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INTRODOCTION

Since the initial installation of a farm bulk milk cooler in 1938,
this method of handling and cooling milk has experienced rapid and wide-
spread acceptance until at the present time there are in excess of 114,000
units in operation on farms throughout the United States.l The primary
motivation for the trend toward bulk milk cooler acceptance has been fur-
nished by the dairy farm operator's quest for equipment and methods to
counteract the narrowing margin of profit that has been experienced in all
farming opaerations during the past decade. This milk cooling method has
made possible lower operating costs since in most cases the following sav-
ings may be realised:

1. Less labor involved in handling milk.

2. Sanitary conditions are more .élily maintained due to the
accessibility of ell surfaces in contact with the milk and
smooth stainless steel construction of the tank.

3. Llower milk cooling costs.

Bulk milk cooling also results in maintenance of a better quality
product which will usually yield a higher net return to the dairy farm
operator. GCrester savings in the labor required in handling milk mey be
realized by incorporating a pipeline milking system with the dulk milk
cooler installation since this system eliminates manually transferring milk

from the milking room to the cooler.

E 2

llcgort of a Survey of Trends in Bulk Milk Tapnk Use -- January,
1959, Agricultural Extension Bureau, United States Sto,l Corporation:

Cleveland, Ohio.
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Problems Encountered In Bulk Milk Cooler Operation

Conversion to bulk milk cooling systems has mot been without cer-
tain problems howsver; the major one being in maintaining satisfactory
temperatures in the milkhouse for efficient cooling unit operatiom during
varm weather. On relatively small bulk milk tanks ranging in size from 100
to 400 gallons, the condensing unit is mounted on the tank frame, thus the
heat removed from the milk is releassd in the milkhouse causing an increase
in milkhouse air temperature. The magnitude of this temperature rise will
be governed by the smount of milk cooled, the period over which the cooling
unit =must operate to absorb the cooling load, and the rate at which heat
is lost from the structure. While the heat extracted from the milk is
desirable for supplementing the heating-unit in the milkhouse during cold
veather, its presence during varm mthotiwddo considerably to the operat-
ing costs of the bulk milk cooler. Rall? gtates that costs of operating
the tank will increast 30 to 40 percent as the temperature of the air
surrounding the condensing coil is increased from 600 to 90° F. Under
extrems conditions compressor motors have failed due to extended opera-
tion at above rated operating temperatures.

Several solutions have been devised to correct the above situation,
one of these being an increase in ventilatfon capacity. Howver, this
becomes rathear expensive because of the large volume of air required in

maintaining adequate conditions when the difference between inside and out-

=

2Carl W. Hall, "Which Bulk Tank For You?", Roards Dairyman, Vol.
102, 909, W. D. Roard and Sons Company: Fort Atkinson, Wisconsinm, 1957.
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side air temperature becomes relatively small. The most common practice

has been to mount the compressor in a remote position so that outside air
can be used as a cooling medium. This system has proved satisfactory

but a housing must be constructed over the compressor for weather protection
and a heat source installed to insure satisfactory winter operation. This
practice is necessary with both air and water cooled systems.

Another method of lowering cooling costs during warm weather has been
the use of water as a cooling medium for the condensing coil. Water cooling
systems are generally incorporated in bulk milk coolers with a capacity of
over 400 gallons and may either be a combination uufcr-air cooled system or
completely water cooled. A reliable source of water under pressure is
required for these systems and water quality is of importance since any
tendency to cause the formation of depogits in the cooling coil will re-
duce the cooling effect of the water. The water cooling equipment adds
to the initial cost of the installation; howevér, the resulting incrzase
in efficiency more than offsets the added costs.

To date, emphasis has been directed toward eliminmating the heat
released by the condenser coil during the cooling process with little
thought being given to utilizing this source of heat. 8ince approxi-
mately 400 BTU's of heat are rejected in cooling a single gallon of
milk to storage temperature, it would appear that this heat source de-
serves further investigation to determine what possibilities it might

have for future installations.



Statement of Problem

This investigation dealt with an evaluation of the heat extracted
from the milk during the cooling operation as a supplementary heat source
for mmintaining milkhouse temperatures during cold weather. It involved
the design of a bulk milk cooler installation incorporating remote place~
ment Of the compressor to eliminate the summer ventilation problem and a
venting system whereby air from the milkhouse may be circulated over the
condenser coil during cold weather to pick up the heat rejected by the
cooling unit.

A comparison study was made of the energy requlremsants of an
electric space heater in maintaining milkhouse temperatures both with and
wvithout the aid of supplemental heat from the milk cooling operation. The
results of the heating requiresments at vai':-iou- differences between inside
and outside temperature were compared and gnalysed taking into consideration

the other factors that influenced the rate of heat lose from the structure.
Bulk Milk Cooling Systems

There are two types of cooling systems employed im bulk milk tanks;
the direct-expansion and the ice-bank systems. In the direct-expansion
system the evaporator coils of the refrigeration unit are coanstructed as
an integral part of the imner walls of the tank and the milk {s in direct
contact with the cooling surface. During the cooling process, heat from
the milk is absorbed directly by the refrigerant and the condensing unit
must be of sufficient capacity to absorb the cooling load i{in the time

specified to lower milk temperature to the storage point. The capacity of
F 4
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the condensing unit for a direct-expansion system is from two-thirds to
ona horsepower per 100 gallons of milk tank capacity.3

With the ice-bank system the evaporator coils of the cooling unit
are immersed in water at the bottom of the tank and during compressor
operation a bank of ice is built up around the coils. The ice forms the
cooling source as water is pumped over it, chilled, and sprayed over the
walls of the tank to cool the milk. The size of the ice~-bank will be
governed by the cooling capacity required of the tank. The major portion
of the compressor operating time will occur in the period between milkings
and thus the condensing unit dogs not require the Cfpacity of a direct-
expansion system of comparable size since the cooling load may be absorbed
over a much longer period of time. The size of the condensing unit usual-
ly ranges from one-third to one-half horsepower per 100 gallons of tank
capacity.4 ‘

The actual value of the heat extracted from the milk for supple-
menting the milkhouse heating system will be governed by the rate at which
it is rejected by the bulk milk cooling system. Heat released at a slow
rate over a relatively long period of time, as would be the case with the
ice-bank system, should be more beneficial. The more uniform delivery of

heat in this instance would aid in placing a lower demand on the heating

3w. B. M. Morris, B. A. McKenzie, H. F. Ford, and J. M. Schlegel,
"How to Select, Install, Operate, Maintain, and Sanitize Farm Bulk Milk
Tanks", Agricultural Extension Bulletin, ID-7, Purdue University: Lafayette,
Indiana, 1955.

E

41bid., p. 8.



system. The direct-expansion system will release large quantities of

heat over a relatively short period of time and should cause ths temperature
in the nilkhouse to increase considerably during the milk cooling period.

If the temperature increase is of sufficient megnitude to exceed necessary
conditions, then heat is being wasted. 8ince the direct-expansion system
operates only during the milk cooling period, its duration of operation is
governed by cooling requirements set forth inm 3A Sanitary Standards.

The 3A Stendards for farm holding and/or cooling tanks include
specifications on the minimum requirements for performance of refrigeration
systems under prescribed conditions. These standards are for the design
of bulk milk coolers and are formulated by a committee known as the 3A
Committee, consisting of representatives of the International Association
of Milk and Pood Senitarians, Inc., Unitdd States Public Realth Service,
and the Dairy Industry Committes. The following section is reprinted from
these standards:

Cooling:> Parm cooling tanks equipped with either direct-
expansion or refrigerated water cooling surface shall ba fur-
nished with sufficieant cooling surface in tank and sized Freon
refrigerating unit, when testing at 90° embient temperature for
air cooled units, or 120 1b. head pressure for water cooled
units, to cool as follows:

(a) Tanks used for every day pick-up shall cool 50
percent of the rated volume of the tank containing raw milk,
from 900 to 500 ¥. in one hour after the tank has been filled
to 50 percent of its capacity, with the compressor in oper-

ation during the filling period. Uanit then to cool above
volume from 50° to 40° P., in one hour.

53A sanitary Stendards, Journal _o_fgilk and Yood Technology,
Vol. 16, 191, International Association of Milk and Food Sanitarians, Inc.,

1953.



(b) Tanks used for every other day pick-up shall cool
25 percent of the rated volume of the tank containing raw milk,
from 90° to 50° F. in one hour after the tank has been filled
to 25 percent of its volume, with the compressor in operation
during the filling period. Unit then to cool above volume from
509 to 40° P., in one hour.

Work of Other Investigators

Experiments conducted in utilizing the heat released during the
milk cooling process have been directed mainly toward perheating water to
be used for cleaning the milk handling equipment. Tap water was drawn into
a preheat tank and its temperature increased by heat rejected from the
condenser coil of the milk cooling unit. The temperature to which the
wash water was preheated was governed by the point at which optimum effi-
ciency of the cooling unit could be obtained. All prior studies were con-
ducted under controlled laboratory conditéonl using weter as a milk sub-
stitute, a practice sanctioned by the 3A Standards Committee for bulk wmilk
cooler tests.® The reasoning behind these arrangements was that ysar-
round utilization could be made of the heat extracted from the milk while
the operating efficiency of the cooling unit would be at constant high
levels. |

Investigations conducted by Charity, Baker, and Barp7 using the
cooling unit of a 4~can milk cooler as a heat pump to preheat water

showed savings of approximately 50 percent of the electrical energy nor-

61bid., p. 191.
&
7L. ¥. Charity, V. H. Baker and V. ¥. Earp, "Heating Water With a
Milk Cooler Using the Heat Pump Principle™, Agricultural Engineering, Vol.
33, 216 - 219, American Society of Agricultural Engineers: Saint Joseph,

Michigan, 1952. b



mally required in heating water. The procedure included mounting the
condenser coil in the preheat tank and heating 68 gallons of water daily

from 60° to 1200 F. with the heat extracted in cooling 40 gallons of milk-
Results showed that the electrical energy required for raising the temp-
erature of the preheated water to 150° F. in a water heater was 8.45 kilowatt~
houre compared to 17.13 kilowatt-hours consumed in heating an equal amount of
water when no preheat cycle was used. This represented a saving of 8.68
kilowatt-hours per day in heating water. No significant difference was
observed in either the total operating time or energy consumption of the
cooling unit over conventional methods.

=

Studies carried on by the Agricultural Engineering Research

Divieion, United States Department of Agricultur08

using a 400 gallon
direct-sxpansion bulk milk cooling tank with a two horespower remote
compressor designed for every other day p-ick-up showed savings of up to
4000 kilowatt-hours per year in preheating wash water. The experiment in-
volved preheating wash water to temperatures ranging from 102° to 125° F.
in a 42 gallon preheat tank and checking cooling unit efficiencies as well
as the electrical energy saved in preheating the water.

Savings were maximum when preheating water to a point between 120°
and 1250 ¥. Any preheat temperature above or below this level resulted

in decreased savings due to either inefficient operation of the cooling

unit at the elevated preheat temperature or less than full utilization

8M. C. Ahrens, "Bulk-Milk Cooler Hemts Water", Agricultural Engineer-
ing, Vol. 40, 22 - 25, American Society of Agricultural Engineers: Saint
Joseph, Michigan, January, 1959.



of the available heat in the milk. Of the 9000 kilowatt-hours of heat that
would be extracted annually from milk cooled in a tank this size, the re-
sulting 4000 kilowatt-hours of energy saved represented an efficiency of
almost 50 perceant for the installation. Fewer kilowatt-hours were required
to operate the cooling unit using the heat pump principle to preheat water
to 120° ¥. than to operate the conventional condenser in an ambient tem-
perature of 76° F. or more.

vhile the material stated above does not deal divectly with the
study involved in this investigation, the author felt that the information
was pertinent. The principle imvolved is similar except for the utili-
gzation of the heat extracted from the milk during cooling. An investiga-
tion of the literature revealed no information in this particular field
although Ahrens® and Davisl® cite the possibility of heating the milk-
house vith the bulk milk cooler. All prior investigations have taken place
in locations where moderate winter climatic conditions exist and milkhouse
heating does not present problems of the magnitude that would exist in

South Dakota.

mbid., p. 22. )

1°n.vu, C. P., "Possible Farm Applications of the Heat Pump"
Agricultural Engineering, Vol. 34, 323-325, American Society of Agricultural
Engineers: Saint Joseph, Michigan, May 1953. "
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EQUIPMENT AND MATERIALS

The site selected for this investigation was the South Dakota
State College Dairy Department production unit. It was chosen due to
the interest and cooperation shown by the Dairy Department. This depart-~
ment sade available the facilities for the experiment and followed the
author's suggestions and plans in making the bulk milk cooler instal-
lation.

The milkroom in which the study was conducted was built as an
integral part of the main dairy barn. A milkroom is defined by the Ameri-
can Society of Agricultural !ngtmun' as: "A room-vwith one or more
sections for handling raw milk, wholly or partially enclosed by the
structure in wvhich the cows are milked." This room occupied the north-
east cormer of the structure and had onlyi two exterior walls, one facing
north aad the other east. The two interior walls of the milkroom sepa-
rated the structure from the milking room to the west and an observation
room on the south. The temperatures maintained in the milking room and
obsarvation room during cold weather were approximately 43° and 70° F.
respectively.. The bulk milk tsnk used during the course of the investi-

gation vas located in the milkroom.
Milkroom Comnstruction
The milkroom measured 19' 6" &n length, 8' 8" in width and had a

ceiling height of 8' 9", Three vindows with a total glass area of 72.8

= 2

11pairy Housing Terminology, Agriculturel Engineers Yearbook, p. 128,

Amarican Society of Agricultural Engineer®: S8aint Joseph, Michigan, 19359,
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square feet were located in the exterior walls while observation windows
totaling 66.2 square feet were constructed in the interior wells. The
exterior walls were concrete block surfaced on the cutside with stucco and
on the inside with plaster. The wall dividing the milkroom and milking
room was a coumbination of structural types. The firet 32 inches con-
sisted of a six~inch concrete wall over which a row of observation windows
running the entire length of the room were located. The portion of the
wall above the observation vindows was wood frame surfaced with plaster
board and plaster on both sides.

The wall in the south end of the milkroom wes wood frame construc-
tion with asbestos sheeting. This wall contained two observation windows
and the access door.,

Ceiling construction consisted of Eunvontional wood framing sur-
faced on the underside with plaster board and plaster. An attic above
the ceiling left an average space of one foot betwaen the ceiling joists
and the sloping roof.

Insulation was not used in the walls of the milkroom while the
ceiling contained a two-inch fiber glass blanket. All of the windows in
the structure were single glazed and no provisions for installing storm

sash were made for the exterior windows.
Bulk Milk Cooler

The bulk milk cooler employed in this study was a 600 gallon
direct-expansion tank designed for every other day milk pick-up. The

condenser capacity was 3 horsepower and cooling for the condenser coil

-
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was accomplished by a combination of sir and water. The compressor was

located in a remote position outside the east wall of the milkroom.
Compressor Housing

A housing four feet wide and five feet long wes constructed over
the compressor to provide protection during imclement weather. The exterior
and interior surfaces of the compressor housing walls were one-fourth-inch
exterior plywod. Insulation for the housing consisted of two inches of
fidberglass insulation in the walls and roof. Two heat lamps controlled by
a theramostat maintained above-freezing temperatures in the compressor
housing during cold weather. PFigure 1 shows an ozt;mul view of the
compressor housing.

Two vents were made in opposite sides of the compressor housing
for use during summer operation. VWhen ﬁu vents were open, outside air
was drawvn in through one opening, passed over and cooled the condenser coil
and was exhausted from the other opening. The location of the exterior
vents of the compressor housing are shown in Figures 1 and 2, During
vinter operation these vents were closed to seal the housing from the
outside. Two additional vents were constructed in the wall between the
milkroom and the compressor housing for use during vinter operation.

These vents, when opsned, allowed circulation of air from the milkroom
over the condemser coil for hsating purposes. ¥Figure 3 shows the vents be-
tveen the milkroom and compressor houuni as viewed from the milkroom side.
In addition to the four vents, a partitign, was built in the cospressor

housing dividing it longitudinally ®o thet ths intake and exhsust sides of

-



Figure 1. Exterior View of Compressor Housing

Pigure 2. Coupressor MNousing With Top and Bxterior
Vent Covering Removed "
&’

1350148 N
7 SOUTH DAKOTA STATE LIIRARY
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rigure

3, Mjustadble Vents Joining the Compresssor Housing
and Milkroom Viewed from the Milkroom Side

14
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the condenser cooling fan were in separate chambers. In effect this arrange-
ment was similar to dividing the compressor housing into two air ducts; an
intake duct on one side draving air from either the milkroom or outside and
an exhaust duct directing air either into the milkroom or exhausting it to
the outside. PFigure 4 shows a top view of the compressor housing with the
cover removed and Figure 5 illustrates schematically the direction of air

flow during summer and winter operation.
Milkroom Heating

An electric forced air heater rated at 4000 watts was installed
in the milkroom to furnish the main source of heat. T-ho operation of
the heater was controlled by a thermostat and the energy consumption was
measured with a kilowatt-hour meter. The actual metered rate of consumption
of the heater was 3600 watts. Figure 6, looking towards the common wall
between the milkroom and milking room, shows the heater and thermostat

installation.
Milkroom Ventilation

Ventilation for the milkroom was provided by an electrically
operated ventilating unit installed in the ceiling. The unit consisted
of a ventilating fan rated at 600 cfm and a motor-operated damper which
controlled the flow of fresh air into the milkroom. Outside air was drawm
through a filter on the roof of the nilkré&n and directed radially from the
unit by a deflector below the fan. The radial movement of air along the

wvalls minimized drafts and aided somewhat in keeping the windows free of

condensation. =



Figure 4.

Compressor Housing With Top Removed Showing
the Componsots of the Installatioca

16
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The ventilating fan motor was installed so that it could be
operated comtinuously for summer ventilation or so that it could be switched
to the bulk milk cooler controls to operate only vhen the cooling unit was
in operation. The dsmper motor was controlled by a thermostat so that the
damper would be forced open when the temperature in the structure raised
above a predetermined point. Thus if the fan were operating continuously,
the modulation of the damper would control the temperature within the

prescribed limits.

Temperature Measurement

A gas filled recording thermometer was used in obtaining a con-
tinuous record of milkroom temperatures. The sensing element of the ther-
aometer was located near the center of the room at a height of six and ome-
half feet. This position was chosen to c;;tcin an average temperature and
also to preveant its being disturbed during cleaning and sanitizing operations.
This location also kept the sensing element clear of the flow of varm sir
from either the heater or the exhaust vent from the cospressor housing.
Pigure 7 shows the temperature recorder, chart and sensing element. In

Tigure 7 the sensing eclement was removed from its stated position in order

to show in the picture.
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PROCEDURE

8ince this investigation dealt with the cold weather phase of
the bulk milk cooler operation and the benefit received in using the heat
extracted from the milk to supplement the milkroom heating system, a
comparison study of the heating requirements of the milkroom with and
vithout the aid of the heat released by the bulk milk cooling unit was
mads .

This comparison was mede by conducting the test in two phases.
During Phase I of the study the vents between the milkroom and the com-
pressor housing were opened and air from the milkréom was drawn over the
condenser coil, heated end recirculated in the structure. Im effect, the
bulk milk coolimg unit was operated as a heat pump to heat the milkroom
during the milk cooling operation.

Phase 11 was conducted without usimg the heat extracted from the
milk. The compressor housing wvae sealed from the milkroom and the heat
rejected from the condenser coil was released to the atmosphere.

The investigation was conducted from January 3 to Msrch 1, 1958
and over the same period in 1959. Phase I was studied throughout the test
period in 1958 and continued until Pebruary 15 during 1959. Phase 1I of the
study was conducted from February 15 to March 1, 1959. This period was
sufficient to determine the normsal beating requirements of the milkrooa
since conditiona remained constant and the heating trends were easily
established. The same periods in 1938 :nd 1959 ware chosen so that any

solar heat gains would be comparable in magnitude. Phase I was comducted
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over a longer period of time since outside temperatures during the test
period in 1958 were sbove mormal and continued observations were needed
to establish a definite trend in the results.

S8ince the study involved a comparison of the heating requiremsats
bstween Phsses I and 11, consideration was given to the factors that
influanced the rate of heat loss from the milkroom. The factors studied
wvere inside and outside temperatures, end vind velocity gnd direction.
The latter two factors wers deemed important since oaly two walls of the
nilkroom were exposed to the elements and thus the direction and velocity
of the wind wuld have considerably more bearing on the heat loss of the
structure when blowing directly against either of th.- exposed walls than

from other directions.
Weather Conditions

Data on weather conditions during the test period were obtained
from the South Dakota State College weather station. The information
was in the form of continuous recordings of temperatures, wind velocities

and directions made at that station.
Milkroom Temperature

The temperature controls in the milkroom were set so that the
electric heater would maintain a temperature of 65° F. throughout the test.
The thermostat on the ventilating fan dsmper was set so that the demper
would open and admit fresh air when the mjlkroom temperature rose above

85° 7. The reasoning wes that a setting of this magnitude would allow
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for efficient use of the heat extracted from the milk durimg the cooling
process. The fan wvas set ;to operate only durimg the period when the milk
was being cooled and fumctioned as an air circulating device except for
the periods when the damper was opened.

Continuous records of milkroom temperatures were made throughout
the study to indicate the effect of the introduction of the heat extracted
during the milk cooling process on milkroom temperatures as well as to

yield information on average temperature conditions.
Heat Requirements

Daily readings of the kilowatt~-hour conm-pt-ton of the milkroom
heater during both phases of the study were recorded. Simce these readings
were mgde during the day, the valuas were adjusted to span a 24 hour period
starting at midnight so they would correspond to the temperature and wind
dats vhich wvere computed on a midnight to midnight basis. The adjusament
was accomplished by examining all the milkroom temperature recordings
and determining the total indicated period that the electric hester was in
operation. The total indicated operating time multiplied by the rate of
energy consumption of the electric heater gave the indicated kilowatt-
hour consumption. A comparison of this value to the kilowatt-hour meter
readings indicated close correlatiom and thus the adjustment of the actual
teadings was simply a matter of totaling the indicated time of heater op-
erations for the 24 hour period starting at midnight and multiplying by

the rate of energy comsumption of the electric heater.
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The data recorded during the study were analysed to determine the
electrical energy required to heat the milkroom at different levels of
temperature difference between inside and outside conditions. The heating
requirements during Phase I and Fhase 11 were compared to determine the
savings realized in using the heat extracted from the milk in supplementing
the milkroom heating system. The results were calculated in the form of
kilowett-hours snd the percentage of total heat saved in utiliszing the

heat extracted from the milk.
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DATA AND DISCUSSION OF RESULTS

The data tabulated in this study with the exception of the kilowatt~
hour consumption of tha milkroom hester, were obtained from continuous
recordings of the variables under consideration. The kilowatt-hour read-
ings were taken at daily intervals. All values shown were the average

readings for the particular period indicated.
OQutside Temperatures

Tables I, II, III, and IV indicated the average outside temperature
as well as the high and low readings for each day of the test. The tem-
peratures were compiled in the form of degree days and the total degree
days for the month were compared to the normsl number for the month. The
degree days were determined by the use &f a planimeter. The area on the
temperature charts between the recorded temperature and the 65 degree base
was mgasured and the degree days accumilated for the 24 hour period were
obtained by dividing the measured ares by the area equaling one degres

day. The equation used was of the following form:

No. of Degree days =» ;m_;z'.a_'d_m.
area/degree day

Inside Temperatures

'The average daily milkroom temperatures were computed and tab-
ulated on Tables V and VI. The average daily temperatures were obtained
by totalimg the hourly temperatures from the charts for the 24 hour period

and then averaging the result. Typical charts of the inside temperature
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TABLE 1. TEMPERATURE DATA RECORDED AT SOUTH DAKOTA STATE COLLEGE WEATHER
STATION, BROOKINGS, SOUTH DAKOTA FOR JANUARY, 1958

Date Degree Days Temperature °F
High Low

January, 1958

1 51.4 28 3

2 57.9 18 -3

3 50.4 25 3

4 45.9 30 8

5 36.9 47 12

6 49.9 30 1

7 54.7 22 -3

8 31.2 56 11

9 28.5 54 20
10 31.4 46 21
11 27.1 ) 51 27
12 29.8 43 27
13 35.8 40 21
14 40.5 35 19
15 38.8 3l 20
16 36.1 36 22
17 42.0 27 15
18 38.4 N 29 18
19 41,3 28 20
20 42.8 25 18
21 45.0 24 16
22 44,1 3 12
23 43,5 26 15
24 37.3 37 20
25 38.8 28 23
26 42.2 24 19
27 43,9 24 17
28 4.1 264 9
29 46.7 30 7
30 46.5 22 7
31 49.4 24 6

TOTAL Degree Days 1292.3

AVERAGE Degree Days 1597.0 (Huren, South Dakota)*
—_— T e T e e e

#*Source: Heating Ventilating Air Conditidhing Guide. 34th Ed., Vol. 34,

New York: American Society of Heating and Air-Conditioning Engineers, Inc.,
1956. p. 453.
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TABLE II, TEMPERATURE DATA RECORDED AT SOUTH DAKOTA STATE COLLEGE WEATHER
STATION, BROOKINGS, SOUTH DAKOTA FOR FEBRUARY, 1958

Date Degree Days Temperature °F
lugh Low

February, 1958

1 46.5 22 10
2 56.5 15 e )
3 44.3 30 0
& 44.9 29 12
5 4.7 28 10
6 54.7 20 0
7 61.6 14 ¥ 3
8 69.6 8 -6
9 63.5 14 -8
10 60.4 17 -7
11 64.2 > 11 -9
12 54.4 21 -1
13 52.2 25 - 8
14 56.5 12 ~10
15 73.0 4 -16
16 70.2 9 -19
17 65.6 « 4 -16
18 59.4 18 =7
19 52.2 24 -4
20 36.3 35 16
21 36.9 32 18
22 31.4 54 13
23 22.0 67 26
24 22.6 54 34
25 - 19.1 60 32
26 20.2 47 41
27 24.5 46 )
28 34.4 l 22

TOTAL Degree Days 1341.8
AVERAGE Degree Days 1327.0 (Huron, South Dakota)*
- = = — — —— —————————————— — — - ———

#Source: Heating Ventilating Air Conditi ide. 34th Ed., Vol. 34,
New York: American Society of Heating and Air-Conditioning Engineers, Inc.,

1956. p. 453.
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TABLE I1I. TEMPERATURE DATA RECORDED AT SOUTH DAKOTA STATE COLLEGE WEATHER
STATION, BROOKINGS, SOUTH DAKOTA FOR JANUARY, 1959

Date Degree Days Temperature OF
High Low
January, 1959

1 48.6 22 8
2 64.1 8 -6
3 70.1 -4 -11
4 67.0 2 -13
5 63.2 14 -8
6 51.3 23 4
7 47 .9 24 10
8 55.5 28 4
9 43.8 20 8
10 44.2 21 16
11 40.8 26 21
12 39.5 : & 26
13 29.6 45 26
14 36.4 37 8
15 61.8 7 6
16 66.6 2 7
17 62.0 10 9
18 49.4 - 28 0
19 58.6 19 -3
20 60.5 11 -5
21 67.2 5 -15
22 65.9 2 -11
23 58.6 16 -12
24 47.0 23 2
25 57.9 7 2
26 51.5 17 3
27 49.2 30 1
28 39.1 37 16
29 51.0 24 0
30 60.5 9 -11
31 66.8 8 -14

TOTAL Degree Days 1675.6
AVERAGE Degree Days 1597 .0 (Huron, South Dakota)*
. —
*Source: lHeating Ventilating Air gonditio§£gg Guide. 34th Ed., Vol, 34,
New York: American Society of Heating and Air-Conditioning Engineers, Inc.,

1956. p. 453.
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TABLE 1V. TEMPERATURE DATA RECORDED AT SOUTH DAKOTA STATE COLLEGE WEATHER
STATION, BROOKINGS, SOUTH DAKOTA FOR FEBRUARY, 1959

Date Degree Days Temperature °F
High Low

February, 1959

1 6l1.4 13 s £
2 54.7 25 2
3 50.2 21 12
4 56.4 13 5
] 62.5 13 -5
6 56.0 25 =12
7 58.0 24 -4
8 62.6 8 -6
9 59.8 9 -2
10 59.5 17 -6
11 55.6 22 - 8
12 43.4 k1 7
13 51.6 ) 21 1
14 53.4 25 3
15 47.0 33 2
16 51.6 20 7
17 56.0 17 0
18 64.0 10 -11
19 73.5 7 ~-19
20 57 .4 21 - 8
21 52.2 30 - S
22 41.2 33 12
23 43.4 28 12
24 46.4 34 5
25 44,1 32 8
26 38.9 40 11
27 _ 33.6 35 23
28 38.3 37 19

TOTAL Degree Days 1472.7
AVERAGE Degree Days 1327 .0 (Huron, South Dakota)*

*Source: Heating Ventilating Air Conditioning Guide. 34th Rd., Vol. 34,
New York: American Society of Heating and Air-Conditioning Engineers, Inc.,

1956, p. 453.



TABLE V. AVERAGE MILKROOM TEMPERATURES FOR JANUARY AND FEBRUARY, 1958

January, 1958 i !cb;u.ry, 1958
Date Average Temperature °F Date Average Temperature °F

4 69.5 1 70.4
5 69.8 2 69.3
6 70.7 3 69.5
7 71.5 4 69.7
8 72.6 5 68.4
9 71.9 6 65.0
10 70.4 7 74.3
11 72.0 8 81.3
12 73.8 9 81.7
13 72.3 10 . 80.9
14 69.2 11 74.2
15 71.6 12 72.8
16 72.4 13 74.3
17 71.2 14 73.5
18 72.4 15 73.3
19 75.6 16 75.8
20 72.2 17 81.5
21 74.1 18 8l1.4
22 71.9 19 70.2
23 70.4 20 63.8
24 67.4 21 65.6
25 68.4 22 67.0
26 69.0 23 71.3
27 68.7 24 70.4
28 69.8 28 68.8
29 69.0 26 67.8
30 68.9 27 60.2
31 70.4 28 59.4

w



TABLE VI. AVERAGE MILKROOM TEMPERATURES FOR JANUARY AND FEBRUARY, 1959
January, 1959 February, 1959
Date Average Temperature °F Date Average Temperature OF

4 68.5 1 71.2
5 72.9 2 68.5
6 75.7 '3 69.8
7 70.9 & 69.8
8 77.6 S 68.7
9 63.0 6 72.7
10 62.0 7 67.0
11 64.8 8 70.0
12 635.4 9 69.4
13 64.7 10 57.0
14 65.7 11 72.3
15 62.1 12 74.0
16 63,5 13 74.1
17 66.3 14 73.4
18 71.4 15 73.6
19 72.3 16 713.4
20 72.6 17 71.2
21 68.1 18 66.9
22 67.6 19 66.9
23 68.0 20 67.4
24 70.4 21 66.8
25 71.0 22 66.7
26 70.1 23 65.6
27 69.8 24 64.2
28 68.4 25 64.1
29 69.9 26 64.1
30 70.3 27 64.6
31 69.7 28 68.7

I
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recordings are shown in Pigures 8, 9, 10 and 11. These charts indicated
temperature trends under four different operating conditions.

pigure 8 shows temperature recordings during a week of mild
wveather while Phase I was in operation. The large, regular increases in
temperature indicsted the period over which the milk cooling unit was in
operation and the heat released by the unit increased the tempersture of
the milkroom by a considerable amount. The saall temperature incresses
occurring between milk cooling perieds indicated when the milkroom heater
wvas operating.

rigure 9 shows milkroom temperature trends during normal winter
operation in Phase I of the study. The temperature increases resulting
from the heat sdded to the milkroom are not as great as indicated in Figure
8, but sre still prominent. The frequency of the milkroom hester operation
is greater and more uniform.

Pigure 10 shows a chart recorded during cold weather in Phase I
of the study. It will be noted that the temperature rise in the ailkroom
during the milk cooling operation is less than in Figures 8 and 9 due to
the increased rate of heat loss from the structure. The temperature in-
creases vhich indicated hester operation were also much more numerous
during this period.

¥igure 11 illustrates ths temperature tremds during Phase II in
cold westher operation. The only fluctuations in the temperature record-
ings wvere caused by the milkroom heater opsretion and the difference in

the chart is primarily in the frequency of occurrence of the heating cycle.
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Energy Consumption of the mlkrou Heater

The daily kilowatt-~hour consumption of the milkroom heating system
is shown on Tables VII snd VIII. In addition, the difference between milk-
room and outside temperatures are showm for comparisen with the esergy
consumed in heating the milkroom. This temperature difference was co=mputed
from information in Tables I through VI. An example of the computation of
the temperature differences follows:

January 4, 1958, degree days = 435.9;
Average milkroom temperature = 69.5
Average outside temperature z 65 -~ degree day
. 65 - 45..9
z19.1°r.
Temperature difference = Iyuido temperature - ocutside tem-
perature

2 69.5 - 19.1
= 30.4% r.

Wind Conditioans

The wind velocities, directions, and duration for each day of
the study are listed chronologically as they occurred during the day in
Tables IX, X, XI, and XII. Yor example, an interpretation of the data for
January S, 1958 would be as follows: The wind was from the south at an
average velocity of 3.8 miles per hour foi & period of 16 hours, it then

switched to the west and the average v.hfity increased to 8.3 miles per
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TABLE VII. DAILY TEMPERATURE DIFFERENCE AND MILKROOM HEATER EMERGY
CONSUMPTION FOR JANUARY AND FEBRUARY, 1958

-Jl.nuary, -1958 Pebruary, 1958
Day Temp. Diff, Kilowtt-hour Day Temp. Diff. Kilowtt-hour
oy Consumation oy Consumgtion
&4 50.4 12.3 1 51.9 15.6
S 41.7 15.0 2 60.8 28.4
6 55.6 10.8 3 48.8 22.4
7 61.2 16.8 4 49.6 18.4
8 38.8 2.4 ] 48.1 4.8
9 35.4 1.8 6 54.7 13.7
10 36.8 4.5 7 70.9 42.%
11 3.1 3.3 8 85.9 67.0
12 38.6 1.5 9 80.2 63.4
13 43.1 3.0 10 76.3 42.8
14 44.7 3.3 11 713.4 36.0
15 45.2 3.5 12 62.2 23.3
16 43.5 2.0 13 61.5 36.7
17 $8.2 16.4 “14 65.0 45.1
18 45.8 15.0 15 81.3 48.4
19 $1.9 19.5 16 81.0 48.0
20 50.0 11.4 17 82.1 52.0
21 54.1 14.4 18 75.8 44.7
22 51.0 8.4 19 $7.4 14.7
23 48.9 11.9 20 35.1 3.3
24 39.7 6.3 21 37.5 2.4
25 42.2 8.6 22 33.4 1.5
26 46.2 9.2 23 28.3 2.1
27 47.6 8.6 25 28.0 00.0
28 48.9 6.4 25 22.9 00.0
29 50.7 10.8 26 23.0 00.0
30 50.4 16.8 27 19.7 00.0
31 54.8 19.6 "8 28.8 00.0
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TABLE VIII. DAILY TEMPRRATURE DIFFERENCE AND MILKROOM HEATER ENERGY
COMSUMPTION FOR JANUARY AND FEBRUARY, 1959

January, 1959 Pebruary, 1959
Day Tewp. Diff. Kilowatt-hour Day Temp. Diff. Kilowstt-hour
oF Consumation oy Consumation
4 70.5 60.3 1 73.3 73.8
5 71.1 63.3 2 67.0 60.0
6 62.0 58.2 3 55.0 48.0
7 53.8 59.4 4 61.2 69.1
8 68.1 61.2 S 66.2 60.6
9 41.8 25.2 6 63.7 63.0
10 41.2 11.1 7 60.0 54.3
11 40.6 3.6 8 67.6 54.6
12 39.9 3.0 9 64.2 57.9
13 32.0 3.6 10 51.5 53.4
14 3z7.1 4.3 11 62.9 74.7
15 58.9 28.4 12 52.4 36.9
16 65.1 52.4 13 60.7 74.7
17 63.3 48.6 14 61.8 61.5
18 55.8 51.6 15 55.6 57.3
19 65.9 60.3 16 60.0 52.5
20 68.1 60.3 17 62.2 58.2
21 70.3 40.8 18 65.9 61.8
22 68.5 52.8 19 75.4 69.6
23 61.6 50.4 20 59.8 54.3
24 52.4 47.5 21 54.0 39.6
25 63.9 73.5 22 42.9 41.7
26 56.6 45.6 23 44.0 23.9
27 54.0 33.3 24 45.6 19.1
28 42.5 13.5 25 43.2 15.6
29 55.9 35.7 26 38.0 6.3
30 65.8 61.8 27 33.3 7.1
3l 71.8 73.2 28 42.0 4.2

-



TABLE IX.

RECORDED AT SOUTH DAKOTA STATE COLLEGE WEATHER STATION,
BROOCKINGS, SOUTH DAKOTA

3

DAILY WIND DIRECTION, VELOCITY, AND DURATION FOR JANUARY, 1958

Day Direction Velocity Hours
mph

4 S 9.0 24

5 s, W, N 3.8, 8.3, 13.0 16, 4, &4

6 N, W, N\W 14.6, 14.8, 15.0 18, 5, 1

7 N, W, S 5.0, 5.0, 6.8 8, 6, 6

8 W, S 4.9, 1.3 11, 12

9 N, N'W, W, S, E 8.0, 15.0, 9.2, 2.8, 2.0 9. 5, % 4,3

10 NW, W, S, E 0.7, 5.0, 7.0, 4.8 3 14, 2,5

11 S 12.9 24

12 N, S, B 4.0, 5.4, 1.4 4, 7, 9

13 S 4.7 24

14 N, W 8, B 7.0, 1.0, 5.0, 1.0 18, 2, 1, 3

1S W, S 2.3, 5.3 12, 12

16 N, NW, E 5.1, 1.8, 1.0 15, 4, 2

17 N, W, S, NE 7.0, 2.3, 4.2, 1.0 5, 6,11, 2

i8 ] 6.8 21

19 N, 8 4.2, 6.3 20, &

20 N, W, B 2.9, 2.7, 2.4 14, 3, 7

21 N, W, W, S, E 2.6, 2.4, 2.0, 1.3, 3.0 11, 5, 3, 4, 1

22 W, 8, E 4.2, 1.0, 1.8 17, 1, 4

23 W, 8, R 6.0, 4.9, 3.3 2, 16, 3

24 S 13.0 24

25 N, §, SE 18, Tuly 5.7 12, 3, 6

26 Wi, W 11.7, 10.5 18, 6

27 N, NW, W 9.0, 9.2, 8.9 11

28 N, W, 8, E 5.8, 7.5, 1.0, 1.0 4,15, 1, 1

29 B 3.2 14

30 N, E 2.7, 3.4 6, 14

31 N, W 3.8, 2.5 ., 14, 2
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TABLE X. DAILY WIND DIRECTION, VELOCITY, AND DURATION FOR FEBRUARY, 1958
RECORDED AT SOUTH DAKOTA STATE COLLEGE WEATHER STATION,
BROOKINGS, SOUTH DAKOTA

— e =

Day Direction Velocity Hours
Ml

1 N, NW 13.5, 10.8 4, 12

2 N, NW, W 8.1, 6.0, 5.0 21, 1, 2

3 S 8.4 20

4 N, 8 3.1, §5,2 14, 6

5 N, NW, W 4.5, 6.3, 3.0 10, 13, 1

6 N, W 9.2, 2.0 22, 2

7 NW, W 2.0, 3.7 12, 12

8 N, NW, W 9.3, 6.4, 6,1 3, 11, 10

9 N, Nw, W 4.8, 3.0, 3.0 8, 1, 5

10 N, NW 5.0, 4.0 - 22, 2

11 N, NW 8.7, 7.3 18, 6

12 N, NW 7.9, 8.0 14, 10

13 N, W, SE, E 3.0, 1.0, 4.8, 6.1 3, 1, 4, 8

14 N, E, NE 5.1, 5.0, §.% 16, 4, 4

15 N, W 1.8, 5.1 i, 7

16 SW 1:7 3

17 S, E 2.6, 1.1 9,7

18 NE 1.0 6

19 s, E 5.8, 2.0 14, 1

20 S 8.9 24

21 N, W, S 6.3, 1.0, 3.5 19, 1, 2

22 8 10.6 16

23 S, K 2.0, 2.0 5, 4

24 N, NW, W 1.0, 7.2, 11.3 1, 6, 4

25 S 16.8 16

26 S, E 10.8,. 9.3 12, 12

27 N, E 15.3, 9.3 16, &4

28 N 13.5 . 24




TABLE XI.

DAILY WIND DIRECTION, VELOCITY, AND DURATION FOR JANUARY, 1959
RECORDED AT SOUTH DAKOTA STATE COLLEGE WERATHER STATION,

BROOKINGS, SOUTH DAKOTA

Day Direction Velo&tcy Hours

4 W, Sw, 8 7.9, 5.0, 8.3 M, 1, 9

5 s 7.2 24

6 S, SE, B 8.9, 6.3, 5.7 9, 3, 12

7 N, E, NE 4.0, 6.5, 5.5 9, 8, 6

8 N, SW, S, SE, E 1.7, 2.0, 1.8, 1.9, 2.1 3 1,0,2,1
9 W, SW, S, SE, E 10.9, 10.8, 5.4, 7.0, 5.7 7, 5, 5, 1, ¢
10 W, s 10.8, 5.6 12, 12

11 s 2.5 24

12 N, S, E 1.7, 2.4, 6.9 3, 7,11

13 N, N4, W, 8 6.0, 3.3, 2.7, 7.1 9, 3,59
14 N, NW, W 10.8, 11.4, 6.1 10, 7, 7

15 NW 12.8 24

16 N, Nw 8.4, 6.3 17, 7

17 N, NW, ¥, S, NE 4.2, 3.3, 3.5, 2.1, 2.0 7, 4, 2, 10, 1
18 N, S 9.7, 7.0 = 9, 18

19 N, NW, W, 8SW, S 6.0, 3.7, 4.6, 4.0, 3.9 1, 6, 5,1, 10
20 N, N\w Tels 7ok 16, 8

21 NwW, W 5.9, 9.2 8, 16

22 W 10.3 24

23 W, 8, E 3.0, 6.4, 3.0 4, 16, 2

24 N, S, NE 4.8, 4.0, 7.8 4, 6, 12

25 E, NE 3.0, 6.5 6, 10

26 s 3.9 24

27 S 7.0 24

28 S, 5B 6.3, 3.5 20, 4

29 N, Nw 10.3, 6.5 18, 6

30 N, W 5.8, 3.2 19, 5

k)| N, NN, W 2.7, 1.3, 2.7 13, 6, §

e — — s — ——— — __— — . — _  ——  — —— — — ——— _ ———— ____



TABLE XII. DAILY WIND DIRECTION, VELOCITY, AND DURATION FOR FEBRUARY, 1959
RECORDED AT SOUTH DAROTA STATE COLLBCE WEATMER STATION,
BROOKINGS, SOUTH DAKOTA

Day Direction Velocity Hours
mph

1 8§,k 4.8, 3.6 14, 10

2 8 12.0 24

3 NN, W, S8 14.4, 4.0, 2.5, 4.0 13, 1, 2, 4

4 N, MW, W, B 12.0, 7.5, 9.7, 8.6 8, 2,6, 8

5 W, W 16.0, 10.1 2, 22

6 Ww,s, SE, E 3.0, 88, 6.6, 6.8 1, 14, S, 4

7 N, 8, SE, NE 12.1, 7.7, 7.0, 10.3 16, 3,1, 4

8 N, SE,E, NE 5.1, 2.0, 8.6, 3.0 9, 1,13, 1

9 N 6.5 24

10 N, wW,w, 8 7.8, 8.8, 2.0, 2.5 10, 10, 2, 2

11 s 13.7 24

12 N, 8, 8W, W 7.6, 9.2, 3.0, 4.0 12, 10, 1, 1

13 N, W, 8, E, NE 5.8, 8.0, 4.0, 8.0, 7.0 5,2,2,13%4,1

14 N, N, w, 8W, 8 11.0, 9.8, 8.4, 4.0, 2.0 3,9,8,1,3

15 Nw, W, 8w, 8 12.0, 10.0, 6.0, 10.5 3, %, ), 19

16 N, MW, W, 8w, 8 4.0, 5.8, 4.3, 2.5, 2.7 5, 1,3,2,2

17 N, ¥W 7.0, 3.6 19, 5

18 N, W, W 5.7, 5.8, 5.3 3,9, 12

19 w 4.9 24

20 w, SwW 9.1, 5.2 18, 6 ;

21 g, 8k, & 2.3, 2.0, 3.1 9 1, 13

22 N, E 8.1, 3.1 9, 15

23 K, W, W 8.5, 8.0, 7.4 2,7, 13

24 w, 8W, 8 3.6, 1.0, 6.5 14,1, 6

25 w, SW 4.3, 6.0 22, 2

26 w, 8, SE 2.5, 5.3, 1.5 8, 12, 4

27 w, 8 11.3, 5.3 18, 6

28 w 6.6 ’ 24

W
e e ]
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hour for four hours and finally came from the sorth at 13.0 miles per hour

for the remaining four hours of the day.
Wind Effect Analysis

Initial comparisons of the milkroom heating requirements to the
average difference between outside and inside temperatures failed to estab-
1lish a relisble trend upon which to base any prediction of heat required
for any specific temperature difference. This lead the author to believe
that edditional factoxs existed that had a definite effect on the heating
requiremsnts of the milkroom. The management of the milkroom which in~
cluded washing milking equipment twice daily, washing the bulk tank every
other day, snd cleaning the milk¥oom daily, would add a certain amoumt of
heat since hot water was used in all of these operations. The effect of
these operations wuld not tend to alter the results of this investigation
because they were conducted following approximately the same pattern amd
schedule throughout the course of the experiment. The rqinin; factor of
measurable magnitude which affected heat loss from the milkroom was wind
velocity and direction.

The milkroom wes sheltered by the dairy barn on the north, west,
and south sides. The east side was unprotected and raceived the full
force of any winds from an easterly direction. Studies of wind velocity
and direction compared to heat n&uimntl of the milkroom lead to the
conclusion that winds from an easterly direction caused a definite increase

in the kilowatt-hour consumption of the milkroom heating unit at any given



temperature below approximately 32° F. South winds had less effect while
vinds from the north and westerly directions had the least effect.

A detailed study of the effect of wind velocity and direction re~
sulted in the development of a method of ranking wind conditions according
to their effect on heat loss. The object of this ranking system was to
enable the adjustment of the heating requirements to standard conditions
vhere it could be assumed that the vind effect had been reduced to a wmini-
pum,. This ranking system made possible the placing of a particular day in
one of five categories depending upon the wind conditions for that 24 hour
period. The numerical values assigned to the categories were from 1 to 5
with a rating of 1 representing wind conditions of negligible effect. The
higher numbers indicated winds of increased effact on heat loss from the
structure. Table XIII shows the five ratings and the wind velocity range

.anddirection for each category.

TABLE XIIXI. WIND RATINGS ACCORDING TO THEIR EFFECT ON HEAT LOSS

Wind Effect Ratin i
wind 2 5"‘g 4 :
Direction Wind Wind Wind Wind wind

Yelocity Velocity Velocity Velocity  Velocity
N 0~-10 10 - 20
1% 0-~10 10 - 20
W 0«10 10 - 20
v 0-10 10 - 20
8 0- 3 3 -6.0 6 -9 9 - 12 over 12
SE 0=~1.5 1.5 - 3.0 3.0-4.5 4.5 - 6 over 6
E 0~ 1.5 1.5 - 3.0 3.0 - 4.5 4.5- 6 over 6
KE 0~-1.5 1.5 - 3.0 3.0-4.5 4.5~ 6 over 6

—_— = -
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In classifying a 24 hour period during which the wind changed
directions, the rating for each particular wind condition was multiplied
by the fraction of the day over which the condition existed. The products
of these conditions were then totaled to obtain the final rating. FYor
example, on January 5, 1958 the following wind directions, velocities and

durations were recorded:

Wind direction Velocity (mph) Duration (hours)
8 3.81 16
W 8.25 &
N 13.00- - &

Calculations for the ratings would be

Rating Fraction of 24 hr. period Product
2 < 16/24 1.33
1 4/24 167
2 4/24 333

"1.830 or 2.00

All fractional parts were rounded to the nearest whole number so
that only five distinct categories would result. Table XIV gives the wind
effect ratings for the period over which the investigation was conducted.

The results of the investigation were based on data recorded during
periods when the effect of wind veleocity, direction and duration was con-
sidered negligible. The information recorded on days vhen the wind effect
was rated at two or over was rejected as being representative of conditions
other than the standards set up for the investigation. No attempt was made
to correct the readings made o&‘dayl having vind effects greater than one

since it was the author's opinion that this practice would mot change the

results in any manner.
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WIND EFFECT RATINGS FOR TNE TEST PERIOD

TABLE X1IV.

1959

1958

Yebruary January YPebruary

January

Rating Date Rating Date Rating Date Rating

Date

10
11
12
13
14
15
16
17
18
19
20
21

10
11
12
13
14
13
16
17
18
19
20
21

10
11

10
11

12
13
14
15
16
17
18
19
20
21

12
13
14
15
16
17

18
19

22
23
24
25

22

20
21

23
24
25

22

22
23
24
25
26
27

23
24
25
26
27

26
27

26
27
28
29
30
31

28
29

28

3l

28
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Comparisons of the energy consumed in hesting the milkroom to the
difference botﬁcn inside and outside temperatures are shown in Figure 12
for Phase I and in Figure 13 for Phase II of the study. The data for the
comparisons are shown on Tables XVI and XVII. The calculations for fitting
the curves are in appendix A.

The milkroom did not require edded heat during Phase I when the
difference between milkroom and outside temperatures was less tham 35.5
degrees. During Phase II of the operation no heat was required at tem-
perature differences of less than 32.5 degrees. This cosdition wes due to
the heat gain from the observation room where the air temperature was main-~
tained approximately 10 degrees higher than the milkroom and to the heating
load supplied by lights and ut-:gmnt practices.

Deviation of the data from the plotted curves could logically be
attributed to the following factors:

1. Management practices over which the suthor had ne ceatrol

including failure to keep the door edjoining the milkroom

and the observation room closed at all times and periodic
chgcks of the butter fat content of the milk produced by each
animal which necessitated keeping the door of the milkroom
open for the entire wilking period end loading the milk in
the cooler manually.

2. Normal fluctuation in the amount of milk cooled at each milking

period. )

3. Reat lag due to the residual o!fcgto of cold weather on the

structure resulting in increased demands on the heating system
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TABLE XV. TEMPERATURE DIFFERENCE AND MILKBOOM HEATER ENERGY CORSUMPTION
FOR PRASE I, WIND CONDITION I

———— — = —_— e — e o om— —
— — — ——

(x) (Y) x) (49)
Temperature Energy Temperature Energy
Difference Consumption Difference Consumption
op Kilowatt-hour op
61.2 21.8 73 .4 36.0
38.8 2.4 62.2 23.3
35.4 1.8 81.3 48.4
3.1 3.3 81.0 48.0
44.7 3.3 82.1 52.0
43.5 2.0 75.8 44.7
58.2 16.4 57 .4 14.7
51.9 19.5 37.5 2.4
50.0 11.4 28.3 2.1
54.1 14.4 28.0 00.0
51.0 8.4 68.1 61.2
47.6 8.6 40.6 3.6
48.9 6.4 65.1 52.4
54.8 19.6 63.3 48.6
60.8 28.4 65.9 60.3
49.6 18.4 68.1 60.3
48.1 4.8 70.3 40.8
$4.7 13.7 65.8 61.8
70.9 42.5 71.5 73.2
85.9 67.0 73.3 73.3
80.2 63.“ “-z 52!9
76.3 62 68 51.5 5304
61.8 61.5

—_.w

. -



TABLE XVI.

49

TEMPERATURE DIFFERENCE AND MILKROOM HEATER ENERGCY CONSUMPTION
- FOR PRASE 11, WIND CONDITION 1

)

(x)

Temperature Energy

Difference Consumption
oy Kilowatt-hour
60.0 52.5
62.2 58.2
65.9 61.8
75.4 69.6
59.8 54.3
43.4 23.9
43.2 15.6
37.3 4.2

i1
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during warmer veather veathar that followd. The reverse
situation wuld exist during the transition from warm to
cold weather.

Pigure 14 ghows the curves from Figures 12 end 13 superimposed on
one graph for comparison purposes. The shaded ares between the lines
represents the heat supplied to the milkroom by the bulk milk cooler
through the range of temperature differences recorded during the study.

The heat extracted from the milk was utilised to a lesser degres at
small temperature differences since the heat released from the cooling unit
entered the milkroom at such a high rate that the temperature was elevated
resulting in accelerated heat losses. At large temperature differences
more of the heat extracted from the milk was utilised since the existing
heat loss from the structure prevented tempsrature elevation of any great

magnitude.
Figure 13 shows the percent of the total heating requirement of the

milkroom that was supplied by the heat extracted from the milk. The values
ranged from 100 to 29.9 percent at the greatest tesperature differences.
The values for this graph were determined by dividing the heat saved by
the total heat required for the particular temperature difference at which

the percent saving was desired.
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SUMMARY AND CONCLUSIONS

The system designed to utilize the bulk milk cooling unit as a
heat pump performed satisfactorily and no sdjustments or alterations of
the original design were required. Winter operation of the unit wes
studied to determine the effect of heat rejected by the milk cooling umit
on the heating requirements of the milkroom. Summer operation was not
studied since the heat from the condensing coil of the milk cooling unit
wes released into the atmosphere and temperature control in the milkroom
wes simply a matter of ventilation.

A summary of the results of the investigation follows:

1. The milkroom did not require any heat at differences of 32.5° F.
or less between inside and Loutaidc temperatures. Heat gain re-
ceived from the observation room mat the heating requiremsnts
to this point.

2. The heat extracted from the milk supplied the heating require-
ments of the milkroom for the temperature differences ranging
from 32.5% to 35.5° F. The percentage of the total heat sup-
plied to the milkroom by the bulk milk cooler ranged from
100 percent during mild wsather to 29.9 percent during the
coldest weather.

3. A greater portion of the hest extracted from the milk wes
utilized during cold weathes. Less of the available heat was
used during mild weather since the milkroom temperatures were
elevated to a point where agscelerated he.at loss from the strucs

ture occurred, thus wasting the available heat.



54

4. Results indicated that the system was effective in supplying
heat to the milkroom for approximately 4 months of the year.

S. While year-round use of the heat from the milk could not be
realised with the system, a considerable amount of the total
heat required during winter operation was supplied to the milk~
room. The material and labor costs of constructing the vents
and duct work necessary to convert the milk cooling unit to a
heat pusp ware relatively small.

6. The system supplied heat to the milkroom during a period when
warmer temperatures ware most desirable. The hgsat was supplied
during the milking period end for sufficient tims thersafter so
that its effect wuld be fiélt when the milk handling equipment
was vashed and cleaned.

7. Part of the efficiency of the system was lost due to the neces-
sity of partially cooling the condenser vith water since air
cooling did not have sufficient capacity. The heat carried away
in the cooling water was not usadble for milkroom heating.

The above results are based on studies made at one location and under

one particular set of circumstances., It is the author's belief that with

a properly designed milkroom and bulk milk cooler installation, a much
greater portion of the heat released during the milk cooling operation

could be utilized im heating the milkroom. Adequate insulation in the milk-
room would reduce heat loss considorab‘.ly and an ice-bank milk cooling system
wuld release the hest at a slower and more usable rste than the direct-

expansion system used in this 1nmt1;§tion.
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CALCULATIONS FOR FITTING REGRESSION CURVES TO DATA PRESENTED
IN TABLES XV AND XV1

The equation for fitting a straight line to a series of observations
by the least squares method!3 is the form:

Y:Y+b X - X)

Vhere Y = the daily kilowatt-hour comsumption of the milkroom
heater; Y = the average Y value; X - the difference between the average
daily milkroom end outside temperature; X = average X value and b is a

regression coefficient designating the slope of the line.

The value of b can be found from the following equation:

zx!-é%!

zx? - .(z%z’

ba

The calculations for Phase I are taken from the data shown on
Table XV. The following tabulations were made from Table XV.
ZX = 2637.2
LY 2 1395.4
X = 58.6
31.0

=]
.

%2 s 164,508.04
¢x)2 = 6,954,823.84

ZXIY & 3,679,948.88
$XY = 95,070.50
N = 45

13y, J. Dixon and F. J. Massey, Introduction to Statistical Analysis,
p. 191, McGraw-Hill Book Company, Inc.: New York, 1957.



Solving for b:

b a 95,070.50 - 3,679:5943,3!

6,954,823.84
164,508 .04 « s

b 2 1.335
This gives the equation:
Y= 31.0+ 1.335 (X - 58.6)
The calculations for Phase II were obtained from the data shown
on Table XVI and the resulting tabulations were as followe:
2X = 447.2
ZY s 340.1
Xz 55.9
Y 2 42.5
zx2 ; 26,213.94
¢x)2 = 199,987.84
XY 2 21,205.48
N=38

8olving for b:
b o 21,205.48 - 152,092.72

199,987.84
26,213.94 - =g

b 2 1.805
This gives the equation:

Y g 42.5 +1.805 (X - 55.9) =
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