remaining thermocouples apaced four in on center between the other 

THO. 

Temperatures of the milk cooler water was observed by a thermoe 

couple located in the center and one in below the surface of the 

water in the bottom of the storage compartment. 

Thermocouple locations for all tests are shown in Tables 1 and 2+
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FIGURE 20 

The thermocouple device for measuring 
temperatures in the milk can is 
shown above.



S5A 

TABLE 1 

  

Wilk Cooler and Water Heater in Conventional Arrangement 

  

Thermocouple Number | Location 

1 Milk Can 

2 Wilk Cen 

3 Wilk Can 

4 Milk Can 

5 Milk Gan 

6 Water in Bottom of 
Milk Cooler 

7 Top of Air Condenser 

8 Inlet of Air Conderser 

9 Outlet of Air Condenser 

10 Tap Veter 

il Top of Water Heater 

12, 13, 14, 15, 16 Ambionte--5 £t ‘bove 
Floor 

oe 
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TABLE 2 

Milk Cooler and Water Heater With Pre-Heat Tank 

  

Thermocouple Number Locetion 

L Bik Can 

2 Hiik Can 

3 Anblentee3 £t Above Floor 

4 Wilk Can 

5 Halk Can 

6 “ater in Bottom of Milk 
Cooler 

7! Thermostatic Switch Bulb | 
Location on Side of Free 
heat Tank 

8 Top of Compressor 

9 Two in From Bottom of Pre- 
heat Tank 

10 fap Weter 

12 Top of Water Heater 

de Owtlet of Preeheat Tank 
Coil 

do Top of Pres«heat Tank 

12 1/4 Distance From Bottom On 
Side of Freeligat Tank 

15 1/2 Distance From Bottom On 
Side of Pre~Heat Tank 

16 Inlet of PreeHeat Tank Coil
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RESULTS 

The results obteined from this experiment, including observed reade 

ings are shown in Tables 5 through 7 and Figures 24 to 29, inclusive. 

ALL of the curves in Figures 24 through 29 were plotted fram the tempeorae 

ture recordings of the stripechart recorder, with a machine designod for 

work of this type (See Figure 21). 

The milk cooler consumed on average of 7645 kwhr of electric energy 

in an average operating time of 14 hrse3O0 min out of the 24 hr with the 

air condenser in the refrigeration system (See Table 3). Emergy con= 

sumption renged from 7.1 to 7.6 kwhr for the eleven complete tests. 

Eight of these results were within two percent of the average. Operae 

ting time ranged from 14 hrs-15 min to 14 hrs«35 ming with six of those 

results within one percent of the averages 

After substituting the coil in the pre«heat tank for the air 

condenser, the nilk cooler consumed an average of 7.626 kwhr of electric 

energy in an average operating time of 15 hrs@-13 min out of the 24 hrs 

(See Table 4). Energy consumetion ranged from 72 to 7.3 lwhr for the 

ten complete teats, All test results were within one percent of the 

average. Operating time ranged fron 14 hrseS9 min to 15 hrs-35 min, 

with five of the results within one percent of the averages 

Figures 24 and 25 indicate that the rates of cooling of the water 

in the milk cans were not significantly different for the milk cooler 

in senventional arrangement and fer the milk cooler in combination with 

  

the preeheat tenk,. The maximm temperature reached by the thermocouples
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in the milk cans was 83 F for tho first situation while the maxi 

  

temperature reached in the second situation ws 82 F, Variation in 

temperature of the water in the bottom of the milk cooler during the 

first hour of cooling was a result of shutting-off of the spray system 

yvater puap at the tine of placing anothor can into the milk coolere 

Temperatures within the cabinct were influenced by ambient temperse 

tures as shown between the hours of § to 13 on Figure 25 and between 

the hours of 14 to 20 on PFiguro 246 

In the conventional arrancemont, the water heater consumed an 

average of 17,12 lsshr of electric energy in an average operating time 

of 15 hrseS min when 68 gal of 150 F water were withdraw in 24 hrs 

(See Tablo 5). Energy consumption ranged fron 17.96 to 17.26 kwhr for 

the six complete tests. 411 six results were within one vercent of the 

averages. Operating time ranced from 15 hrs-00 min to 15 hrselO min 

with all results within 0.6 percent of the averagee 

With the pre«heat tenk arrancenent, the watcr Re-ccv used an 

average of 11,92 kwhr of electric energy in an average operating tine 

ef 10 hree28 min, when 69 gal of 150 F water were withdrerm in 24 hrs 

(See Table 6G). Energy consumption renced from 11.58 to 12,06 kwhr for 

the nine complete tests. Six of these results vere within one percent 

of the averare, Operating time ranged from 10 hreelG min to 10 hrs- 

57 min, with five of the results within one percent of the averages 

Under these conditions, 3062 percent of the water heater electric 

energy consumption was saved by placing the refrigeration condenser 

in the preeheat tank,
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In addition to the 249 pounds of 95.9 F water in the preeheat tank 

at the tine the refrigeration mit stopred operating for cach 12 hr nilke 

ing period (See Appendix C), there was an average of 167 pounds of 

115,8 F water passed through the solenoid valve to the overflow tanke 

The quantity of watcr in the overflow tank ranged fram 148 to 185 pownds, 

while the temperatures ranged fron 115 F to 116 F (See Table 5), 

As shown in Table 7. an average Performance Natio of le4l, with a 

rengo of 1,54 to 1.47 vias attaincd with the hoat pump. The avorage 

Coefficiont of Performance was 1627, with a range of 1.25 to 1.33. 

As showm on Figure 26, the maximum temporature at the inlet of the 

air condenser vas 153 PF, At this time, the outlet temverotine was 105 Fe 

Ambient temperature vas approximately 80 Fe Water temcereture in the 

bottam of the cabinet reached a low of 35 F when tyo cans of water were 

being cooled, and o low of 38 F when the mill cooler had a capacity 

load of four cans, The cheracteristic tempereture rise of the water 

in the bottean of the cooler duc to the interruption of the spray systen 

can also be seen in this chart, 

Firure 27 shows maximum temperature of 189 F at the inlet to the 

preesheat tank coll. At this time, the tov of the shell of the sealed 

refrigeration wilt reached a maximm temperature of 185 F, Temperatures 

at the outlet of the proehont tank coll reached a maximum of 116 F. 

The 8:00 aeme to 6:00 bem. period showed six ripples in these curves, 

while the 8:00 peme to 8:00 ame perdod showed five ripzles. This 

corresponds in time to the openings of the solenoid vaive to discharge 

water to the overflow tank, as showm in Faircure 22. Under the maximm
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cabinet load of four cans more heat was released toe the condensing 

waters. Greater varintions in temporatures were noted at the coil out» 

let, which, of course, was nearest to the tan vater inlet. 

Pigure 28 shows temperatures whieh existed at various points in and 

on the preeheat tank, The mximum tenverature ot the top of the tank 

was 122 F, Temperatures midvay of She tank, at the same level as the 

eoll inlet, followed very closely temporntures ot the top for most of 

the test period. These midpoint temperature: values decreased earlier 

and more rapidly at tho time of withdrawals of lorgse quantities of water 

fran the water heatere 

Veter temperature in the upper half of the tank did not vary 

noticeably with solenoid valve operation. Temporatures 43 in ond 53 in 

from the top of the tant, the lather being in line with the ceil outlet, 

indicate very definitely each time wmter vas released to the overflow 

weir: -tank (See Curves 3 and 5 of Firure 28). The createst variation 

of these two positions was in the one farthest from the tap water ine 

let at the center of the bottom of the tank, “ater temveraturos 64 in 

from the top or two in from the bottom of the tenk varied little during 

e test (See Curve 6, Figure 28). Maximum temernature of 76 F reached at 

this point was reeorded during the two periods when lerse quantities of 

weter vere withdram, resulting in maximum cireulation of water within 

the tanke Curves 5 and 6, Ficure 28, representinne temperatures fron 

the lewest coll tun to the bovtom of the tank indieate that water 

temperature in the lower part of the tank was raised cn an average of 

approximitely 10 F above that of entering water.



Figure 29 shows typical water temperatures obtained at the top of 

the water heater, top of the pre-heat tank, and for tap water. The 

variation at the water heater was slight compared to that at the pre«- 

heat tank. This was expected, as the thermostatically controlled heate 

ing element of the water heater responded quickly to water temperature 

change. Also, the ontire 52 gal of water was approximately 150 F at 

the beginning of each 12 hr milking period. With 34 gal of water with- 

drew over an hour peried, temperatures at the top of the tank did not 

change very muche 

Figure 22 shows a representative chart of suction pressures for a 

24 hr poried. For approximately 45 min after the beginning of a milk» 

ing period, pressures were considerably below those for the remainder 

of the cycles These low pressures occurred at the time water was 

withdrewn from the water heater, and cool tap water entered the pro= 

heat tank, 

At no time during any of the test runs ras the 1500 watts, upper 

unit of the water heater required to operate. The lower 1000 watt 

wnit provided sufficient heat to maintain a water temperature of 

approximately 150 F under the conditions of the test. 

A series of teste were run to determine the elestrical energy ro« 

guired for the water heater when weter ranging from 95 F to 135 F was 

admitted to the water heater. Results are shown in Table 6 and 

Figure 23, The curve in Figure 235 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 withdraw fron



FIGURE 22 

A specially developed 
machine for neking 
continuous grephs fron 
recordings of the Strip- 
Chart Recorder is showm 
at the right. 

    

FIGURE 22 

The suction pressure chart 
pictured here is typicel of 
these obtained while the 
preeheat tenk wes in the 
circuite
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the heater. ‘hen 110 F water entered the water heater, the savings 

on energy for the water heater were 45 percent. 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 

CONVENTIONAL ARRANGAIIENT 
IN 

  

  

ct 
be te 3 

a L& 2 
ts 3 a2 | ge | Bg 
s 48 se | 8 | & g 5 
5 5 6 Og o " #£ 
” 4 ba hoes en a = t 
% § 22 a5 867 2 

1 & Belle 702.5 

365 
& p.m. 706.0 Jel * * 

3.46 
2 8 B elite 709.6 

3.7 
8 pom. 713.3 é 73 i, L5 

36 
3 & a.m. 716.9 

367 
8 Pelle 720.6 765 Lh 21 

3.8 
4 8 ame Tekh 

347 
8 PeMe 728.1 705 14 a2 

3.8 
5 & am. 731.9 

3.8 
8 poem 73507 3 7.6 14 35 

36 
6 8 asm. 739.5 

329 
8 p.m, 7h 3 oh Tel 13 36 

302 

            
(continued) 
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TABLE 3 (continued) 

  

  

  
  

ty fy 
e“ Be S 

° 4 ey o 

2 30 8 BE & a § 
Ox s S ort 2 ro x Reel © an a © 

3 g $8 pei | gee) f a 
a z 23 a3 ABQ | urs wins 

7 8 a.m 746.6 

8 pM % : 3 % & 

8 & Acie * 

38 
8 p.m. 758,0 76 1, 35 

| 3.8 
9 8 Belle 761.8 

3.8 
8 pom. 765.6 ; 7.6 Ws 39 

3e 
10 8 avn, 76904 | 

3.7 
8 PeMe 77301 7.6 14 34 

309 
ll B aem. 777.0 

307 
8 Pel. 780.7 7.6 Wd 35 

309 
12 8 aon, 78h.6 

8 pelts TC __. 

Ave ~ 7oh5 14 hr 30 min             

* Incomplete tests 
TC Tests Completed 

 



ELECTRICAL 

TABLE 4 

ENURGY CONSUMPTION AND TIME OF OPSRATION 

FOR MILK COOLSR APTER MODIFICATION \ITH PR&-HEAT TANK 

  

  

  

a 9 ao C 

a fe | 3 » | BS | EX |B 
' 5 | @s | & « g 
3 Ot Oe ao 

as 5, > 5, f ~t 
i faa g a nN 

° SS Be Be | 2 3 f | 38 | ge | Be 
™ = a m ae firs Min 

1 8 ase 892.6 

hee 
8 p.m. 896.8 es 15 OO 

3.0 
2 Sam. | 899.8 | 

8 Dell. rit * * te 

3 8 Selle 907.25 

346 
8 Delle 911.1 7.3 15 30 

367 
by & eM, 914.8 

307 
B Dele 918.5 73 L5 05 

3.6 
5 8 a.m. 92201 

347 
& Delite 925.8 73 15 25 

3.6 
6 8 a.m. 929 0h 

% 
8 pem dete att # +t 

% 

” 8 asm. 936.9 
347 

SB Detic 930.6 7.2 15 33             

(continued) 
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TABLE 4 (continued) 

  

  

  

eo m0 
O tt Go & 
‘tS tS 
Bc Bet i 

ig ga] ga | 8 
fa orf 2 fs m fy 9 
® Ty 9 co &. 2 
g 4g ge | 3s a 
z 2m a z gad ° ft ae abs 45 
; : 3 5 g< | 23a 
@ . 8 ® 5S SS 

™ <a ” 4 irs Vin 

7 8 p.m. 930.6 “it( pepeated) 
365 , 

& S$ am. 9h 
307 

8 PeMe 947.8 7.3 15 15 
367 

9 8 Belle 951.4 

3.7 
8 pom 955.1 V2 14 59 

325 
10 & asm. 958.6 

307 
8 Pelle 952.3 73 15 08 

3.6 
11 8 Gea 965.49 

3.6 
8 pele 969.5 73 15 12 

. 367 
12 3 GeMNe 973.2 

: 345 

S poem. 976.7 702 15 06 
367 

13 & asm. 980.4 

S pelle TC _ 

Avg = 7.26 | 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 

  

  

  

be 
ga a4 5 

oy i ~t Ss 
2 2 ‘4 

“9 eq « 53 s 
2 |is |#s |. ¢ 

3 3 3 8 ou a 5 
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g z 33 62 [842 | ars win 

1 So a.m, 087 .33 
8.52 

S pm 095.85 17.06 15 o6 

8.54 
2 © a.m. 104.70 

8.46 
S Dem. 113.16 17.07 15 O4 

8.61 
3 & am. 121.77 

| 8.72 

8 pom. 130.49 17.09 15 03 
8.37 

4 & ame 138.86 

8.59 
8 p.m. 147.55 17.15 15 10 

8.46 
5 8 BeMe 156.01 

8.48 
8 pom 164.49 17.09 15 00 

8,61           
  

(continued) 
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TABLE 5 (continued) 

  

  

    

5 é s 
S ~ ed ot o 

pc | 38 3 
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8.71 

8 pam 181.81 17.26 15 O05 

8.55 
7 @ awm. 190.36 

8.73 
& Delle 199.09 T.C. T.C. 

        
T.C. Tests Complete 

       



* 
TABLE 6 

OF WATER HEATER 

WHEN USED IN CONJUNCTION WITH PREeHEAT TANK 

  

  

            

se |e 
rd SS At 

a) + + S 

2 a ga a 
® + 

fu mel 3 fu oO h eu 
© ° <0 fe a 

2 3 38* 8” as 3 § 2, (82 | 82 | Ba 3 
. . | oo | BE | BE p 
0 5 > oe o Qo 4 a | a |3 8 las | gs2 | 2 

~ = Hrs Min 

1 & Belie 383.44 

6.05 

6.01 
2 8 Behe 396.00 

50 Gh 
S pem. 401.94 11.92 10 33 

5698 
3 S am. 407.92 

6.00 
8 Pelfe 413.92 11.58 10 16 
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4 8 aem. 419.50 

+ 

8 Delle ¥ * % * 

* 

5 8 am. 432.87 

3 Pelle 438.96 12,00 10 31 
5691 

6 8 acne il 87 
5099 

5695 

  

(continued) 

 



TABLE 6 (continued) 
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m9 0 

, {82 | 22 |. 
o Q, a, 3 

= o a0 te n 
a I ge 8“ | Ba 5 
§ o © ha ty |g = <5 [Be | BE | 2 
» @ o 3 bs . 5 t 

2 | a |8 2 | as Bs2| 2 
& “ irs Min 

7 & a.m. 456.81 

6.01 
8 pom 462,82 11.97 10 37 

5.96 
8 8 a.m. 468.78 

5697 
8 Pelle 47h. 75 li. 94 10 32 

597 
9 8 ame 480.72 

5095 
8 pom. 486.67 11.84 10 27 

5289 
10 8 asm. 492.56 

6,03 

8 Delle 498.59 12.02 10 35 
5499 

li & am. 504.58 

3 pem TC 

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 preheat tank to weigh=-tank 
(see table),
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TABLE 7 

PERFORMANCE FACTOR AND COEFFICIENT OF PERFORMANCE 

OF MILK COOLER WITH PRE-H#AT TANK 
sWater in .re-Leat Tank = 249 pounds 
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3 pam. | 148 [53.4 | 33.5 (63 | 17,650 | 12,600 | 1.40 | 1.25 
8| gam. 1176 155.0 | 35.5 [61 |18,520 | 12,600 | 1.47 | 1.25 

8 PoMe Ht bets 33 el 63 THe eK ee ibe 

9| Sam. | 167 154.6 | 34.6 [61 [17,720 | 12,600 | 1.42 | 1.25 
& peme | 148 [54.0 | 33.4 162 116,320 | 11,900 | 1.37 | 1.33 

lO; S a.m. 17h {54.2 | 33.4 $62 | 17,720 12,600 | 1.41 | 1.25 
& peme | 149 [53.6 | 33.0 |62 | 17,820 | 12,250 | 1.45 | 1.29 

bl} 8am. | 153 154.9 | 33.7 [62 | 16,790 | 12,250 | 1.37 | 1.29 
8 pam. | 172 [53.5 | 33.7163 | 17,590 | 12,600 | 1.40 | 1.25 

W2} S asm. | 148 [53.8 | 33.7 | 62 | 16,360 | 11,900 | 1.37 | 1.33 
8 pem 170 |53.9 | 34.0 163 | 17,630 | 12,600 | 1.40 | 1.25 

Ave. lave. | Ave. five. | Ave. AVE. Avg. | Ave. 

167 {53.8 | 33.9 162 |17,441 | 12,403 | 1.41 | 1.27 
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TABLE 8 

ELECTRICAL ENERGY CONSUMPTION AND TIME OF OPERATION 

OF WATER HATOR POR ENTSRING UATiR TEMPERATURES 

IN TH RANGE OF APPROXIMATELY 95 F = 135 F 

  

  

Cty 5 i. 2 

* 3 = 5 + o 

: s 1 88 | oa 2 (288 
5 23 3 fo Jese 
. 3 | ge | & “ jee 
” a) o-. @EO 

Pa 5 ad AF Hrs Min |Za2 

1 8 aeme 101 4.30 4 58 8s 

2 8 aemM. 100 4.98 4 34 86 
S pom. 102 5436 5 ll &6 

3 S a.m, 169 5 ahd 4 2 79 
8 pom. 98 4.68 & 31 76 

4 S a.m. 102 5079 A 39 79 
8 Pelle 103 5.07 4 47 62 

5 S acitts 104 54h0 4 57 719 

8 p.Me 112 5433 4 5a 80 
3 8 am 110 Ae55 4 8 82 

8 pste 119 kehd 4 9 83 
7 S 2.M. 110 3694, 3 45 81 

& Pellls 119 he 5k, 4 4 81 
gS ' § am 121 3490 3 29 81 

9 B Aes 125 3611 2 45 &3 

10 8 asm. 125 20h5 2 30 71 
8 p.m. 12h 3.13 2 5h 79 

11 8 awn. li2 Me 3 L5 al 

8 Pole 113 Aedk 3 57 &2 
12 GS Aelie 119 hekdy 3 30 al 

8 pom 118 4210 3 1s 81 
13 8 BeMe 114 4.01 3 18 81 

8 poms 100 5.27 5 27 81 

            
(continued) 

   



  

  

  

TABLE 8 (continued) 

st 
fs 8% ® 

« 3 « 5 — a 
4 By ag E- § fee 

Oo 0 5 om » bp “a 
ty 9 Qt & 4 ® & 
o 3° a P Ho 8 8 
g 3 a bs -R 2 ® 2 fe, 
se on 3s ® ay) 

o hy a -t g 2 © gia | ee] FE | 28 | Bef é z ea | a5 isin | £22 

14 8 asm. 119 we + % 81. 

8 poem 123 4e25 A 7 83 
15 S a.m 121 3.70 3 19 86 

16 S asm. 115 4.11 3 ke 85 
8 peme 113 5.07 A 16 86 

17 & a.m. 115 4251 4 5 85 
8 Dele 129 3.28 3 7 75 

18 & a.m. 134 3.12 2 &7 83 
S Peme tte wit 2 20 8s              
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DISCUSS ION 

From discussions with several dairy specialists of the Virginia 

Polytechnic Institute, it was estimated that the average dairy farm in 

the Roanoke area, producing commercial grade milk, has approximately 

25 cows producing 20 pounds of mill per day per cows With milk weighe 

ing approximately 6.6 pounds per gal, the average farm in this area 

would produce 5.61, ten gal cans of milkper 24 hr. <A four»can milk 

cooler would be adequate to cool this milk, if the pickeup truck 

sohedule was such that two cans of milk from the previous evening were 

left cutside the milk coolor for not more than an nour”? Otherwise, 

& sixecan cooler would be required. 

4 sixecan milk cooler would prebably be more representative of the 

capacity used on the everage commercial milk producing farm of Virginia, 

since the production for the Richmond and iiashington areas is about 

twice that of the Roanoke area, However, a four-can size was used for 

this experiment, primarily because of its availability in the Agri- 

cultural Engineering Laboratory. Therefore, results obtained from this 

experiment may not represent average conditions for the State of 

Virginie, but are indicative of what might be expected. Although a 

fourecan milk cooler could handle cight cans of milk in 24 hre under 

the right pickeup schedule, four cans per day were used in this experi- 

mente. It was determined that this number would provide sufficient heat 

for the size of pre«heat tank used in the study. 

The 52 gal electric water heater used in the tests is a size often 

used on farms.



G2 

There appeared to be no significant differences in the rates of 

cooling of the water in the milk cans for any of the tests. c<eépresen- 

tative temperature curves in Figures24 and 25 show the temperature 

relationship in the cans when the air condenser was used and also when 

the oromemiti-tank was usede These curves show that easentially all of 

the temporataue reduction occurred during the first hour. It is appa= 

rent that more heat was removed from a can of water in the first hour 

than in the following 11 hr. (24) These results were anticipated, 

because of the principle of coperation of this particular milk cooler, 

which, according to the manufacturer, builds up an evaporator ice bank 

of approximately 125 poundse This ice bank, combined with the spray 

system, was largely responsible for the rapid cooling of the water dure 

ing the first hr. 

The refrigeration unit operated until the ice bank on the evapo~ 

rator coils encircled the bulb of the hydraulic type thermostatic 

switch controlling the compressor motor, At times, the switch was 

opened just as the bulb besame completely imbedded in the ice, while at 

other times ice formed up to approximately threeeeights of an inch over 

the bulb before the system shut off. This variable performance of the 

switch could in part account for the variation in Performance Retio 

and Coefficient of Performance, (See Table 7), and was probably a con- 

tributor to the greater variation of energy consumption and time of 

operation within a series of milk cooler tests than between them, 

(See Tables 3 and 4). Although a slightly lower average energy
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consumption, and longer operating tine of the milk cooler resulted with 

the preeheat tank arrangement, these differences did not appear to be 

significant. | 

The amount of heat accounted for in the 249 pounds of water of the 

preeheat tank, immediately after the final opening ef the solenoid valve 

te discharge water to the overflow tank, was approximately 10.525 BTU. 

This value was based on temperatures of the preheat tank water, which 

were continuously recorded at Pive points (See Table 2). To raise the 

average value of 157 powde of water (See Table 7) that passed through 

the solenoid valve from 62 F to 115.8 F required approximately 8,980 

BTU. For a 24 hr period, or two milking periods, the sum of the heat 

added to these two sources, as caloulated, was $9,010 BTU. th addition 

te this heat, stand-by losses from the presheat tank, as calculated and 

shown in Appendix C, was estimated to be approximately 1,000 BIU per 

24 hre During the first br of each milling period, there was sane 

heat delivered from the refrigeration wiit te the water that was drawn 

fren the presheat tank to the clectric water heater, This heat was 

calculated to be 5,575 BIU for each milking period, making a total of 

11,150 BTU per daye This value was thought te be high, as manufac 

turers! retings for 1/3 hp comproseor units are in the vicinity of 

2,500 BIU per hr, or as used in this test, 5,000 BTU per days Using 

this smaller value of heat for a 24 hr period and adding it to the 

heat as calculated in the other thres sources gives a total of appro» 

ximotely 46,000 BIU per 24 hr.



of the 46,000 BTU to be accounted for, approximately 22,000 BIU 

could heave been provided from the milk cooler with lead (See Appen« 

dix B). Considering the utilisation of all the heat from this source, 

then 84,000 BIU must have been provided by the campressor and come 

pressor motores AU hp motor is approximately 63 pereent cfficient. 

From this source, assuning full load conditions, for the epproximately 

15 hr of operation, a maximum of 7,480 BTU could be expectede The 

compressor might heave hed a mechanical efficiency as low as 50 percent, 

giving 6,575 BIU, assuming full lead operating conditions. These con» 

bined figures total to 15,855 BIU, or 10,145 BIU less than the un- 

accounted for 24,000 BTU, Compressor shell, high-pressure refrigerant 

lines, water lines connecting the preeheat tank to the weter heater, 

and other stendeby losses have not been tekken into consideretion thus 

fare Although these losses were not measured, it would appear that 

they were substantial. ‘he high temperatures represented by Curves 1 and 

@ in Figure 27 lend considerable support for this conclusion, th» 

questionably, the theoretical heat of the mili cooler, compressor and 

campressor motor would not be completely utilized as useful heate 

Power requirements for the nilk cooler, shown in Tables 3 and bs 

seem te be excessively high for all of the tests, Manufacturer's 

ostimates and tests conducted by rurdue University Agricultural 

Eng inc ering Department #4) indicate that for somparable nilk coolers 

the energy consumption per 10 fal of milk cooled should be in the 

vicinity of one kwhr, whereas, for these tests the average was 1,85 

kwhr per can cooled. On tho basis of the hours of operation, energy
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consumption af the milk cooler, and the approximately 10,000 BTU of une 

accounted for heat, it is, therefore, concluded that: 

1) Cabinet losses were higher than anticipated. This may have 

been due to undetermined insulation conditions, civing rise to a 

higher thermal conductivity coefficient. Apparently, there were 

sone joints of the outer shell of the metal cabinet that were not 

tight, which would offer some supvert to this conclusions 

2) If the averare temperature of the water in the pre«heat tank 

imiediately after the refriceration unit hed stopped operating 

for a 12 hr veriod had been a few degrees lower than thet caleu- 

listed, the quantity of heat in the water would have been 

appreciobly lower, Therefore, the quantity of heet unaccounted 

for would heve becn lower. This condition may hewe existed as 

temporatures in the uppor half of the tenk, which was 66 in 

long, were recorded by two thermocouples, while temperatures 

an the lower half of the tani: were recorded by three thermo- 

couples. 

3) <A quantity of heat was evidently added to the water of the 

milk cooler by the water pumpe A 3 hy electric moter operated 

che pumpe ssoming thet the pump was fully loaded, approxi# 

mately 5,412 BTU would be added during the three hr of opera 

tion of the pump for a 24 hr test period. 

Pessibly the constant high ambiont temperntures for the sir con» 

denser and the high condensing temperatures in the preheat tank for 

the secoud series of tests, accounted for some of the high energy
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requirementse Certainly, tenperetures in the vicinity of 185 F on the 

sealed in compressor wmit, as indicated by Curve 2, Figure 27, would 

appear to be excessive for the desien of the unit. Tamperatures with 

in the clectric moter my have been much hichers 

As previously mentioned, the temperature on the shell of the come= 

pressor was quite hish, By immersing « specially designed refrigerae 

tion unit in the pveeheat tank with the condenser, it is thought that 

the hect fron the compressor, including the T°R loss and other losses 

fron the moter, end heat of compression, could be whilized. “ith a 

thormestetically eontrelled booster heating clement of the resistance 

type located im the ton of tho tank, the conventional water heater might 

be climinated sompletely., Tho thermostet controlling the heating cle} 

ment could be set for the minbowm acceptable water temperaturee 

An average of 157 pounds of 116 F water passed to the over=flow 

k oach milking period. This amounted te 40 pal per day, a large 

pert of the higher termerature water. If ea lerger pre«heat tank had 

been used, ¢ larger quantity of water near the temperature of 120 F 

would heve been suprlied to the yeter heater. This is quite definitely 

indicated by Curve 1 of Firure 28. Had this been done, the energy sav- 

ings in operation of the water heater muy have been greatly increased 

over the 3002 nereent recordeds The water entering the pre+heat tank 

wes approximately 62 F for most of the tests and the average ambient 

temperature was a little more than 80 F as indicated by Curves 4 and 

7 of Figure 28. During the cooler months, lower tap water temporature 

could be expected from many form water systems, which would raise the 

average Performance Ratio. Also the average ambient temperature would
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prebably be lower most of the time thoreby decreasing the cabinet loss 

and slightly increasing the Performance itatio. 

There is a marked variation in rock wool coefficient of heat trans- 

fer values for temperature changes in the range of 60 F to 120 p, (22). 

For the preeheat tank stand«by loss calculations in Appendix C, a 

value of 0227 pTu/(2t* (hr ) (°F) was considered representative. ©) Howe 

ever, observed condensation on the walls of the preeheat tank, at the 

time 18 gal of heated water was withdraw and replaced with 62 F tap 

water, leads the author to believe that thermal conductivity of the insu- 

lation was greater than assumed, which would have led to greater stand- 

by losses than indicated, and « larger amount of unaccounted for heat. 

It was observed, as shown in Figure 28, that considerable strati- 

fication of water took place in the pre«heat tank. Natural convection 

currents were not of sufficient magnitude to appreciably affect water 

temperatures below the lowest turn of the condensing coll, It, there- 

fore, seems reasonable to conclude that the capacity of the tank might 

have been used to better advantage by placing the outlet of the condense 

ing coll cleser to the bottom. This position probably would cause all 

of the water to be heated at a more uniform rate, and slightly increase 

the Performance Ratio. 

The average Performance Ratio of 1.41 is not impressive. However, 

Sporn and anbrose (20) state that, with present day refrigeration equip- 

ment, heat pump Performance Ratios of 1.5 to 2.5 are about the best that 

oan be expected. Om this basis, the averages for these tests do not 

appear to be excessively low.
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Since the Performance fetio is indicative of heat supplied by a 

heat pump per wnit of pover consumption, it is advantegeous from the 

view point of operating costs, for a heat pump only, to use mininun cone 

densing temperatures ond maximum evaporating temperaturese In this 

particular situation, however, the primary function is to supply refrige« 

ration for milk. This in itself requires low evaporator temperatures. 

The function of heating water ls a secondary one, and therefore » it may 

be necessary, with equipment of this type, te sacrifice higher 

Performance Ratios in order to increase the temperature of the con= 

densing water and at the same time maintain a sufficiently low evapo~ 

rating temperature in the milk cooler. (9)
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CONCLUS IONS 

The following sonclusions appear to have merit: 

1) The heat obtained from esoling milk in a mechanical farm milk 

cooler may be used for preheating a quantity of water. 

2) The amount 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 

availeble in the water passed to the electric water heater is a finetion 

ef: (a) the design of the condenser-to-water heat transfer system, 

(b) the size and shape of the storage tank, and (o) the lesses from 

the storage tank. 

4) The savings in cost of electrio energy for operation of the 

electric water heater are appreciable when heat extracted from cooling 

milk is used to pre-heat water. In this study, the savings amounted to 

slightly more than 30 percent. However, a large quantity of heated 

water passed to the overflow tank, A savings of 54 percent could be 

realized when the water drawn fron the preeheat tank into the water 

heater was raised from 62 F « 120 F in the preeheat tank. 

5) Without the assistance of a competent refrigeration mechanic, 

the technical problems involved make it inadvisable for the individual 

fermer to attempt a conversion of current miill cooling equipment for the 

additional fimction of heating water, 

6) This study indicates that greater sevings may be effeoted with 

a refrigeration unit and condensing unit specifically designed for
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heating water, using the basie principles outlined in this study.
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SUCCESTIONS FOR FUTURE STUDY 

le Tests may be conducted using a larger pre-heat tank with the 

condensing coll outlict placed as close as practical to the bottom of 

the tanke In this mamer, better utilization of the extracted heat and 

the tank capacity and more uniform heating of the water may be effactede 

Ze It is recommended that 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 

desirable. With this arrangement a lerger water tank could be used, 

and a thermostatically operated booster heating unit, of the resise 

tance type,pleaced near the top. In this manner, the electric water 

heater might be eliminated completely.
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APPENDIX A 

DESIGN OF CONDENSING COIL FOR PRE*HEAT TANK 

The following equations were used in designing the condensing coil. 

  

A =z Q 
tat 

where: = Quantity of heat trensmitted--BTU/hr 

A = Outside surface area of colle=gq f+ 

At = Temperature difference causing heat to flow in 

degrecs F 

U = Overall heat transfer cocfficiont--BTU/ (2® ) (ar )(°P) 

Ui eg 1 

1 +iukt?t dt 

hep he by 

where: he = hefrigerant condensate coefficient 

he = Thermal conductance of the tube netal 

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.(1) this 

value was divided as follows: 10 F through the water film, and the 

remaining 30 PF through the refrigerant condensate. An assumption of 

this division was necessary in order to use design information eveil- 

able. The added length of 3/8 4n tubing to reach from the compressor to 

the preeheat tenk will offer more resistance to the refrigerant vapor 

than the 3/8 in tubing which connected the compressor te the same size 

tubing of the air condenser. Therefore, 1/2 in copper tubing was selected 

for the design, in order to somewhat compensate for the extra length 

required
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The refrigerant condensate film coefficicnt hp was obtained from 

the theoretical equation reocrmended by MeAders for filmetype condensa« 

tion of a pure saturated vapor outside of horizontal tubes, (*) 

(1) in? Po g r\ 

    

i Refrigerant condensate coefficienteu 

2. 
Bru/(ee” (nr )(°r) 

Thermal conductivity of condensate at temperature v fl 

of condensate filme=BTU/ (242 hr )(°F yf3) | 

wo 
M ui Donsity of condensate film at temperature of cone 

densate film—-lbs/tt*(4) 

& = Acceleration due to gravity-«ft/hrehr 

A = Enthalpy change, letent heat of condensation, 

et saturation temperature, BTU/Ib(4) 

N = Number of horizontal rows in a vertical tier 

D, = Outside diameter of tube in ft 

Ag = Absolute viscosity of condensate at temperature 

of condensate filmmwelbs/hreft 

At = Temperature difference across film=«f 

hg = 0.725 20539 =x 75° x 4_17 x 108 x 60 ae 

16" sb * 2007 x De4b x 30 
  

he = 155 

The water film coefficient, hy, was taken as 92 from a nomograph 

in the text, Heet Transmission, by MoAdams » 45) In order to use this 

eliggmont chart for the estimation of naturel convection coefficients



several assumptions had to be made. Mean temperature of the water filn 

(Tp) was assumed to be 90 F, which lies between the expected maximum 

condensing water temperature of 115 F and tap water temperature of 

60 F, The temperature difference across the film ( +t) was assumed to 

be 10 F as previously mentioned. 

The coefficient of heat transfer, hg, of the 4 in OD copper tube 

was 52,400. This value was obtained from the equation, hg = k/L, 

where k was the thermal conductivity of the tube in BTU/(fs*)(hr) 

(% )(et)5, and L was the thickness of the tube in fte (18) 

A value of 32 was obtained for the overall heat transfer coofficient, 

U, using the calculated values of hp, hy, and he in the previously 

described basic equation for this coefficient. 

The amount of heat, 9, to be removed in the condenser, based on 

16 hr operation of the compressor(3) was 2,297 BTU per hr. The antici- 

pated heat for a 24 hr period is shown in Appendix B. 

From the equation, A = wae » the surface area required for the 

condenser coil was ealoulated to be 1.78 sq fte A ocil length of 

15.1 £t was determined from the equation L =A, where L is the length 
at 

of the tube in ft, 1 is the area in sq ft, and D is the diameter of 

the tube in ft. For this design, the arithmetic mean diameter was 

used. 5) Following are the solutions for the values of aren and 

length obtained. 

A = 2297 = 1.78 sq ft 
ue x 40



fo subcool the refrigerant is desirable from the standpoint of 

better efficiency of the evaporator. For this reason and because the 

theorétical equations used to calculate the overeall coefficient of heat 

transfer may be in considerable error for correct balance of the oxiste 

ing refrigeration mit, a condensing coil of 25 ft of 1/2 in coover 

tubing was used, providing a sefety factor of approximately 30 percent. 

By placing as much of the condenser coil as practical in the lower 

part of the pre-heat tank, lower condensing water temperstures might be 

utilized. Therefore, coil turns of the lergest practical diameter 

would be the most desirable. However, the largest tun that would fit 

conveniently through the tank opening wes a coll turn of 6 in mean 

diameter, This resulted in a coll of 16 turns.
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UEAP LOAD CALCULATIONS FOR MILK COOLER 

Basic Conditions 

l. Average Daily Ambient temperature 80 F 

2a Averace Milk Cooler air and water temperature 40 F 

Se Froduct load 

&e sheet iron canse » each 2665 lbs 

be water - « each can 82.5 lbs 

4. Air changes § per 24 hrs 

Se Dimensions used for Milk Cooler 

a Outeide 

Depth (less door) 30 in 

Width 58 in 

Height 43 in 

be Inside 

Depth (less door} 26 in 

Width 54 in 

Height 38 in 

ce, Milk Cooler Door 

Depth 2 in 

Width 35 in 

Height 30 din 

ds» Milk Cooler Volume Approximately 32 ou ft



Ge Surface Areas and Conductivities 

Heat Transfor 

area sq ft Coebfieient U 
Botton 1165 0.0839 

Side Velis (ineluding door ) 3502 0.1160 

Top 11.5 01160 

Conducted heat lead for 80 F Ambient temperature and 40 F cabie 

net temperature. 

& it 

where: i 

a 
6 

ii 

» ii 

where ¢ fy, = 

K = 

xX = 

UAAT 

quanity of heat transmitted 

overall coefficient of heat transfer 

Bru/(et* (ar (°F) 
area through which heat passes 

temperature difference causing tho heat 

to flo 

1 

it + +L + AL + x9 
“FO “i Ke 

econduetance of inside film 

  

conductance of outside film 

thormal conductivity of a material 

thiclmess of the material 

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

load for the milk cooler, the following results were obtaineds
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Q (Eottom) = 0.0839 x 11.5 x 40 x 24 = 927 BIU per 24 hrs 

Q (Side Walls) = 0.12160 x 33.2 x 40 x 24 = 5670 BTU per 24 hrs 

Q (fop) = 0.1160 x 11.5 x 40 x 24 = 1280 BIU per 24 hre 

Total conducted load = 5877 BIU per 24 hrs 

Infiltration Heat Load for Hill: Cooler for 80 F imtering Air 

Losses = Volume x Air Changes x BTU per ou ft 

Qy, = $225 2.18 = 349 BIU per 24 hrs 

Product Load for 24 hres in Cooling from 90 F to 44 F 

Q (350 pounds water) = 330 x 46 = 15,180 BTU per 24 hrs 

Qp (106 pound cans) = 53 x 0,13. x 46 = 634 BTU per 24 hrs 

Totel Froduct Lead = 15,814 BLU per 24 hrs 

Total lidik Cooler Lood for 24 hr Period 

Conducted 5,877 Bru 

Infiltration 349 BIU 

Freduct Load 15,814 BTU 

Total = 22,640 BTU per 24 hre 

In addition to the caleulnted total milk cooler load, it was ex 

nected that the sealedein compressor and motor would contribute consi- 

derable heat to the refrigerant vapore A 1/3 hn electric moter operating 

under full load is about 63 percent efficient. This would make avyaile 

able as heat approximately 498 BTU per hr of operntion, or 11,952 BIU 

per 24 hre of operation. Assuming that 50 percent of the energy of 

the 1/3 hp compressor is available as heat energy from compression of 

the gas, 4c4 BTU hr, or 10,176 BTU per 24 hrs of operation would be 

added te the refrigerant.



Total theoretical heat reloased to the condenser 

fotal cabinet load = 22,040 Bru/24 hrs 

Electric metor = 11,952 BrUu/24 brs 

i Compressor 10,176 BTU/24 hrs
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STANDeBY HEAT LoSs CALCULATIONS FOR PRE SBAT@TANE 

FOR A 24 HR PERIOD 

Basic Conditions 
  

i.e 

oe 

Se 

4e 

Se 

ss
 Average Dally Ambicnt temperature 80 

Average Water temperature in top half of 

preeheat tank 106 F« 

Average Veter temperature in lower half 

of preeheat tank 87 P* 

Ares tank(inoludes average of 2 in 

insulation) 22058 sq ft 

Overall. coefficient of heat transfer 0.115 BrU/br-ft"aF 

Conducted Heat Loss From Tank 

Q = VASAT 

Q (upper half of ten) = 0,115 x 11.19 x 25 x 24 = 775 BTU per 24 hrs 

Q (lower half of tank) i 0,125 = 21,19 = 7 xr 24 i 251 BIU per 24 hrs 

otal = 1,006 BTU per 24 hrs 

  

xiepresents the arithmetic average of each eight min temperature recor- 
ding of each of the five thermocouples lecated on and in the tenk for a 
24 hr test period
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MILK COOLER SPiCIPICATIONS 

Manufacturer's specifications for milk cooler: 

Capacity in 10 gal cans 4 

Coolinge-cans por day (24 hrs) 8 

Sise Unit led Hele 

Depth (less door) 30 in 

Width 58 in 

Height (Cabinet) 43 in 

Height (Overall) 58 in 

Water capacity (approximate ) 80 gal 

Nominal Ice Bank (approximate) 

Weight 125 pounds


