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OutsipE TEMPERATURES.—Only low extremes of outside tempera-
tures affect temperature control in a building. Thermostats must be
placed in a location where low outside temperatures at night will
cause them to turn on the heat before any damage is done to the con-
tents of a building thru freezing or temperatures become too low to
be returned to normal in the allotted time the following morning.

Winp.—Of all factors affecting the control of heat in buildings,
wind was the one which caused the greatest upset. In this section of
the country it is not unusual for rather high winds to descend sud-
denly from the mountains during certain seasons of the year. These
winds ecause heat to be moved from the windward side to the leeward
side of the buildings, thereby causing above-normal temperatures to
leeward and below normal temperatures to windward. The only
thing which can be done to minimize the effect of wind is to weather-
proof the buildings as much as possible by weather-stripping the win-
dows and closing as tightly as possible all other openings thru which
air might move freely. This was tried as an experiment on two offices
in the Administration Buildings resulting in these offices holding their
normal temperatures much better.

Humipity.—Humidity affects control of temperature only thru
raising and lowering the comfort temperature. During the winter
months the relative humidity in the buildings often runs below 20
percent. This means that comfort temperatures of from 72°F. to
75°F. must be maintained and thermostats must be set accordingly.
A change in relative humidity of the air may therefore make the
rooms too hot or too cold, even with the same thermostat setting,
thru raising or lowering of the comfort temperature.

VENTILATION.——Some ventilation is necessary in all buildings
where people are at work. Excess ventilation, however, is not only
unnecessary but is one of the major sources of heat loss and one of
the hardest factors to control, since it is left to each individual person
to ventilate as he sees fit. Experience has shown that unless discom-
fort is caused, no control of ventilation to avoid excess heat loss will
be exercised by those occupying the offices.

Tae HumMaN Factor—The mere thought that the temperature in
a building is to be controlled and that the occupants of the buildings
are to have no part in the control leads most people to become antag-
onistic to any scheme for control because they fear that their personal
liberties are being encroached upon. If humans were capable
of looking after themselves in the manner in which they think they
are able, no controls would be necessary. Experience has shown that
in most cases the occupants of a room will open the windows in order
to regulate the room temperature before they will regulate the source
of heat even tho the temperature may go to 80°F. or above. On the
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tering that building passed thru the thermostatically controlled valve.

TaErRMosTATS.—The remote controls to the valves were 8-day
clock-thermostats. The thermostats in Old Main and Civil Engiveering
were located on the first floor while the thermostat in the Adminis-
tration Building was located on the second floor. These locations
were selected because of their being subjected to most of the variations
in temperature to which the buildings in general were exposed.

THERMOMETERS.—Thermometers were installed in all rooms in the
three buildings under test. A recording thermometer, using a
24-hour chart, was mounted on a stand to make it portable and used to
record temperatures in the different rooms. All thermometers were
calibrated before being placed for use.

CoNDENSATION METERS.—Steam consumptions for the buildings
under test were measured by means of condensation meters placed in
the return lines leading from the buildings. Meters used were
condensation meters of the gravity, atmospheric-pressure type. Meas-
urement of the water thru these meters was by weight, not volume.

Traprs.—Since the return lines from the buildings were kept un-
der vacuum, it was necessary to use steam traps which would hold
both steam pressure and vacuum. For this purpose inverted
bucket-type traps were chosen. Radiators on the two-pipe system in
the Administration Building were equipped with traps.

REecorpiNG Gaces.—The time during which steam was being fed
to the buildings was measured by means of a recording pres-
sure-vacuum gage. This gage could be moved from building to build-
ing and was placed on the building side of the master valve, so that
the gage recorded pressures only when steam was flowing to that
building. Another recording gage connected to the high-pressure
steam header at the heating plant recorded the steam pressures on the
boiler side of the pressure reducer.

ARRANGEMENT OF MEASURING APPARATUS. —Apparatus for meas-
uring the steam consumption was arranged as shown in Figure 5.
This was the assembly used on the one-pipe system in the Civil Engi-
neering Building. The condensation was taken from the return line
thru a trap, thence thru the water coil in the tank, in order
to cool the condensation below the boiling point, to the meter. The
basement return was brought thru a No. 4 trap (lower right)
to the line leading into the meter. This caused the basement line to
operate on the flooded principle but it was entirely satisfactory.
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the test. During the daytime the control of the radiators was entirely
in the hands of those using the offices. At night the janitors set the
radiators so as to have the rooms above 70°F. the following morning
when the workers came on duty at 8 o’clock. This assured the rooms
of being as evenly heated as possible in the mornings, especially in
the Administration Building with its two-pipe system.

The thermostats were set to hold a temperature of 60°F. from 6
o’clock in the evening till 5 o’clock the following morning when they
automatically returned to the day setting. The day setting for the
Administration Building was 73°, for the Civil Engineering Build-
ing 71°, and for Old Main Building 70°. These settings gave com-
fortable day temperatures in the coldest places in the respective build-
ings. Visits were made to each of the buildings every day and for
part of the time three times per day. This gave opportunity for
studying the conditions in each building very thoroly.

TesT Prriops.—Apparatus for measuring the steam consumption
was put in operation the second week in February, 1932, and daily
readings taken until April 1. Two tests each were run on the Ad-
ministration Building and the Civil Engineering Building during
this period. These tests were made with the buildings operated with-
out the thermostatic eontrol and as nearly as possible in the manner
in which they had been operated in previous years. The data ob-
tained during these two test periods were taken as a basis for esti-
mating the saving in steam consumption.

Recorps KepT.—Condensation meters were read daily and ree-
ords kept of the time when the steam was being fed to the buildings.
The recording thermometer was moved from place to place and rec-
ords made of the temperatures in the different rooms in the buildings.

ResurTs AND CALCULATIONS

Bumwpine TeMPERATURES.-——The recording thermometer was set
near the thermostats and the sensitivity found to be about 1°F. This
sensitivity was sufficient to maintain even temperatures thruout the
buildings during the daytime. Charts taken with the recording gage
showed that the heat was very seldom on at night. Windy weather
was usually the cause for the heat being on. Furthermore, compari-
son with the temperature chart revealed the fact that the buildings
could always be heated to day temperature in less than 3 hours.
Temperatures in the buildings generally averaged 3° to 5° lower
when the control was in operation than when it was not. This differ-
ence however would have been much greater if excess ventilation had
not removed much of the heat when the control was not in operation.

Controlling the temperature reduced the excess ventilation con-
siderably because discomfort was caused if the ventilation was not
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restricted. By supplying more radiation or an auxiliary source of
heat in the cold places in the buildings it was possible to reduee the
temperatures in the buildings to the point where no discomfort was
caused in any portions of them due either to excess or lack of heat.
The net result was not only more comfortable and healthful conditions,
free of extremes, in the buildings but also a considerable saving in
the amount of steam required to heat the buildings. Figures 6 and
7 show steam pressure and temperature charts taken on two succeed-
ing days in the Administration Building. On the temperature charts
the inner line was the temperature at 4 feet above the floor, while the
outer line was the temperature 7 feet above the floor. Figure 6 was
made with the thermostatic control on and shows a normal cyecle of
operation. Temperatures during the night dropped to ahout 65°,
but rose immediately when the steam came on and were amply high
when the room was opened at 8 a. m. The variations in temperatures
during the daytime were due only to ventilation. Figure 7 shows
charts taken the next day with the heat control shut off. Tempera-
tures averaged considerably higher during the entire 24 hours in spite
of the excessive ventilation employed by those using the office in an
endeavor to maintain comfortable temperatures. The waste of heat
under these conditions is very apparent.

StEaAM CoNsUMPTION.—Steam consumptions during the time that
the Civil Engineering and Administration Buildings were under test
are shown in Tables I and IT respectively. The first column in each
table shows the actual steam consumption as measured by the meter
while the second column shows the estimated consumption, when this
was either desirable or necessary, as sometimes oceurred. Both of the
first two columns give data taken with the thermostatic control in
operation. The third column in each table shows the actual steam
consumption as measured by the meter and the fourth column the
estimated consumption when it was either desirable or necessary. both
of these two columns being with the thermostatic control shut off and
the buildings operated as they had been before the controls were in-
stalled. The data given in these two tables are shown graphically in
Figure 8. Examination of the tables and graphs will show at once
the economy in steam consumption effected by thermostatic control.

Tables I1T and IV show daily mean temperatures and daily mean
wind velocities, respeectively, as recorded by the Meteorological Sta-
tion at Fort Collins. These data are also shown graphically in Figure
9. A comparison of the steam consumptions of the two buildings
with the weather conditions shows that the steam consumption varied
almost inversely as the outside temperature and directly as the wind
velocity. Since this relation exists, the graphs give a fairly reliable
source from which to estimate savings effected thru the use of the
thermostatic control.
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Table I.—Civil Engineering Building steam consumption.
Thermostat On Thermostat Off
Actual Estimated Actual Estimated
Steam Steam Steam Steam
Consumption Consumption Consumption Consumption
Date in Lbs. in Lbs. in Lbs. in Lbs. Remarks
Feb. 8
9
10
11 6600
12 11700
13 6700
14 7600
15 8700
16 7700
17 8500
18 8100
19 7800
20 6000 15400
21 5000 11500
22 4300 13200
23 3300 4300
24 3200 8400
25 3300 8300
26 3000 2200
27 2600
28 1600
29 2600
Mar. 1 3000
2 6700
3 5000
4 7800
5 8300
6 8100
7 10800
8 12300
9 15700
10 14900
11 14600
12 14000 21700
13 12000 19500
14 9000 18000
15 5300 7500
16 5000 7200
17 3000 7100
18 8000 7900
19 100 3000
20 2100
21 5300
22 5700
23 4700
24 3800
25 6900
26 5900
27 4300
28 4500
29 2500
30 5700
31 3200
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Table II.—Administration Building steam consumption.

Thermostat On

Thermostat Off

Actual Estimated Actual Estimated
Steam Steam Steam Steam
Consumption Consumption Consumption Consumption

Date in Lbs. in Lbs. in Lbs. in Lbs. Remarks
Feb. 8 7400

9 10200

10 8000

11 8500

12 12200

13 11800

14 12800

15 12400

16 12400

17 12800

18 11700

19 11900

20 10500 19400

21 10100 14100

22 9000 14200

23 7000 11000

24 8700 10300

25 6700 10600

26 6600 10800

27 3700 G000 Feb. 28

28 4000 Trap outlet lock-

29 6000 ed and flooded
Mar. 1 6500 meter

2 9300 Mar. 2

3 9500 Trap repaired

4 10700 and again in

5 13800 service

6 11200

7 10700

8 13400 Mar. 12 frozen

9 16600 return line pre-

10 15200 vented measure-

11 13600 ment of conden-

12 13000 sation.

13 12800 24500 Mar. 15 Trap

14 11000 20100 outlet locked

15 9000 14000 and flooded

meter.

18 2900 8000 Mar. 16 Repaired

17 6300 and in service

18 9000

19 6600

20 5300

21 8100

22 10800

23 9600

24 8200

25 7700

26 8900

27 8400

28 9800

29 3200

30 8100

31 8100
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Table I11.—Daily mean temperatures at Fort Collins, February and March, 1932.

Date Maximum Minimum Mean
Degrees F. Degrees F. Degrees F.

Feb. 1 54.2 0.2 27.20
2 51.0 25.0 38.00
3 29.9 15.2 22.55
4 43.0 -6.9 18.05
5 49.0 27.9 38.45
6 57.4 29.1 43.25
7 49.0 31.0 40.00
8 41.6 19.4 30.50
9 62.0 27.2 44.60
10 60.2 33.2 46.70
11 36.1 218 28.95
12 86.2 22.0 29.10
13 34.2 5.0 24.60
14 20.8 14.4 17.60
15 31.0 17.8 24.40
16 27.4 20.4 23.90
17 42.8 0.4 21.60
18 384 10.7 24.55
19 43.0 9.8 26.40
20 58.8 16.2 37.50
21 57.0 21.2 39.10
22 59.6 19.6 39.60
23 62.0 27.6 44.80
24 65.3 25.1 45.20
25 60.3 28.2 44.25
26 66.6 22.0 44.30
27 74.2 29.6 51.90
28 64.1 289 46.50
29 55.0 30.2 42.60
Mar. 1 51.4 30.2 40.80
2 48.3 16.6 32.45
3 49.0 15.3 32.15
4 267 7.8 17.25
) 39.0 88 23.90
6 43.6 11.2 27.40
7 13.3 6.4 9.85
8 8.9 1.2 0.85
9 16.0 -275 -5.75
10 9.8 -19.6 ~4.90
11 121 -18.7 -3.30
12 27.2 -24.4 1.40
13 38.5 2.8 17.85
14 45.2 13.0 29.10
15 53.0 25.2 39.10
16 46.0 22.0 34.00
17 40.5 30.2 39.85
18 57.7 37.5 47.60
19 63.0 38.2 50.60
20 46.2 26.0 36.10
21 40.8 23.7 32.15
22 41.8 22.8 32.29
23 49.4 18.2 33.80
24 58.0 244 41.20
25 52.1 35.2 43.65
26 46.1 27.7 36.90
27 55.4 19.2 37.30
28 64.5 21.2 42.85
29 61.0 36.1 48.55
30 59.1 16.1 37.60

31 85.3 29.3 47.30
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Table 1V.—Daily mean wind velocities at Fort Collins, February and March, 1932.

Date Maximum Minimum Mean
Miles per hour Miles per hour Miles per hour

Feb. 1 7 0 3.29
2 17 2 7.46
3 14 1 5.88
4 26 1 8.33
5 29 2 9.62
[ 23 2 8.79
7 25 3 11.00
8 38 2 14.90
9 7 1 3.5

10 20 2 7.62
11 3 8 18.00
12 36 1 17.08
13 13 2 6.96
14 9 2 5.25
15 5 1 2.42
16 8 1 3.04
17 8 1 3.79
18 4 0 2.29
19 4 0 2.38
20 4 0 2.04
21 6 1 3.62
22 7 1 3.71
23 8 1 3.92
24 8 1 3.12
25 8 1 4.08
26 6 2 1.04
27 7 0 2.92
28 6 0 2.79
29 13 0 517

Mar. 1 14 i 517
2 31 1 11.58
3 8 1 375
4 22 2 9.54
5 12 0 5.92
6 12 1 6.67
7 9 0 4.79
8 6 0 2.54
9 7 1 3.62

10 4 1 2.00
11 6 0 2.75
12 6 1 3.08
13 4 1 217
14 6 2 3.38
15 13 1 4.25
16 17 1 4.54
17 11 2 4.67
18 31 4 14.08
19 19 3 8.29
20 16 2 6.29
21 14 5 11.00
22 13 1 6.21
23 10 2 5.79
24 20 1 7.50
25 54 3 16.96
26 35 1 19.25
27 23 2 8.29
28 32 1 10.96
29 14 2 6.58
30 35 2 12.46
31 22 1 7.50
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Two test runs, without the thermostatic control, were made on
each building, the results of which are given in Tables I and II. These
two test periods together with the actual and estimated steam con-
sumptions are also shown in the graph, Figure 8. Actual steam con-
sumptions as metered are shown in solid lines on the graph while
those estimated from records and experience gained in using the ther-
mostatie control are shown in dotted lines.

Compilation of the figures given in Table I for the period Febru-
ary 20 to February 26 shows an actual steam consumption, in the
Civil Engineering Building, of 63,300 pounds of steam, with the con-
trol shut off. The estimated consumption, during this same period
with the control amounted to 28,100 pounds of steam. The indicated
saving was therefore 35,200 pounds of steam or about 55.6 percent.
For the period March 12 to March 18 the actual consumption, without
the control was 88,900 pounds of steam, the estimated consumption
with the control 54,300 pounds of steam, the indicated saving 34,600
pounds of steam and the saving 38.9 percent. This gives an average
indicated saving for the two test periods of 47.2 percent.

The figures for the Administration Building, when compiled
from Table II give somewhat similar results. For the period Febru-
ary 20 to February 26 an actual consumption, without the control, of
90,400 pounds of steam was shown. The estimated consumption, with
the control, for the same period, amounts to 56,600 pounds of steam.
The indicated saving is therefore 33,800 pounds of steam which is
about 37.4 percent. For the period March 13 to March 15 the actual
and estimated consumption without the control amounts to 58,600
pounds of steam, the estimated consumption with the control, 32,800
pounds of steam. The indicated saving therefore amounted to 25,800
pounds of steam which is 44.0 percent. This gives an average indi-
cated saving for this building of about 40.7 percent. The second
run on this building was, unfortunately, cut short by trouble with
some of the apparatus but the results obtained appeared to be of value
so were included in the data given.

Averaging the results for the two buildings, a saving of 44 per-
cent is indicated.

Coar ConsumpTioN.—The records of the coal consumption at the
central heating plant for the seasons 1930-31 and 1931-32, to April 1
in each case, show that during 1930-31 the coal consumption amounted
to 5,453 tons while during 1931-32 it amounted to only 4,796 tons.
This is a saving of 657 tons which amounts to 12 percent. At $2.50
per ton the saving is $1,642.50. Since the controls for the three build-
ings cost about $1000.00 installed, the profit on fuel saved is evi-
dent.
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These savings in fuel were made under cireumstances which ordi-
narily tend to increase the coal consumption rather than diminish it.
The records of the Meteorological Station, given in Table V, show that
the season 1931-32 averaged 0.89° colder with much lower minimum
temperatures than the season 1930-31. In addition to this, the Horti-
cultural Laboratory, a one-story brick building, size 40 feet by 75
feet, was added to the heating-plant load during 1931-32. In spite
of these handicaps the above savings are shown.

Table V.—Monthly mean temperatures at Fort Collins.

Maximum Minimum Mean Range
Degrees F. Degrees F. Degrees F. Degrees F.

1930 Sept. 85.4 26.0 59.28 30.34
Oct. 76.8 17.2 46.53 28.77
Nov. 69.9 111 37.30 30.72
Dec. 58.0 3.8 27.69 30.55
1931 Jan. 66.2 2.0 29.92 33.35
Feb. 61.1 12.2 34.75 26.98
Mar. 65.8 0.0 34.75 24.25
1930-31 Means for Season .oeemieeee 38.60 29.28
Maximum Minimum Mean Range
1931 Sept. 88.6 33.0 63.31 31.27
Oct. 79.3 18.4 50.37 28.28
Nov. 5.4 -1.2 32.83 30.22
Deec. 59.8 -2.9 20.36 28.56
1932 Jan. 56.6 -3.2 24.40 23.38
Feb, 74.2 —£6.9 34.69 29.24
Mar. 65.3 -27.5 29.03 28.24

1931-32 Means for Season .. 37.71 28.74

DiscussioN oF ReEsurts

Accuracy oF Resunrs.—The savings in steam consumption for
the two buildings on which data were taken are estimates only. These
estimates were made from the experience gained in using the controls
and observations of the amounts of steam used under various weather
conditions. Estimated points were plotted on a graph and checked
with points made from actual data taken from meter readings. As
near as could be determined, these estimates were accurate within a
range of about 5 percent.

The saving in coal consumption would undoubtedly have been
greater if the conditions of 1930-31 could have been duplicated exactly
in 1931-32. This, however, was impossible but the outstanding fact
’s that a considerable profit was shown even in spite of the handicaps
mentioned.
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CONCLUSIONS

SvmMmary o ConcLusioNg.—Under the conditions of the tests the
following coneclusions were arrived at:

The master controls maintained comfortable, even temperatures
free of extremes at all times except during high winds.

Night temperatures were kept down but never so low but what
the buildings eould be heated to day temperatures in less than 3 hours.

Excess ventilation was materially reduced, thereby conserving
considerable heat which would otherwise have been wasted.

Steam consumption was materially reduced, estimations indicat-
ing an average saving of about 44 percent during the two test per-
iods run on the buildings.

A saving in fuel consumption was shown in spite of an increased
load on the heating plant and lower average temperature for the sea-
son. The tuel saving under these conditions amounted to about 12
percent and not only paid for the entire equipment but showed a
considerable profit on the investment.
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