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ABSTRACT

The basls for thls study was a comparison of environmental
conditions between the two wings of the new Michigan State Col-
lege swine barn. One wing 1s soler oriented with insulating
glass windows elong the entire south wall. The other wing, of
conventional construction, 1ls orlented on a north-south axis.
Both wings are of similar construction to the top of the four
foot concrete block lower wall and have the same number and
location of pens, doors, heaters, and ventilating ducts. The
difference in the two buildings lies in the insulating glass
windows and shed roof construction of the solar wing and the
gable roof and smell ventilating windows of the regular wing.

A recording potentiometer was so wired that it wes pos-
slble to take ‘hourly readings automatically of temperatures
and humidities. Twenty thermocouples were located in each wing
for tempersture measurement and a special unit was built to
8lve wet bulb and dry bulb temperatures for determination of
relative humidity.

The data was plotted onto weekly charts which also in-
¢luded values for solar radiation and outdoor temperatures.
Charts were prepared for eight summer weeks and thirteen winter
Weeks. An analysis of the charts followed. General weather
tonditjons for the winter weeks were obtained from the Lansing
Weather Bureau to help explain the variations in the recorded

data from the two wings.



A formula was constructed for converting solar radia-
tion on a horizontal surface to solar radiation on a verti-
cal south facing surface. This formula gave good results
for the winter of 1553 when compared to calculetions by
other methods. These results indicated that it was possible
to gain over four hundred BTU's per hour per pen by using
solar oriented fixed sash insulating glass instead of con-
ventlonally located single glazed ventilating windows. |

Data from the first year of the study, as a whole, 3

were not conclusive because it was found to be practically
impossible to control the conditions closely enough in the
large piggery to meke accurate comparisons between the solar
and regular wing. Smaller bulldings in which the variables

can be more accurately controlled are necessary for future

tests.
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INTRODUCTION

Description of Project

In June, 1952, work was started on the project which was
to provide data for this thesis. This project was sponsored
Jointly by the Michigan Agricultural Experiment Statlon and
Libbey-Owens-Ford Glass Company. The particular phase carried
out in this work was a comparative study of the environmental
conditions in the solar wing to the conditions in the regular
wing of the new swine barn. Temperatures and humidities from
both wings were recorded. Amounts of solar radiation and out-
door temperatures were obtained from the Michigan Hydrologic
Regearch Station and the general weather conditions during the
Wlinter months were obtained from the Lansing Weather Bureau.
These two sources of data were used in an attempt to help ex-

Plain the variations in the recorded data from the two wings.

Description of New Swine Barn

During the late summer of 1951 the new swine barn at
Mlchigan State College was completed. As shown.in Figure 1,
not only was this a new building, but it was also a new design.
The barn, commonly referred to as the piggery, is composed of
three main parts. These are the two wings in which pens are
located and the forty foot by elghty foot main barn which houses
Teed and bedding supplies, scale room, office, and 1living quar-

ters for workers.
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One wing of the piszery is of standard construction and is
referred to as the regular wing (Fig. 2). This wing 1s oriented
on a north-south axis and 1s ninety-six feet long and twenty-
slx feet wide. There are twelve pens on both sides of a six
foot center alley each measuring eight feet wilde and nine feet
deep. (Sidewall construction consists of concrete block ex-
tending forty-four inches above the floor and two by four frame
construction for the remaining three feet of wall heighth.) A

gable roof over this wing glves a ceiling heighth in the center

alley of about ten feet. PFen floor construction consists of a
three inch concrete slab, one-half inch insulating board 1laid
in a fifteen pound felt and hot pitch sandwich type construction,
and a topping of three-quarter inch mastic.

The second wing of the piggery, commonly referred to as

the solar wing, 1s oriented on an east-west axis. Layout and

construction of this wing are simllar to the regular wing to
the top of the concrete block wall. From here on there is a
Tadical change. Instead of the characteristic gable roof a
8hed roof opens to the south. Windows are found in the south
Wall only and consists of twenty-six pieces of three foot by
five foot insulating glass. Each pane 1s composed of two
Pleces of three-sixteenth inch heavy sheet window glass with
8 one-half inch alr space separating the two pleces, a total
Zlass area of three hundred ninety square feet. To prevent
the sun from entering during the summer months, an overhang was
extended from the roof a distance of about five feet. Several

views of this wing are shown in Figure 3 and Figure 4.




Fig. 2. Interior view of regular Wing
connect ing doorway to main barn.



Fig. 1. Michigan State College swine barm
looking northwest towards College and
Forest Roads on March 26, 1953; overhang
in "back" position.

Fig. 2. Interior Vvie o
connect ing doorway to main barn.



There are other features which are common to both wings
such as the heating system and the type and arrangement of the
exhaust system. Both wings are heated by hot water unit heaters
supplied by an oll furnace located in the main barn. There are
two heaters in each wing, each having a rated capacity of
58,400 BTU's per hour. These are operated from one thermostat
located in the center of each wing. The exhaust ventilation
system is composed of three stacks in each wing starting three
feet above the floor. The two outer stacks of each wing have
wind driven fans at the top which will start to turn in a four
mlle an hour wind. The center stack of each wing 1is equipped
wlth & manual switch motor driven fan which has an air output
of fifteen hundred cublc feet per minute. All six of the stacks
have dampers in them which are controlled by one humidistat
Tor each damper. There are eight fresh air inlets in the regu-
lar wing, four along each of the long walls, and only four in-
lets in the solar wing, all located along the low north wall.

There are two main uses for this new piggery. One 1is to
Provide a place in which to conduct nutrition or feed studies
&nd the other is to provide a place for farrowing. Since the
Teed studies are usually continuous and run for two to three
Ronth periods, this type of work is done in the regular wing.
The main reason for this cholce was that the regular wing 1is
Cagler to clean dally since the manure can be carried directly
out of the south door of the wing and placed in the manure

spreader. Also this would leave the solar wing for the farrow-

ing activities where the greater amount of light may be of more



Fig. 3. Exterior view of solar wing on
September 22, 1952; overhang in "extended"
position.

"g. 4. Interior view of solar WINms
connecting doorway to main barn.



benefit. Thus each wing 1s used for e different purpose and

has a different type of animal in it.

Environmental Requirements of Swine

The requirements of swine other than nutrient are not
truly known and the design of bulldings for swine involves a
number of technical problems on which basic information 1s
lacking. Only a small number of experiments dealing with
environmental conditions on swine have been made and the
ma jority of this information dealt more with extreme condi-
tions in temperatures and humidities than with desired condi-
tions. Much general information has come from observations
which may not alweys be correct. Even so, proper housing is
one of the first points in successful swine enterprises and
the hog, more than any other farm animal, 1s sensitive to
the extremes of heat and cold.

Effects of environment on the rate of gain. Heltman and

Hughes (14)* made a study which was "concerned with the effect
Of changes in environmental tempersture and humidity on the
bOdy temperature, respiration rate, pulse rate, and other
factors in swine." They used a small air conditioned room
Which had a controllable air temperature and relstive hu-
midity. The results of these tests indicated that "hogs weigh-
ing 166 to 260 pounds gained most rapidly in the neighborhood
of sixty degrees, while lighter welght animals weighing 70 to

144 pounds gained most rapldly at approximately seventy-five

* Numbers in parenthesls refer to the appended bibliography.



dezrees." The amount of feed required to produce one hundred
pounds of gain was at a minimum when the rate of gain was at a
maximum. This would indicate then that if it were just a mat-
ter of fattening pigs the best results would be had starting
with a temperature of seventy-five degrees and gradually lower-
ing it as tne welght of the plzs increased. The necessary heat-
ing equipment to 4o this in the winter time would be prohibil-
tive in cost.

Heat prolduction of swine. <+Work was done Dy several in-
vestigators to determine the amount of heat produced by swine.
The results of these separate investisations asree closely.
The estimations which were made by itchell and Kelley (29)
were from an "analytical study of the energzgy requirements of
swine and the results were given for any particular age and
welght ' Their result for a two hundred pound fattening hog
was 815 BTU's per hour. Since at seventy degrees, the temper-
ature of the investization, "twenty-five percent of the heat
produced 1is latent heat," the actual amount of sensible heat
would be about six hundred BTU's per hour.

The studiles carried on by-Kelly, Heitman and lorris (21)
were measures on the heat loss from swine under various en-
vironmental conditions. This was done in the small air-
conditioned room mentioned earlier. The heat loss from one
two hundred pound fattening hog under conditions similar to
the above example of liitchell and Kelley was scaled from the
graphical results for a value of 580 BTU's per hour which is

almost the value obtained by NMitchell and Kelley. At forty



degrees, this heat loss was about double the above value for
seventy degrees. The study of heat loss from e pen of hogs
becomes complicated for temperatures below sixty degrees be-
cause of thelr huddling together which reduces their exposed
surface as much as sixty perceant.

The central farrowing house. The use of a central spot

for the swine enterprise, both farrowing and fattening, has
had a lot of discussion both pro and con. The chief objection
was the disease problem which can now be largely eliminated
with proper management. For the convenlence of the operator,
a central farrowing house or system 1s almost a necessity for
a large swine enterprise. The design conditions for a cen-
tral farrowing house usually list a desirable temperature
somevhere between fifty and sixty degrees and the use of
electric plg brooders. The ventilation rate 1s given as six
to ten cublc feet per minute for every one hundred pounds of
plgs. Amounts of insulation recommended also varies, but
there 1s common agreement that more insulation is desired in
the ceiling than in the walls. Thus, if condensation takes
place, it will occur on the walls and not on the ceilings
where it would "rain" into the pens.

The amount of sunshine which should be admitted to the
farrowing house is also debated. Large single glazed win-
dow areas are heat wasters. Even the generally accepted
value of three to four square feet of window space per pen
may waste too much heat. The use of insulating glass may pro-

vide a method of letting in more sunlight with a lower heat



loss through the windows. For the fixed sash insulating glass
installation at the pilsgsery, heat loss due to infiltration is
greatly reduced. According to the recommendations of Oregon
S;ate College (4), hog houses should be constructed "to pro-
vide maximum sunlight and zood ventilation. Thils is an ald

in the control of disease."

Solar Znergy
‘Yhen one starts tninking about solar energy, it 1is hard
to concelve the vastness of the subject. The sun was a source
of wonder to the earliest cavemen and even today there 1is
probably nobody who really knows Just how this energy keeps
coming. Some experimenters have come forth with interesting
Tacts about the sun and the energy emitted from it.

General facts. The diameter of the sun 1s roughly one

hundred times that of the earth or approximately 863,600
miles. Ackermann (1) said thet each square foot of surface on
the sun emits 12,500 horsepower which would be equivalent to
3.18 x 107 BTU's per hour. Thus, the energy emitted from
four square feét of the sun's surface in one hour would be
sufficient to heat an average six room Michigan house for one
year. If all the energy from the entire surface of the sun
for one hour were available, it would provide enough heat for
heating three and one-half million average six room Mlchigan
homes for one million-million years!

Ackermann (1) also states some of the conclusions made by

Herschel from the results of his experiments conducted durlng



lo.

the winter of 1836 to 1837.

From these experiments he deduced that a cylindrical rod
"of ice, 45.3 miles in dlameter, z2nd of injefinite length, con-
tinually darted into the sun with the velocity of lizht would
barely suffice to employ the whole radiant heat for its fusilon,
without at all reducing the temperature of the sun.

A very minute amount of energy from the sun actually reaches
the outer atmosphere of the earta and an even smaller amount
will reach the ground. Of all the energy that leaves the sun,
only 7,300 horsepower per acre, 1.93 gram-calories per square
centimeter per minute, or 425 BTU's per square foot per hour
reach the ogter atmosphere. From this amount, about thirty
percent more 1s lost before it reaches the earth's surface at
noon on a bright sunny day.

Telluric adsorption. This adsorption by the atmosphere,
referred to as telluric adsorption, is caused by meny things.
Chief among these would be water vapor, carbon dloxide, dust,
smoke, and ozone. The season of the year also plays an impor-
tant roll in the amount of telluric adsorption. Kimball (26)
states that "the values of radiation intensity with an air
mass equal to two 1s higher in winter than in summer partly
due to the fact that the earth's 'radius vector' reaches its
maximum value 1n early July and its minimum in early January,
and partly to the fact that the atmosphere contains much less
water vapor in winter than in summer." Ackermann (1) also
states that "the adsorption of solar energy by the atmosphere

1s about twenty percent greaster in summer than in winter.”
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About seven percent of this increase in winter transmission
over summer transmission through the atmosphere is due to the
earth's being closer to the sun in the winter than in the sum-
mer.

In some experiments coaducted by Kimball (26), it was
found that for an air mass of one (solar azimuth of zero de-
grees) and a perfectly dry atmosphere, ninety percent of the
solar energy would pass through the atmosphere. For an air
mass of two (solar azimuth of sixty dezrees) this transmission
was reduced to elghty-four percent and for an air mass of four
(solar azimuth of seventy-five degrees) this was down to
seventy-six percent.

The effect of the water vapor content of the atmosphere
was even more pronounced. The amount of water vapor content
was given as the depth of water that would be obtained if all
the water vapor in the atmosphere were precipitated. With an
alr mass of one and one centimeter of water vapor, the trans-
mission would be elghty percent. 'Wnen the water vapor was in-
creagsed to two centimeters, the transmission was seventy-six
rercent and for three centimeters of water vapor the trans-
mission was reduced to seventy-three percent. The water vapor
content of the alr had the greatest reductlion affect upon the
transmission of the ultra-violet energy.

The depletion of energy by atmospheric dust amounted to
about ten percent for most conditions. Dust had the greatest
reduction affect again upon the ultra-violet energy and the

least effect upon the infra-red energy.
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Studies for house heating. During the past ten to fif-

teen years much interest has been taken in the heating powers
of the sun. The mejority of the work which has been done,
hé@ever, was concerned more with tne heat galan during the sum-
mer months as 1t would affect an alr conditioning system. One
such study (16) indicates from the results of many tests that
"with minor variations the heat flows through the east, south
and north walls were 83, 75 and 46 percent, respectively, of
that for the west wall" during the summer months. It was
impossible to use information such as this for winter studies
when the sun is lower in the sky.

Cottony and Dill (8) found that "a surface capable of
emitting long-wave radiation (radilant heat) will remain cooler
when exposed to the sun than another surface which is similar
with the exception that it emits less of such radlation." This
means that a white gloss painted surface would be cooler than
a green palnted surface. Although these tests were made dur-
ing the middle of the summer, the tests were made with the
surfaces facing south and inclined at various positions to
the horizon. Data such as this would then be applicable to
winter months as well as summer months.

Only three investigators were found who had done a con-
slderable amount of work on the possibilities of heating
structures, namely houses, by the use of solar energy. Hutch-
inson (17) was directly connected with the solar heated house
experiments at Purdue Unlversity. These experiments were con-

ducted on two unoccupled houses which were architectursally,
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structurally and thermally similar. The glass area on the
north and west sides were the same for both houses, but the
solar house had an excess of sixteen square feet of glass on
the east side and seventy-one square feet of glass on the
south side. The glass in both houses was insuleting glass.
During a nine week test period in the winter of 1946-47, it
took 2,924 kilowatt hours to heat the soler house and 2,514
kilowatt hours to heat the reguler house.

Hutchinson also made up tables (18, 15, 20) to help in
the calculetion of soler energy impinging upon vertical walls
facing east, southeast, south, southwest, or west. These
tebles provide a figure for verious latitudes and represent
the amount of solar energy on the wall for an averaze clear
day during ezch of the winter months.

Hand (12) constructed tables to aid in the conversion of
energy received on a normal surface to energy received on a
vertical south facing surface for the winter months. With
these tables 1t was possible to calculate instantaneous heat
geins using data gathered locally. The formula which he
recommended follows:

Is = I, (cos a cos D) + Igg
where Ig = energy normal to a south facing vertical
wall
I, = direct solar radiation on a surfeace

normal to the sun

I,4 = d1ffuse energy on a2 south facing wall
a = solar altitude angle
D = soler azimuth angle
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He further states that "owing to the insufficient data on
values of I 5, we used the formula Ig = I, (cos a cos D)."
This further simplification mzakes the conversion more approx-
imate and the results lesé accurate.

The majority of the work which was done by Telkes (38)
was along the lines of possible methods of solar heat storage.
Methods were developed for using the heat of fusion of a com-
mon chemical salt for the storage of soler heat. This work
was done in the vielnity of Boston, Massachusetts and does
show a solution to the heating of a house by the use of the

sun's energy only.

Instrumentation

Thermocouples. All of the instruments which were used
in this project were thermocouples in basic construction,
designed to record automatically in conjunction with a Brown
Recording Potentiometer. The wlres used for these thermo-
couples were twenty-six gauge copper and constantan. Thils
size of wire was chosen because "small couples respond more
promptly to changes in temperature and are less affected by
radiation than large ones" (2-p. 1023). In the same reference
a method was described for avoiding error due to radiation by
using several thermocouples of different sizes, the true
temperature being estimated by extrapolation of the readings
to zero wire diameter.

There was the possibility in this study for the sun to

be shining directly onto almost every one of the thermocouple
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Junctions, especlally during the winter when the sun was low
in the sky. To prevent eny increase in the recorded tempera-
tures due to radiation, the Junctions were placed inside of a
peaper cup from which the bottom had been removed. A close
inspection of Tigures 2 and 4 will show how these cups were
used. This method had been used previously by qtber members
of the Michigan State College Azricultural Engiﬁeering De-
partment.

Since from all of the recorded temperatures in each wing
an average value wes to be used, two methods were investigated
which would give average readings directly (31). One of these
methods was composed of thermocouples connected in series in
which every alternate Junction was kept at a common tempera-
ture and the other Junctions at various temperatures. This
geve an electromotive force which,divided by the number of
pairs of Junctions, would gilve the true mean electromotive
force. This large electromotive force would have been much
too great from twenty thermocouples to be recorded on the re-
cording potentiometer.

The second method was the connection of the thermocouple
leads in parallel, the similar metals being connected together.
The chief objection to this method was that for the recording
of a true mean, for all temperatures, the electrical resist-
ance of all the lines would have to be the same. 1In effect
this would mean that all of the thermocouple leads would have
to be the same length.

Neither of these two methods were considered useble and
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the final average temperatures were obtalned by averaging the
individually recorded results mathematically.

Relative huridity measurement. The measurement of rela-

tive humiditiles wes accomplished with a wet bulb dry bulb
thermocouple unit. The use of a halr element hygrothermo-
graph was ruled out because of the large amount of dust in the
air. According to Bruhn (7), "usually there is dust present
which interferes with the accuracy of many instruments. The
halr element hygrothermogreph at best is not too accurate even
when calibrated for a given rsnze, arnd moving the instrument
from thé callbrating leboratory to a remote installation or
changing the range of operation often causes inaccuracy."

Thermocouples are well sulted for psychrometric use.
"hen used as such, Wesler (40) states that they give low lag
and are good for little or no ventilation. Bruhn (7) ob-
served that dust accumuletion seemed to have no effect on the
wet bulb thermocouple unit.

The particular method employed was developed by Hender-
son (15). A picture of this unit as it was used for the pro-
Ject at the piggery is shown by Pigure 16. The only changes
in the plans presented by Henderson were the shortening of
the wet bulb gless tube by about one-half inch and the omis-
sion of the paraffine which he used as a thermsl fill in the
glass tube. Teap water was used and the deposits left after
evaporation and the dust accumuletion on thé wet bulb sock
caused no discrepancies in the recorded data. The wet bulb

socks were washed twice during the winter study.
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APPARATUS AYD METEODOLOGY

Use of Erown Recording Potentliometer
When this study was first started in the spring of 1952,
it was decided to make the recording of data as automatic as
possible. The elght point Brown Recording Fotentiometer
was avallable and was used throughout this first summer and
winter of the project for recording the data (Fig. 5).

Pifty-two point switching box. Since it was going to

be necessary to measure more than elght different tempera-
tures with the recording potentiometer at the start of the
study, it was decided to use the fifty-two point switching
box which was developed by Hansen and Hall (13). This box,
which permitted the use of up to fifty-two thermocouples 1s
shown in Figure 6 as it was wired for the winter study. A
total of forty-six wires were hooked into the box during the
winter study and twenty-two during the end of the summer
study. The leads from thls box went to the potentiometer
where they bypassed the eight point switching mechanism of
the potentiometer. The location of the switching box with
respect to the potentiometer is shown in Flgures 5 and 7.

To keep the identity of the points stralght on the strip
chart, one thermocouple was taped agalnst a continuously burn-
ing lightbulb (Tigs. 5 and 7). This thermocouple was wired
into the switching box twice to give a high temperature

reading at the end of the temperature readings from each wing.
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Tlg. 5. Instrument location from door
leading to solar wing. Shows respective
location of potentiometer, switching box,
time clock, transformer, and eight point
plug. Sign on wall explains location of
different thermocouples being recorded.
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Fig. 6. Fifty-two point switching box
slide off shelf for plcture. Forty-six
thermocouple leads were connected to
box at this time.

R

“ig. 7. Location of switching box and
time clock below potentiometer. Light-
bulb to which thermocouple lead was
attached appears in upper righthand
corner.
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This method helped greatly in the identification of the print-
ed points on the strip chart record during the summer study.

Method for winter switching. During the winter study it

was declded that it would be necessary to record only eight
temperatures and thus the switching mechanism in the poten-
tiometer was used. In order to make it easy to switch to all
of the points from the switching box when deslred, & special
plug was used as shown in Figure 8. Eight of the sockets were
used on this plug with the constantan wire coming to the poten-
tiometer from the original position on the fifty-two point
switching box. Jumper wires were used from the switching box
to eight connections on the female plug which was fastened to
the wall. The male plug carried these eight thermocouple leads

to their connections on the potentiometer.

Fig. 8. This plug was used when 1t was
desired to bypass 52 point switching
box with eight thermocouples. Only
elzht of eleven sockets on plug were
used.

The operation of this set up was as follows. 'hen only
eight points were to be recorded, the plug in Figure 8 was

Plugged in, the copper lead from the switching box was
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disconnected, end the wires from the potentiometer to the
switching box which provided the electrical 1lmpulse for the
switching ection were disconnected. This would then result
in the normal recording of only eight points. “hen it was
desired to record more than eight points, the above procedure
was reversed which then resulted in the use of the switching
box.

This method worked satisfactorily until the hizh humid-
lties and dust caused the switching box to give false readings
during the winter study. From that point on the switching

box was bypassed and only eight points were recorded.

Time Control Circult for Brown Recording Potentlometer

At the start of the study it was decided that a temper-
ature record taken once every hour would be sufficlent. These
records were to be plotted onto weekly charts which would make
anything more than an hourly record extremely hard and time
consuming to plot. For this hourly record to be possible then,
it was necessary to construct some type of time control
hechenism for the chart drive. It was necessary to build
this control so that the instrument power would be left on
continously while turning the chart drive on and off once
eévery hour to record the points.

A time clock alone was first tried for this control, but
1t 414 not work satisfactorily. The clock would turn the
chart drive on accurately, but trouble was experienced on turn-

ing off the circuit. The clock used was a synchronous clock
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with a one hour switch period which shows up well under the
right side of the potentiometer in Figure 7. The switch
setting dilal was marked in percent of an hour during which
the switch would be closed and it was only possible to set
the time duration of the switch to within about one-half of
one percent of an hour. This time error could have amounted
to about eighteen seconds which was always accumulating.
After one hour there would be a maximum surplus of eighteen
seconds and after two hours a maximum surplus of thirty-six
seconds. Thus, since the recorder printed one point every
thirty seconds, there would be an error possibility of one
reading every other hour. This made 1t impossible to identify
the proper points with their respeétive hours.

Control for summer study. A solution to this problem

during the summer study was found by using a switch built
into the switching box in conjunction with a relay switch and
the time clock. The circult diagram for this time control
8witch method i1s shown in Figure 9. The switch, which is
lebeled box switch, was built into the switching box and was
86t in the normally closed position. It was built to open
Domentarily when tripped by the prong on the rotating switch-
ing arrangement in the switching box as this prong passed the
last thermocouple lead. The relay switch was set in the
normaelly open position and made contact only when the coil
Was energized. The time clock switch completed the circuit

and was also in the normally open position across the relay

8witeh,
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CHART BOX SWITCH
DRIVE
TIME
cLotK
RELAY swireH
SWITCH

Fig. 9. Time control circuit used during
summer months. Box switch and relay
switch were located inside of 52 point
switching box.

‘When it came time to record, the time clock switch would
close, completing the circult, and energizing the relay coll
which 1in turn closed the relay switch. After several minutes,
the time clock switch would open without disturbing the cir-
cult. When the last reading was completed, the prong on the
rotating switching arrangement would open the box switch
momentarily, causing the relay coil to de-energize with the
resulting opening of the relay switch. This permanently
breaks the circuit until started again the following hour by
the time clock switch.

This mechanism was positive in operation and would re-
8ult in the chart drive being stopped in the exact spot every
hour. Having the relay coll in series with the chart drive
motor had no 11l effects on it other than the fact that it
ren at about seven-eighths normal speed.

During the last several days of the summer study, trouble
Was experienced with this circuilt due to faulty action of the

box switch which was a rather crude homemaede switch. Thus,



it was declded to find some other means to control the chart
drive action during the winter phase of the study.

Control for winter study. Only eight points, the normal

complement of the potentiometer, were to be recorded for the
majority of the time during the winter study. Thus, 1t was
decided that some type of internal switch was necessary so as
to be an integral part of the potentiometer. It was also
necessary to find a more permanent type of switch than that
which was used durlng the summer study. The solution to these
problems resulted in the construction of a new time control
circuit.

The principle used was the same as before; that of turning
the chart drive on and off while having the instrument power
on all the time. The time clock switch used previously was
retained to initiate the circuit. To turn the chart drive off
after it had been started by the time clock, a Micro Switch
was mounted on the potentiometer as in Figure 10. The swiltch
had a flat follower which made contact with a cam mounted on
the shaft pointed to by the arrow in Figure 11. On the eight
polnt potentiometer two cam rises were necessary since this
shaft revolved once every sixteen points. The licro Switch
was wired in the normally closed position ani was opened at
the end of a series of readings by the action of the cam against
the follower. To prevent the stopping of the instrument during
the standardization cycle, five seconds were allowed to elapse
between the recording of the last point and the opening of the

Flero Switch when used with the eight point potentiometer.



Ffig. 10. Location of lMicro Switch on
chassis of potentiometer.

Fig. 11. Arrow points to location of
shaft on which cam to operate Micro Switch
was located.
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Both the time clock switch and the Mlcro Switch were
wired in parallel with the chart drive switch located on the
front of the chassis. The closing of any of these three
swltches would thus start the chart drive action. A typilcal
circult sequence for the elght polint potentiometer would
then be as follows:

1. The chart drive switch would be set 1in the

off position.

2. At the hour, the time clock switch would close

starting the chart drive actionm.

3. After a short interval of time required for

printing approximately two points, the cam for
the Micro Switch would have turned enough to
allow the follower to fall thus closing the
Mlcro Switch.

4, Somewhere during the middle of the series the
time clock switch would open, but the chart
drive action would continue because the Micro
Switch would be closed.

5. At the end of the eight point series the cam
will raise the follower opening the Micro
Switch and thus stop the chart drive action.

For every following hour, steps 2 to 5 would be repeated.
ihen the fifty-two point switching box was used to increase
the maximum possible number of temperatures recorded by the
potentiometer, the set-up would be similar to that above. 1In

this case, however, the time clock switch was left closed until
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the middle of the final set of eight points. When it was

necessary to run the chart drive continuously, the chart drive
switch on the front of the chassis was turned to the on posi-
tion and the other two switches then had no effect on the
circult.

Because of the simpllcity of both construction and oper-
ation of this circult, a paper was prepared and submitted for
publication in the "Journal of the American Society of Agri-

cultural Engineers."

Temperature Measurement

The measuring of temperatures was accomplished with
thermocouples. The thermocouples used during the majority of
the summer study consisted of two lines of ten thermocouples
each, one line being placed in each wing. Since these lines
were constructed for another project, they did not fit too
well, It was possible to place elght thermocouples over the
péns on the north side of the solar wing and only seven ther-
ocouples over the pens on the east side of the regular wing.
These were all located about one foot down from the ceiling.
These thermocouples were considered as temporary and were
replaced as soon as new lines were constructed.

Construction of thermocouples. A copy of the bullding

Plans for the pizgery was obtalned so that it would be pos-
sible to make the thermocouple strings fit as close as pos-
8ible to the positions chosen. It was decided to place the

thermocouples at pen helght at the front and rear of every
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other pen. Thils took four strings of wire, one for each side
of the alley of each wing. It was decided to make up each
of these four strings with a common constantan wire. This
would simpliify construction and still give accurate results.

The method of construction used for these four strings
was & unique one and greatly simplified the construction of
the lines which were up to two hundred feet long. A picture
of the apparatus used 1s shown by Tizure 12. A two foot sec-
tion of seven inch dlameter stove pipe made up the main body
of the apparatus. %Wood blocks with a hole Just large enough
to pass a broomstick were nailed into the ends of the stove-
pPipe and a broomstick placed through the holes in the block.
Cardboard rings were cut with a seven inch inside dlameter
and an eight inch outside diameter. These were slipped over
the stovepipe and fastened with masking tape about two inches
apart to provide dividers to keep the different lengths of
thermocouple wire separated. This provided the drum upon
which the thermocouple wire was wound during construction. A
Crank handle provided a means for turning the drum.

To count the revolutions and thus measure out the wire,
& counter was mounted where the crank handle would make con-
tact with the counter arm once every revolution. Thus, it
Wag possible to rapidly spool off onto the drum the correct
&mount of wire for each thermocouple in the string. The num-
ber of feet for each wire multiplied by 0.545 gave the number
of turns.

When the wires were wound back onto the smaller drum
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Fig. 12. Drum with crank was used to

wind up wires which made thermocouple

strings. Drum revolution counter to

meter out correct length of wire was

located at front edge behind drum.
shown in the center background of Figure 12, they were com-
bined into the thermocouple string. The junctions were made
by seraping about three-eighths of an inch of insulation off
the end of both the copper and constantan and twisting this
length together. They were then dipped in hot solder to
complete the junction (2-p. 1022).

Installation of thermocouples. The location of the

thermocouples is shown by Tigure 13. The string along the
€ast wall of the solar wing and the string along the west wall
Of the regular wing were put into operation about the first of
September. A shortage of wire did not allow the placing of
the other two strings until November. Typical installations
of the thermocouples are shown by Figures 14 and 15.

The use of a staple gun provided a fast method for string-

ing the thermocouple wires. For the leads which ran down the
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steel posts, masking tepe was used to hold them in place. It
was necessary to exercise some care with the use of metal
staples since a break in the insulation of the wires would
cause a faulty reading.

Checkingz of thermocouples. After the installation of

all the thermocouple wires was completed they were checked

in place by the use of an ice water solution in a thermos
bottle. The potentiometer was set to record just one point
continuously by bringing the thermocouple lead past both the
switching mechanism of the potentiometer and the switching
box with a jumper wire directly to the amplifying system.

The thermocouple junction was then placed in the ice water
8olution for a period of about a minute and a half which was
time enough for this therﬁocouple to be recorded on the strip
chart two or three times. By checking this temperature re-
corded on the strip chart, it was possible to tell whether the
thermocouple was operating correctly.

Each succeeding thermocouple lead was brought into the
POtentiometer one at 2 time by switching the jumper wire to
the next lead. After moving the jumper wire each time, the
Proper thermocouple Junction was placed in the ice water solu-
tion and the temperature recorded.

A check of the recorded data after the recording of the
last point indicated that the last six thermocouples from the
west gide of the regular wing were giving false readings. This
Va8 corrected by loosening the staples along theline and a

S€cond check of this line showed that they had been put into
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good working order. Thus all forty of the thermocouples were

in good working order during the winter study.

Relative Humidity lieasurement

Construction. The problem of reletive humidity measure-
ment was also solved by the use of thermocouples. A constant
feed wet bulb unit was bullt according to plans by Henderson
(15) and 1s shown in Figure 16. The bottle 1s a 250 ml Erlen-
meyer flask and the glass tubing was 5 mm in dlameter. This
method maintained a constant level of water from which the wet
bulb wick would draw. The thermocouple Junction was enclosed
in a glass tube which was surrounded by the wick. The upper
set of thermocouple wires in Flzure 16 measured the dry bulb
temperature at a point about two inches to the side of the wet
bulb unit. The thermocouple wires were constructed by the
Ssame method outlined earlier for the temperature recording
lines.

Installation. Since it was decided to use a fan to sup-
Ply air movement, it was necessary to mount the relative
hUmidity unit where it would be out of the way. Thus, these
units were hung from the girders on the righthand side of the
alley of each wing. A location as close to the center of the
Wing as possible was chosen. In this location the instruments
Were undisturbed.

Controlling the wet bulb fan. An eight inch household

fan (Fig. 16) was used to supply the air movement across the
Wet bulb units. The stands were removed and the fans hung in

&n up-gide-down position. A system was set up whereby the fans
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Mg. 14. Typical location Fig. 15. Typical location
of thermocouple junction on of thermocouple Junction
every other post along along outside walls.
alley of both wings.

Fig. 16. Relative humidity measuring unit.

Water level in large glass tube was always at
same heighth because smgll tube in Erlenmeyer
flask opens to atmosphere. Fan 1s elght inch

household fan.
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were turned on once every hour while the readings were being
taken and then turned off ssaln after the last thermocouple
was recorded. This meant that the fan would not have to be
run continuously.

When the time control ckhart drive circult was set up for
the potentiometer, 1t was found that whenever the chart drive
switch was on, there was a 110 volt current source at ter-
minals B and F of the chassis terminel block. Thus, it was
possible to run wires from these terminals to e convenience
outlet which was located on the top side of the potentiometer
(Fig. 17). Whenever the chart drive mechanism was running,
there was a 110 volt supply which would be turned off when
the Micro Switch stopped the chart drive motor.

A six volt filament transformer (Fig. 17) was used to
Provide a control circuilt for turning the fens on and off
because of the distances involved. A relay switch (Fig. 18)
was mounted near the fans and was energized by this six volt
Clrcuit. The operation of this relay switch would then turn
the fans on and off with the chart drive motor. Since the
Potentiometer was a slow speed machine, printing one point
€very thirty seconds, by making the wet bulb thermocouples
the lest ones to record, at least three minutes of alr move-
ment would elapse before the points were recorded. This was
Sufficient time to give the desired results.

| Checking. The thermocouples for the relative humidity
T®asurement were checked by the same method which was des-

Cribed earlier for the temperature recording thermocouples.
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Fig. 17. Transformer connected to con-
venience outlet from potentiometer pro-
vides six volts to fan switch whenever

chart drive operates.

Relay switch which turn-

Pig. 18,
ed fan on and off; wired as double

pole switch.
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The operation of the fans was checked in the laboratory be-
fore being installed. It was found that the maximrum air
movement which occurred close to thne fan about two inches
in radius from the center was six hundred feet per minute.
The entlire unit was chnecked with a sling psychrometer while
the unit was in operatlion. The results from the wet bulb
dry bulb thermocouple unit were about five percent higher
than the values obteined by the use of the psychrometer and
were considered sufficiently accurate for the type of data

being taken.

Recording of LKeater ran Operation

During the last weeks of the winter study, an attempt
was made to record the amount of time during which the fans
on the unit heaters were operating. The method used was to
connect a self starting clock in parallel with the wires
running to the heater fans as shown in Figure 19. It was
thought that by observing the time on every day, the differ-
€nce in time between the readings of the present day and the
previous day would give the total time of operation. Thils
Dethod failed because of the lmpossibility of getting to the

study every day to record the clock time.
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™g. 19. Clock, connected in parallel
with heater fan, was used to record total
hours of heater fan operation.
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PRESENTATION OF DATA AND RESULTS

Use of Weekly Charts

The data which were recorded on the strip chart during
the summer and winter tests were transferred to charts for
each week of the study. These charts (TFigs. 20 and 21) were
specially prepared for this study. The 1ndoor temperatures
plotted on these charts for both the summer and the winter
months were average values for each wing obtalned by a mathe-
matical average of the recorded thermocouple temperatures.

The outdoor temperatures for both sets of charts were trans-
cribed from hygrothermograph datae collected by the Michigan
Hydrologic Research Project. A psychrometric chart was used
to convert ihe wet bulb and dry bulb temperatures to relative
humidity.

Total solar radlation was also included on these weekly
Charts. The values plotted were the total accumulations of
80lar radiation for each hour. Thus, the values for 12:00 noon
would be those which were accumulated between 11:00 AM and
12:00 noon. These were plotted in units of zram-calories per
8quare centimeter. To convert to BTU's per square foot, multi-
Ply by 3.68. The grand total for the day is shown below the

Curveg for the day.
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Figure 20
Results of summer hourly temperatures and solar radiations

plotted on weekly charts,
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# The data necessary for the plotting of hourly and daily accu-

mulations of solar radiation and for the plotting of outdoor
temperatures came from data gathered by Michigan Hydrologiec

Research Project,
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Figure 21
Results of winter hourly temperatures, relative humidities,

and solar radiation plotted on weekly charts,
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Analysis of Summer Charts

The recording of the data started at 11:00 AM, Tuesday,
July 15, 1952. Some unusual happenings had already occurred
in this first week. For instance, at 12:00 noon on July 18,
the temperature record in the regular wing showed an average
value of sixty-slix degrees which was‘about five degrees below
outdoor air temperature. Also at 11:00 AM on July 19, the
temperature in the solar wing rose to an-average value above
ninety-elght degrees. It 1s not possible to explain what
heppened to cause these wide fluctuations to occur. The tem-
perature drop in the regular wing may have been caused by
the evaporation of water from the termocouple Junctions which
may have become wet during the cleaning of the wing.

Aside from the above mentloned variations the tempera-
tures in both wings ran close together and fluctuated with
the changes in the outdoor temperature. It was also possible
to pick out'some correlation between the variation of the
amount of solar radiation and the fluctuation of the outdoor
temperature. The results also indicated that there was no
apparent build up of heat in the walls of the structure to
cause a time lag on the fluctuations of the temperatures.

At about 5:00 FM each night the outside doors were closed
to the separate wings and to the main barn. This caused in-
door temperatures to stey above outdoor night time tempera-
tures and as will be brought out later in some cases it caused
indoor temperatures to rise while outdoor temperatures were

falling. With the closing of the doors, ventilation of the
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solar wing was less than that of the regular wing. This was
because of the fixed glazing in the solar wing and the open
windows in the regular wing. Ventilation may have been fur-
ther restricted because of a sheltering effect produced by
the reguler wing and the mein barn over the solar wing.

The sudden drop 1in temperatures at noon July 22 was caused
by a violent and sudden wind and thunderstorm. This dropped
all the temperatures about fourteen to twenty degrees. For
the next three days, the totel amount of solar radiation was
high. The temperatures in the two wings stayed with the out-
door temperature, however, which was at a rather low value for
that time of year. The great fluctuation of temperatures dur-
ing those three days indicated the lack of any cloud covering.
Had there been clouds, this fluctuation would have been greatly
reduced.

On cloudy days during which rain fell, the afternoons and
nights of August 11 and 15, the temperature fluctuations were
markedly decreased. The least amount of fluctuation was noted
in the solar wing, the amount of fluctuation being only about
five degrees for each twenty-four hour period. August 13
shows a rising temperature insidje the building from six to
seven o'clock in the evening while the outdoor temperature was
falling.

During the early morning hours of August 21 the reguler
wing cooled to quite a low temperature compared to the solar

wing. Thils again was a condition which could not be explained.
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The days of Aumust 25, 26, 27, and 28, showed the build
up of temperatures which takes place when there 1s an extended
period of sunshine. The total each day added to the next to
make the maximum indoor temperatures on the 28th of August
about six degrees warmer than on August 25. Another cloudy
period with rain 1s shown at the end of that week and the first

three days of the following week.

Analysis of ‘Winter Charts

The recording of the winter data started on Friday,
December 12, 1952. The following day the potentiometer started
a twenty-four hour period of recording the same temperastures.

It 1s not known why this happened, but whatever was wrong was
corrected by itself. From this time on the potentiometer func-
tioned properly. As can be seen on these first two days, the
solar wing was about five degrees cooler than the regular wing
and about eighteen degrees warmer than the outdoor temperatures.
The relative humldity was greater in the regular wing by an
average ofrébéut slx percent. Solar radiation for this week was
lower thaﬁﬂgverage.

One of the reasons for higher temperatures and more humid
conditions in the regular wing as compared to the solar wing
was because of a greater number of pigs in the regular wing.
This wing had about one hundred pigs weighing an estimated
average of one hundred twenty-flve pounds each. There were

approximately thirty-five small size pigs in the solar wing.
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The results from the second week of the winter study
showed what was to be expected when days of high solar radia-
tion occurred. The temperatures in the solar wing climbed to
values over twenty degrees higzgher than the night time temper-
atures. A check of the relative humidity curves showed that
as temperature increased, relative humidity would decrease by
almost a like amount. These days of high soler radiation
showed only a small increase in temperature for the regsular
wing and no effect upon the relative humidity.

The results during this second week also showed the effects
of a small amount of solar rediation. Thils resulted in an al-
most constant temperature in both wings with about the same
temperature differences as noted during the first two days of
the winter study. It was also easy to see the results of the
cleaning habits of the operator on the temperature in the regu-
lar wing. The cleanings from both wings passed out the south
door of the regular wing. Cleaning of the pens was done dur-
ing the first several hours of each morning and during that
time the south door remained open. The effect on the relative
humidity of the regular wing varied, but in most cases through-
out the season, it caused a decided increase.

Due to electrical troubles the iInstruments were lnoperatlve
for a three-day period starting 5:00 PM, December 25, 1952.

The effects from operation of the heater fans can readlly
be seen during the early morning hours of January 6 and Janu-

ary 7. The outdoor temperature dropped to a low of 5° F and
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20 F respectively for those two days. The temperature fluc-
tuations which were plotted on the'graphs were toned down con-
siderably. Thls was necessary since in each wing, one of the
thermocouple wires was located at a distance of about ten feet
from the heater. Fluctuations in the relative humidities also
appeared. Thils made 1t necessary when plotting relative humid-
ities to omit low polnts which were considered unreliable. It
also made 1t possible to tell almost every night when the heat-
ers in elther or both wings operated. TFor the remainder of
that week, cloudy conditions prevalled and the temperatures
stayed at a high value.

During the week starting January 12, the south door of the
regular wing was left open most of the day for three days. The
days were Tuesday, Thursday, and Friday. On Thursday, the east
door of the solar wing was open during the afternoon. The re-
sult was the lowerlng of the indoor temperature towards that
_of the outdoors. However, for the first two days, Tuesday and
Thursday, the outdoor temperature was relatively high.

On 2:{00 PM, Monday, January 19, the number of pigs 1n both
wings were closely balanced. Thlis was accomplished by bringing
‘sixty-five head of plgs into the solar wing which gave a total
of ninety-nine in the solar wing and one hundred one 1in the
regular wing. The heavier welight was still in the regular wing,
however. For the next two weeks, the number of pigs in each
wing was kept almost equal. On Monday, January 26, twenty-five
plgs were removed from each wing and on the following NMonday,

thirty more from each wing were removed.



67.

The temperatures for both these two weeks remained close
together and about twenty to twenty-five degrees above the out-
door temperature. The only cays when the solar wing tempera-
ture raised any great amount above the regular wing were those
several days which had a lot of sunshine. During both of
these weeks the heater fans were not in operation. This was
true for all days, including the early morning hours of lMonday,
January 26, when a low of three degrees was reglstered outside.
The relative humidity, like the temperatures, also stayed
about equal for both wings except for the days which had a lot
of sunshilne.

Difficulty was expsrilenced with the operation of the rela-
tive humidity measuring device in the regular wing during the
period of January 23, to February 12, 1953.

By the end of the week starting February 2, the majority
of the plzs had been removed from each wing. During these
last few days when the pig population was small, the added heat
tahrough the windows of the solar wing began to become important
when total heat galn was considered. Thus until about Wednes-
day morning, February 11, the solar wing was several degrees
warmer than the regular wing. The relative humidity of the
solar wing was also markedly lower than that of the regular
wing. The high humiditlies in the regular wing during lMonday
night, Tuesday, and Wednesday morning, Februery 9, 10, and 11,
respectively, were caused by the use of the steam cleaner dur-

ing Monday afternoon and Tuesday morning. Thus, the Monday
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afternoon temperature rise and the jump Tuesday morniang in

the regulzr wing cen also be attributed to the same cause.

This was the start of preparations for the new feed studies
which began a week later.

During the afternoon of Wednesday, February 11, one
hundred ten small plzs were placed into the solar wing and
the thermostat was set to fifty-elzht degrees. Earlier that
morning the thermostat in tne rezuler wing was mistakenly set
to fifty-elght dezrees and was set back to forty degrees at
noon. fFrom ¥ebruary 11, on, the operation of the heater fans
was quite constant.

After 12:00 noon Thursday, *ebruary 12, the solar wing
thermostat was set at fifty-five degrees and the following
afternoon it was lowered to fifty degrees. Saturday, Febru-
ary 14, the thermostats in both wings were changed. The solar
wing tnermostat was lowered in the afternoon to forty-five
degrees and the regular wing thermostat was set at sixty
degrees for half an hour about 11:00 AM, back to fifty degrees
until 5:00 PV, and then back to forty degrees, the lowest
setting.

On londay afternoon, February 16, approximately one hun-
dred pilgs from the solar wing were moved to the regular wing
and started on a feed study. The thermostats ln both wlngs
were set at fifty degrees and remained at that setting until
Wednesday afternoon when they were both set back to forty
degrees for the remainder of the study. The temperatures for

the remainder of the study remained fairly close with the
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solar wing belng the higher in most cases even though there
were only a few pizs in the solar wing. While there were
about one hundred pigs in the rezgular wing, they were too
small to put out as large an arount of heat as the earllier
occupants of that wing.

The relative humidity in the solar wing was markedly
less due to the absence of plzs when compared with the regu-
lar wing. The average for the last week of February was about
seventy percent for the solar wing and elghty-five percent
for the regular wing. For the last days of the study the
spread was even greater: the relative humidity for the solar
wing was down to about sixty-five percent and that of the

rezular wing up to about ninety percent.

Results of Calculations of Appendix A

Heat galn through insulating glass windows facing south.
'The purpose of large arees of insulating glass windows faclng
south is to let in more of the sun's energy or heat and to
trep this heat inside of the bullding during the winter months.
In order to have some idea of how much heat can be expected
through these lnsulating glass windows, calculations of the
heat gain were made in Appendix A. These calculations were
divided into three parts: use of the Sun Angle Calculator;
results from Saia's (35) calculations; and calculations for
the winter of 1953 using recorded energy values. The Sun
Angle Calculator was used for both a clear and an industrial

type atmosphere.
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The results from column 1 of Teble AV for a clear atmos-
phere indicate that a total heat gain of 44,265 BTU's per
square foot of insulating glass could be avallable between
December 10 and larch 11. This woull break down to a total
of 431 BTU's per square foot per Zay or about twenty BTU's
per square oot per hour 1f 1t were possible to spread the
zain over a twenty-four hour period. This value being for a
clear atmosphere woull be good only as long as the sky was
relatively free from clouds.

The results from the industrial atmosphere calculations
(column 2, Table AV) would probably be closer to being cor-
rect for the Lansing area. These results gave a total heat
gain for the same length winter season of 28,441 ETU's per
square foot of insulating glass. For an average day, the
value would be 309 BTU's per square foot and the heat gain
per hour when spread over a twenty-four hour period would be
thirteen BTU's per square foot per hour.

Saia's results (Table AVI) for the equivalent period
gave a total heat gain of 64,336 BTU's per souare foot of in-
sulating glass. Agaln bringing this value to a dally average
would give 699 BTU's per square foot and for a twenty-four
hour period, the results would be twenty-nine BTU's per square
foot per hour.

For the calculations made with the energy values recorded
during the winter of 1953 (column 11, Table AIX), the total heat
gain due to solar energy was 31,299 ETU's per square foot of

insulating glass for the period between December 10 and March 11.
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The average dally value would be 340 BTU's per square foot and
the hourly heat galn when spread over a twenty-four hour per-
10od would equal about fourteen BTU's per square foot per hour.

Yhen these four values were compared, it appeared that
Saia's values were hizh. They were approximately fifty percent
greater than the results which were obtained with the Sun
Angle Calculator for a clear atmosphere and adbout one hundred
twenty percent greater than the results for an industrial at-
mosphere. Since actual measurement of solar radlation on hori-
zontal surfaces in East Lansing indicated values comparable to
similarly recorded values of Chicagzgo or Pittsburgh, it is hard
to imagine thet the solar energy througa south facing insula-
ting zlass windows woulld be twice as great for East Lensing as
for Chicago or Pittsburgh.

The results from the calculations made for the winter ‘of
1953, compared favorably with the results from the Sun Angle
Calculator for an industrial atmosphere and were thus considered
to be more reliable. This velue for the average heat gain
during the winter of 1953 was used in the following analysis.

In the solar wing of the piggery there are twenty-six in-
sulating glass windows, each having fifteen square feet of
glass area. This mgkes a total glass area of three hundred
ninety square feet and for the twenty-four pens, this number
reduced to slxteen and one-guarter sguare feet of glass area
per pen. Thus, the heat gain per pen during the winter of 1953

averazed about two hundred thirty BTU's per hour.
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The heat loss through these windows would be due mostly
to conduction since being a fixed window, heat loss due to
infiltration or crack leakaze would be negligible. The "U"
value for insulating glsss 1s egual to 0.58 and for an averasge
temperature difference of twenty dezrees during the winter of
1953, the average heat loss would be 11.6 BTU's per square
foot of insulating zlass per hour. This woulld represent a
heat loss per pen of approximetely one hundred ninety BTU's
per hour.

The net heat galn due to solar radiation would then be
the difference between the gain and the loss through the win-
dows which would be equivalent to forty BTU's vper hour per
pen. In comparison, one two hundred pound fattening hog can
supply fifteen pens with tnls same amount of heat, 1.e. forty
BIU's per hour per pen.

If the insulating glass windows were replaced with single
glazed windows of the same area, the amount of heat intake
would be increased a small amount while the heat loss would
be about doubled. The actual value would be a solar radiation
heat zain of about two hundred sixty BTU's per hour per pen
and the heat loss through the glass would equal about three
hundred seventy 3TU's per hour per pen. This would result in
a net heat loss of one hundred ten BTU's per hour per pen, or
a difference of one hundred fifty BTU's per hour per pen be-
tween equlvalent areas of single glazing and insulating glass

e

windows facing south.
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Heat gain through sinzle zlazed windows facinx east.

The results from the calculation of solar heat zain through the
east facing single zlazed windows of the regulaer wing by using
the Sun Anzle Calculator and a clear atmosphere indicated a
gain of 19,638 BTU's per square foot for the total winter per-
1od under considjeration., If this value were reduced to a
figure sultable for the winter of 1953 by multiplying by the
ratio of 31,299 (the value for insulating glass facing south
during the winter of 1953) to 44,265 (the value from the Sun
Angle Calculator for insulating glass windows facing south) the
results would be about 13,900 BTU's per square foot. This
value reduced to a dally basis would be 151 BTU's per square
foot and for an hourly basis, 6.3 BTU's per square foot per
hour.

Although the value of 6.3 BTU's per square foot per hour
was obtalned for single glazed windows facing east, the same
value can be used for single glazed windows faclng west., Each
pen in the regular wing has one single glazed window with a
total glass area of approximately three square feet. Thus, the
total solar heat gain per pen would equal about twenty BTU's
per hour.

When figuring the heat loss through this type of window,
the heat loss due to air leakage will be the largest factor.
Using the recommended value of one hundred eleven cublc feet
of alr per gour per foot of crack resulted in a heat loss of

three hundred twenty EZTU's per hour. The heat loss through
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the glass amounted to almost seventy 3TU's per hour aand the
total net heat loss for each window was thus approximately
three hundred seventy BTU's per hour.

“hen a pen in the solar wing was compared with a pen in
the regular wing, the total hourly heat difference would be
four hundred ten BIU's per hour per pen more in the solar wing
than in the regular wing. This heat would be approximately

equal to a one hundred pound fattening pils.
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CONCLUSIOXS
Use of Insuleting Glass in Swine Buildings

The final answer to the use of insulating zlass as a
source of partial heat in swine bulldings will probably be
based upon economics and any improvement in environmental
conditions for the swine or operator. Factors which must be
considered are listed below:

1. The type end size of hozs in the housing.

2. The averege soler radiation during the expected

periods of use.

3. The desirable temperatures to be maintailned.

4, The method of ventilation.

5. The amount of ventilatlon desired.

Data from the first year of the study were not conclusive
because it was found to be practically impossible to control
the coniitlons closely enouzh in the lerge piggery to make
accurate comparisons between the solar and regular wings.
Smaller bulldings in which the varlables can be more accurately
controlled are necessary for proper tests.

The results, however, did suggest that:

1. During summer months, the fixed windows in the solar
wing did not cause higher temperatures than the regu-
lar wing where ventilating windows were used.

2. Where proper ventilation is supplied by other means,
ventllating windows should offer no advantage over

fixed windows.



3. During winter montis, fixed windows would heve an
advantaze because of a nezlizible heat loss due to
crack lsalaze.

4, hen a small number or size of pizs were housed in
both wings, solar energy galns became more important

in determining tre temperature of the solar wing.

Calculetion of Solar LKeat Gailn

The formula used for Lhe calculation of solar heat gein
into the soler wing during the winter of 1953 gave results
which were only slightly higher than a velue computed for an
industrial atmosphere with the sun angle calculator. Because
of the close agreement with the results as given by the sun
angle calculator the formula seems to be relisble. During a
winter which had 2 large amount of snow, such as tne winter of
1952, thne last half of the equation would have to be increased
by an appropriate factor to allow for the increase in diffuse
energy reflected from the snow.

From the results of the theoretical solsr heat gain calcu-
lations in Aprvendix A, 1t can be concluded that a pen in the
solar wing compared to a pen in the regular winzg would show &
net increase of over four hundrei BTU's per hour per pen. This
resulted from a greater amount of solar heat gain and a lesser
arount of heat loss through and around the windows.

In most cases & more accurate method for computing energy
galned by solar redlation cannot be Justified for animal housing,

because of all the other aprroximations which eare necessarily
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used. It 1s also safe to state that due to the large number of
fectors involved with solar heat zains, accurate methematical
celculations can never be made., To accurately determine solar
heat gzain, direct measurements will heve to be masde inside the

bullding with appropriate instruments.

Sugzested Future Investizations

Instrumentation of this project still left several things
to be desired. It woull be desirable if some method could be
devised for measurement of reletive humidities without the use
of a fen for air movement. The system used wes good--but it
wes necessary to locete the instrument, because of the fan,
near the ceiling of the building. If the fan could be elimin-
ated, relative humidities could be recorded at pen heizht and
the results would be more meaningful.

It would also be deslirable if some method could be found
for recording daylight intensities in each wing directly onto
the potentiometer chart by means of photovoltaic cells. This
would necesslitate some method of accunuleting the instantaneous
variations and recording them et the end of every hour.

One important conclusion which can be drawn from this pro-
Ject to date 1s that trying to control the conditions in a bulld-
ing as large as the plazery so that accurate and reliable re-
sults can be obtained is practically impossible. Thus, for fu-
ture studies of this type, smeller buildings are necessary in
which more control can be mainteined over the factors which af-

fect environmental conditions.
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APPENDIX A
CALCULATIONS OF SOLAR HZAT GAINS

Statement of Problem

There has always been the probleﬁ of what to do with the
solar radiation which falls upon the bulldings of man. In the
past, the answer has always been to neglect these radiation
heat zains when calculeting the total heat loss and zain on
structures. During the past ten to fifteen years, however,
more of an interest has been taken In this possible heat gailn
coming from the sun. The majJority of the work which has been
done has concerned 1itself with the additional heat gains dur-
Ing the summer months when it would arply to increasing the
cooling loads for the air conditlioning of a sPructure. Only a
small amount of work has been done on the possibilities of
heating a structure during the winter months by utilization of
the sun's radiant energy. This is especilally true when we
narrow the fleld to include only farm buildings.

Before predictions of the heating value of the sun can be
made, it 1s necessary to make some type of measurement of the
energy recelved from it. In 1902, the United States Weather
Bureau started inventigations on the amount of energy received
from the sun upon a horizontel surface be setting up several
pyrheliometric stations. During 1947 there were ten Weather

Bureau stations and sixteen cooperative statlions gathering this
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data. Data of this type has been recorded for about forty
different locations in the United States at one time or an-
other. BSeveral of these stations have also collected dzta on
the total radiation received on a surface normal to the sun
and a few have made studies on the amount of total radiation
recelved on a vertical surface. This then makes it necessary
to convert the energy received on a horizontal surface to
energy received on a vertical surfece by mathemstical methods.
Selculations of this tyre are at best only good approximations
because of the difficulty of dividing the total radiation on a
horizontal surface into both direct and diffuse radiation and
then recombining the two on a verticel surface.

Calculations of Solar Heat Gain

Through Insulating Glass Windows Facing South

Calculation by use of Sun Angle Calculator. In May, 1950,

the Libbey-Owens-*ord Glass Company brought out & product which
they developed and called a "Sun Angle Calculator." This cal-
culator greatly simplifies the determination of such things as
the profile angle of the sun, bearing of the sun, angle of inci-
dence, and true altitude of the sun. It also helps with deter-
mining dimensions of overhead shading devices and leteral or
vertical shading devices. O most interest to the problem here
were the included charts and tebles which simplified the calcu-
lation of the total heat galn through insulating glass or regu-
lar glass windows.

Included with this calculztor are elzht plastic sun charts,

one for each four degrees of latitude from 24° to 52° north
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latitude. Curved lines on these charts indlcated by days and
months ol the year represent the sun's paths on the earth's sur-
Tace s seen from above et the latitude and on the dates shown.

The overley walch 1s applied to all sun cherts is of
clear plastic with red lines and printing. This 1s plivoted
in the center to rotate when placed in position and includes
the necesséry lines for determining the engle of incldence end
the proflle angle.

The third part of the calculator is the wedze-shaped cur-
sor which also pivots about the center point end 1s used to find
the true altitude of the sun.

The calculation of the total soler heat gain by the use
of this instrument 1s divided into two parts: calculation of
direct solar energy, and calculation of diffuse solar energy.
For both parts there 1s an eliznment chart which gives the res-
pective subtotals when the true altitude of the sun and the
angle of incidence are known. These values, ags steted above,
are determined from the Sun Angle Calculator.

Values of transmittance for either insulating glass or
regular'glass are given by which the total heat gailn on a ver-
tical séuth wall 1s reduced to the correct value after passing
through the glass. Another refirement includes the cholce of
either a clear or an industrlial atmosphere.

The Sun Angle Calculetor was used for both a clear and
an industrial atmosphere for determining the total heat gain

through south facing insulating glass windows. The 1industrisl
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atmosphere was also selected since the total amount of solar
radlation received in East Lansing is almost as low as that
which 1s received through the industrial atmosphere of Chlcago
or Pittsburgh. The dates which were used were approximately
that of the winter study; December 15, to March 8.

Results from A.E. 500 special problem. During Spring
Quarter, 1950, Sala (35) worked on a speclal problem concern-
ing the heat gain during the winter through lnsulating glass
windows fecing south using the average total radiation values
on & horizontal surface for Ezst Lansing. His calculations
were simplified by dividing the winter season into weekly
periods and using the mean for that period and by using a
ratio developed from experiment by Hand (11) for converting
total radiation on a horizontal surface to total radlation

on a vertical surface.

Calculation of heat gained during winter, 1953. Since the

total amount of solar energy received during the winter of 1953

was lower than the average for the past ten years, it was de-
cided to make some special calculations of a more accurate
nature to determine the actual amount of solar energy whilch
was received inside of the insuleting glass windows at the
piggery. The following formula was developed which should
give a closer approximation of the solar energy recelved on
the south facing windows:

I; = Iy (cot a cos D)%(E-%%) 3 Iy (%%)

I, = total solar energy perpendicular to a south
facing vertical wall
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Iy = total solar energy on a horizontal surface

a altitude angle of the sun

D = solar azimuth angle

EQ::ratio of diffuse energy on a horizontal sur-
Iy face to total energy on a horizontel surface

When using this formula, values of Iy were taken from the
weekly means for the period of December 15, 1952, to March 8,
1953. Values of angles "a" and "D" were taken from data pre-
pared by Hand (12) for 42° north latitude and were plotted in
the combined form to simplify the calculations.

The last half of the equation was added from the fact
that these south facling windows will be exposed to one-half of
the sky and thus approximately one-half of the diffuse energy
on & horizontal surface will pass through these windows. This
approximetion should hold falrly true unless there 1s a snow
cover on the ground. The absence of normal snow cover this
past winter will thus help in meking thls half of the equa-
tion more nearly correct.

The ratio of Ip over Iy will depend upon the amount of
cloudiness. The greater the cloud covering, the greater will
be the value of the ratio. This means that as the cloud cover-
ing increases more of the energy 1s diffuse and less 1s direct
up to the maximum of one-half diffuse and one-half direct.
Values for this ratio were determined from a table made up
from Hand's (12) datae and from the actual cloudiness of this
area for the past winter as determined by the Lansing Weather

Bureau.
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The grapnical and tabulzar results for these three methods

of calculatlon appear later in this Appendix.

Radiation Galns Through Other Parts of a Structure

While it 1s true that the majority of the heat galned due
to solar radlation will be through large south facing windows,
other places of solar heat gain bear mentioning. This would
include the other parts of the structure such as the walls,
roofs and windows orlented in other directions.

Gainsg through walls. Saia (35) made some estimations of
the heat which could be gained during the winter months
through different types of south facing walls. For a cinder
block wall facing south, about sixty BTU's per square foot
will be gained for every thousand BTU's per square foot of
heat gain through an insulating glass window. For a wall
which faces east or west, the heat galn would probably be as
low as twenty BTU's per square foot.

Gains through roofs. The winter solar heat gain through
a roof 1s even harder to estimate because of the slope of the
roof. It sounds loglcel, however, that the heat gain would
be greater on a gable roof running north end south than on a
shed type roof opening to the south. It has been proved (9)
that during the summer months the color of the roof surface
has much to do with the temperature of the roof and thus the
space underneath. But these are only comparative studles and
would not glve accuféte transmittance values for wintertime

solar radiation. An estimation based on the estimations for
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solar heat through a south facing wall would probably locate
the heat galn through a black surfaced gable roof running
north and south at about twenty-five BTU's per square foot
for each slope for every thousand BTU's per square foot of
insulating glass windows facing south. A black surfaced shed
roof opening to the south would probably transmit less than
five BTU's per squere foot for every thousand BTU's per square
foot of insulating glass facling south. When all the other
approximations of heating calculations are conslidered, this
heat galn through a shed roof could be neglected.

Gains through single glazing on east and west facing walls.

A calculation of the theoretical heat gain through east and
west single glazed windows for a clear atmosphere only was
made by using the Sun Angle Calculator. The calculations were
made for the east windows and the results multiplied by two to
obtain the final answer. This answer was then converted to one
which would be closer to being correct for the past winter by
multiplying by the ratio of the actual value for the south
facing wall to the value obtalned for the south facing wall
with the Sun Angle Calculator. The results of these calcula-
tions appear later in thls Aprpendix, included with the calcu-

lations for the south facing windows.

Possible Radiation Losses at Night
While the gain of heat from radiation sources may be an
important part of the heat source for a structure, radiation

from the structure to the outer atmosphere should also be
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considered. Thils type of radiation would be classified as
one of the ways in wnich heat 1s lost from a building. “hile
this loss 1s thougnt to take place only during the hours of
darkness, 1t has been conclusively proved that the loss can
be just as great on a bright sunny day. Angstrom (3-pl5)
states the conclusions of some investizations made by Homen
as follows:

1. If the sky 1s clear, there will elways be a positive
radiation from earth to sky, even in the middle of
the day.

2. If the sky is cloudy, there will always, in the day-
time, be a radiation from sky to earth.

3. In the nighttime the radlation for a clear as well
as for a cloudy sky always has the directlon from
earth to sky.

The majority of the studies which have been made on this
type of radiation loss have been done at nizht when the diffuse
or sky radiation causes no complications. That is why this
radiation is often termed "nocturnal radiation." Recent in-
vestigations have shown that on a clear winter night, "radia-
tion to the sky may take place at a rate sufficient to cool a
bullding surface, particularly the roof, to a temperature 10°
to 15° below the air temperature" (5-pl45). In fact such
cooling of exposed bodies to a temperature lower than the sur-
rounding temperature was observed very early by the natives of
Indla who made ice by exposing flat plates of water to the
night sky.



So whether ﬁhe problem is considered as an 0ld one or a
new one, only a small amount of scientific work has been done
on it. Some of Angstrom's (3) results for radliation loss
during tne nizht indicate that for a clear sky, the average
radiation is in the range of thirty to forty-five BTU's per
square foot per hour. Tor a lizht cloud covering, these values
would be reduced to approximately sixteen to thirty-two BIU's
per square foot per hour. IMNedium to heavy clouds can reduce
these values down to almost nothing. From thls, it can be seen
that the amount of cloud covering on radiation losses at night
can be Just as lmportant as the amount of cloud covering on

total radiation gains during the day.



Charts and Tabulsr Results

Results from the use of the Sun Angle Calculstor. The

methods for three similar types of calculations are explained
by this section. The first was the amount of solar radietion
heat galin through insuleting glass wladows facling south under
a clear atmosphere. Tne second was for the same type of win-
dow as the first except that the calculations were made for an
industrial atmosphere. The third set of calculations was

made for single glass windows facing east under a clear atmos-
phere. Since the method was the same for all three, it will
be explained in terms of the first sets of calculations only,
with all calculations included later.

The Sun Angle Calculator was used according to the instruc-
tions to determine the altifude angle and the angle of ineil-
dence of the sun at 44° north latitude. The 44° north lati-
tude chart was selected as being the closest to the true lati-
tude of this area which is 429-42'., These values were read from
the Sun Angle Calculator for the days and hours listed in
Tables AI, AII and AIII. %When the altitude angle and the angle
of 1incidence were known, it was then possible to use the align-
ment charts to determine the direct and diffuse energy falling
upon a south facing wall for the given days and hours. These
energy values were then multiplied by the appropriate trans-
mission values and recorded in the subtotal columns. The
transmission values were taken from Table #1 in the instruction

manual. Glass A was used for the single glass and glass B £ B
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was the most representative of farm type insulating glass win-
dows. These subtotals were then added to give the total heat
gain in BTU's per square foot per hour for the days and hours
Indicated.

The instantaneous total heat gains found in the last
column of Tables AI, AII, and AIII were then plotted in graph-
ical form for the various deys in Figures Al, A2, and A3. The
area under each of these curves was found by the use of a
polar plenimeter and was recorded in Table AIV. It was deter-
mined that each square inch was equal to 27.25 BTU's per square
foot and the sqguare inch areas were then multiplied by this
factor to obtain the total heat gain through each sguare foot
of glass area for the indicated days.

Average dailly values for the different weeks (Tavle AV)
were obtained by rough plotting the data from Table AIV on
graph paper and taking the mid week average for each week. This
method was conslidered accurate enough for the purpose of this
study.

Table AV then, represents the final results. It shows the
total heat zaln through each square foot of glass for an aver-
age day during the weekly period. Totals were listed at the
bottom of the columns so that an over-all comparison can be made

for the three different methods of calculation in this Appendix.



CALCULATIONS OF THEORETICAL [NSTANTANEOUS
INSULATING GLASS WINDOWS FACING OSOUTH - CLEAR ATMOSPHERE

TagLE Al

HEAT GAIN THROUGH

= : 5 i
DATE HOUR ALTITUDE | INCIDENCE | DIRECT DIFFUSE DIFFUSE SUB-TOTAL| SUB-TOTAL! TOTAL
ANGLE ANGLE ANGLE ENERCY ENERCY [TRANSMISSION TRANSMISSION| DIRECT DIFFUSE ENERGY
. ENERGY ENERGY BTtyFT\ HR
DEC. 21 4 3 52.5 25 4.2 0.64 16.0 2.7 18.7
> 11 42.5 99 15 4 0.64 67.3 9.9 b A
2 \7 32.5 =55 23 0. 64 104 14.7 8.7
{ 21 25.5 184 28 0.64 127 18.0 145.0
(o] 22 22.0 19! 30 0.64 132 19.2 151.2
JAN. I 4 4 535 33 54 0. 64 215 2.5 250
3 12 43.5 104 16.4 0.64 69.5 105 80.0 .
(1 18 34 155 24 0. 64 105 15.3 120.3 :
i 22.5 7 185 29 o.64 128 18.5 146.5
o 24 z24 197 3! © 0.64 |36 19.8 155.8
JAN. 21 4 e 55 46 8 0.64 29 5.1 Z4.1
3 13.5 45 i 17.5 0.64 74.3 1.2 85.5
z 20 306 160 735 0.64 109 16.0 125.0
l 24.5 28 130 30 0.64 | 31 192 150.2
Q 26 26 200 3.5 0.64 137 0.2 - 579
FEB. | 4 75 57 53 7.4 C.oc4 32.9 ‘;AA 28.4
3 16 47 s 19.5 C.c4 78.5 12.5 91.0
2 s 375 1es 26.5 2.64 liie {726 12:9.6
l T 3 I19e 3i O.04 133 {13.8 152.9
(o) 28.5 28.5 203 325 0. 64 ¥-Ye z0.8 160.8
FEB. 1) 5 | &9 5 {2 0.53 0.e4 2.6 0.7 3.5
4 10 59 ¢4 12 0. el 0.64 39 Worl 46.7
3 19 49 127 21.5 0.65 0.64 825 13.7 6.2
2 26 40 170 “8 6.08 .64 11é€ 18.0 134.0
| 30 34 197 372 2.08 0.64 | 34 20.5 154.5
(o) 32 32 .06 335 ©.08 0.64 140 Z1.5 l€l.5
FEE. 21 5 3 744 13 3.5 0.45 c.ed 5.8 2.2 8.0
4 13 €z 7i 14.5 0. .59 0.64 4i.8 2.3 &l
S 22 52 126 23 0.64 0.¢4 L )4 4.7 7¢.7 |
3 28.5 43 170 29 0.7 0.04 P4 18.5 132.5 |
| 33.5 875 19¢ 33 0.8 ©.64 133 2i. 1 54.1
0 35 35 205 34.5 0.68 0.64 40 23.0 {62.0 L
MAR. | 5 & 74 22 6.7 0.40 0.64 £.8 4.3 13,1
4 o o9 7€ i¢.8 0.58 064 44 /0.7 &4.7
3 24 54.5 25 24 0.3 0.e4 78.¢ 15.4 4.0
“ 3% a7 ice 754 o.ec 2.e4 109 8.5 127.5
i 27 41 142 33 0.e8 0.4 131 2 i52.4
[e) 28.5 28.5 260 z4.5 0.e8 0.64 136 272.14 581
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CALCULATIONS OF T[HEORETICAL

INSULATING GLASS WINDOWS

TABLE

Al

INSTANTANEOUS

HEAT GAIN THROUGH

FACING SouTH - INDUSTRIAL ATMOSPHERE

DATE HOUR ALTITUDE | INCIDENCE | DIRECT DIFFUSE DIRECT DIF FUSE SUB-TOTAL| SUB-TOTAL| TOTAL
ANGLE ANGLE ANGLE ENERGY ENERGY |[TRANSMISSION|TRANSMISSION DIRECT DIFFUSE ENERGY
g ENERGY ENERGY BT%-‘T‘ R

DEQ. 21 4 <) 873 14.5 5.6 .64 C.64 9.3 3.6 12-9
3 i 42.5 46 767/ 0.¢9 0.64 50.3 (i3 4%2.©

2 e 8205 76 29 0.68 0.64 5l.6 i8.5 70. 1

{ zli 25.5 27 375 0.69 0.64 ¢7.0 24.0 9.0

(o) 2 22.0 102 40 0.649 0.64 70.5 26.€ Q6.1

JAN. \{ 4 4 52.5 12.5 7 0.64 0.64 (T 4.5 15.7
3 72 43.5 48 8.8 0.67 0.¢64 32.% 12.0 44.2
Z 8 34 78 30.0 0.68 6.64 53.0 19.2 2T
T 2.5 3 101 38.5 0.¢8 0.64 698 24.6 ?4.4
(<} 24 24 109 4 C.e¥ 0.64 78.2 26.2 101. 4

JAN. 2 4 6 55 Z22.5 9.4 0.6% 0.64 4.2 £.0 20.2
<] (gt 45 51 20.5 0.7 0.64 34.2 13,4 47.3
2 20 z6 54 32 0.e8 0.64 L7 20.5 77.¢
o 24.5 28 105 4i 0.¢9 C.64 72.5 26.2 28.7
(o} 26 26 i1z 44 0.6 0.64 772.3 20.2 105.5
FEB. | 4 75 57 25 0.7 0.62 0. 64 i5.8 €. %e. g
3 | o 47 & Z2& 0.¢¢ 0.64 36.5 |€.6 54.4
2 27 S5 89 k1-2 S.¢8 0.4 €0.5 27.4 K2
i ot 3i (il 43 6.¢8 n.ebh 75.5 216 103.0
@) <8.5 2.5 118 46 .68 3. o4 8.5 2.4 i10.9

FEB. |} i 1 1 25 IR 0.5% .64 i.8 i 2.9
0 5 12 13 O.¢l 0. 64 18.2 8.3 2¢€.6

3 19 4a? €5 %6.5 0.65 0.¢4 40.6 7.0 576

2 26 40 1€ 38 0.¢8 0.6 4 652 24.3 8.6
\ : 5f\ (4 55 0.¢8 .04 D z29.0 (1 0e.5

o] 2 572 |22 48 0.68 o.64 KAC 30.8 i13.8

FEB. 21 5 & T2 74 4 0.45 ¢.cd 3.3 27 6.0
4 13 ¢ 33.5 15.6 .59 0.64 17 /0.C 2.7

E :47. S;a 96‘ ‘.-4 c.ed C.e4 43.5 8.5 6%.0

- 8.5 i 97 29 Q.o 0.04 65.C 25.0 20.0

| 33.5 37.5 lie 4.5 0.¢® 0.¢4 79.0 29.8 |O8. B

(©] 35 35 iz2 44 0.¢8 0.4 82.0 2i.4 (4.9

MAR. | 5 3 74 i 7.2 0.4C 0.64 4.4 4.© ¢.0
‘_“ e ‘t 375 8.5 0.58 0.4 St/ 1.8 32.5

< if‘ 54.5 62 1] 0.6 0.64 43.5 i1.% €72.7

2 32 47 97 40 0. 6€ 0.e4 €4.0 25.¢6 |8.€
| 37 4l 07 48 0.¢8 .64 79.5 0.7 110.%2
° 58.5 36.5 (2% > 0.8 0.64 83.0 2.0 1150




CALCULATIONS OF THEORETICAL INSTANTANEOUS
SINGLE GLAZED WINDOws Facine EAST — CLEAR ATMOSPHERE

TABLE

Al

HEAT  GAIN THROUGH

CATE TIME ALTITUDE | INCIDENCE DIRECT DIFFUSE CIRECT DIFFUSE SUB-TOTAL| sUB-ToTAL| TOTAL
ANGLE ANGLE ENERGY ENERGY [TRANSMISSION|TRANSMISSION] DIRECT DIFFUSE ENERGY
ENERGY ENERGY BTY/ 7 ur
DEC. 21 8 3 38 32.5 4.7 0.90 0.83 29.3 3.9 33.2
? | 49 &8 14.6 0.88 0.83 17.5 12.1 89?.0
10 17 €2.5 84 efiTs 0.8% 0.85 68.9 14.7 83.6
1" 21 76 49 18.2 C.58 0.83 284 15.2 43. 0
12 27 0 o 17.3 0.0 0.83 0.0 14.4 14. 4
1 2| 123 15.2 0.83 12.6 12.6
z 17 - 148 12.3 0.83 10.2 10.2
3 1l 164 8.4 0.83 7.0 - 1.0
4 3 176 2.4 0.83 2.0 2.C
JAN. i1 8 4 36.5 45 6.3 0.90 0.83 40.5 5.2 45,7
9 12 49 94 15.8& 0.8 €.83 82.7 12.9 956
10 18 6% 88 /8.6 ©. 82 0.8% 745l 15.4 DAt
1l 25 76 50 19.0 ). 58 0.83 22.0 5.8 44.8
12 24 %0 ¢ 8.0 0.0 0.83 0.0 15.0 15.0
\ z22.5 122 5.7 0.83 : 3.0 13.0
% 8 145 13.0 .83 10.8 1.0.8
3 12 ie3 9.0 0.83 7L 725
4 4 175 3.1 0.63 2.6 Z- 6
JAN. %I e 6 35 6o Fs 5 C.90 0.63 59%.4 7l 7.3
Q et 48 105 1712 0.88 0.€%2 92.4 14.3 106.7
10 20 X3 93 20.0 0.8% 0.83 76.% l6.€ §¢.8
1 24.5 65 &4 i19.8 254 0.83 3.8 16.4 48. %
1z Z6é 20 o 19.0 0.0 .83 0.0 15.8 5.8
} 24.5 i20 (6.5 0.83 e B, 135.7
"z 20 (43 i4.c €©.82 Ii.6 ji. 6
% 1355 | €0 10.0 C.8€3 8.3 8.3
4 o 173 4.7 0-83 7.4 3.9
FEE. i g Tj j:;t’ ‘a‘é ;f‘l./ fZ; r.:., 732, € 7.8 3. 6
2] 5 19-© 0.B=2 cq.C .3 20.3
10 22.5 P 99 2.3 0.8% 0.2 “Bi.4 177 Voa e
0" 27 785 57 Z1.0 0.5% 0.8 75. 6 ) -
S 7 [ -5 0. 82 7s. 174 SRS
12 ze.5 70 (o) 17.6 o.C C.83 0.0 16.4 6.4
I 27 18 12.8 o8z 4.8 148
< 22.5 i41 5.0 O.F3 ‘,‘ 4 (_.”
3 lé 158 i ¢ X-E 9.¢ S5
4 7.5 171 = 0.63 &8 e
FEB. il 7 1 2| 3.4 1.9 o.- % 0.8B3 12.2 13.8
8 10 s |05 154 0. 90 ©.83 44. 5 11.8 VIT 2
q 19 46.5 133 22.0 ©.89 0.83 118 8.3 363
10 26 éi 109 23.0 0.832 .83 Jo.5 ,7 /,",L,:
" 30 T ol 22.4 0. el 0.8: oy s g
I 32z 20 o 21.0 0.0 0.83 ca Lo iy
l 30 1i7 |18.8 6.83 2 “4 oy
¢ 26 138 j6.5 .63 S gt
3 19 155 13.0 o.83 Lt ik
e O.83 10. 10.8
4 10 |é8 7.6 ©.83 o 3 e
.08 o.3 w, J
s [ i78 0.8 0.83 P o 7
FEB. 21 7 E4 - & =
I8 39 &= o. 9 ©.8% 35.5 4.c 4q0 |
8 i3 3¢ 130 i%.0 0.90 ©.83 il B 132.8
XS e 46 i44 24.5 0. 84 083 80 s LE
e £ s .82 1 8.0 0.4 148.4
8.5 &0 17 24.8 0.8 53 ©0.63 7.0 Bl
1 33.5 5 64 SoL GT = ot i g
4 g 40 5 g v-: 0.83 39.0 19.5 595
: B 22.0 0.0 0.€3 0.0 1.3 2
1 33.5 /l.ﬁ‘ 20.0 0.8 4 g p
2 8.5 135 i7.5 0. 83 % S04
3 22 182 4.4 rlg/ i Sty
4 i3 165 9.5 2 e i2.0
5 2 177 2.4 P X i
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MAR. 7 ¢ 7 7 )
J 2 17 © /e 0.2l 0.8 69.2 7.1 78 . 3
2 ie 30.5 150 22.8 o.90 .87 S e e
e % 4 152 260 0.89 c e.» i e l,é i
10 32 60 22 26 2 s iz Al 156 .6
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FIGURE Al
DaiLy Heat Gains. Data From THeEORETICAL
INSTANTANEOUS HEAT GaiN CALCULATIONS
For A CLEarR AtmospHere (TABLE AI)
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FIGURE A2

DaiLy Heatr Gains. Data From THEORETICAL
INSTANTANEOUS HEeEAT Gain CALCULATIONS
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FIGURE A3

DaiLy Hear Gains. Data From THEORETICAL
INSTANTANEOUS HEAT Gain CALCULATIONS
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TotaL Daloy HEAT

'» ladbey]
UINLER

Sourr FACING INSULATING

LER

GLAS ©

WINDUO ws

TasLe ALY
Gany COMPUTED FRoOM
UaiLYy HEAT Gails TURVES  (Fi6%. Al

EAST FAJING

s-ALEL

SINILE
wiinbows

e=BAk ATMC:FrHERE

INVOSTRIAL ATME P HEKE

CLEAK ATMO: FHEKE

AKEA UNLEK | TcTAL HEAT | AKEA UNLEK | TOTAL HEAT | AKEA JNUER | TOTAL HEAT
LATE e RVES - IN* BYv/FT! CUKVES - IN* BTJ/FT\ JIKVES - QN BTV /g1
LEZ. 21t 16.0C 47¢ ¢.70 Lo 4 544 48
GAN- i lo.£8 452 10.%5 282 ) 1 €%
VAN. 21 1742 476 1€.417 294 £.959 el
FEE. i 8. ¢ Q95 11.¢4 3¢ 7.5% we g
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TaBLe AY

TotraL Dawy Hear Gaiv For AveERAGE Day
DURING THE |INDICATED WEEK

— ————— —
—— —

SOUTH FACING INSULATING ELASS WINDOWS EAST FACING SINGLE

GLAIED WINOOWS

WEEK CLEAR ATMOSPHEREK INDUSTRIAL ATMOSPHERE CLEAR ATMOSPHERET

TOTAL HEAT BTU/er TOTAL HEAT BTU/p7* TOTAL HEAT BTU/pr
DECIO-16 A aze 2 66 150
17-23 430 264 148
24-31 438 266 150
JAN. -7 445 272 155
8-14 452 280 162
15- 21 470 290 174
T2-28 465 305 190
JAN.29-FEB.4 495 318 205
5-1 516 333 233
12-18 527 345 207
19-25 528 354 287
FEB.26° MARA 522 364 320
5~ 510 365 348
TOTAL e 26l 4025 2784
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Tabulation of results from A.E. 500 special problem,.

Sala's calculations (35) were made by using the average weekly
mean values for solar radiation on a horlzontal surface as
recorded at East Lansing by the Michlzan Eydrologic Research
Project from the years 1943 to 1350. These values were multi-
plied by a ratio of total radiation on a south facing vertical
wall to the total rediation on a horizontal surface obtained
durinz the winter of 1945-1946 at the Blue Hill, Xassachusetts,
Veather Station (11). A transmission value of seventy percent
was used for his calculations (38). The results from these
calculations are recorded in Table AVI and were taken for the

period of the study only.
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TaBLe AW

HeaT GAINED BY SoLAar RADiATION
THROUGH INSULATING GLASS
WINDOWS FACING SOUTH

CALCULATIONS BY SalA

WREKLY TOoTAL | AVERAGE DAILY

WEEK HEAT GAIN HWEAT GAIN

BTV /FT? BTV /g1t
D&C. 10-16 3390 485
17 -23 414948 €00
24-3| 3168 396
JAN. V-7 266 453
8-14 3516 502
15- 21 017 1011
22-28 6374 910
JAN. 29 - FEB. 4 7004 jo00
5 -4t 5812 830
12 -18 5330 761
19-25 505\ 721
FEB. 26 - MAR. 4 4993 714
S-n 5217 745
TOTAL 64,336 9,134
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Results from the winter of 195%3. The equation used for

the calculatlions in thils part ol the Appendix, I, =
Iy (cot a cos D)%(E-%%) £ %IH(§%), wes developed earlier and
the development will not be repeated at this time.

Table AVII was taken from data gathered by the NMichligan
Hydrologic Research Station and was used with thelr permission.
The values are weekly means eand thus these weekly periods were
used for the calculation. These data were recorded in units
of gram-calories per sguare centimeter of horizontal surface
and were converted to BTU's per square foot of horizontal sur-
face (by multiplying by the factor of 3.68) and were then
listed in column 3 of Table AIX.

Values for the solar altitude and solar azimuth, "a" and
"D" respectively, are plotted in Figures A4 and A5 for Qérious
hour angles through the year. These values were taken at 429
north latitude which was considered sufficlently accurate for
this study. From these two graphs, calculations of ﬁhe pid-
month values of "cot a cos D" were made and these results
plotted in Figure A6. This then made it possible to scale
these values from the graph for any hour angle and any date
with a falr degree of accuracy. This method was used to get
the necessary values for column 4 of Table AIX.

The values for the ratlio of Ip over Iy of column 5,

Table AIX, were obtained from Figure A7. Values to plot
these graphs came from date obtained at the Blue Hill, Massa-
chusetts, Weather Station (12) during the period from September,

1945, to March, 1946. Since this was a collection period of
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only seven months, or one winter, 1ts appllication to other
condltions may be guestioned. The use of Figure A7 depended
upon tne amount of cloudiness recorded in Teble AVIII. Cloud-
iness 1s measured from O to 10 with 10 being a complete cloud
cover. The usual range is O to 3, clear; 4 to 7, partly
cloudy; and 8 to 10, cloudy. Values for the amount of cloud-
iness were taken from thne climatological data of Appendix B for
the days of the weekly period and an averaze value was obtained
for the week. These values were recorded in Table AVIII.
Column 6, Table AIX, was obtained mathematically from
column 5. Column &6 was so arranged tnat its value would never
be less than 505% of the total solar radiation. This occurred
whenever the ratio of Ip over Iy equaled one. When this ratio
was equal to one, the values of Ip end Iy would be equal. This
might appear to mean that all of the energy was diffuse. This
would only be true for an extremely heavy cloud layer, however,
since with a light ce¢loud covering such as Clirrostatus, which
would still be rated as a cloud covering of 10, a large amount
of direct radlant energy will pass through. According to Kim-
ball (22-p653) the ratio of diffuse illumination to total illum-
ination on a horizontal surface at noon in midwinter varies
from one-half to one-fifth. Also, over two-fifths of the sun's
radient energy is in the Infrared region beyond the visible
spectrum (1). This infrared energy is much more penetrating
throush the atmospheric layers than energy of other wave lengths.
It does not seem incorrect then to allow for 50% direct energy

when there 1s a complete cloud covering of average density.
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Column 7 of Teble AIX was obtained as tae product of
columns 3, 4, ani 6. This represents the total amount of
direct solar energzgy perpendiculsr to a south facing wall.

Multiplying the total energy received on a horizontal
surface, I, by‘tbe rgtio of Ip over Iy gives an answer which
i1s the total amount of diffuse energy received on a horizon-
tal surface from all of the sky. Since a south facing ver-
tical well 1s exposed to only one-half of the sky, the diffuse
radiation for a horizontal surface was multiplied by one-half
to obtain the values for column 8 of Table AIX. It was recog-
nized that normally the southerm half of the sky will be
brighter than the northern half (24), but it was felt that
this was due more to the direct radiation (even when cloudy)
thean to any appreciable amount of increase in diffuse radiation.
This increase has already been accounted for, then, in the
preceding parsgraph.

Colurn G is the sum of columns 7 and 8 and represents the
total amount of radietion or energy expressed in BTU's per
square foot lmpinging upon a south, vertical surface. Ffor the
first nine weeks, column 9 was totaled for the day and then
multiplied by the transmission percentage of the gless and
recorded in column 11. For the last four weeks of the table,
column § was first multiplied by the transmission percentage
and the results were totaled in column 11.

The transmission percentage of column 10 was tsken from
data compiled by Parmelee (32) for a double glass which resem-

tled the type of insulating gless used in the piggery. The
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transmission observed on several dates averagzed 59.7% for
values of the incident angle up to sixty degrees. At about
sixty degrees, the transmission dropped off rapidly. This
accounts for the use of a trensmission value of twenty per-
cent for the early rworninz a2nd lete afternoon hours.

The totals in column 11 represent the total amount of
solar energy passing through tkhe south facing insulating glass
windows in BTU's per sguare foot of zless for an average day
during the week indicated. These vslues for the average days
were totaled at the bottom of column 11 for the thirteen-week
season. Multiplying this total by seven (the number of days
in a week) gives the grand total for ell of the days of the

study.
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TasLe A VI

DaiLy AverRace CLOUDINESS
CompuTED FROM
LANSING WEATHER Bureau DATaA

WEEK DAILY CLOUDINESS AVERAGE
VALURS DAILY

CLOUDINESS
DEC. 10-16 10-10-9-10-10-10-0 8.4
17-23 7-6-9-10-10-10-)0 8.9
td-3 10-10-10-3 -§ -j0-10-10 8.5
JAN. 1 -7 10-10-10~-9-9-7-J0 9.3
8-14 10-10-10-10-9 - | -0 8.6
15-21 9-6-10-8-)0-9-¢ 8.1
22-28 10-10-10-19-8-10-)0 9.6
JAN.2Q -FEB.4| 9-2-9-4-10-¢- 19 7.4
5 -1 19-10-10-9-2-10-j0 8.7
12-18 0-9-2-8-9-9-7 7.7
19-25 7-10-9-4-0-9-8 6.6
FEB. 26-MAR 4| ?-B8-9-5-10-10-¢ 8.6
s-U 6-9-%-10-9-10-9 8.9
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FIGURE A7

GraPHicaL VALUES ofF Is/;. For DIFFERENT
CLouUDINESS VALUES FOR FOourR WINTER MONTHS
Data FRom Hanp (12)
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AFPENDIX B
LOCAL CLIMATOLOZICAL DATA

The following climatological data were gathered by the
Lansing, lMichigan, Weather Bureau located at the Capitol City
Alrport about eight miles from the location of the piggery.

These four tables, representing the winter months of
December, January, Feoruary, and March, contain the follow-
ing information for eééh day:.

1. Maximum, minimum, and avereze temperatures.

2. Departure of temperature from normal.

3. Number of degree days.

4, Total precipitation with an hourly record.

5. Wind directions and velocitlies.

6. Total and percent sunshine.

T. Amount of cloudiness.

Also of interest is the commentary for the month appearing dir-

ectly above the hourly precipitation record.
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e’ Tab
TABLE B I. U.S. DEPARTMENT OF COMMERCE, WEATHER BURT.AU
LANSING, KICHIGAN (Capitol City airport) DECEAEER, 1952
Latitude o ° 47 * N Longitude 84 ° 33 'W. Elevation (ground) 859 ft. Eastern Standard time used
Temperature (°F) Precipitation | Snow, Wind Sunshi Sky cover
-~ Sleet, Fastest mile = 5
I Hail or -~ 4 g é‘ :
- - a
4 | e I Ice on } a e g 8
5 .E.a-’" ‘5§ _!'7 ground L ~| g %‘g —.'25 g: § 25
8l s(2838(Ef|ndlTa g" $4| .4 3| =9 ~i HEX I EHEER
3| .= . :
IR R R R B R AR LA E e E ;
< 4] = a (In.) £d|l< B E = -§ ad| @ FEAE S
B 1-201-3 | ¢ 5| 6 7 8 9 10 1 12 13 14 |15| 16| 17 | 18 19 20 | 21 | 22| 23 | 24
1 50 18 24 -7 |41 0.02 0.2 T S P36 | 17 S 0:00 0 9 9 1
2 |n 26 (-4 |39 [0.25 3.1 3 NE 8.0 13 | = 3:18 (36 | 8 9 F 2
3 |3 |23 |20 |-1 |36 0 0 3 £ 10,0 | 17 | K& 0:28 |5 [10 |10 3
4 (37 |28 [32 |+2 |35 | 0.5 T 2 S& 17.3| 20 | s8 0:00 |0 |10 |10 4
S| (31 (34 |+4 |3 |04 0.5 T WS 15.9| 20 | W 0:00 |0 |10 (20 R 5
6 | 38 80 33 + 4 3 y / T T W 15.0 20 w 0:00 0 10 9 6
7|48 |30 |39 |+0 |28 0 0 T s 13.7| 18 | S8 8:56 |97 | 2 3 7
8 |58 |3 |45 |+18 |20 T 0 © s 14.5| 23 |8 0:05 |1 |10 8 8
9 |57 |45 |51 |+28 [1e 0 0 0 SSK 8.8| 20 |8 013« |8 3 8 FK 9
10 |42 |35 |41 |[+13 [2¢ |o0.08 T 0 W 5.1 22 | ® 0:00 [0 [10 |10 PKR 10
11 13 |27 |51 |[+35 |3 | 0,04 0.3 T w 4.6| 28 | W 0:00 (0 (10 |10 1
12 | 52 |25 |28 o |37 |o.08 0.7 1 " 7.8 | 13 | B 0:22 |4 9 9 12
13(5 (2 |28 |[+1 |3 |o0.00 T T W 154 18 [ M 0:00 |0 |10 9 13
14 (27 |23 |26 |-2 |40 | O0.00 0.9 T su 17.5| 25 [w 0:00 |0 |10 |10 14
15|35 (286 (31 [+4 |3 |0.00 T 1 W 16.0 | 22 |® 0:37 |7 |10 7 15
16 |40 |25 (33 |+8 |32 ) 0 ? wSH 15.0 | 17 | sW 9:08 |100| © 0 16
17 |0 (28 (33 |[+7 |3 0 0 T W 8.5 15 | W 1:27 |18 | 7 5. FK 17
18 50 |19 |25 |-1 (40 0 0 T N 7.5| 15 | W 2:31 |28 | 6 4 18
19 132 |18 (25 |-1 |%0 T T T E N8| 23 | 0:00 |0 9 7 19
20|38 (%0 |85 |+7 [32 |o0.59 T T E 15.9 | 23 | B 0:00 [0 |10 |10 20
2l |36 |3 (3 |+9 (30 |o0.08 0 0 ENE 4.0| 8 ] 00 |0 |10 |10 FRL 21
22 |40 (3« |37 |+12 |28 |o0.08 0 0 S& ne| 2 |= 0:00 (0 |10 |10 FL 22
2314 | | |[%8 (26 |oma 0 ] SE 15.3| 12 | s 000 |0 |10 |10 23
24|13 |32 |35 |+0 |3 T 0 0 wSH 8.3 17 | w 000 |0 |10 [10 24
25|32 |27 (%0 |+5 |35 |0.08 T T “ 18,5 25 | W 0:00 |0 |10 |10 25
26 (30 |24 |27 |+2 |38 T T T WSW 18.8| 28 |W 0:00 [0 |10 |10 26
27 (28 |13 |20 |-4 |45 T T T u 2.9 25 |w 5:55 |65 | 3 4 27
28|35 |15 |23 |-1 |42 0 ) T sSW 12.8| 10 |8 2148 |31 | s 3 28
29 |3 |27 |32 |+8 |33 T T 0 SW 00| 15 | s 0:00 (0 |10 |10 29
gtl? 34 |30 |32 |+8 |33 |o0.02 0.1 T N2 9.7| 17 [N | 0:00 g 10 ig P :33
o0 27 29 +5 |58 L T Q EE 12.5 17 NS 0300 10
m_ e — —11.84 5.8 395.4 | —— [——35:56 [——] 267 | 254 | —
SRS S 1- _ﬁ: astest| Dir. |Possible| % | 8.6 | 8.2 | — | ——
T in columns 7, B, and © indicetes amount 100 emall to measurs. 26 W IR T T T e B
TEMPERATURE: (°F) HEATING DEGREE DAYS (base 65°): PRECIPITATION: (In.) Symbols used in columns 18-19
Average monthly 51.7 Total this month 1% Total for the month _z.g;
Departure from normal +%.8 e from normal - Departure from normal . A = Hatl L = Drissle
Highet 57 on Gih  Daoal ot (ekmns Taly 1) 2070 freatostfa 34 howms. 0.00°  .onf0 A Z) Meigety - | Saikad
Lowest 13 on?7th & 28th  § ] departure from 1 =127 Snow, Sleet and Hail — DK = Dishust Bjtining.  B'='Rin
Nmbuddlylwﬂh = Total for the month 5.8 ::: ::hn_.—
Max. 32¢ or below 158 BAROMETRIC PRESSURE (In.) Greatest in 24 hours 3.3 onlst &20d .y 2L = Precaing drtssle
Max. 90° or above c A't station (elev. 878 feet, m.s.l.) 29.045 Greatestdepthonground 3 on2 &3 M« Hee IR = Freesing min
Min. 32° or below 25  Highest sea level 30.46 on 19th Datesof — H e K= Smoke
Min. 0° or below 0  Lowest sea level 29.84 on 10th Sleet 4, 19, 20 Glaze 15, 20, 25

The month of December was characterized by cloudy :kies, above normal temperatures and sub-normal precipitation. Temperatures for the 31-day period
averaged almosct 5° above normal and was the warmest Dec. since 1941. The total sunshine for the month was abnormally low for Dec., tying the low record for
percent of possible sunshine. Only in 1920 and 1335 did so little sunshine occur. While precip. this month was almost 1/4" below normal, rain or snow fell on
2e days. Hazardous driving conditions existed on several occasions. Several personal injury accidents were accredited to 8 separate days of heavy fog.

HOURLY PRECIPITATION

ota A. M. Hour ending at P. M. Hour ending at s
1| 2] 3] 4[s[]6][7][8]91o]uli 1 | 23456789 JwJuji
1 T T ol .01 1
g .04 .05 .05 |.05 .04 .01 T p o0 T g
4 T 2l . [ A .03 .0 T | .1 .05 .09 |.03 T .08 4
5 .04 .03 .01 |.00 T T T 0 O | T T T T oF .03 01 T L ) T T .0 5
6 7 0 T -
g 7
T 8
9 . 9
10 T W08 T T T 02 T T 10
11 o0 T T [.00 T T T T T T L R, B 0T 11
12 00 501 -0k | 2 T T T .2 T .0of .0 .00 T 12
13 T T T T T &7 T T L I8 O ¢ T .0 T X T T T T TN 13
14 T T T T A ) T T 2 cnoe Tn6R T % 8 0 .00 T T T T T .01 .02 14
15 T T 0|7 * T T T T 15
16 16
17 17
18 18
19 | T T 19
20 |.00 .04 .05 (.02 02 .01|.02 .0¢6 .13 |.08 .01 .08 ||/.01 .00 T T T T(T .08 .03 .04 .01 20
21 .02 .01 .01 | T P %0k T T T T T .01 b SR | T 01| T T T T L Y Y 21
22 T L0U|eoRe ¢ L0l [T T T el <% T .02 22
23 |.0s .00 T T € .0l T T e G L T T %ol o T|T T T T 23
24 T T T T T T T 2 24
25 T T T| T T T .01 .01 .0l T T T T T ol L) T T T SO ¢ 25
26 T T T T T T| T T T L 3 T T o o ; T T T S 26
27 T T T T ] 27
28 28
29 T T T o R ¢ 29
30 |.o2 .01 30
31 T T T T T g
Subscription Price: 50 cents per year including annual y if published. S d L should be sent to the Supt. of Documents, Government Printing

monthly S cents each, annuals 10 cents each. Checks and money orders should be |Office, Washington 25, D. C.
made payable to the Treasurer of the United States. R: and d
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TABLE B II.

LANSING, MICHIGAN

112,

U. S. DEPARTMENT OF COMMERCE, WEATHER BUREAU

LOCAL CLIMATOLOGICAL DATA

(Capitol City airjort)

JANUARY, 1353

Latitude 42 * 47 * N. Longitude 84 ° 38°'W Elevation (ground) 859 ft. Zastern Standard time used
Temperature (°F) Precipitation Snow, Wind Sunshine | Sky cover
S T Sleet, T TF T = 2
] 23 | Fastest mile | | = C|
‘ g Hail or [ 'g ‘ . ‘ = ; > ‘é P
- — = =] =1
| | —3;%/\ :.:: g Ice on \e, | 55‘ e .‘2‘95 EE EEE
B 9| o [SBI8R|28 |a5[ | 8ale3| 3| 5| 23F| 5[28|55|83523
IR e R e
o 2 o * - _ =
2 S q/| 8| s§=351337::cm§§2‘%z“‘§ 35|88 58| 5594|352 % » e
a 2| < |RLA2|BF |82 ) |£4| 28|58 8|25 8s|A8|FE[EF=F = ‘ 3
202 3|4 fosllle 7 8 9 10 1 12 13 14 |15| 16| 17 | 18 19 20 | 21 | 22| 23 |24
1|3 [27 | 51 [+6 [ % 0 0 ) C i BT 17 W 0:00 o[ 10 | 10 1
2 (35 [28 | 31 [+68 | 3 | 0.02 0.2 0 ss3 | 7.9 | 14 s3 0:00 of 10 | 10 2
3|3 [19 [25 | o | 40 T T T N% | 14.8 | 2 N 0:00 of 10 | 10 ; 3
4|2 |18 |28 |-2 | « T T T wSu | 10.5 | 17 s 0:00 ol 9| s ‘ 4
5|28 |11 |19 |-8 | 46 | 0.07 1.0 T Wi | 17.3 | 27 K 0:33 6| 9 3 | 5
6|2 | 6|15 -2 |52 |00 0.8 1 | 7| 1 v 8:20 | 33| 7 8 6
7| 2 3 |15 |-12 2 T T 1 s [ 1s.0 | 26 z 0:35 8|20 | -7 7
827 (19 |25 |-2 |42 | 0.al | 13 1 2.5 | 35 | N2 | 0:00 | 0 10 | 10 J 8
9 | 29 |25 |27 |+5 | 38 | 0.03 T 3 15.4 | 20 X 0:00 o| 10 |10 ? 9
10| 35 (27 |30 [+6 | 35 [ 0.02 0 2 9.3 | 1@ | N 0:00 o| 10 | 10 PIL 10
1135 (17 (25 |«1 | 40 | 0.10 1.0 2 18.6 | 37 o] 0:41 7| 10 7 [ 11
12| 57 (18 | 25 [+1 | 40 0 0 2 [15.5 | 34 Sw 0:23 al 9 7 ‘ i 12
13/4 |30 |36 (112 |29 0 0 2 | 88 | 15 | sw | 7:27 |80| 1 | 3 ‘ 13
14| 45 |50 | 57 [«13 | 28 | 0.02 0 1 |10 | 14 s 0:00 ol |10 | | ‘ 14
15136 |33 |45 [+22 |20 | 0.09 | © T 178 | 38 | s |00 [ 2| 9 |10 \ 15
1633 (18 |26 [+2 | 3 T T T [15.0 | 372 | w 3:25 | 38| 8 8 | 16
17 | 55 | 18 |28 [+2 | 3 | 0.28 T 0 [15.6 | 25 | N2 [o0w0 | 0|20 | 9 } / 1 17
181355 (28 |5 [+7 |34 T T T [18.8 | 22 | W 1:37 (17| 8 | @ \ ‘ 18
191 50 (25 |28 [+4 |37 | 0.1 0.1 T | s.8 | 17 ¥ 0:00 | 010 |10 ‘ ‘ 19
20| 3 |21 |26 |+2 |39 0 0 T | 7.0 | 18 | N8 | o3 8| 9 | 8 ‘ \ j | 20
21| 38 (25 |31 [+8 | %4 0 0 T | s.6 | 8 [N 5:21 (88| 5 | 5 ‘ ‘ 21
22| 35 |25 |20 [+6 | 38 T 0 T |11.5 | 18 s 0:43 ‘ 7| 10 8 ‘ ‘ \ 22
23| 35 (32 [34 [+11 |31 | 0.62 0 T [e8 |11 |ws [o0:00 | 0|10 |10 | ‘ j 23
24 (335 |28 |30 [+7 |35 |o0.8 1.5 1 |18.5 | 29 N 0:00 | 010 |10 ‘ ‘ | 24
25|27 (18 |20 [-3 |48 Lol 1 [17.7 | 88 N 1:02 (11| 9 7 ; | 25
26|27 | 5 |16 (-7 |49 0 0 1 |14.0 | 22 | sa | 3:28 (35| 8 | 5 ‘ | 26
27 | 38 |26 |32 |e9 |33 0 0 1 183 | 27 | w 0:00 | 0|10 |10 ‘ | 27
28| 26 (22 |2¢ [+ |4 T T T 18.2 | 28 | W 0:00 | 0|10 |10 ! | 28
29|26 |19 (25 | 0 |42 [o0.02 | 02 T 134 | 24 | o2 | 4| 9 [20 \ i |29
30,8 [19 |27 (¢4 |38 |01 | 1.7 2 ESE 8.3 [ 15 | s8 7:38 |77 | 2 5 [ 30
S1/e5 [16 130 Je7 |36 | T | 7T 1L MM 9.2 {48 W jCu0 ol 8 |8 L L =L (5 ! | 31
it = R e e R e ———
Avg. 20,7 e |—— [13.4 |Fastest| Dir Pouihlc % (8.7 8.8 |— | —— ,#7 7;’ Avg.
T i columas 7, 8, end 9 lndicetes amoust too small to measure., Misc. | 45 W 298117 138 | e e | ——— j L Misc.
TEMPERATURE: (°F) HEATING DEGREE DAYS (base 65°): PRECIPITATION: (In.) Symbols used in columns 18-19
Average monthly 26.8 Total this month 1179 Total for the month 2.02
Departure from normal +3.0 Departure from normal -133 Departure from normal +0.15 A = Hal L = Drissle
Highest 56 on 15th Seasonal total (since July 1) S'ég'é Greatest in 24 hours 0.78 on23 & 24 : - mgl‘-.:- N - ::.‘:
Lowest on 7th Seasonal departure from normal - Snow, Sleet and Hail — = ANghming -, <R
Number of dljl with — Total for the month 7.9 E: ;:: :: ::::“,__,_
Max. 32¢ or below 13 BAROMETRIC PRESSURE (In.) Greatest in 24 hours 1.7 on 30th  y.yog IL = Freesing drissle
Max. 90° or above 0  Avg. station (elev. 870 feet, m.s.l.) 28.986 Greatest depth on g d 3 0n8,9,10,11,1 = Hese IR = Troosing rin
Min. 32° or below 30 Highest sea level 30.56 on 16th Dates of — Hail -— 12 K = Smoke
Min. 0° or below 0 Lowest sea level  29.44 on 24th.  Sleet 8,9,17,24 Glaze 8,9,10,11,17

The month of January was characterized by above norzal teuperatures an
times since beginning of record that tezperatures for the three moath period iov:
period which occurred during November-January, 1331-32, averuged 8.1° above normal.

mgzci;int.lo

n, but below normal snov.fall.
January has been warmer than the past three montns.
For the pust three months, temperatures averaged 3.3° avove normaul. Snow-

There have veen only four other
The warmest

fall for the seasca is 10 inches below normal. Glazing conditions existed several days during the month cuusing numercus traffic accidents,and 3 deaths on 17th.
HOURLY PRECIPITATION

A. M. Hour ending at P. M. Hour ending at
Date Date
1| 23] 4] 5|6 7] 8]ew]ufi 1| 23] 4] s]e6e |7 ]899 1w0]uji
1 1
2 T T T: 01|01 T T 2
3 T T T S T 3 T T P P o I ¢ T T T T ) T T 3
4 T S IR T T T T T 5 T T T T T T T 4
5 T T T T T T [0 .01 . [.01 0T T T T LR T .01 | T T A (el (R T 5
g T y T T T T T T .02 [l00: w0 Ol | F T T g
T
8 T T T r o7 08 .7 .04 .06 .02|.08 .02 .02 .01 .01 .01 [.01 T T 8
9 T T .0 |7 T T T | S T T 1 T T T (01 .0 T 9
10 |t T T 2 e B T T T 25l ks, gotha i T T T T T 10
11 T O .0 T 0 .0 .02 .03 T T T T 11
12 12
13 13
14 e Goxy R o T ; T 14
15 T .0 |.00 .00 T T Ow|.01 T 0| T 15
16 T T T T T by T 16
17 T .02 T T T|.as .8 .02 | T T 02| T T T 17
18 T T 18
19 T .0 T T T 19
20 20
21 21
22 . T 7 T T 22
23 T T T T T S T T .0 .07 .08 |.08 .05 .08 |.8 .2 .5 | 23
24 (.00 .00 .03 |.02 .01 . |.01 T 02 )08 T T T 2 b N i T T T T T T T 24
25 T T T 7 T T T ? T T T bl 25
26 26
27 27
28 T T T ;R T T T T T T|T T T T T T 28
29 |.00 T I G S T T R T T T T T o (M T T 7 T T 29
30 | .08 & .02 |02 W01 0T T T k 30
31 T T T L d I T 31

Effective January 1,

Subscription Price:
each.

subscriptions should be sent to the Superintendent of Documents,

50 cents per year including annual summary if published.

Checks and money orders should be made payable to the Treasurer of the United States.
Government Printing Office, Washington 25, D. C.

1953 the temperature and precipitation normals used for these reports are derived from the period 1921-1950.

Separate copies, monthly 5 cents each, annuals 10 cents

Remitt

and corr regarding

WRPC, Kansas City, Mo, == 2-5-53 == 325
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TasLe A YIII

DaiLy AverRacE CLOUDINESS
CompPuTED FROM
LANSING WEATHER Bureau Data

WEERK DAILY CLOUDINESS AVERAGE
vALURS DALY

CLOUDINESS
DEC. 10-16 10-10-9-10-10-10-0 8.4
17-23 7-6-%-10-10-10-1)0 8.9
2d -3 10-10-10-3 -§ -j0-10-10 8.5
JAN. 1 -7 10-10-10-9-9-7-10 9.3
8-14 10-10-10-10-2 - | - |0 8.6
1s-20 9-6-10-8-10-9-§ 8.1
22-28 10-106-10-7-8-10-1)0 9.6
JAN.2Q -FEB.4| 9-2-¢-4-10-¢- 19 7.4
5 -1 0-10-10-9-2-i0-jo 8.7
12-18 0-9-2-8-9-9-7 7.7
19-25 7-10-9-4q-0-9-8 6.6
FEB. 26-MAR 4| ?-8-9-5-10-10-1 8.6
s-il 6-9-9-©-9-10-9 8.9
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FIGURE A7

GraPHicaL VaALUEs ofF Is/;, For DIFFERENT
CLouUDINESS VALUES FOR Four WINTER MONTHS
Datra FrRom Hanp (12)
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fTaBLE ALK

CALCULATIONS OF SoLar HEAT GCaiNs THROUGH
INsuLATING GLAsS

WINDOWS

FACING SOUTH FOR
INDICATED WEEK DURING WINTER ©OF 1953

-

AVERAGE DAY OF
M (2) (3) @A) I(‘:) (6) ! {7 (8) (?) (10} ()
WEEK TIME TOTAL cora COsD D L (2 Io WCOTaCOSD T (L2 TOoTAL TRANS- ToTAL
- > AR\ 4P
RADIATION /1 ;3( A tg-To )| * 7 Iv MISSION |  DAILY
I 2 Iy 8TU /FT} HEAT GAIN
BTV / FT* BTU /FT!
DEC. 7 0.4 > : 2 = 7 -
10 -6 8 7.7 7.9 0.90 0.55 33.5 35 37.0
9 24.6 3.3 o.90 0.55 44.¢ 1.1 6.1
|0 43.1 25 0.90 O.55 59.4 9.4 72 .8
i1 46.4 22 o0.90 0.55 561 20.8 76.9
12 42.3 2.15 0.90 0.5 £0.0 19.¢€ €9.0
| 405 .2 0.%0 0.55 4?.0 18.2 672 i
2 26.8 285 o0.90 C.55 36. 12.0 428 .%
3 9.2 3 0.90 o.55 16.7 4.1 20.8 ‘
4 0.4 7.9 0.90 .55 i 7 0.4 { -1
4726.1 X 06O E 256
DEC. 7 0.4 7 > = % = =
\7 - 23 8 7.0 8.1 0.98 o.51 2.9 5.4 32.3
9 18.4 3.45 0.98 o.51 324 9.0 q).4
o 2.3 2.6 0.98 o.51 37.5 13.9 51.4
il 44.| 253 0.98 0.51 51.7 z 1.6 (AR
e 41.2 2.2% 0.98 0.5l 41.3 20.2 615
i 34.6 z.3 0.98 o.51 40.6 12.0 576
2 18.7 2.6 0.98 o.51 24.8 q.2 34.0
3 €.3 3.45 a9s 0.51 ] EA| 14.72
4 (] 8.\ 0.98 0.5 (o] o o
3747 * .60 = g3
DEC, T (o) s = - - = & t
24- %1 8 6.3 7.9 0.9% c.54 26.9 709 9.8
9 23.5 3.3 O.%¢ 0.54 41.8 1C. € 52.6 [
10 35.0 2.5 ©.9¢ €.54 §41.3 j6.t 3.4
‘l 44.9 2.2 0.3¢ 9.54 53.2 206 7%.8 I
1e 45.¢ 2.18 .92 0.£94 57.5 0.8 73.3 t
\ 39.4 182 ©. 9 ©.54 4e.6 18, ca.q i
2 30.2 2.5 ©.9¢ ©.54 4o.7 13.9 &q.€ |
3 9.2 3.3 "Ry 7 A ©.24 6.4 4.¢ ZE€.C |
4 0.4 7.9 0.9¢ 0.54 i ©.Z i1
Q3¢ Y X c.¢C = Zel
AN. T/ .7 i g = = % *
J3=eT 1) W0 76 ).00 0.50 41.7 5.6 47.2
9 29.4 33 1.00 .50 48.5 14.7 63.2
1o §4.9 2.5 .00 0.50 64.8 25.9 0.7
it sie 205 {.00 0.%0 §6.6 26.3 2.9
12 48.2 2.1 ).00 0.50 47.4 2.6 20.0
1 34.6 2.15 1.00 0.50 7.2 123 54.5
2 243 2.5 }.00 0.50 30.4 1.2 4.6
3 9.9 3.3 |.00 0.50 16.3 £.0 21.3
4 i-d 2.6 ).00 0.50 4.2 0. 4.¢
77,2 x 0.0 = 286
JAN. 7 (o) - = = - = ;
e - 14 8 6.3 €.35 0.90 0.5%5 2%.0 2.8 24.8
q 2¢.4 3.0 ©.90 ©.55 3.9 /t.[ 4 /."
1o 4O.8 2.35 0.90 0.55 iy ey |8.4 “/l‘(
i 48,2 2.05 c.90 055 £4.3 78T h"
iz 44.2 2.0 0. 90 ©.55 48.3 20.C ©B O
! 36.4 2.05 .90 0.55 4i.C 16.4 57'_4
: oy S e e hoiy
A 3 \ g 1€.3 P 20. 8
4 0.7 6.35 0.70 0.£5 %.4 1., “a.7
qQUz7 » 0.60 = Z48
JAN. 7 1.5 = - = - - =
521 8 16.5 5.0 0.82 0.69 45.7 6.3 52.0
q 34.2 2.65 0.82 0.69 53.5 14.0 7.5
10 2.5 2.18 0.8 c.649 79.4 256 105.0
1 718 1.90 0.82 0.59 80.5 29.4 109. 9
i ¢1.8 1.85 0.82 6.59 675 253 9.8
( 39.0 1.90 0.82 0.59 43.7 160 54,7
c 258 2.15 ©.8¢ 6.59 32.8 10.6 45'4
3 151 2.65 0.82 0.59 24.6 6.2 50.8
4 ke 5.0 0.8 6.59 4.4 0.6 450
s66.1 % S WOIEQ = 340
!
JAN. 7 33 - - ~ - = e
21-28 e 16.2 q.0 |.cC ©.5C 32.4 B.1 40.5
Q 41.2 2.4 |.o0C 6.50C 4 4. 0. 7["‘
10 48.2 2.0 J.cC c.50 48.2 TR ¥
" 48.6 /.8 ).0¢ 6.50 4317 543 g
12 48.2 1.725 |.00 £.50 42.2 G 2o
| 41.2 ).8 (.0c 5.5C :, —‘&'t ""7,‘
: ’269-‘: i: ;;: g 9.4 14.7 44.}
\ X .0C 0.5C 1 7.4 2.1 27.5
4 i A 4.0 }.00 0.5C 4.4 15 .5",5
4589 ok 060 ¢ 2N
JAN. 29 72 4.3 - = = =
Te 8 20.2 3.65 .70 . %
FEB. 4 q 4.5 2.3 o.;o 00.:_? Zba? Z;: 2o s
10 56.3 1.9 0.70 o'.s:; eq. 5 ,;9' ? 8:.'
1" 71.0 1.75 ©.70 0.65 80.7 24.8 bt
i 78.4 176 6.70 0.65 6.5 22.4 RESa2
i ¢8.5 1.75 0.70 0.65 77.6 Z A
z 655 1.9 0.70 0.65 0.3 o Ao
z 29.1 2.3 0.70 0.65 93.8 ,z‘fz ‘;js
6.3 3.65 ©.70 0.65 14.9 2:¢ l7:l
722.6 x 0.60 = 433
FEB. 4 4.4 = - -
5 -1 : a g
[} 30.1, 3.0 0.39 0.57 34.0 8.7 43, 3
q 32.4 2.05 6.86 0.57 27.9 ? 5.8
/o 50.7 1.75 6.66 0.57 ot 7R RN
" 54.1 .65 6.86 .57 5.1 23 o
)l 55-‘ l-b C.BD C.—’;’ ~ L-'t]- YA
I 38.1 ).65 o.86 a0 35.9 A
¢ 52.0 .75 0.86 0.57 e o SR
. l6.5 .05 0.86 0.57 fa ol S
: s .3 : 2 6.
3T 3.0 .86 0.57 ©.9 i+ 7 i |
|
| TR
f 447.8 XENOTE0. N L Gt
4
FEB 7 29
& o 7.1 o. - a 5
12-18 & 25.4 2.35 o.ig g':: L, 22 G o 7.5
2 41.5 125 0.68 0.6 i?z'g % ke e a0
ic 74.0 1.55 0.68 S ae s I LA et 4.6
Al 9.8 ).48 0.08 ¢’6b "Z _25" /00,7 0. 60 0. 5
12 192.0 1.45 0.¢8 0. b Sh 4 lao.p ©0.60 72.4
: 81/ L 776 34.6 Iz .
/.48 6.68 6. 66 79 - ©.e0 79.4
2 6[.8 1.55 .68 C. -l 172.5 106.6 ©.60 &4.0
3 36.0 4 ks 63.L 21.0 84.2 o. 0.5
€ 1.72% 0.68 0.66 1.5 : 60 50.5
4 1.0 2.35 0.68 666 i 6z g2 ©. 60 <.
g 0.4 9.1 6.68 0.66 <o o L Sl 1eZ
* > z.4 o. | 7 4o 0,0 o5
451.0
FEE. 7 172.7 2o -
< <. s . ’
e 8 £4.5 .90 Gt ey o e 6€.6 ©.20 13.8
4 74.5 1.45 S5k e e A 89.7 0. 6¢ 53.8
e 956 |- 35 iy 985 £3,0 te.c 102, 2 0.60 6
o s C.Lc g.7< 7 3.0 e & (¢ o ~ ,"L
2 g (X0 o. &6 C.7¢ 27.4 1018 iy 7(.&
3 ReE=D - L <11 RZe. 0 O.6C
‘ 667 ‘1: ;"‘_‘ 0.7 Q5.7 8.6 12943 € :c i
3 o 35 .5€ 0.72 ®3.0 ) 3.6 o i A
2.9 i.-2 & 0 - e 1071 ¢% P, C
3 4.1 i.45 bt A 70d 0.1 1.2 6.60 i
. .45 0.56 . k = .0 i
. ©. 7 &0 O.5¢ /i ‘:; :"' 16.0 0. 60 j.‘f.(
" her 2 o] ¢
SH O
FEB.16 = 19.5 - :
- 3.2 °©.76
el e aia e F g R O ae.1 0.20 2.2
MAR. 4 q ; ° ot 41.5 18 ] 3
62.2 /.35 0.76 0.62 P 5 9 £2.4 0.66 24.4
b 74.7 1.23 0.76 662 A 3.6 75.7 o.60 q95.4
0 8722 120 iy Sea ' 28.4 85.4 0.60 Sl
iz 788 1.2 0.76 6i €4.8 33.1 7719 0.60 58.7
{ 67.0 2 4 » 5‘8.6 80.0 8 2
I o.7e 062 438 : s sees $3.2
2 76.0 a3 0.76 S 2574 76.2 0.60 45|
3 436 = 5 0.62 9 8' zeq »
: ; 1.3 a7 b ea S . 87.0 0.60 £y
. 16.8 TS aze e 19.7 16.7 55‘.3 0.60 32.0
1.5 3.2 0.76 0.62 3.0 Z‘L 5.8 ©.60 155
$ C 2.6 0.20 0.7
3976
MAK. 7 z5.8
. ) 0.7 Py -
5-U 8 60.0 ,to c", S % Al 7.3 9.0 0.z0 s
9 78.0 (18 o.72 P:; Raa e 2.5 5,60 ‘i
0 91 i 0.7 o.64 Ay 28.4 87.c €.60 )
1" 1t4.@ |.C8 g,’]: :‘b ‘f“" 3"‘8 7.2 C.L( \.“‘;“,.
tll 160 J.C& 0.7¢ ;:: ézv 4(.3 |20.6 Vo e
) e . % : 35
3 "ég-g i.o8 0.72 0.64 9 = i" : iy 0.60 7.
: e . 36, ¢ 230 > oy
3 461 /.IIS C.{:. 0.64 2 3.8 ;0:-,’_ 0.e0 63.4
" 7 1] 0.72 0.64 HEIE] 20 e.c0 56.3
: s 3 .72 bk /8.3 6.5 2.0 0.60 30.2
3 |_8 0.7 cw /7‘__ 7.1 .’.o.l 0.0 V,\‘."/
G /{.C q & ¢ L
4.2 @ .20 0.9
4 73.9
SEASON TOTAL = 4434
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AFPENDIX B
LOCAL CLIIMATOLOZICAL DATA

The following climatological data were gathered by the
Lansing, liichigen, Weather Bureau located at the Capitol City
Alrport ebout eight miles from the location of the pigzery.

These four tables, representing the winter months of
December, January, February, andi lMarch, contain the follow-
ing information for eéch dey:

1. Maximum, minimum, and avereze temperatures.

2. Departure of temperature from normeal.

3. DNumber of degree days.

4., Total precipitation with an hourly record.

5. W¥Wind directions and velocitlies.

6. Total end percent sunshine.

7. Amount of cloudiness.

Also of interest l1ls the commentary for the month appearing dir-

ectly above the hourly preclpitation record.



Il

TAEBLE E I. U. S. DEPARTMENT OF COMMERCE, WEATHER BURTAU
LANSING, KICHIGAN (Capitol City airport) DECEWZER, 1952
Latitude o * 47 ° N. Longitude 84 °* 33 'W. Elevation (ground) 859 ft. Eastern Standard time used
Temperature (°F) Precipitation | Snow, Wind Sunshi Sky cover &
= Sleet, Fastest mile AERE
I Hail or } 3 % g é‘ § :
2|5 8= Ice on a 3 o2 b | b
8| o) s |z8%5 83 oo gglaz| 2| 5| 83| 528 5588150
2 Sl s 8| £ el a gl 54 4| & | & a ..i £ = ga <
A IE IR L R L D BB AR L L E [ EE i
a < g4l 8 5 (o) |&3|< B| & & A = 3 &= ma E3|27 = A
]2 3| 4 5 6 7 8 9 10 1 12 13 14 15| 16 | 17 | 18 19 20 21 | 22| 23 |24
1 (30 |18 |24 |-7 |4 |0.0 .2 T [ RA[ 17 | s 0:00 [0 9 9 1
2 (5 |2 (28 [-4 |39 [0.28 3.1 3 NE 8.0 13 |2 3:18 |36 | 8 9 F 2
3|3 |2 29 | -1 |38 0 0 3 E 10.0| 17 | K8 0:28 (5 [10 |10 3
4 |37 (28 (32 [+2 |35 |05 T 2 83 17.3| 20 | s8 0:00 |0 (10 |10 4
5|3 (5 [3 [+4 |3 |04 0.5 T WS¥ 159 20 | W 0:00 |0 [10 |10 m 5
6|3 (30 (33 [+4 |3 T T . WNE 15.0( 20 |w 0:00 |0 |10 9 6
7 |48 30 |8 +10 | 28 0 0 T s 13.7 | 18 | SB 8:58 |97 | 2 3 7
8 |56 |3 |45 |[+18 |20 T 0 ) s 5| 23 |8 0:05 |1 |10 8 8
9 |57 |45 (51 |[+25 |14 0 0 0 SSK 8.8 20 |8 0:3« |8 9 8 FK 9
10 |« |33 |41 |«13 [2¢ | O.08 T 0 ¥ 131 21 | w 0:00 |0 |10 |10 FXR 10
1 | 34 27 35 +35 |34 | 0.0 0.3 T w 4.6| 28 | W 0:00 |0 |10 |10 11
12 [ 32 |25 |28 o |37 |o0.08 0.7 1 x 7.8 13 | B 0:22 |4 9 9 12
13|30 |2« (28 [+1 |3 [o0.1 T W 13.4| 18 | MW 0:00 [0 |10 9 13
14127 |23 (26 |[-2 |40 |0.09 0.9 P sn 17.5| 25 | W 0:00 [0 [10 |10 14
IS (35 |28 |31 |+4 (3 0.0 T 1 W 15.0 | 22 | W 0:37 |7 |10 7 15
16 |40 (25 |33 |+6 |32 0 0 s KSW 13.0 [ 17 | sw 9:08 [100| O 0 16
17 |0 (28 |33 [+7 |3 0 0 T w 8.5 15 |w 1:27 |18 | 7 5 FK 17
18 (50 |19 |25 |-1 |40 0 0 T W 75| 15 | W 2:31 (28 | 6 4 18
19 (32 (18 |25 |-1 |40 T T » E 1.6 23 | N 0:00 |0 9 7 19
2038 |30 (35 |+7 |3 |[0.89 T T E 159 | 23 | MB 0:00 |0 (10 |10 20
2l |36 |3 |35 |+9 |30 |0.08 0 0 ENE 4.0| 8 N 0:00 |0 |10 |10 FRL 21
22140 |34 |3 |+2 |28 |o0.08 0 0 S& ne| 22 |s 0:00 [0 (10 |10 FL 22
23|14 |3 | |48 (26 |ona 0 0 SE 15.3 | 12 | 88 0:00 |0 |10 |20 23
24 |3 |32 |35 |+0 (30 T 0 0 S 18.3| 17 | W 0:00 |0 |10 |10 24
25|32 (27 |30 |[+5 |85 |o0.08 T T B 18.5| 235 | W 0:00 [0 |10 |10 25
26|30 |24 |27 [+2 |38 T T T WS 18.8| 28 |W 0:00 [0 |10 |10 26
27 |28 |13 |20 [-4 |45 T T ? u 2.9 235 |w 5:53 |65 | 3 4 27
28 (33 (13 |23 [-1 |42 0 ) T SsW 28| 10 |8 2:46 |31 | 5 3 28
29 (37 (27 |32 [+8 |33 T T 0 SW 0.0 | 13 | sz 0:00 |0 [10 |10 29
30 (34 (30 |32 [+8 |33 [o0.02 0.1 T N2 9.7 17 | M 0:00 |0 |10 |10 P 30
il 2 e i e o
— -1 a ——395.4 [—— | ——[35: — —_
Avgl 58,5 126.8 =~ —— P Fastest| Dir. % 1801 Rl | ===} evw— L
T in columns 7, 8, and © indicstes amount 100 small to measure. .1 26 N BERIE 1 3 | =] e | s ] e
TEMPERATURE: (°F) HEATING DEGREE DAYS (base 65°): PRECIPITATION: (In.) Symbols used in columns 18-19
Average monthly o 51.7 Total this month 1% Total for the month .%).g;
Departure from no: +.8  Departure from normal - Departure from normal . A = Hatl L = Driscle
Highest 57 on 9th  Seasonal total (since July 1) 2578 Greatest in 24 hours 0.80 on20 & 21 B8 = Blowiag sow N = Send
Lowest 13 on?7th & 28th g, | departure from 1 =127 Snow, Sleet and Hail — DL = Distast lightaing R = Rain
Number of days with — Total for the month 5.8 3> o 2 - ettt
Max. 32° or below n BAROMETRIC PRESSURE (In.) Greatestin 24 hours 3.3 onlst & 20d  y. yeg ZL = Preesing drissle
Max. 90° or above O  Avg. station (elev. 878 feet, m.s.l) 29.045 Greatestdepthonground 3 on2 &3  H .« Hue IR = Freesing rain
Min. 32° or below 25 H!q‘nltluhv.l 30.48 on 19th Dates of — Hail [
Min. 0° or below 0  Lowest sea level 29.84 on 10th Sleet 4, 19, 20 Glaze 15, 20, 25

The month of December was characterized vy cloudy :kies, above normal temperatures and sub-normal precipitation. Temperatures for the 31-day period
averaged almoct 5° above normal and was the narmest Dec. since 1941. The total sunshine for the month was abnormally low for Dec., tying the low record for
percent of possible sunshine. Only in 1320 and 1335 did so little sunshine occur. While precip. this month was almost 1/4" below normal, rain or snow fell on
24 days. Hazardous driving conditions existed on several occasiona. Several personal injury accidents were accredited to 8 separate days of heavy fog.

HOURLY PRECIPITATION

A. M. Hour ending at P. M. Hour ending at
Date Date
1] 2] 3] 4] s5]e6]7z]8]srwo]ufi 1 [ 2]3][4[s5]6[]7z][e]o9Jofunli
1 T T K 1
g .04 .03 .05 |.05 .04 .O1| T T 0200 T g
4 T L B T T -1 .0 .0 T | .01 .05 .09 |.03 T .03 4
S |.04 .03 .01 |.00 T ] T Tl T T T T 2 oo F .03 .01 T T T T .01 ]
6 T T T ; 6
Y | . 7
8 T 8
9 9
10 T Qo8 T T T 02 T T 10
11 (. T T |.01 T T T T T T L S, N R ¢ 0 T 11
12 .0 .00 .00 | T S | % T LT I T O .0 .00 T 12
13 T T 3 T A T T T|T T .0 ;5 e R T T T T . S 13
14 T T T T Ty X T T T| T . .02 T L DY 5 G . T, N | T T T .01 .02 14
15 T T 0 |r T T T T T 15
16 16
17 17
18 18
19 s T T 19
20 |.00 .04 .05 |.02 .02 .01|/.02 .0¢ .13 |.08 .00 .08 [|.00 .00 T T T T2 .03 .03 .04 .01 20
21 (. .0 .01 | T S Y B T T T T T .01 T .al o T 01| T T T T B o 21
22 T 01[.026 T .00 (T T T T T T .0 22
23 |08 .00 T ; 4 € .ol T T A - T T 2 T| 00 T e T T T 23
24 T T T T 2 T L (4 24
25 T T o e ¢ T 5 .01 .01 L0l T T T T T o I T T T A 28
26 g T T T T T|T L [ J L R T T T o ol IR T T K. | b At / 26
27 T T T T T 27
% %
T T T O
30 |.o0 .01 30
31 T T T T T % 31
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TABLE B II. U. S. DEPARTMENT OF COMMERCE, WEATHER BUREAU

LOCAL CLIMATOLOGICAL DATA

LANSING, MICHIGAN (Zapitol City airjort) JalUaRY, 1353

Latitude 42 * 47 * N. Longitude 84 °* 38°'W. Elevation (ground) 859 it Eastern Standard time used
Temperature (°F) fPrecxpnahon Snow, Wind [ Sunshine | Sky cover
—T T — = T o
| | [ = Sleet, i | Fastest mile ] g
> 1 a | Hail or 3 = 41888 .
| [ [ o Ice on | 2 4| S| BElE |
| ® FIE IR e d| o | - [ 38 sl 8|8 < gal8e
g § | o ‘-E"":n x & L@ g T q 8 < = = 52| 4|88 |x5|B8p 5
| B| §|E8[89 = IR EIE LA R A (P HEEE IR EE \
sli‘é NI I R A R L F L EE R R :
a | 2| < [8E88| 8 F A= ) ([&£3|<B|HE| & |85 |8s|AE|FE|EF|ZF = <
1| 2| 3| 4 5| 6 7 8 9 1 1 12 13 14 | 15| 16| 17 | 18 19 20 21 | 22| 23 | 24
135 |27 [ 31 [+6 | 24 0 0 [ S 12. 17 N 0:00 o[ 10 | 10 1
2| 33 28 | 3 [e8 | 5 | 0.02 0.2 0 5S3 7.9 | 1 83 0100 of 1 10 2
33 |19 |25 o | 40 T T T N | 14.8 | 2 N 0:00 ol 10 | 10 3
412 |16 |28 |-2 | @ T T T WS | 10,8 | 17 s 0:00 of 9 8 | 4
S |2 |11 |10 |-6 | 48 | 0.07 1.0 T W | 17.3 | 27 K 0:33 8| 9 3 ‘ 5
6| 20 ‘ 6 |15 |-l2 | 52 | 0.08 0.8 1 ¥ | 73| 14 v 3320 | 33| 7 8 ‘ 6
7|22 | 8 |13 |-12 2 I B 1 g8 140 | 28 z 0:35 3| 10 7 7
8|27 |19 |25 -2 |4z |01 | 13 1 g | 205 | 35 | N2 [ 0:00 | o] 10 | 10 8
9 | 20 |25 |27 |+3 | 38 | 0.03 T 3 NS | 18.4 | 20 N 0:00 of 10 | 10 F ‘ 9
10| 33 | 27 | 30 [+6 |35 | 0.02 0 2 e | 9.3 [ 19 | 0:00 | Of 10 | 10 FIL ‘ \ 10
11135 |17 (25 [«1 | 40 | 0.10 1.0 2 Ka 13.86 | 37 0:1 | 710 7 11
12 57 |15 | 25 [+1 | 40 0 0 2 Ssh | 15.5 | 34 | sw 0:23 al 9 7 ‘ [ 12
13| 42 |30 |38 (112 | 29 0 0 2 wR | 8.8 | 15 Sh 7:27 | 80| 1 3 13
K414 |50 (37 15 |28 [ 0.2 0 1 s |10a | 1s s 0:00 o| 10 |10 ‘ 14
1S (56 | 335 |45 [+21 | 20 | 0.09 0 T ssi | 17.8 | 35 Sin 0:0 | 2| 9 |10 15
16135 (18 |28 [+2 |30 T T T W (159 | 37 | W 3:25 (38| 8 | 6 | 16
17 | 33 \ 18 (28 [+2 | 39 [ 0.29 T 0 2 [15.8 | 25 [N |ow0 | 0|20 | 9 ‘ 17
18|35 |28 |31 [+7 |3 T T T ®SW (188 | a | W 1:37 (17| 8 \ 3 | 18
1930 |25 |28 [+4 |37 | 0.0 0.1 T NE 58 | 17 | w 0:00 ol 10 |10 19
205 |21 (26 [+2 | 3 0 0 T N | 7.9 | 18 | NE 0:32 86| 9 | 8 | 20
2l | 33 |25 |3 [+8 | % 0 0 T NE | 5.8 | 8 |N 5:21 (58| 5 | 5 ‘ 21
22| 335 |25 |20 (+6 | 36 T 0 T sss (115 | 18 | S8 [ 043 | 7|10 | 8 1 | 22
2338 (32 |3 (+11 |2 | 0.62 0 T NE 9.9 | 11 | N& | 0:00 of1 |10 \ | 23
24|33 |28 |30 [+7 |35 | 0.6 1.5 1 NW 18.5 | 29 Nit 0:00 | 0]10 |10 ‘ | 24
25127 (15 |20 |-3 B T T 1 w177 | 35 | M 102 (11| 9 | 7 ’ | 25
26 5 |18 |-7 |49 o | o 1 S§ |14.0 | 22 | s& 3128 (85| 8 | & } ‘ 26
27 26 |32 [+9 |33 o | o 1 SW 13.3 | 27 % 0:00 | 010 |10 } | 27
28 2 |20 [+1 |@ T | T T WX [(18.2 | 28 | W 0:00 | 0|10 |10 ‘ 28
29 16 (25 | 0 |42 [o0.02 | 0.1 T W 136 | 26 | |02 | 4| 9 [20 ‘ \ 29
30 19 |27 |+4 |38 [o.1 1.7 2 ESE [ 8.3 | 15 | s8 7:3 |71 | 2 | 8 \ 30
a6 130 le2 f3o | 1 | 7 | 1 lwm (192 |45 |w fci0 | 5|9 |8 | | |31
== ——=1g0e ] 2g l————l=x —— [ ——37:44 [—1269 1257 - I | | Sum
v — 1= X ST Fm.nT Dir. [Possible| % [8.7 8.3 S ] =
T in columas 7, B, and § indicates amoust too small ts measure., Misc. | 45 W 293:17 1 18 el s =" ) [Misc
TEMPERATURE: (°F) HEATING DEGREE DAYS (base 65°): PRECIPITATION: (In.) Symbols used in columns 18-19
Average monthly 26.8 Total this month 1179 Total for the month 2.02
e from normal *5.0 Departure from normal =139  Departure from normal 40,15 A = Ha L = Drissle
Highest 58 on 15th Seasonal total (since July 1) 3757 Greatest in 24 hours 0.78 on23 & 24  BS = Blowing ssow N = Sand
Lowest 5 on 7th Seasonal departure from normal ~-236 Snow, Sleet and Hail — gL 'D':‘_""" lightaing B = Raln
Number of days with — Total for the month 7.9 3o met b~ - A
Max. 32° or below 13 BAROMETRIC PRESSURE (In.) Greatest in 24 hours 1.7 on 30th o9 ZL = Peoesing drissle
Max. 90° or above 0 Avq. station (elev. 878 feet, m.s.l) 28.986 Greatest depth on ground 3  0n8,9,10,11 = Hase ZR = Freening rain
Min. 32° or below 30 Highest sea level 30.56 on 16th Dates of — Hail -_— A2 & = Baille
Min. 0* or 0 Lowest sea level 29.44 on 24th-  Sleet 8,9,17,24 Glaze 8,9,10,11,17

The month of January wac characterized by above norzal temperatures and cipitation, but belowm normsl enov.fall. There have been only four other
times since beginning of record that temperatures for the three month period i-'ovug:: through January has been warmer than the past three montns. The warmest
period which occurred during November-January, 1331-3¢, averuged 8.1° above normal. For the pust three months, temperatures averaged 3.3° avove normal. Snow-
fall for the seascn is 10 inche: below normal. Glazing conditions existed several days during the month cuusing numerocus traffic accidents,and 3 deaths on 17th.

HOURLY PRECIPITATION

A M. Hour ending at P. M. Hour ending at
Date T T - Date
1 (2] 3] 4] s5]6] 789 1w0]uli 1 [ 2][3[4][5]6]7[8][9w0]uji
1 1
2 T T T .01 |.00 T T 2
3 T T T 2 T T T T T b ol 1% 5 T T T T T T T 3
4 T T T % T T T T T b T T T T T T T 4
5 T T T T T T .00 01 W& [0 0T T T b I I T [ T b [ T 5
91 T T T T T T ] T [0 . 07T T T (75
T
8 T T T T .07 .08 .07 .04 .06 .02(.08 .02 .02 |01 .1 .0 [.01 T T 8
9 T p SRR - G et T T T S { T T T T T 2 [s0L 01 T 9
10 T T T T T .0 | T T T T p 381 A SO | R T T T T T 10
11 T 0 .00 T 02 .0 |.02 .08 T T T T 11
12 12
13 13
14 O 1 7 W o R TR 14
1S SR T (VY M | GO J b SR+ G P TU AN -1 O R ; 18
16 T T A 3 T T T 16
17 T .02 T T e |8 .08 .02 | T 3. LR 5] 58 T T 17
18 T T 18
19 T -0 T T T 19
20 20
21 21
22 T T T T 22
23 T T T 1 T ¢ R T T .0 .07 .08 [.08 .05 LB |.0B 2 .05 23
24 (.00 .01 .03 |.02 .01 LR |.00 T W2 |.08 T T T T T | T T T T T T T 24
25 T T T 7 T T 7 T T T ol IR 25
26 26
27 27
28 T T T s S T T T T T T | @ T T T T T 28
29 (.0 T |50l -1 T T 2 oF T T T T T | T T 7 T T 29
30 O 2 02 |02 01 T T T 30
31 T L T T 1 T 31

Effective January 1, 1953 the temperature and precipitation normals used for these reports are derived from the period 1921-1950.

Subscription Price: 50 cents per year including annual summary if published. Separate copies, monthly 5 cents each, annuals 10 cents
each. Checks and money orders should be made payable to the Treasurer of the United States. Remitt and correspond regarding
subscriptions should be sent to the Superintend of Do ts, Government Printing Office, Washingtom 25, D. C.

WRPC, Kansas City, Mo, == 2-5=53 == 325
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TAELE B III. U.S. DEPARTMENT OF COMMERCE, WEATHER BUREAU
LANSING, MICHIGAN (Capitol City Airport) FEERUARY, 1953
Latitude 42 ° 47" N. Longitude 84 ° 38 ' W. Elevation (ground) 859 it. Bastern Standard time used
Temperature (°F) Precip Snow, Wind Sunshi Sky cover
&, Sleet, Fastest mile =l w 5
I Hail or g -% E g i
e N = Ice on z T o 2 8 [CEDAR
.ET"'A - j—: ground — Ll Eg .-.-ss b4 §§35m
g g § ig:% 28 |&d at gg §,.=' 4| 8 vidi SIEE|§5 sk 2T
; g 8 > B a I 4
I Rl L ER AR LA ke g j
< AE8A4l & A (In.) i< B| &8 ~ 9 |2%|a E3|27 = a
1| 2| 3| 4| 5| 6 7 8 9 10 1 12 | 13 14 |15| 16| 17| 18 |. 19 20 | 21 |22 | 23 |24
1|17 ¢ |1 |15 | 54 T T T [T n.4 | 38 | ww 855 | 60| 4 | 4 2.0 1
2|20 (12 (2 (-3 |4 T T T S8 12,8 | 20 | s&8 000 | 0f 20 |10 1.7 2
3 (20 [19 |25 (-1 |42 T T T ] 8.8 | 18 | w 112 (12 9 8 1.5 3
4|38 |17 (28 |+2 | % T T T SsW 8.9 | 13 s 1:37 | 18| 9 8 1.8 E
5|45 |32 |38 |s4 | 27 0.2 [ 0 T s 19.5 | 85 | s 0:00 0| 10 | 10 1.8 5
6|4 |3 |38 |44 |27 ol | r 0 wsw | 28,1 | 38 88 | 0:00 0|10 |10 1.8 6
7 (3 |32 |3 (<20 |35 0.01 | 0.1 T W | 13.9 | 17 | w 0:00 | of 10 |10 1.6 o
8|85 (20 |27 [+3 | 38 0.02 | 0.3 T W (100 | 20 | W 1:30 (15| © 7 1.8 8
9 | 51 |18 | 24 0o (4 T w 7.9 | 18 w 9155 | 98| 2 1 1.5 9
10| 335 (25 |29 [+5 | 38 0.01 | 0.1 T E 15.1 | 24 8% 0:00 ol |10 1.5 10
11 |'38 [29 | 3 [+10 | & 0.08 | 0.1 T S8 18.8 | 30 S8 0:00 o100 |10 1.5 1
12 | 35 |20 |32 [+8 |33 0.02 | 0.2 0 WwW | 15.8 | 31 W | 0:00 0|10 |10 1.5 12
13|32 (28 |20 [+5 | 88 0.06 | 0.4 ) w 18.5 | 23 W 115 |12 9 8 1.3 13
14 45 (28 |37 [+13 | 28 T 8sW [18.0 | 25 | 8 8:55 |85 2 4 1.5 14
15 | 52 (17 |25 [+1 |40 0.01 (0.1 0 ww | 18.1 | 3% w 145 (16| 8 7 1.5 18
16|21 (15 [17 [-7 |8 T T T ww | 9.8 [ 28 | W 1:30 (14| 9 7 1.5 16
17 | 26 (15 |21 [-35 |44 T T T W 4.9 | 25 w 0158 9| 9 7 1.5 17
18|43 |10 |27 [+3 |38 T T 0 WW [le.2 | 28 | 8 18 || 7 8 1.5 18
19 | 48 (24 |36 |s11 |29 0 ) 0 B 10.0 | 17 B 2:21 |22 7 3 1.5 19
2085 |40 |48 ([+28 |17 043 | © 0 SSE | 20.7 | 35 5 0:00 0|0 g I% 1.7 20
21 |50 (17 |% [+9 |& 001 | T T WeW | 29.2 | 34 w 0:00 o o 9 B |2.0 21
22 29 B }: -6 |48 0,01 |0.1 T w 18.0 | 25 w 5:18 |49 | 4 6 2.9 22
23| 44 |27 1 | 29 0 0 T W 12,7 | 18 ] 10:58 (100 [ © 1 2.8 23
24 |42 (3 |37 |22 |28 0 0 0 w 12.8 | 18 ¥ 2:13 |20 8 7 2.0 24
2539 |20 |32 |+6 |33 T 0 0 SN 101 | 17 ¥ 2:22 |2 | 8 7 1.9 25
26|43 |32 |38 |22 |27 0.18 |0.2 T WSW | 22.5 | 30 SN 3:28 (31| 9 |10 1.9 26
27 |40 |25 |35 |+7 |3 0.08 | 0.6 T w 2.4 | 45 % 2:0 |19 ]| 8 9 s 1.8 27
223 85 |18 |27 |+1 |38 0.02 |0.2 T Wmw (19,1 | 43 W |18 |14 9 | 7 1.7 g
30 30
31
*E e l—]" Y 08 124 —_— —1 219 - ' X 7 ]
==l == " e Fastest| Dir. l,’%o BSITANE =119
T in columas 7, B, and © indicates amount too small to measure. # | 45 o SRR | 4 ) ey Setiten § <
TEMPERATURE: (° ) HEATING DEGREE DAYS (base 65°): PRECIPITATION: (In.) Symbols used in columns 18-19
Average monthly 29.4 Total this month 987 Total for the month 1.03
normal +5.2 Departure from normal =212 Departure from normal =78 A = Hal L = Drissle
Highest 55* on 20th  Seasonal total (since July 1) 4744 Greatest in 24 hours . 0.45 on 20th BS = Blowing snow N = Sesd
¢ on st * Seasonal departure from 1 -478  Snow, Sleet and Hail — D = Dient Mghiving -8 = Bili
Number of days with — Total for the month 24  Fogme e} -
Max. 32° or below 3 BAROMETRIC PRESSURE (In.) Greatest in 24 hours 0.7 on 27 & 28 ¥ = Yoy ZL = Freesing drizsle
Max. 90° or above 0  Avg. station (elev. 878 feet, m.s.l) 29.00 G depthonground T on 18t 1/ o= e ZR = Freesing rain
Min. 32° or below 27 quL-uul-vd %0.85  on 10th Dates of — Hail K= Smoke
Min. 0° or below 0  Lowest sealevel 29.35 on 26th  Sleet 11 Glaze 11th, 12th 1/ and other dates

Temperatures for the fourth month in a row averaged well above normal. This was the warmest February since 1938 and the fifth warmest February
since 1900. Total snowfall for the month was unusual in that there have been only two other such Pebruary's with less than 2.4 inches of snow, The amount
of snowfall so far this season totals 17.0 inches which is 17.8 inches below the seasonal normal.

HOURLY PRECIPITATION

Da A. M. Hour ending at P. M. Hour ending at s
te - Date
1 | 2] 3] 4| 5]6]7[8]9]o]uli 1 |23 456789 [w]ufi

1 T T 1
2 e le ' ‘@ P ST S TR O DR 2
3 T T T 3
4 T 4
5 T T T 001 T |000 T T [}
6 |0.08 0.02 0.01 0.02 T T T T 6
7 T 001 T T T T T T (IR ST R 13 G R T T 7
8 T 001 T T o001 T T 8
9 9
10 0.1 T T T |T T 10
11 o 00 T |T T T |00 T T Tt ¢ t o T T |T T T|T® °T® ¢ 11
12 T [002 T T A S T (1 T T T[T ® ¢ 12
13 T o001 002{00 T T [T T T |T ¢ T T ) 13
14 T T T T 14
15 T T T T T T T : o.o0| T T T 18
16 T 16
17 T T T T y 7 T T T T T 4 T T T 17
18 T 7 18
19 X 19
20 T T |0.00 0.02 0,08/ 0.00 T T T | T 0.2 0.02/0.08 0.00 T 20
21 T T T T I T [ R Y r * 2| * T|]T T oajr Tt ¢ 21
22 |o.00 T T T T |*° 22
23 23
24 24
25 T T T T 25
26 T 002 002(T o000 T |T T T [0.00 T 0.01]|0.05 0.04 0.02| 26
27 T T 0.2/0.05 T T 0.2 T oo T [T 7 L SRR S i (O JRR N Y I
28 0.01 T T T T T T T 0.01| T T 28
29 29
30 30
31 ! 31
Subscription Price: 50 cents per year including annual y if published. S di bscri should be sent to the Supt. pf Documents, Government Printing
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TABLE B 1IV. U. S. DEPARTMENT OF COMMERCE, WEATHER BUREAU
LANSING, MICHIGAN (Capitol City airport) MARCH, 1953
Latitude 42 ° 47 ' N Longitude 84 ° 36 °W. Elevation (ground) 859 ft. Eastern Standard time used
Temperature (°F) J Precipitation Snow, Wind Sunshine | Sky cover =
| £ Sleet, Fastest mile 3l s ol 8 GRAND
, 3 Hail or ~| 4|8 z 8 cmar |RIVER
; e | 5| g | Iceon £ 3 3|, 8 E‘§°! VER | AT
"’Ei-@"‘ 33 | & | ground = oy 85| Slef|ss|EB[22 5 Lalis-
8!8 &'io.ﬁ?’% CRCH g“ §4| . 4| &2 -E HEEHER S
RER NS EACER 2143
3 g g‘; oggé 30-% §3 7:30 AM | B §‘.‘§°ﬁ i gv?. éé 5% Sgﬁgilm 2
al = 2| < |QAaAQAd| « ] (In.) £d3|<cB|laE S = 5 |&5|a E3|27 = a
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15| 16 17 18 19 20 21 22 | 23 | 24
127 [1a |21 [-8 | 44 I T ENE | 17.0 | 27 N 8:18 | 74| & 5 1.7 3.2 1
2|29 |17 [ 238 |-4 | 42 A T E 27,5 | 45 E 0:00 ol 10 |10 1.9 | 32 2
3|5 |28 88 |+5 32 0.88 T T SE 14.3 | 29 NE 0:00 ol 10 |10 1.9 2.7 3
4|38 | 22 28 |0 37 0.09 | 1.5 Y 4 WSW | 21.3 | 32 w 0128 4 9 | 10 8.8 4.8 “
S|28 |17 |22 |-7 | 43 0.02 | 0.3 1 % 2.5 | 32 W 4:07 [ 36| 6 5 4.8 | 5.5 5
6|27 |16 |2 [-8 | « T T 1 w 1.3 | 38 W 2:20 |20 9 7 4.0 | 5.5 6
7 | 23 9 |18 |-14 | 40 T T T w 5.9 | 10 W 3:34 | 3| 9 i 3.5 | 4.8 7
8|28 |12 |20 |-<10 | 45 0.02 | 0.5 T WS 8.9 | 18 W 0:34 5| 10 7 2.6 | 42 8
913 |17 | 28 [-2 | 37 T T f WSW 9.0 | 15 SW 2:07 |18 9 7 2.4 Py 9
10|40 |32 [ 36 |+5 | 29 0 0 T SE 13.0 | 28 SE 1:20 |10 10 9 2.2 | 4.2 10
11 85 |31 | 3 |#12 | 22 T 0 0 SSE | 13.3 | 17 SE 2148 | 24| 9 8 2.0 5.8 11
12 | 60 |42 |51 |+19 | 14 0.22 | O 0 SSE | 11.2 | 19 S8 3:14 | 28|10 | 20 2.0 | 3.7 12
13 | 51 |33 | 42 [+10 | 23 0.01 | © 0 W | 13.4 | 22 w 0:00 o|10 |10 F 2.4 4. 13
4142 |32 |37 [+4 |28 0.20 | O 0 i 18.0 | 34 E 0:15 2|10 | 10 2.8 4.2 14
15| 43 |3« |42 [+9 | 23 0.29 | T 0 wH | 17.4 | 29 g 0:00 0/ |0 |T E 8.1 4.5 15
16|38 (3 |3 |0 31 T T 0 W 18.5 | 32 W 0:25 3|10 |10 5.7 | 5.0 16
17 | 54 |51 | 43 |+9 | 22 T T 28S& |10 | 18 S8 |11:s5 |94 1 4 58 | 5.2 17
18| 55 (3¢ |44 (#10 | 22 0.25 | 0 0 SSZ | 13.5 | 43 ] 0:18 2|10 9 3.2 .8 18
19| 4 (30 |3 |0 30 0.05 | 0.2 T ww | 17.7 | 28 W 1:48 |15 9 8 3.2 | 4.8 19
20| 49 |25 |37 |+2 | 28 0 0 0 SE 8.5 | 17 S8 |11:38 (96| 5 5 5.2 4.8 20
2l |l gg | 37 |55 |+18 |12 T 0 0 SE 20,2 | 32 SE 9:37 | 79| 4 5 20 didis 21
22|55 |48 |52 (+16 |13 0.2 | 0 0 SSE |[17.0 | 32 s& 0:00 0|10 9 2.8 4.0 22
23| 58 |45 |52 |+18 |13 0.02 | 0 0 W 19.5 | 57 SE 8:04 |66 7 8 2.8 4.6 23
24|55 |32 |45 [+68 |22 0.01 | O 0 W 12,1 | 27 1l 5:38 |48 | 7 8 2.8 4.5 24
25|39 |3 (35 |-2 |30 T T T NW 9.5 | 18 NW 0:40 5|10 |10 2.8 ot 25
26|46 |30 |38 |+1 |27 0.02 | T T NW 19.6 | &7 W 4128 |38 | 8 9 2.8 4.3 26
27 |55 |35 (44 |+6 |21 0 0 0 we |17.8 | 38 W 4:55 [ 39| 8 7 2.3 3.6 27
28| 40 |38 (357 |[-1 |28 0.1 | T 0 ww | 20.5 | 35 W 0:19 5| 9 8 2.5 3.6 28
291 40 |3 |37 |-1 |28 T T 0 MF | 15.4 | 22 N 0:48 6|10 9 2.4 8.5 29
30|42 |5 |37 |-2 |28 0 ) 0 B 7.5 | 17 £ 5:15 |41 | 9 9 2.2 5.8 30
Slisy 129 |40 |32 |25 0.08 | 0 Q E 9,3 | 18 E 1:01 8110 9 2.1 3.4 31
—_— — 1 2,20 [2.5 o J——1——18%% —J268 240 |—]——
mm1 —a RS e 1 Y Fastest| Dir. Pogﬂo_i 8.5 |8.0 - =
T ta columas 7, 8, and 9 indicates amount toe small to measure. LLL&_JM_J_AQ L e e e
TURE: ('l?e HEATING DEGREE DAYS (base 65°): PRECIPITATION: (In.) Symbols used in columns 18-19
Average monthly o ‘otal this month ?9; Total for the 2.29
Departure from normal +2.8  Departure from normal =14 Departure from normal 0,28 A ~Ha L = Drissle
Highest on 2lst  Seasonal total (since July 1) 5635 Greatest in 24 hours 0.90 on 3 &4  BS = Blowing snow N = Sead
Lowest 9 on 7th S | departure from 1 -625 Snow, Sleet and Hail — P T I T .
Number of days with — Total for the month. 2.5 B Slew %ion Touniiuionn
Max. 32° or below 8 BAROMETRIC PRESSURE (In.) Greatest in 24 hours 1.8 on 445 yarg ZL = Preesing drissle
Max. 90° or above 0  Avgq. station (elev. 878 feet, m.s.l.) 29.050 Greatest depth onground % on 5th  H = Hase ZR = Freesing rain
Min. 32° or below 21 sea level 30.59 on 7th Dates of — Hail = K= Smcke
Min. O° or below (s} Lowest sea level 29.20 on 3rd Sleet -— Glaze 3&4

For the fifth consecutive month, temperatures averaged avove normal for the 3l-day period making it the warmest March since 1948, Temperatures
during the last half of the month averaged ten degrees warmer than the first fifteen days of March. Snowfall for the season through the end of karcp
totaled 19.5 inches, second only for the leust snowfall to the season of 1905-08, when only 17.7 inches of snow accumulated. At this time last year,
the sansing area had received 77.3 inches of snowt No serious storms occurred in the area throughout Karch.

HOURLY PRECIPITATION

A. M. Hour ending at P. M. Hour ending at
Date 2 Date
1| 2] 3] 4][s[e6e]7z]8]oJw]ufi 1 [ 2]3[4]s5]6[7z]e8]9Jwo]Jufi
1 T T 1
2 ) < 2
3 T T T T T T T T T T T T (.00 .24 .21 .08 .08 12| .02 .01 .M 3
4 .01 .01 T T T T T T T T|.2 .01 .04 4
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GLOSSARY
DEFINITIONS OF TERKS RELATING TO SOLAR ENERGY

Alr Mags--a number representing the ratio of the relative
length of the path at sea level of solar rays through the at-
mosphere as compared with the extent of the path when the sun
is in the zenith, or approximately the secant of the sun's
zenith distance.

Atmospheric Transmittance--the direct normal solar radia-
tion at the earth's surface divided by the solar constant.

Eritish Thermal Unit--heat regquired to raise one pound of
water at its temperature of meximum density one degree Fahren-
heit. This equals 252 gram-calories.

Diffuse Sky Radiation-(energy)--the scattered soler radia-
tion (energy) received by the earth from the atmosphere as dis-
tingulshed from the radiatlion incident in direct sunlight.

Direct Solar Rediation-(energy)--the energy received
directly from the sun. Its spectral distrlibution 1s character-
1zed by a maximum intensity in the blue-green portion of the
spectrum at about one-half micron and hence often is called
shortwave radiation to distinguish it from the predominantly
longer wave terrestlial radiation. As received at the earth,
the spectral distribution is characterized by numerous intense
telluric adsorption lines and bands. The most important are
produced by oxygen, ozone, caroon dloxide and water.

Eguinox--the moment (occurring twice each year) when the
sun in its apparent annual motion among the fixed stars crosses
the celestial equator. So callei because then the night 1is
equal to the day, each beinz twelve hours long over the whole
earth. The Autumnal Equinox occurs on or about September 22
when the sun 1s travellng southward. The Vernal Equinox occurs
on or about March 21, when the sun 1s moving nortaoward.

Gram-Calorie--the amount of heat required to raise the
temperature of one gram of water at 15 degrees centigrade one
degree centigrade. This is not to be confused with the large
calorie which has a value one thousand times as great.

Hour Angle--the angle between the sun and the meridilan of
the zenith. Usually expressed in hours and fractions of an
hour. For example, the hour angle at 7:35 A.M. solar time is
4:25 (12-7:35 is equal to 4:25).



116.

Incidence Angle--the angle between the direction of the
sun's rays and a perpendicular to the surface being considered.

Yean Solar Distance--mean distance of the earth from the
sun; an arithmetical mean between its greatest and lesst dis-
tances.

Normal Incidence Radiation--as used in this paper, solar
energy received at normal incldence denotes the impingement of
solar energy on a flat surface at 2 right angle to the sun's
reys.

Overhang--an architectural devise, such as a roof exten-
sion, placed over a window or vertical wall surface, to inter-
cept the sun's rays from above.

Percentaze of Fossible Sunshine--percentage of the time
that tne sun casts a well defined shadow when the sun 1s above
the true horizon.

Profile Angle--the angle through which a horizontal plane
must be rotated about a horizontal axis located in the plane of
the window or wall in order to include the position of the sun.

Solar Altitude--anguler elevation of the sun above the
true horilzon.

Solar Azimuth--the angular direction of the sun with res-
pect to true south. True south, rather than true north 1is used
because southern orientation is the more important in northern
latitudes.

Solar Constant--the rate at which solar radiant energy is
received outside the atmosphere on a surface normel to the
incident radiation at the earth's mean distance from the sun.
The value of 1.94 gram-calories per square centimeter per minute
as determined by the astrophysical observatory of the Smithson-
ian Institute 1is used throughout this paper.

Solar Declination--the angle distance of the sun north or
south of the celestial equator. The solar declination in the
northern hemisphere at the time of the equinoxes 1is zero de-
grees. At the summer and winter solstices the solar declin-
ation 1s plus 23 degrees, 27 minutes and minus 23 degrees, 27
minutes respectively.

Solgr Time--the hours of the day as reckoned by the appar
ent position of the sun. Solar noon is that instant on any day
at which the sun reaches its maximum altitude for that day.

Solstices--points on the apparent path of the sun midway
between the equinoxes when the sun attains its greatest north
and south declinations. The summer solstice or the sun's most
northern point on its travel path occurs about June 21. The
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winter solstice or tne sun's most southern point on the circle
occurs about December 22,

Telluric Adsorption--the adsorption of solar radietion
which 1s caused by the constituents of the earthly atmos-
rhere.

Total Incident Solar Radlation--direct plus diffuse solar
radiation measured perpendicular to the plane of a window or
wall.

Transmission Tactor--the ratio of trensmitted solar energy
to total incident solar radistion.

Transmitted Solar Energy--that portion of the total inci-
dent solar radiation which pesses directly through glass as
radlation and which has the same wave length spectrum as the
total incident radiation.
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