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Technical Bulletin No. 1002 « March 1950

Temperatures and Related Conditions in

Wisconsin Farmhouses®:

By J. Rouwenr Dopex, senior archifeet, Division of Farm Buildings and Rurol
Houging, Burca of Plunt fudustry, Sofls and Agrienltural Bugincoring, Agri-
ciltiernl Rescarch Administraiion, nnd M, J, LaTlocwk, professor, Depuarinent of
dpricutiural Bryiveering, College of Agricuttire, University of Wiscongin®
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INTRODUCTION

That proper housing has an important effect on the well-boing of the
famnily is generally nccepted today. As a rule, farm families are more
fortunate in many respects than these living in crowded urbsn areas,
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There is usually opportunity for an abundance af fresh air, sunshine,
and exercise, and children have nmple space to play safely outdoors.
On' the other hand the dwelling plays a more important part in the
life of the form family than n that of most urban families. In
the colder sections of the country particularly, the life of the family
is centored in the home duving the lung winter months.

It is evident, therefore, that 1f the farm home is to function sat-
isfactorily the physical charateristics and partiularly the themmul
environment ave of considerable importance.

I 1935 the Bureau of Plant Tndustry, Soils, and Agricultural Engi-
neeving * undeviook a study of temperature and related {nctors that
might affect the comfort and livability of farmhouses. This study
was to determiine if possible the chicF sources of discomfort, their
causes, and the methods of correcting then se that farm fanilies could
improve their living conditions.

‘T'wo projecis were started, one at Madison, Wis., in cooperation with
the Wisconsin Agricultural Experiment Station, which 1s reported in
this publication, and the other at Athens, Ga., in cooperation with the
University of Georgia.*

Wisconsin was selected as representative of a large section of the
United States in which winters are long enough and severe enough
to constuitte a major factor in farrnhouse <design and construction
und in the selection of equipment.

To obtain information on as many as possible of the faetors aflecting
the comtort und livability of farmhouses, plans were made to carry on
investigations in occeupied houses. Farmers wheo wished to remodel
or otherwise substuntially improve their homes or who planned to build
new houses were gelected us cooperatorg in order that both existing
conditions and the value of various improvements might be studied.

In the yewrs 19360 and during the winter of 1941, more or less
complete studies were mnade in nine houses, which as a group were
fairly sepresentative of the houses of the rvegion. Afier the studies
had been completed five of these were completely remodeled, one was
veplaced by a new house, and two were insulated, Studies were then
repeated in the improved houses in order fo determine the efiect
ot the changes,

In euch of the old houses there were variouns features that caused
digsatisfaction, but one problem—discomfort in cold weather—was
tound in all of them. The studies made of thermal conditions during
the winter in the existing houses and the effect of the improvements
made to the houses on air temperature, relative humidity, temperature
distribution, and surface temperatures are discussed in this publication,

FACTORS RELATING TO COMFORT

As o result of tests the American Seciety of I—Ieuting and Ventilating
Engineers has developed the “effective tomperature™ (B. T.) scale or
index,® which is defined as “an empirically determined index of the

T Then the Bureaw of Agrienliura] Enginegring.

‘Bivons, J. W, and Lavugas, F, B, FACTORS AFFECTING TEMPERATURES 1N
S00THERN FanMiuoUsEs, U. N Dept. Apr, Teel, Bul, 822, 77 pp., illus. 1642,

*AMERIOAN SocThry oF HEATIXNG AND VENTILATING BBNGINLIRS,  IEATING, VEN-
TILATING, AND AL CONGETIONING GUIRE 1847 (v, 23) Bad. 25, illus, Neow York.
7. (Seep. 274.)
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degree of warmth pereeivad ou exposure to different combinations of
temperature, humidity, and air niovement.”

Tt was found in the tests by the American Society of Heating and
Ventilating Engineers that in general most of the persons studied were
comfortuble in winter between the linits of 63° and 71° effective tem-
peraturve (K. T.} with an air movement of between 15 and 25 feet per
minute. The optimum was 66° E. T.

The effective temperature index applies to rooms heated by central
systems of the eonvection type. It does not apply to rooms heated by
siich radiant methods as fireplaces or heating stoves without juckets.
It is based on relative humidities and dry-bulb temperatures taken
at u height of 60 inches above the [loor and on air motion measured
56 inches above the loor. The effect of surface temperatures is not
taken into consideration, except that it is pointed out (p. 218 of refer-
ence given in footnote 5} that “Rudiation between the occupant of an
enclosuez and the surfrees of the room itself and objects within the
room, including windows, heating and cooling equipinent, and other
ovcupants, has an important beaving on the feeling of warmth and
may alter to some measurable degree.the optimum conditions for com-
fort previonsly indieated”

While the elfective temporature is of grest importance in evaluafing
the effeets of various conditions on comfort, Petersen © stutes (p. 82)
that “from the point of vigw of physiological acaptation, the impor-
tance of the thermic environment lies frequently less in the actual
temperature level than in the instability of temperature—the frequent
repetition of fluctnations and the amplitude of the fluctuations . . .
“The possibilites of stimulation or fatigue are greatly enhaneed under
such conditions,”

PROCEDURE

With these facters in mind, work was undertaken to determine the
thermal conditions existing in these houses under normal, everyday
use, which had a delinite bearing on the comfort of the oceupants. As
a result no attempt was made to control or regulate the frequency with
which the heating equipment was fired, the amount of fuel used, nor
the daily routine of the family.

The following data werve obtained in each of the important rooms
in the Lest houses:

1. Air temperature at or as near the 60-inch level as possible.

2, Kelative humidity at the same level as the dry-bulb temperature.
3. luside surfuce temperatupes of walls, floors, and ceilings.

4. Temperatures at various levels between floor and ceiling.

I'n additoin to these dida some information was obtained at selected
points on air movewent in rooms, temperatures and air movements in
the wall, floor, and ceiling construction (stud and joist spuces), and
infilteation through windows.

INSTRUMENTS

Adr temperabures and relative humidities were vecorded continu-
ouxiy in the various houses by menns of hygrothermographs, which

“PETERSEN, W. I, FIE PATIENT AND TIE WEATHER, v, 1, pr, 2, Ann Arbor,
Aliel, 703G,
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were placed in as representative locations as possible in the rooms
being studied.

__In the unimproved houses instruments were placed on pieces of fur-
niture where they would be lenst likely to be disturbed. The disad-
vantage of this method was that the instruments were not always at
the same height and were anywhere from 28 to 60 inches above the

2

IM1euyre 1~—Hygrothermograph on specially built stand,

floor. Later hygrothermograph stands were constructed that placed
the instruments 60 inches above the floor (fig. 1). This height was
selected, since it is the height used in determining effective tempera-
ture, It is also a common height for mounting thermometers and
thermostats, as it is approximately the breathing level of a person
standing erect.

For purposes of comparison the temperatures recorded by hygro-
thermographs placed at heights other than 60 inches were corrected
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for height, using thermocouple readings taken at various Leights above
the floor ns u basis.

Hygrothermographs were checked at the beginning of each weelds
run by means of a psychrometer. Ordinurily the instruments wero
checked at 2 Lime when temperature and humidity were relatively
stable, s both the thermal and humidity elements are somewhat siow
in responding to sudden changes in temperature and humdity. Asa
rulo no ndjustments were made in pen arms of hygrothermographs;
instead, discrepancies were marked on the charts and corresponding
correctionsinade in veading thein,

In the majority of the unimproved houses, surface temperatures and
aiv temperatures in stud and joist spaces and in other innceessible loca-
tiong such n$ attics and storage spaces were recorded by meaus of
thermocouples fixed in place.  Copper-constantan thermocouples were
used. Reference junctions were kept at 32° F, by inunersion in a
vacuum bottle filled with crushed ice und water,

Electromotive forces (e. m. £.) developed by the thermocouples were
reacdd by means of a semiprecision type, portable potentiometer and
readings wers tuken to the nenvest whole degree.

Whenever practicable, thermocouples for vecording surface temper-
atures, with as much of the adjacent lead wires as possible, were
embedded in the surface. When this could not be done the thermo-
vouples were held in pliee with dendting tape.

Thermocouples used in measuring air temperntures were shielded
Trom vadiation by means of cardboard eylinders covered on the outside
with aluminum foil and placed around the thermocouples with the axis
of the cylinders in a vertienl position. The ends of the eylinders were
open to permit cireulation of air around the thermocouples und several
inchies of the lend wires wcljucent to the thermocouples were coiled
within the cylinder to minimize the eflect of vadiation to or from the
wires close Lo the thermocouple, thus affecting the accuracy of the
readings. :

Lead wires from the ixed thermocouples were carried to o terminel
board, often located in the busement. Through this central terminal
board connection of the lend wire of any desived thermocouple could
be made to the potentiometer by means of spring »r clip-lype clothes-
pins with copper-lined jaws connerted to the free ends of lead wires
extending to the potentiometer,

In addition to the fixed thermoconples, thermocouples mounted on &
portable stand (fig. 2) were used to obtain wall, floor, and ceiling
surface temperatures and air temperatures at various levels above
the floor. The use of fixed thermocouples for recording surface and
air tenperatures was abandoned in the remodeled houses in favor of
the portable stand. With this instrument the #ir and surface tompera-
tures in u room could be taken more rapidly and the necessity for an
elaborate wiring system was eliminated.

As in the ease of the fixed thermoconples, those used to measuve airv
temperatares were shielded with eylinders covered with aluminum fol.
Thermocouples for measuring surface temperatnures were secured to
the surfaces with drafting tape. Before readings were taken these
were allowed to remain in place long enough to assume the temperature
of the surfuce. It is likely that in some instances the temperature
recorded was not the exact surface temperature, as the air temperature
adjacent to the tape probably affected it shghtly. Care was taken in
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Fiiceg 2o Bgulpinent for measpring the wir temperatures al various higighis
abuove the Hour and the widl, Hoor, and colling surface temperntures,  Polengi-
aefers ire on the folding table, portable stinuds to the vight and letl, amd revls
of insiululion wire in the ot ying ense beneallt the thble,

analyzing dula so that readings did not inchwle these ihat were
shviously atfeeted by divect sunlight,

Lead wires from the thermocouples on the stand ran (v a switch-
beard located on a potentiometer tuble,  Brass plugs and jacks were
used for connections. The intveduction of brass and hard copper
into thermocouple eireuitx resulted in addifional thermal junctions
that might introduce additional electromotive foree into the civeuit.
For this reason eare was taken lo avoid diffevences in temperatare
of these junetions. The table was 2o loeated that the switeh and
switehbonrd were shielded from sunlight or direet radintion from
healting equipmeni. Thermocouples o obtain air temperainres were
at fiest mounted on the stand at heights of 35, 3. and 66 inches above
the floer and at 3 dnchies and 15 inch below the ceiling.  The upper
seetion of the stand telescoped so et it was adjustable (o varions veil-
g heiglhits,

shortly after the work was started the heights of the thermoceouples
were ehanged to 3030, and 60 inches above the floor, whieh were more
representarive of the air temperatieres to which the occupants of the
rosn= were exprosed, and to | inch below the ceiling,  Wall surface
temperatures were talien at hetghis of 56 to 60 inches above the {loor
adjacent to the thermoeouples recording air femperatures nt these
helghis, Cetting and llonr surface temperatures at the siand loeation
were obbained at the same tine,

At Hest ondy one <taud was used, but inasmueh as the time involved
in changing the loeation and waiting for the thermocouples Lo coine
to equilibrium ~Jowed up the rate of taking readings. a second stund
was constracted. This miade it possible for the veadings of the ther-
mocotples ot one stand to be taken while the seeond stand was heing
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relocated. As it took about a minute to obtain readings of all ther-
mocouples on a stand in one location, there was usually enough time
both to move the second stand and allow the thermocouples to come to
eqquilibrium while the thermocouples on the first stand were being read.

Locations in the room where readings were to be taken were de-
cided on in advance, and the strips of tape fastened to the wall, floor,
and ceiling surfaces in the proper places and left in position during
the day. This not only made for rapid locating of the stands but also
avoicded the necessity of waiting for the tape to assume the temper-
ature of the suvface to which it was attached. .

In the early studies portable stand readings weve taken only at what
seemed to be the more important locations in each voom. Several
readings might be taken along the outside walls of the room and one
or two in the center. In small rooms readings were sometimes taken
only in the center, Later when two stands were used these readings
were tuken in groups 1, 18, and 36 inches from the wall. The num-
ber of groups depended on tlie size of the room. Floor and ceiling
surface temperatures were taken at each stand location, and wall sur-
face temperatuves at two points on the wall at each location when the
stanid was 1 inch from the wall.

A few mensurements of infiltration avound doors and windows were
uttempted. A boxlike enclosire, or “mask,” covering the entire open-
ing, was used. This mask was fitted with a single tubular outlet to
the room in which was mounted an anemometer. The mask was in-
{ended to receive all air entering at &1l points around the edges of the
cloor or window and guide it to the outlet where it could be measured.
Two types of anemometers were used, the windmill and the Hukill
hot-wire thermocouple anemometer. Because of the time involved
in making these measurements and because opening and closing of
doors by the family in other parts of the house affected the reliability
of the readings, these studies were discontinued and dat. will not be
presented in this bualletin. -

Air movements in the stud and joist spaces were measured with the
Hukill thermocouple ancinometer. With this instrument velocities
as low as 6 {eet per minute can be measured. It is particularly suited
to the measurements of air currents in confined spaces.

This instrument, mounted on a board, was also used in measuring
air currents snd drafts in the rocoms. Smoke puffs, using ammonium
chloride and cigarette smoke, were used in tracing air currents.

Anocther instrument, the velometer, was also used in obtaining read-
ings of nir movements, both in the joist and stud spaces and in the
TOOIS,

DESCRIPTION OF TEST HOUSES AND HABITS OF THE
QCCUPANTS

'The nine original houses in which studies were made ranged in size
from 4 to 12 rooms; the condition varvied from poor to good. Five of
the houses were heated by gravity warm-air systems—one by a pipeless
furnace, one by a one-pipe steain system, one by stoves, one by a cir-
culator heater, and oue by both a stove and a circulator heater. All of
the houses were of wood-frame construction with wood siding except
one that was stucco on wood frame and one that was built of split logs,
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The changes made in the five houses that were remodeled consisted
of adding or murmu%ing rooms, tightening construction, insulading,
and in some cases replacing or remodeling the old heati ng equipment.
T'he ona new house that was built to replace the oviginal structure was
of stone instead of fraine, as the old house had been. The changes
made in two other houses consisted entively of adding ingulation. No
changes were made in the vemaining two houses,

Descriptions of the structure and heating equipment of each of the
houses studied, before and after improvements were made, ure given
on puges 8 to 47.

.'II;\ order to apprecinte fully the conditions found in {hese houses,
refevence to (he hubits of the tamilies, the regularity with which they
fired their heating equipment, and the use they made of the various
rooms 18 essentinl. A diseussion af these habits is given along with
the description of each of the honses.

In general, it may be stated that most of the fmnilies made a reason-
able effort to firo their heating equipment with some regularity. "Those
in houses Nos. 1and G« not.  There was some tendency, however, for
all of them to wait until the houses began to feel cold or too warm
before fiving or ehecking the dampers, especinlly during the day when
the men were not in the house and the women were busy in the kitehen,

Tn heuses where there were young children who were at home during
thoe day there wins a good deal of ranning in and out of the house, some-
times with outside doors left open for considerable periods of time.
This was especially true in houses Nos. 1,4, and 6. .

In some houses the inability to heat all the rooms comfortubly, either
becruse there was no provision for heating them directly or because
of an inadequate heating system, led to closing off some of the rooms
during the winter and net using them at all. In other houses rooms
were shut off principally to save fuel. In all cases family activities
during the day and evening wers largely confined to the kitchen with
otie other rooin, usually the dining room or the living room, used to
seme extent. in the evening.

In all of the honses except hnuse No. 1, sseond story bedroons were
shut off during the day and not heated.  Tn fact only in houses Nos,
1,2,7, and 9 werc any bedrooms heated duving the day.  Tn most houses
hodroomns were “warmed up® in the evening. Tn two of the houses,
Nos. 2 and 4, the inability to hent more than one bedvoom resulted in
actual overerowding, despite the faet that there werenore than enongh
bedrooms in ilie house.

After remodeling, greater use was made of more of the rooms, al-
though the practice of shotting off the second story during the day
still persisted in most eases,

In presenting the data, the discussion of conditions will be confined
Inrgely to those found in the kitchen and the most frequently used
rooms other than the kitehen, where an attempt to heat was made.
Data on bedroom teniperatures, however, are given in tables 4, 6, and
8, Appendix.

Descrirrion or House No. 1

Heuse No. 1, shown in figure 3, was built in 1920, Tt was of the
story-and-a-half type, with a full bagement, und contained 10 rooms

T I the Follawing tiscussion 1his room is velerved (o as [he *moest nsed room.”
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ok 4—Flrst-floor plan of honse No, 1, showing the lecation of warm-air
reglsters and cold-alr returns,

USE AND MEATING OF ROOMS

The fumily occupying this house consisted of the owner, his wife, n
daughter aged 5, and a boarder. During the day the house was oc-
cupied less than most of the other houses studied. "Both the owner and
his wife were outdoors much of the thne. The daughter also played
cutdoors u great deal, except in very bad weather.

All fivst-floor rooms were heated regularly during the day, although
the litchen was the only room used to any extent. All meals were
eaten there. All Jaundry was done in the basement laundry room,
which was located under the living room, and it was equipped with a
wood-burning range for heating water.  The dining room was used
occasionally during the day, as the office desk and files were located
there. It wasualso usedin t?;e evening by the family. The living room
wus used only for entertaining. In very bad weather bedroom No. ©
was used as a playroom for the little girl.

Asa rule, the second floor was shut off during the day by means of the
door at the foot of the stairs. Bedroom No. 3, the only used bedroom
on the second floor aside from bedroom No. 2, was heated only in the
evenings,

In general the family did not fire very regularly and sometimes
the fire was very nearly allowed to go out. 'I'his ‘was beeauss they
were in the honse so infrequently and for such short periods of time
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Froves e Secomd-tlone plinn of house No, 1, showing toeatlon of warm-nie
roglsters ad cold-nie reluarns,

duving the day.,  When the wife was in the house she was ustunliy
busy with (n()lunn' oy some ot her tusk, und the fact that the house wus -
not warm did not nppear 1o bother her.  Another factor thab affected
the tewmperature was the et that the family went in ad out of the
house a good deat wad frequently left outside doors standing open,
sometimes for Mivly fong periods of thine,

Descurrnox or Howse No. 1 -4

The changes made in house No. L were not extensive,  Those that
wottld be e\pected to hive some eflect on temperatire and humidity
included repairing and insulating the walls and ceiling with 33% inches
of mineral wool, replacing the old stuceo and insilation board cover-
ing the putside of the Iwusu with wood shingles, and rearvanging the
kitehen so that the exterior door did not open directly into it (!1lr 6},
Storm sagh were installed on the windews ol the kitehen, nﬂl(c, nl
washroom. No alterations were made to the second floor.

The result of these changes wus to reduee the ealeulated heat loss #
Trom 93,100 British thermnl units (B, . w.) per hour to 58,600 B. t. w.

"1n eulenbiting hoat losses Tor all honges exceepl when otherwise Indleated,
nn Inside temperatare of T0° B (ot the 60-neh level) nnd an outside topera-
ture of --15° I wore assumad. Only those rooms fhat were aetoally hented
regnlirly or veensionally wore foeluded in the ealentations,
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Fravue 6—Firsi-floor plan of house No. 1-R, showing changes.

per hour, despite the fact that bedroom Wo. 6 was heated in the re-
modeled house. This amounted to a reduction in heat loss of 8.20
B. t. u. per hour per cubic foot of heated space.

No change was made in the heating system except that a register
with a separate leader was provided for the kitchen and new registers
in th?lmiaw oftice {fig. 6) and washroom, served by a single leader, were
installed.

-

USE AND HEATING OF ROOMS

Little change was made in the use of rooms in the remodeled house.
As separate office space was provided, however, the dining room was
probably used less dm-in%the day than before. Asa result the kitchen
was less of a passugetway between the rear entrance door and the dining
room. In addition fo the reoms previously hented, bedroom No. €
was being heated at the time readings were taken. '

Descrietion oF House No. 2

House No. 2, an extevior view of which is shown in figure 7, was also
& story-and-a-half house, with one bedroom and an unfinished attie
on the second floor. It had o full basement, except for an unexca-
vated area under bedroom No. 2 and the bathrocom. The plan of the
first floor is shown in figure 8. '
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CONRSTRUCTION DETAILS

B:l:seme:u and foundetion swalle—Stone and concrete. Condition,
good.

Ewxterior twalls—Main part, bevel ziding on exterlor, 2- by 4-inch
studs, wood Inth and plaster on inside. Condition of walls, maln part,
poor. Kitchen wing, good,

Floors.—3ingle wood floors in dinibg room, bathroom:, Ledroom No,
2. Linoleum 1nid over wood floor in bathreom.  Double floows in bedroom
No, 1, living room, aod kiteben, Linoleum lall over double wood floor
in kitchen,

Ceilisrg~Wood 1ath and plaster, Condition, good,

fioof.—Maln pari, asphalt shingles over wood shingles on spaced
shingle lath on north and east slopes of roof, wood shingles only on south
and west slopes; kitehen wing, asphalt shingles over tight sheathing.
Condition, good.

dngulation.—None, .

Windows.—Double-bung woed windows, Nos, 1, 8, 9, 12, 13, 74, 15, 186,
and 18. Wood cusements (hinged at side to swing in), Nos, 2, 2, 4,
5 6, 7, 10, and 11. TFixed sash, No, 17. TFit of windows: First floor,
good, Nos, 4, 5, 6§, 7, 9, 10, 11, 16, 17; fair, Nos, 2, 3, 8, 12, 13, 19, 20;
poor, Nog 1, 14, 15, 18, 21. Second floor, «il poor. Weathersiripping,
none, Storm sash, none.

Eaterior doors—Wood, peneled, upper part glazed. Fit of doors: .
Fair, &, B, and C; poor, D. Weatherstripping, none. Storm doots,
Aand D,

Ceiting heights—Flrst floor, 7 feet 10 ivches: second floar, 7 feet
4 inches,

HEATING SYSTEM AND COOKING EQUIPMENT

A gravity warm-air system was used. The following data were
supplied by the manufacturers:

Efficiency at bonnet.___ - - (9 to 63 percent.

Combustion rate .o .. 8 pounds per hour per
square foot of grate
arep,

Ratio of heating surface to grate aren._______ 22 tp 1.

Register temperature. . _________ —mne 1357 to 145° P,

Diameter of grate - 20 inches,

Leader pipe capacity-— - 575 square inches,

The furnace was equipped with a water pan. There were warrm-air
registers only in the living room, dining reom, kitchen, and bathroom.
However, the grate area was sufficient to warrant additional ducts to
the remaining first-floor reoms. This assumption is based on cal-
culated heat losses, using an inside temperature of 70° T\ at the 60-inch
level and an outside temperature of —15°.

On the other hand, all of the leaders except that supplying the bath-
room appeared to be undersized for the register temperature claimed.
In a number of respects this system did not conform to the Standard
Gravity Code {which is n generally accepted standard for the installa-
tion of gravity warm-air heating systems) in that it was designed for
much jower register temperafure (185° to 145° ¥, as against 175°)
but did not have sufficient leader sapacity. )

Wood was the fnel used almost entirely for heating, as it was readily
available on the farm. The gasoline range used for cooking the year
around supplied littie additional heat to the kitchen.

USE AND HEATING OF ROOMS

Before remodeling, the dining room and the kitchen were the two
most used rooms, The living room and bedroom No. 1 were shut off
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entirely in winter becawse they could nob be satisfactorily heated.
The result was rather crowded sleeping facilities, as the owner, his
wife, and their two children all orcupied bedroom No, 2,

The important problem was to heat comfortably at least one more
bedroom and if possible the living room, in order to provide a satis-
factory place for the children to play indoors in bad weather and to
have a room in which the family could entertain. 1t was also neces-
sary to accomplish this at minimum cost.

It was deci(?ed to insulate the house thorounghly rather than change
the heating system, as it was thought that a (1ecigled reduction in heat
loss would probably make the entire fivst floor habitable. Later, when
the family needed the second floor a new heating system enuld be in-
stalled or changes in the existing system could be made to provide
registers in the rooms not served at the time.

Description oF House No. 2-1

During the summer of 1937 the side walls of house No. 2 and the
rafter spaces of the main pavt of the house were filled with mineral
wool insulation. The ceiling of the kitchen was similarly insulated.
The insulation was blown in, and as a result no sheathing was added
to the walls of the main part of the house and no vapor barrier was
provided in the walls,

In addition to the insulation the three windows in the west wall of
the living voom were replaced with a bank of three new windows.
"This was done because of the poor condition of the original sash and
to improve the appearance of the house, Two dormer windows were
located on the second-floor room, which at the time was unsed for
storage but which the family later wished to finish off for an additional
bedroom. AN windows were provided with storm sash.

The wood shingles on the north, south, and west slopes of the roof
over the main part of the house were covered with composition shingles
to give a more uniform appearance. No change was made in the
heating system.

The result of these improvements was to reduce the calculated heat
loss of the entire first floor from 96,900 B. t. u. per hour to 45,000
B. t. u. per hour, or a reduction of about 50 percent.

[JSE AND IIEATING OF ROOMS

After the changes were made the living room was regularly heated
and used to some extent during the day. Bedroom No. I was occupied
by the parents and the younger child. It was closed off during the
day but opened in the evening to allow it to warm up before the family
retived. The older child slept in bedroom No. 2,

Descrirrion oF House No. 3

House No. 3 (fig. 9) was approximately 50 years vld at the time
studies were made. It was a two-story house, with six rooms on the
first floor (fig. 10} and four bedrooms and a bathroom on the second
floor (fg. 11).
~\I’I‘here was & basemaont only nnder the dining reom and bedrvcom
Mo 1
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The caleulated heat loss, assuming only used rooms to be heated, was
64,335 B. t. u. per hour, or 7.69 B, t, u. per hour per cubic foot of heated
space.

CONSTRUCTION DETAILS

Basement and foundation twalls—Sione, 18 inches thick. Condition,
fiule,

Ezterior walls,—Wood siding, building paper, and sheathing o the ex-
terior | 2- by 4-inch studs, wood athk, and plaster on the inside. Thirty-
ineh-high wood wainscot i kitchen,  Coendition, fair.

Flegrs —Double wooed fleors in kitches, pantry, and washyoom, lineleun
i kitchen. Siogle wood fleors in other rooms. Condltion, fair.

Ceilings—Woold lath and plaster. Condition, fair,

Iusuietion.—None.

Windawws,—Double-hung, wood windows, except Nos. 12 and 13, which
nre fixed sash. The fit of snsh Iz as follows ; Ficst floor : Geod, Nos, 7,12,
13: fair, Nos. 1, 2, 4, 5, 6, §; poor, Nos, 3, 9,10,11. Storm sash, windows
7.8, and 9. Second lictr: All falr, except Nos, 6§ aad 7, which were poor.
Storm sash, windows € and 7.

Ezterior doors—Wood, paneled. Dners A and I glazed,  Fit, ail peor.
Storwy doors, none.

Ceiling hetghés 8 feet.

HEATING SYSTEM AND COOKINC EQUIPMENT

The heating system was a gravity warm-air type. The furnace
had a 24-inch fire pot and @ ecapaeity of 622 square inches of pipe
aren. The total cross section area of the leaders wus 346 square
inches. The cross section arvea of the recirenlating duct was 314
square inches. Humidity was provided by meuns of an evaporating

845709—50——3 :
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pan, located below the feed door, in which the water supply was
maintained automatically.

There were warm-air registers only in the dining reom snd bed-
rcom No. 1 on the first floor. The kitchen was hented by overflow
heat from the dining room, supplemented by lheat from the wood-
burning kitchen range.

The leaders and stacks thai supplied bedrooms Nes. 3 and 4 also
served registers in the dining room and bedroom No. 1 on the firsi
floor. As the only cold-air return was located in the nertheast
corner of bedroom No, 1, it is probable that most of the heat intended
for these two second-floor rooms went into the dining room and bed-
reom No. 1,

The bathroom received heat from the kitehen range through a grille
in the floor.

Caiculations indicated that the furnace was more than adequate
to heat those rooms with registers but not quite large enough to heat
the entire house unless steps were taken to reduce the heat foss. The
leaders and stacks supplying the dining room and bedroom No. 1
were larger than necessary Tor these rooms but not large enough
to deliver suflicient heat to balance the hent loss for the entire first
floor. The leader and stack that supplied bedroom No. 8, while ade-
quate for the room, also connected to the second register in the dining
room; and that which supplied bedroom No, 3 was adequate for that
room but also supplied bedroom No. 1 on the first floor.

USE AND HEATING OF ROOMS

With the exception of the dining room, which was the most used
room except for the latchen, and bedroom Neo. 1, this house was diffi-
cult to heat comftortably, even in mild weather. Even these two
rooms were uncomfortable in cold weather. The living room could
not be satisfactorily heated at all, as there was no register in the room,
and consequently it wns not used in winter. This wus also true of
bedroom No. . The rest of the second floor was hard to heat with-
out foreing the furnace, but as the space was needed to accommedate
the family, which consisted of the owner, his wife, and two children
(2 boy and a girl), these rooms were used. The bedrooms, how-
gver, took so long to heat up in the mornings that the bathroom,
which received some heat, was used us a dressing room.

Except in very cold weather, the entire second floor was usually
shut off during the day by means of the door at the foot of the stairs.
This door was opened to take the chill off the second floor a short time
before the family retired,

The kitchen received most of its heat from the kitchen range
supplemented by overflow heat from the dining reom. In mild
weather this room was net too uncomtortable, but in severe weather
the owner’s wife used teo stop her housework occasionally and warm
her feet in the oven. She also wore overshoes to help keep her feet
warm on such oceasions. The pantry was usually cold, as the only
heat came from the kitchen. Nevertheless, it was used when pre-
paring meals and washing dishes,

This family made an effort to keep the ocenpied part of the house
comfortable in cold weather, but it was a difficult task.
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Descrirrion ofF Hotse No. &

IHouse No. 4 was 83 yenrs old (fg. 12). It aise was a story-and-n-
@ half house with five rooms, u front and rear stair hall, and a woodshed
on the fust floor (fig. 13), and four bedrooms and a thIil"L rooIL: N
the secona floor (fig. l—L) There was a basement under all of the
hiouse excepf the woodshed.

. Frovae 1" --{!m1~e No. 4 froem the northwest,
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Flotre 13, Fivst-tloor plan of house No, 4, showing loeittlon of hoating equipiment,

There was Tittie attie spaee over the second-tloor rovms, owing to the
low eaves. There were 2 number of vlosets and storage areas under
the eaves.

The structore was in Tuir condifion, The Jaek oF subllooring, par-
Genlarly with the unhested basement. undoenbtedly contributed (o

@ discomiort.
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Frovus 14.—Second-fAoor plan of house Ne, 4.

The ealenlated heat loss, assuming only used vooms heated, amounted
to 85,968 B. t. u. per hour, or £.94 B, & u. per cubic foot of heated spnce
per hour,

CONSTRUCTION DETAILS

Basement walls,—Stone, 18 inches thiek. Condition, fair.

Hzterior walis.—Bevel slding, building paper, square-edge sheathing
on outslde, 2- by 4-Inch studs, woed lath, and plaster on Inside. Con-
ditlon, foir,

Floors.—Wood, single thickness except in kitehen, which had double
Roering and wns covered with linoleum. Condition, faje.

Ceiling.—Pluster on wood lath.  Cozdition, fair.

Roof—Wood shingles on spaced shingle Inth. Condition, poor.

Insuletion~—~None.

Windows ~—Wood, deubie hung. Condition, peor. Fit: First floor,
falr except in window No, 6 in kitchen, which was po9r; secend {loor,
poor. Storm sash: Windows 5, G, 7, §, and 9 on first floor.

Bxterior doors—Wood, paneled, Condition, fair, Storm dJoovs,
Band 8.

Ceiling hcights.—Main part, first flopr, 8 feet 2 inchea; second floor,
T feet 11 inches. Bast wing, first floor, § feet; seeond flgor, T feet 8 inches.

HEATING AND COOKING EQUIPMENT

Heat was supplied in the living room by a manually regulated oil-
burning, circulator heater, which was 3 years old, It was in good
condition, and the manufacturers claimed it to be adequate in size to
heat between 3,000 and 7,000 cubic feet of space. The coal- and wood-
burning stove that heated the dining room had an 18-inch diameter
grate and, although older than the circulator heater, was also in good
condition. Cooking was done on an electric range.

This equipment appeared to be adequate to heat the entive fivst floor,
as the space to be heated was only 7,287 cubic feet.

USE AND HEATING OF ROOMS

The family occupying this house consisted of the owner, his wife,
and their 8-yeav-old son. Prior to remodeling, the only rooms used
in winter were the living room, dining room, kitchen, and bedroom
No.2. Thesecond floor was shut off entirely, as there was no provision
for heating it. DBedroom No. 2 was occupied by all three members
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of the family, as it was the only room that received any appreciable
amount of overflow heat.

Boch the living room and the dining room were used a great deal
by the family, and fewer activities were carried on in the kitchen than
véns the case 1 most of the houses studied,

The family made a veal effort to keep the used rooms warm, but in
spite of this they were uncomfortable in cold weather, Inability to
heat, the second floor resulted In crowded sleeping anccommodations.
The use of the dining room us the main entry was alse undesirable
because of the cold air admitled whenever unyone entered or left the
house,  The smail son Trequently Tett the door open as he van in and
aut when af play,

Maores 13, ~llm|‘=0 No, -1t Iwm the nortleast,

Descusrrioy or House No. 4-R

Changes made in house No. + included, among other things,
:eun.mrrement of the first- und sceond-floor plans to provide more
Iivable reoms, insulating walls and ceilings, installing new weather-
stripped windows, laying a double floor in ihe hwnlr 100N, covering
the old floors in the kitchen and office with hnoleum, and mstallmfr
a new heafing system.,  An exterior view of the remodeled house i is
shown in hrruw 15 and the vevised floor plans in figures 16 and 17,

COXNSTRUGTION DETAILS

fugeaent waliz~—%tene, 18 inches thick, Condilion, zood.

Extorior walls—Womnl siding, wool sheathing, building onper, 355
inelies of mineral wool, vaporproof paper, gsypsum lagh, sl plasier
iexeept In bedvoons No, 1 amil Ni, 2 and suic hall, whore there is no
fngulntion and the inderior linish is plaster on woeod Inth). Condition,
o,

Floors~-ouble wood tlomes fn Hving vounn Wood subtioor covered
with Huoleans in Kitchen iad offlec, Single floois in bedroom No, 1, stulr
ladd, and second story.  Condition, good.
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Ceilingg~~Becond Hoor, plaster on gypsum laih, 3% ioches of mineral
wool insulation (except over Ledroom No. 2 andl staic hail, which was
uninsulnted and finished with wood lath and plaster).

Insuletion—=8ec walls und ceilings.

Roof ~—XNew woad shingies on speclal shingle 1ath.

Windeies~—Wood, double lung, TFit, all good. Weathersiripping:
Nos. 0, 10, 11, 18, 19, 20, and 21. Stornin sash: All windows.

a Doors—Wood, puneled, Doors B and C glazed., Fit, good.  Storm
oorg: AlL
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Fieyne 16.—First-Hoor plan of house No. R, showing changes in room arrunge-
ment and locution of warm-gir regisiers and celd-air returns.
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Fwew 17—Second-floor plan of house No. 4-It, showing changes in room
arrungement nm loentions of warw-air registers il colil-nip returns,

REATING SYSTEM AND COOKING EQUIPMENT

The new heating system was a forced-warm-air type with an oil-
burning furnace. “The furnace, according to the mannfacturers, had a
t'.lpdclty of 100,000 B. t. u. per hour and delivered between 1 ,000 and
1.200 cubic fect of air per minute. It was controlled by a thermiostat
located in the living voom. The installation was good, the leaders,
stacks, and registers all appeared to be properly sized, and there were
r erlstms inallrooms. Al of the warm-nir registers were located just
above the basebour d, except one in the ]mnrr room and those In the
kitchen and oflice, which were T2 inches abave the floor. The register
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in bedroom No. 3 was a Hoor register. Cooking was done on the elec-
tr 101‘11100

After remodeling there were 7,317 cubic fect to be heated on the
first floor and 408" cubic feet on the second floor. The total cal-
culated heat loss amounted to 44,800 B. t. u. per hour, or an average of
3.93 B. t. w. per hour per cubic foot of heated space.

USE AND HEATING OF ROOMS

These changes in room arrangement and the installation of the new
heating systcm resulted in some changes in voomn use. Most impor-
tunt was the improvement in sleepmw accommaodations. Laundry
freilities were provided in the basmnent so thut this operation was

®
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' ZE C.A. i)
PORCH
—
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FPraore 18.-=Pirst-tleor plan of house No, §, showing lovation of warm-nir regislery
and ¢old-uir returns.

no longer performed in the kitchen and dining room as was the case
bie Fore lt\modolmu Most family menls were eaten in the kitchen,
and comnpany meals were served in the living room,

Al rooms on the st floor except bedroom No. 1, which was a guest
room, and the staiv hall were regularly heated. The door from the
living room to the stair hall was ]\epL closed during the day.  Only the
h.lthmom on the sccond floor was heated at all tines. The registers
in the bedrooms were shut off during the duy and opened » short time
before retiving, while the I(’.“"IS[(}LS in the hall were partly closed at
all times. The doors to the bedrooms were alw ays kept closed.

Descrirriox or House No. 5

The eriginad part of honse No. 3, huilt in 1563, consisted of the living
room, bedroom No. 1 on the first floor, with the basement under no.llh,
and bedrooms Nos. 2, 3, and 4 on the seeond floor {figs. 18 and 19).
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Later the dining room with the storage space above it, the kitchen, and
the sumhmer kitchen were added. The furnace was installed in 1933,
‘The house had a full bas:mnentf and there was an unfinished attic over

alt of the second story except the unheated storage space.

BEDROOM-3

'4 . gl-?llx i4l-o‘vl
TxI2° REG, -

STORAGEL

BED-
i3] ROOM-2 §BED~
B-7'% 134" f ROOM-4
8-5'% lo-o"

Froyns 18.—Second-fleor plan of house No. 5, showing locatien of warm-nic

repisters,

Frooke 20.—House No. 5 from the southwesk.

Shortly before studies were started the basement under the din-
ing voom and kitchen was excavated, The summer kitchen was de-
tached and moved a short distanee nway, and the basement stairs in
the kitchen were built. A phetograph of the house is shown in

figure 20.
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CONSTRUCTION DETAILS

Busement walls,—Stone and concrete,

Buterier walls ~Bevel slding, bullding paper, and square-edge sheath-
Ing on outside ; 2- by 4-lnch studs, wood lath, and plaster on 1nside. Con-
ditlon of walls, poor,

Flaors.—Double wood floors. Condition, poor.

Ciling.—~Wood Inth and pluster, Condition, poor,

Roof —Wood shingles on spiced shingle Jath; north, south, and west
glopes covered with asphalt shingles. Condition, poor,

Insulation—None.

Windows.—Wood, double hung, except Nos. 2 and 3, which woere silding
sash. Fit, poor. Weantherstrlpping, none, Stormn sash, all exeept No. 7.

Eurterior doors.—Wood puneled undd gluzed, FIf, poor,  Wentherstrip-
plog, none.  Storm doors, all.

Ceiling heiglite.—First floor: Main part, 8 feet 2 Inches; soulh wing,
8 reet § inches, Kltchen und second floor: 7 fect 6 Inches,

HEATING SYSTEM AND COOKING EQUIPMENT

The gravity warm-air heating system was in good condition, but the
furnace did not appear to be adequate to heat the entire stracture.
The cupacity of the furnaee was only 85,000 B. t. u. at the registers and
the calenlated loss 87,100 B. ¢. w., which was probably a very conserva-
tive estimaie of the loss in view of the actual condition of the structure.
T'he heat loss per hour per cubic foot of heated spuce was £.43 B. £, w.

The furnace was hand-fired and the damper manually regulated.
The fire pot was 24 inches in diameter. According to the manufac-
turer the combustion rate waz 6 pounds of coal per square foot of grate
per hour, The efliciency at the bonnet was 75 percent.  The ratio of
heating surface to grate nrea was 17.25 to 1, and the register temper-
ature 175° I The humidifier was of the pan type, with the water sup-
ply controlled by float. Semibituminous coal and some weod were the
principal fuels.” A wood-burning range was used for cooking,

USE AND HEATING OF ROOMS

The family occupying this house consisted of the owner and his wife,
and a daughter who was ut home only over week ends.

The two most used roomns during the winter months were the kitchen
and dining room, although the living room wus used when the family
entertained, which they did quite frequently,

All regular meals were eaten in the dining ream, and it was also
used as the farm oflice und as a sitting room both during the day and in
the evenings. This room was used move during the day than was the
case in most of the other houses studied.

The most frequently used entrance was the euast entrance to the
kitchen, where the landing served as a vestibule. As theve were no
small children in the family the amount of traflic through the door was
less than in some of the other houses. ‘The front entrance was never
used to any extent.

The bedrooms were not regularly heated during the day except in
very cold weather. Usually the door at the foot of the stairs was
opetied and heat allowed to rise to the second floor in the evening be-
fore the family retired.

In general, this family made a reasonable effort to keep the house
comfortable during the day, as both the owner and his wife spent more

S45T00—50—-o!
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time in the house than most of the cooperators. However, the furnace
was often fired only when the house began to feel cool.

Despite all of their efforts the family stated that they could not
maintain comfortable conditions in cold weather, although in mild
weather heating was no problem.

DescrirTion oF House No. 5-R

During the summer of 1936, house No. 5 was remodeled. The
house was enlarged somewhat, and the rooms rearranged. Figures 21
and 22 show the new arrangement of rooms and their sizes, and figure
23 shows an exterior view of the hounse.

[N

DN,

] sunroon
90X V-6
REG.
s

WORK.
ROOM
-0 (t-8"

KITCHEN,
14.0'% 9-7

LIVING RCOM
< . » 15=d'x 17t 4"
g x 3% G

LA, L
DINING ROOM REG,

17-5x 13-4 E% \}
|ang25k REe. L

Froure 21—First-floor plan of house oI, showing location of warw-nir regis-
ters und cold-uir veturns,

The house was insulated, new weatherstripped windows installed,
al} exterior siding, building paper, und sheathing replaced, most of
the roof reshingled, and the heating system remodeled. The changes
in the structure resulted in a reduction in heat loss to 67,300 B. t. u. per
hour. Since the heated space was increased the rate of loss was only
2.9G B. t. u. per hour per cubie foot.

CONSTRUCTION PETAILS

Exterior walls—~First story : Bevel siding, building paper, and 1-inch
square-edged sheathing on the outside; 2- by d-ingh studs, gypsum lath,
and plaster on the inside, 8% inches of mineral wool Insulation In stud
spaces. Second story: bevel sidlng, boilding poper, and 1-inch squnte
edge sheathing on the outside, 2- by 4-ineh studs, 34-ineh fiber-insulating
plaster base, und gypsum plaster on inside.
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Floors—Livieg room, new woed floor lald over the old double wood
floor, Kitchen and washroonr fleors, linoleum over 1-inch plywoeod sub-
floor ald over old {loor, Dining room, sunroom, nn steend atory reems,
double wood floors.

Ceilings—First story, gypsum lath and plaster. Cellings over sun.
roomt and washroom insulnted with 3 inches of mineral wool. Second
atery, ¥-inch fiber-lnsulatisg pluster Dase and plaster.

METAL DECH,

BEDRODM-2
13-9"% 9-5"

jBEDROCM-| |
§ lo-d'x ,5-0"

Frgure 22 —Second-floor plan of house 3R, showing location of warm-alr regis-
ters asd celd-nir returns,
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Fiavre 23.-—House No. I-R {romt the southwest.




28 TECHNICAL BULLETIN 1002, U. $. DEPT. OF AGRICULTURE

Roof—Woeod shlngles and metal decking on l-inch wood sheathing
over sunrceoin and washirootn, Wood shingles on spaced shingle lath on
main roof, with the north slope covered with asphalt shingies.

Insulation—See wnlls and ceilings,

Windows—Wood, doubie huog, except Nos. 2 and 3. Fit, goed.
Weatherstripping, all windows. Stormy sash, all windows,

Frteripr doors~—Wooed, paneled. Door B upper panels ginzed, Fii,
pood, Weanthersiripping, none. Storm doors, doors A and B.

(eiling keighis~—Saine 05 before renrodeliog, see page 25.

HEATING SYSTEM AND COOKING EQUIPMENT

The oviginal furnace was retained and a booster fan installed in the
bonnet, which increased the efficiency by about 10 percent, according
io the manufacturer. This fan was controlied by a thermostat loeated
in the bonnet. Thermostatic control for the dampers was also added
and the thermostat located on the east wall of the dining room. The
system was extended to supply heat {o all rooms in the house.

Semibituminous conl nud wood were still used as fuel in the furnaee,
but the wood-burning kitchen range was disearded and a new electric
range substituted.

USE AND HEATING OF ROOMS

After remodeling, all downstairs reoms were used regularly during
the winter. The living room was used for all leisure activities. Bve-
ning meals were usually eaten in the dining room, and breakfast and
lunch in the kitchen. Only the sunroom was not used a great deal in
cold weather and was frequently shut off. As before remodeling, the
second floor bedrooms were not 1egularly heated during the day except
in very cold weatlter. However, they were usually heated up in the
evening. The bathroom was heated at all times. The new floor plan
resulted in protection of occupied rooms from drafts when the rear
door was opened, This wus still the only entrance used to any extent.
It also made it possible to cinse off the second floor without interfering
with traffic between rooms ou the first fioor.

Descrirrion or Housg No. 6

House No. § was about 100 years old, the oldest of the houses studied.
There were four rooms on the first floor and four on the second floor.
There was no basement under the house except for a small excavated
area reached by a érap door, ander the hall and bedroom No. 1. There
was an attic over the second floor and over the kitchen wing, which
was only one-siory high. Plans of the first and second floor are shown
in fizures 24 and 25. Aun exterior view of the house is shown in
fipure 26.

This house was in the poorest condition of any of those studied. The
calculated heat loss from the structure, assuming all rooms heated, was
about 134,700 B. t. n. per hour, or 13.11 B. t. u. per hour per cubic
foot of heated space.

CONSTRUCTION DETAILS

Foundations.—Stone.  Crondition, poor.

Brterior walls—>lain pavk: Twe lnyers of Inpped siding with building
paper between on the outside; 2- by 4-inch studs, wood lath, and piaster
on the insidle, with %-inch beided ceiling wainscot 3 feet high in the din-
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Fisune 24 —First-floor pltm of bkouse No. 6, showlng loeation of heating and
consing equipment,
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Friunr 20.—Second-floor plan of house No. 6.

Img root. Kitehen wing: Lapped siding, bullding paper, square-edge
sheathing on the outside; 2- by 4-lnch studs, wood wainsvot (%4-inch
beatded eceliing boards) 3 feet high, wood lath, and plaster above on the -
inslde, Ceondition of walls: Poor, siding badly eracked, open joints
around windews and dooarframes,

Filoprs—First story, double floors, no pnper between. Second story,
single floers, Condition of floors: Poor, floors sagged and cracked.

Ceilings.—Wood Iath and plaster. Condition: Poor, plaster cracked.

Roof —Wood shingles on spiaced sheathing, Condition, poor.

Insutation.—None,

Windows—Double-hung wood windows,. Fit, poor. Weathersrrip-
ping, none.

Storm sash.—None. .

Doars,—Wood, paueled., Fit of doors, poor. Weutherstripping, uone,
Sterm doors, B and G (sereen doors covered with Fur paper).

Ceiling hieights—First story, 7 feet 8 inches, Kitchen wing, 8 feat 9
inches. Second story, 8 fect,

HEATING AND COOKING EQHUIPMENT

The heatinﬁ equipment consisted of old-fashioned cast-ivon stoves
located in the living room and dining room and a wood-burning range
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DescrirTioN oF House No. 6-N

Owing to the poor structural condition of the old house it was de-
cided not to attempt to remodel it but, to hbuild & new one.

The new house was larger than the old one and contained 14,098
cubic feet of living space exclusive of the basement, as against 10, 270
cubic feet in the old house. There was a busement, under the entire
house and an attie. Plans of the first and second floors are shown in
figures 27 and 28 and an exterior view of the house in figure 29.

Fuivnr 27, First-lloor plan of house No. 6-N, showing the location of warm-nir
registers and cold-air refurns.

14 15 6

Frarue 28~ Second-floor plan of house No. 8-N, showing locution of warm-niy
registers and eold-nir returns.

On the whole the new house was very satisfactory, except for the
poor fit of two of the doors and the omisston of insulation in the ceiling
of the second floor. The calenlated heat loss was 83,200 B, t. u. per
hour, or 5.8 B. t. u. per hour per cubic foot of heated space.

CONSTRUCTION DETAILS ‘

Bugement wifls.—Conerete, 12 incheg thick, Condition, good.

Ezterior «rolls,—PFive-inel stone veneer, 1-inch air space, wood sheath-
Ing oo the outside, 2- by --inch studs, gypsum lath, and plaster on the
inside, Two-Inch binnket-type miseral woel insvlation in stud spaces,
Condition, gaod.

Flogrg—Double floors thronghout,
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heated except by overflow heat from the first floor. In very cold
weather the registers in the bedrooms were opened in the evening
before the family retired.

On the whole, the family were well satisfied with the house and con-
sidered it very cotnfortahble even in very cold weather.

DescrirTion oF House No. 7

House No. 7 was about 20 yearsold. It wasa lar%re house, with four
rooms and an entry on the first floor and three bedrooms and an un-
finished storage spuce on the second floor.

REG!S?E% LIVING ROOM ||
iy —

12°8"x 14-6"
DINING ROOM
129"« t7:3"

KITCHEN ©
I1-4"x 15-4"

BEDROOM-1
12-8"x 15-6"

A
Fiovne 30 —First-floor plan of house No. 7, showing leention of equipment,

There was a hasement only under the main part of the house. This
wag unnsurlly damp and frequently had water standing in it.  Figures
30 and 81 show plans of the first and second floors. An exterior view
of the house is shown in figure 32.

"The framing for this house was of the balloon type. There was no
fire stopping or other means of blocking off the circulation of air
through the stud and joist spaces.

The calculated heat loss, nssuming all finished rooms to be heated,
amounted to 80,400 B. t. u. per hour, or 5.67 B, £ w. per hour per cubic
foot of heated space. .

CONSTRUCTION DETAILS

Poundution walls—Stone. Condition, poor.

Erlerfor walis—Main part ; Bevel siding, building paper, T & G skeath-
ing on the putside; 2- by 4-Inch stnds, wood lath, and plaster on the inside,
Novth wing: Bevel slding, T & G sheathing on the outside; no interior
finish. Condition of walls, zood.
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STORAGE
L3

268" x 15-6"

ROOF

BEDRQOM-2
w-1o'x 10108

Zz
b1
i

Florae 81.—%econd-tloor plan of house No, 7,

T o oo o ’I:_“ e g g

1

Flgors—First story, double floors except in entry. Second story,
single floors throughout.

Ceilings—Wood 1ath and plaster. Conditlos, good.

Twof —Wood shingles on spiaced shingle lath, Condition, geod,

Insulgtion.—None. -

Windows.—Wood, double hung, Fit, fair, Storm sash, all but Nes,
1and 8 Weatherstripping, none,

Doorg.—Weod-paneled, Fif: Poor, A, B, and I¥; fair, G,

Ceiling heights —First story, O feet. Second story, T feet 9 inchws,
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HEATING AND COOKING EQUIPMENT

The house was heated by a pipeless furnace, with the register lo-
cated in the dining room at the open arch to the living room. It hada
24-inch fire pot and should have been adequate, as it was supplemented
by two kitchen ranges.

The furnace was hand-fired, and soft coal was ordinarily used for
fuel although it was supplemented by wood. Soft coal and wood were
also burned in the two ﬁltchen ranges.

LSE AND HEATING OF ROQMS

Part of the time while readings were being taken the house was
occupied by two tenant families. The famiTy occupying the first
floor consisted of man and wife and four children. The couple living
on the second floor had no children.

All of the finished rooms in the house were used. On the first floor
the living room, which was the most used room aside from the kitchen,
was used for leisure activities during the day and in the evening and
as & bedroom for the parents and the youngest child at night. The
dining room was used for the evening meal and also as a place for
the children to read and study in the evening. Breakfast and lunch
wera eaten in the kitchen, The kitchen was also used for ironing
and Inundry work in very cold weather, although the laundry was
usually done in the entry, which was an unfinished room. The chil-
dren also played in the kitchen a great deal in bad weather. Bedroom
No. 1 was gecupied by the remaining three children in this family.

On the second floor bedroom No. 8 served as a living room, while
bedroom No. 4 was used as the kitchen and contained «. wood-burning
range. ‘This was the room nsed for all eooking, eating, laundry, ivon-
ing, and most leisure activities. The family slept in bedroom No, 2,

In general, the house was difficult to heat satisfactorily. The din-
ing room on the first floor was usnally tvo hot. Although the living
room was fairly comfortable in mild weather it was cold in severe
weather,  The second floor with the exception of the kitchen (bed-
room No. 4) was uncomfortable,

Descripmion or House No. 7-R

Remodeling was started on house No, 7 during the summer of 1937.
The revised plans are shown in figures 33 and 34, and an exterior
view in figure 35. Tt can be seen from these plans that the remodeling
was quite extensive and that the house was enlarged considerably.
In addition to the structural changes, which included insulating,
a new heating plant was installed. However, at the time readings
were taken the work had not been entirely completed and while the
frames for the windows were installed none of the regular sash were in
place except for three wood casement sash in the second story. In-
stead the well-fitted storm sash weve being used.

On the whole the structure was better from the point of view of
heating than it was before remodeling, even though infiltration
around the windows may have been greater at times because of the
lack of conventional double-hung sash.
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Foere 85,--House No, T-R from the southwost,

The ealeulated bead loss Lor the remodeled house, assuming all used
roomns to be heated, amounted to 96,000 B, t. w. per hour, or 4.78
B, tow per hour per eubie foot of heated space.

CONSTRUCTION DETAILS

Basoneatd tolls—UConerete,  Conditim, good.

Eoterior aedlfa--Bovel siding, T & G <heathing on the outside, 2-
by A ineh stod spoace lled with 385 inches of wood fibor Insulution,
Wost will of Bitelen nut Insubuted beeause of an oversight.)  Vipor-
prond paper, g psam dath, amd plaster on the Instde,  Condition, good.

Flonrs, Denble lloors, building paper between,  Conditien, goud,

Centoagss Secomd story: Gypsum lach and plastoer, 4 inches of wood-
filer Tusnlatis,

Haof. -Woml shingles on gpaced shipgle lath.  Cundition, falr.

frsatadom, Bee pxrerior walis and ceilings.

Wisdarrs - At thye resdings were wken fopumes wore in place bat sash
Lt ot biwer instaled exeepi in windows & 9, a0 10, 10 the secoud
stors TThese were wood casenents,  Stopn sash were being used in
i ollor Widaw~, 181, goud exeept for woold epspomenl windows 8, 9,
sl B the seeond story,

e e Wand, punvled and glazed,  Condition, goxd.  Sturins doers,
all
freohinn Boighta=-First story, U feet) second story, 7 fect § inches.

HEATING SYSTEM AND COOKING EQUIPMENT

The Torved warm-aic heating system uppeared to be adequate and
well fnstallenl. "Chie Tocation of registers 1= shown on the plans.  In
gerwral. the revisters appear o have been well Toeated.  Since the
=ystebe was destroed for faivly high veloeities the hot-air registers
were plueed over §feot above the floor in all important rooms.  In the
hall~. batheoom, toilet, and washrooms the hot-aiv registers were
loeatesl near the oor. The Tollowing diata were obtained Trom the
st fmcnrers of the feenace, Fornaee vating 165,000 B. (. u. when
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delivering 2225 ¢. f. m. Tt was equipped with gun-type oil burner,
There were three spun-glass filters, with total avea of 1,280 square
inches. The automatic humidifier was controlled by humidistat,

USE AND HEATING OF ROOMS

Since the owner was carrying on the work of remodeling over a
peried of time it was not possiBle to wait until the house had been
entively completed to conduet studies.

Tha occupants were the owner, his wife, and four children. This
was not a typical farm family, and as a result their habits were some-
what different than those of the other cooperators. The owner was in
the mille business, and his working hours were those of a businessman
rather than a farmer.  Elis wife was very nctive in elub work and other
community activities, and the house was used for enterinining to a
greater extent than the others,

The living room was used for most leisure activities and for enter-
taining, The children frequently read and studied in the dining room,
The dining room was used for dinner in the evening, while breakfast
and lunch wero usually eaten in the dining end of the kitchen, Bed-
room No. 1 was not completed and was not used nor heated at the time
these studies were made. The front stairs to the second floor were
also unfinished and the back stairs leading from the entry weve regu-
larly used by the family. Bedrooms Nos. 2, 3, 4, and 5 were occupied
by members of the family and were regularly heated. Bedroom: No. §
was not finished and not heated and was used only for storage,

DeseripTion oF Housg No. 8

House No. 8 was a large rambling structure built in 1872, Plans
are shown in figures 36 and 37, and a view of the exterier in figure 38.
The 2-story main pavt was practically squove, with four rooms on the
first floor and two bedrooms and two unfinished yooms on the second
story. A\ rearstory-and-a-half wing contained a dining room, kitchen,
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and pantry on the first loor and one large bedroom and storage room
on the second floor.  Attached to the rear wing wasa woodshed. There
was o basement under the entire house with the exception of the
woodshed and the front part of the main section, The garage was
located in the bassment under the rear wing and reached by a ramp.
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Isone 37, —Second-floor plan of house No. 8, showing the location of radiators,

PR e o

Fiauke 38 —Housce INo, 8 from the southwest,

The windows were larger than in the other houses and there were
six entrance coors to the house, one of which (door E) was not used.

The calculated heat loss, assuming all rooms that had radiators
were Lieated, was 15,378 B. t. w. per hour, or 8.04 B. t. u. per hour per
cubic foot of heated space.
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CONSTRUCTION DETAILS

Basement and founduiion, walls,—Stone and concrete. Condition,
gootl,

Bwxterior walls—Maln pars: Devel slding, building paper, nixl sguare-
eidge sheathing on the outside; 2- by 4-inch studs, weoed luth, and plaster
on the inside. Rear wing: Bevel aiding oa 2- by 4-imch stuils, shenthing
on ingide, furred with 1- by 2-Inek strips, and finlshed with wood-beaded
celling in the kltchen aud woot lath and plaster In the pantey and dining
rcom. Condliion, fair.

Floors —3ingle woed floors, those In kitchen and pantry coveved with
Hooleum,

Ceiling.—Wood lath and plaster. Condition, falr,

Roof—Maln part composition sbinples over wood shingles. Condl-
tlen, good, Rear wing, wood skingles on spaced skingle lath, Conditlon,
PooOr.

tusulaiion.—None.

Windows—PFirst story; Doublehung wood windows except Ne. 13,
which was a one-teaf wood ensement.  Fit of <ash was as follows: Good,
No. 8; poor, Nos. 4, 12, 13, and I4; rest, falr, "Fhe follenlog were fitted
with storm sash: Nos, 1, 2, 8, 4, 0, 10, und ¥

Second story: Double-hung woed windows exeent Nus. 16, 17, 18, 28,
29, and 30, which were single sash thted o slide wef ween the studs, and
No, 31, which was a single sash hinged al the £ {0 swing oui, Tik,
wil fuir excapt Nos. o, 12, 13, L4, =7 1o, &8, 21, ¢ ud 29, which were peor.

Epterior doors—Wood-paneled, exvept A, whivht wus glazed.. Glazed
transems over doors B and C. FLE, poor.  Sivmua doers, none.  Weather-
stripping, nene.

Cetling heights.—Main part, frst story, It feet £ inchos; second atory,
O feet 2 inches. Renar wing, fivst story, 8 feci 17: lnghes; second atory,
T feetl,

HEATING SYSTEM AND COOKING EQUIPMENT

The house was heated by a one-pipe steam system that was 5 years
old. Cooking was done on a coal range, and coal was used in the boiler.

Caleulations showed that all of the rooms with radiators with the
exception of the second floor bedrooms had adequate amounts of radia-
tion to maintain inside temperatuves of 70° F, with an outside tem-
perature of —15° F, and that the boiler was adequate to take care not
only of the rooms with randiators but also those without, The down-
stairs rooms, aside from the kitchen, required a total of 256 square feet
of radiation and had an actuzl total of 297 square feet. The total
radiation required for bedrooms Wos. 2, 3, and 4 amounied to 213
square feet, but actually ouly 133 square fest were provided. Ths
boiler had a capacity of 650 square feet of equivalent direct radiation.

The dining room, which the family thought to be the most com-
fortable, had meore radiation than caleulations indicated was neces-
sary. However, as this room was vsed as an entry, an excess of radig-~
tion wuas probably necessary. - The majority of the radiators on the
ﬁrst.bﬂoor were T-tube radiators while those on the second floor were
5-tube.

USE AND HEATING OF ROOMS

The family cceupying this house consisted of the owner, his wife,
their young son, and a relative who acted as housekeeper. Thae wife
taught music in the local school and gave music lessons at home in
the evenings.

In general more use wus made of the frst-floor voons than was
the case in many of the houses studied. All rooms in which there were

456700 --530 G
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radiators (fig. 86) except the second-floor bedrooms were regularly
heated. However, as most of the first-floor rooms were difficult to
heat comfortably in cold weather, the dining room was used more by
the family than the other rooms except the kitchen,

During the day the housekeeper was often alone in the house and
since she was active she usually preferred moderate temperatures,
In the evening, on the other hand, the family wanted the rooms they
occupied to be warm.

Descrirrton oF House No. 8-R

The changes in house No. 8 wera quite extensive, and the usable space
in the hounse was increased considerably. The rear wing was wrecked
and a new wing constructed. Rooms in the main part of the house
were also remrranged (figs. 39 and 40), and the entire structure was
tightened and put in first-class condition. Exterior walls and ceil-
ings were insulated, and ceiling heights were reduced in the first story
of the main part by furring down. A photograph of the house is
shown in figure 41,

As a result of these changes the caleulated heat loss was reduced to
65,400 B. t. u. per hour, or 3.03 B. t. u. per hour per cubic foot of heated
spaco, 2 reduction of 62 percent.

CONSTRUCTION DETAILS

Basement walls.—Stone and poured concrete. Condition, good.

Eaterior walls.—Revel siding, ' & G and shiplap sheathing on the out-
stde ; 2- by 4-inch stud space filled with 3% inches of mineral wool, vapor-
proof paper, gypsum lath, and plaster on the inside. Condition, good.

Ploors.—Double woed floors thronghout, lingleum in kitehen, dinettr,
washroom, and bathroom, Condition, good.

Ceiling.—Gypsum lnth and plaster; 8% inches of mineral wool iosula-
tion in szecond-floor ceillng. Condltion, good.

Roof.—Wood shingles on spaced shingle lath. Condition, good.

Insulution.—See walls and ceilings.

Windows—Wood, double-bung. ¥Fit, good. Weatherstripping, all
windows. Storm sash, all windows.

Doors—Wood, papeled and glazed, Tit, good. Weatherstripping,
none,  Storm doors, all doors,

Oeiling heights.—First story, main part, 8 feet 8 inches; rear wing,
8 feet 4 inches. Second story, main part, 9 feet 2 Inches; rear wing,
7 feet § inches,

HEATING SYSTEM AND COOKING EQUIPMENT

The remodeled house was heated by a new forced warm-air system,
although it is probable that the old system would have performed the
task satisfactorily after the improvements were made to the structure.
Cooking was done on a new electric range.

The furnace had a capacity, according to the manufacturers, of
178,500 B. t. u. per hour at the registers, with a blower capacity of
from 2,700 to 3,125 cubic feet per minute. The air was filtered by
four filters, with a total area of 2,400 square inches. These were
filter pads of the replaceable type. Humidification was supplied
by a pan-type humidifier, with the supply of water maintained
automatically.

The fan operation was controlled thermostatically by the tempera-
ture of the air in the plenum chamber.
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The turnace was oil-fived, and the fiving controlled by a thermostat
located on the west wall of the living room,

Aevording to caleulations the furnaee was more than adegquate for
the house, although the system as o whole did not appear to have been
particularly well installed.  The warni-airv vegisters in all rooms ex-
cept the liviog room and the study were loeated about 15 inches above
the floor.  The kitchen wus diflicult to heat, because the duet serving it
was uttdersized and becanse the one hot-nir register was located at one
end of the long narrow room. According to the owner. the kitchen
was uncottfortubily cold at times.

g iy

res bl —=-1Touse No, &1 from the soath,
I =E AMND HEATING OF HODMS

Alwer the bun=e was renodeled more use was made of all the rooms,
as they wern ow comTartible with the exeeption of the kitchen,  The
livinge voar: was used for most leisure activities in the evenings and for
vrtvrtaindee. The musie roam was also used 0 1he eveadngs, ot in
coldd weather it was sometimes closed off during the day.  The study
wits t=ed bhoth by the owner as a Faem oflice and by his wite when marlk-
e papers for her sehoal work. The dining room was used for eve-
ning nieal= while the dinette end of the kitchen was used at breaktast
and Juneh time.

The reareangement of the rooma was of some advantagre in heating
sinee the nuntber of entrances to the house was reduced from six
to two, neither of which opened dirveetly into an occupied room.

DescriprioN or Hotse No. 9

House Noo & was built in 183 Tt was a one-story house of split-
log vonstraetion, with a cellar only under bedvoom No. 2. There was
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an aitic space only ever the ]ivin% room and the owner’s bedroom,
A plan oF the house is shown in fizure 42 and an exterior view in
figure 43. ' '

The calculated heat loss, assuming all rooms to be heated, was

64,994 B. t. u. per hour, or 12.17 B. t. u. per hour per cubie foot of heated
space.
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Froune 42.—¥Floor plan of hense No. 9, showing locatien of heating nnd cooking
equipnient,

Fieure 43.—Hcouse No. 9 from the nerth.

CONSTRUCTIOR DETAILS

Foundations.—Concrete. Condition, good,

Ezterior walls—8plit logs (4 inches te 6 inches thick) ; two thicknesses
of prepared roofing, 1- by 2-inch furring strips finished with %-inch
box board, papered. (endition, good.

Fioors—SBingle wood fours covered with linoleum. Condition, good.

Ceiling.—3%-inch Boex board. Condition, aood.
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ftoof.—Prepared roofing on wood sheathing.

friautation.—None,

Windotes,~-Nog, 1, 2, b, and 10 made up of two six-light barn sash ; one
snsh slid horizontally, the other sash was flxed. Nos. 3, 4, 8, 7, 8,
and D consisted of six-light barn snsk hinged to swing in. All frames
made of split logs. Fit of sash, pvor, Weatherstripping, none. Storm
sash, none,

Exterior doors—Wood, paneled, Door (B) glazed. Fit, poor.
Weatherstrippipng, none. Storm cdoors, none.

Ceiting heights,—Living room and bedroom Ne, 1, 7 feet 11 inches:
kitehen and bedreom No, 2, sloping, 7 feet 7 inches to € feet 4 inches,

HEATING AND COOKING EQUIPMENT

‘The house was heated by a civculator heater supplemented by »
kitchen range and a fireplace, that was not used while readings
were being taken, The heater was centrally located for good heat
distribution. Wood was burned in both heater and range.

USE AND HEATING OF ROOMS

The kitchen and the living roown were the two rooms used during
the day. All meals were eaten in the kitchen dining area, while
the living room was used for most leisure activities.

All rooms in this house, including the bedrooms, were regularly
heated during the day, and the family felt that their house was very
comfortable.

OBSERVATIONS

The records taken in the nine houses before remodeling indicate
that on the whole, in cold weather, the thermal environment left much
to be desired. After improvements were mada to the houses, thermal
conditions more nearly approached those usually considerced desirable.
~ However, as no attempt was made to impose any controls on the
habits of the occupants or the operation of the heating system or the
type of fuel burned, it is impossible to attribute definitely the condi-
tions found to any particular feature of the house or its equipment.
Similarly, it is difficult to say just which of the individual improve-
ments made to these houses contributed most to the more desirable
thermal conditions in the remodeled houses. In order to make defi-
nite determinations it would be necessary to have control over all
conditions and to have some basis for comparing the effect of individ-
ual features. On the other hand, people do not live under controlled
conditions and these studies are important because they show what
may be expected in the way of thermal environment in typical farm-
heuses under noymal everyday use.

In addition, although definite conclusions cannot be drawn, there
ave some assumptions that can reasonably be made, based both on the
data and on the reactions of the accupants to the environment.

Condlitions from which discomfort might result, observed in some
or all of the houses before remodeling, included :

1. Fluctuations in aiv temperntures throughout the day.

2. Inability to heat all reoms uniformly or, in fact, to heat some
rooms at all satisfactorily without overheating other rooms.

3. Fairly wide differences between the air temperature and the
temperature of the exterior wall and ceiling surfaces.
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4. Large vertieal temperature differentials between the air near
the floor, at the 60-inch level, and at the ceiling.

Of these factors the large vertical temperature differentials, or
more particularly the low air temperatures near the floor, were com-
mon to all the unimproved houses. Alse these large differentials
were factors over whic]h the oecupants had no control.

Atter the houses had been remodeled or insulated, there were as a
rule less pronounced fluctuations in air temperatures, less difference
between the air temperatures in heated rooms, higher surface tempera-
tures, and less differences between the temperatures of the air near the
floor, at the 60-inch level, and at the ceiling.

Day-Buck TesmpeEraTURES AT ThE GO-Incu Level

One of the purposes of this investigation was to determine if possible
the air temperatures occupants of these houses were able to maintain
or seemed to prefer. It also seemed desirable to find out how nearly
the “effective temperatures” recorded in these houses corvesponded to
those which the majority of subjects found to be comforiuble in the
course of the tests made by the American Society of Heating and
Ventilating Engineers (A. 8. 1. V. B.).

In this particulnr discussion the temperatures referved to are ul-
ways the dry-bulb temperatures 60 inches above the floor, unless other-
wise indicated, and ure those recorded during the day.

The day was assumed to be from 8 a. m. to 10 p. m. and was
arbitrarily selected as a basis for comparing conditions in the various
houses.  Although all of the families arose much earlier, usually about
G . m,, and fired their heating cquipment at that Fime, this schedule
way chosen beeanse it was thought that during the earlier morning
hours with all of the uctivity connected with preparing breakfast and
getiing the children off to school, less attention would be paid by the
tamily to the temperature of the house than after the early morning
rush was over and the household had settled down to the voutine duties
of theday. It wasalso thought that by 8 a, m. the temperature should
have regehed a reasonable level in all of the houses,

The average temperalures recorded in the most used rooms, the
Kitehen, wid one bedroom ot each house during periods of cold, mod-
erulely cold, and mild outside temperatures ave given in tables 2, 8, and
+ Appendix. Average relative humidities and effective tomperntures
are alse shown,  In orvder to make them compurable, temperatures
recovded by hygrothermographs located at heights other than 60 inches
above the floor hive been corrected by using the gradients recorded by
portable stand veadings. The temperatures shown in these tables rep-
resent averages of temperatures recorded during periods of from
1 day to 5 weeks, and it may be assumed that the temperature in the
most used rooms, at least during periods of moderately cold and
mild weather when excessive firing was not necessary, represent ap-
proximately the temperature levels the families wanted. Kitchen tem-
peratures on the other hand may have been higher at times than the
family wanted beeause of cooking, laundry, or other household tusks
requiring heavy firing of the kitchen range. In bedrooms, as was
pointed out earlier, there was rarely any attempt made to maintain
a comtortable temperature level, at least during the day.
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As can be seen from tables 2 und 3, the average temperatures main-
tuined at the €0-inch level in the inost used rooms and kitchens of these
houses were much higher than is normally assomed for the purposes
of heating-plant design. They were also above the level at which the
greatest mmjority of individuuls who were subjects at the American
Nociety of Heating and Ventilating Engineers’ research laboratories
were com fortable durin & tests to determine effective temperatures. In
moderately cold weather,” average temperatures in the most used rooms
of all of the unimproved houses but No. 1 and No, § were bebween T5°
and 8§1° I, and in mild weather only the average temperuture in the
dining room of house No. 1 was below 70°.  No recovds were talen in n
number of the houses during periods of cold weather; however, aver-
nge temperatures in the most used vooms of the unimproved houses in
which records were obtained runged between 619 and 80°, with all but
the average dining rvom temperstures in houses Nos. 1 and 2 within
the range between 7U° and 8,

Tho heating system in house No. 2 was not adequate, based on the
«aleulated heat loss from the structure, and vequived heavy fring to
maintain high temperatures in cold weather. The family in house
No. 1 paid less attention to the temperature of the reoms than those
in most of the other houses, and the investigators found by aetunl ex-
perience ihat high temperafures eould be maintained even in the most
gevere wenther with very little extra attentlon to the furnace.

The temperatuves in the kitchens of zome of the unimproved houses
were nol quite o high as in the most used roones, while i other houses
they were higher {table 3. Appendix). In periods of mild weather
avernge temperniures e the Kifehens of all the bouses but Nos. 1, 4,
and & were belween 76° and 83° If,  In these three the average fom-
peratures wore 70° or more.

Tn the improved houses the tendency secemed to be toward slightly
lower temperatures except in cold weather.  In the most nsed rooms in
three of the houses avernge tomperatures were between 70° und 74° T,
in mild weather, and in the renmining three weve between 73° and 77°.
In cold weather, on the other hand, average temperatures in three of
the Tour houses in which temiperatures woere recorded were higher than
they Biad been in the unimproved houses.  Tn {he kitehens of the im-
proved houses average temperafures during periods of mild weather
rungeed from a low of 667 in house No, 8-1R Lo a high ol 80° in house
No. 5 R Inhouses Nes 1-R,4-R, and 3-R avernge temperatures in
the kitehens were slightly higher than they had been before remodel-
ing.  In moderaiely eold weather kitehen tewperntures were higher
i hotses Nos, I=Ro=R, and 6-N, and incold weather they were higher
i1 houses Nox, 2T and 6-N.

Only in the kitehen of house No. 5-R were average {emperatures
below 70 . This was appavently eaused by the undersized duet
~upplying this room.

Average temperatures in the bedrooms of the wnimproved houses
during periods of wmikd weather vanged from a low of 51° F. in house

* Far purpo~es of discussion, cutside femperatures hve been avbitearily grouped
&= follows:

ol wenihier = outside dry-balh temperafores bolow 11° 10,

Mpderatoly cald weather - autside dey-hulh temperatnres 11° to 30° I,

A woenther - oulskle dey-balbh temporatares ohave 30° T,
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No. 4 to a high of 78° in house No. 9 (table 4, Appendix). In mod-
erately cold weather the lowest average tem perature was 33° in house
No. 3, and the highest was 81° in house No. 7. In only four of the
seven unimproved houses in which bedroom records were obtained
were temperatures above 70° in mild weather and in only two during
moderately cold periods. The average temperatures were below 700
in the bedrooms of all of the four houses in which records were obtained
in cold weather,

In the improved huuses, bedroom temperatures were below 70° F.
in three of the five houses in which readings were taken in mild
weather. On the other hand none were below 63°. In mederately
cold weather readings were taken in seven improved houses. The
average temperatures ranged from 61° to 76°, with bedroom No. 2 in
house No. 2-1 the only one above 70°. Readings were taken in only
four improved houses in eold weather, and the average temperatures
were below 70° in three. They ranged from a low of 60° in house
No. 8-R toa high of 76° in house No. 9-1.

‘The eonly conclusions that can be reached from an rnalysis of the
data and the habits of the occupants was that the temperature at the
60-inch level in any one directly heated room at any one timie was
largely the result of the attention given the fire by the occupants of
the house. In other words, relatively high temperatures conld be
maintained at the 60-inch level in these houses.

REeLaTive Hunmipity

The relative humidities recorded in the unimproved houses were
not so low as might be expected, in view of the types of heating sys-
tems and the high dry-bulb temperature maintained,

Average velative humidities in the most used vooms of the unim-
proved houses were for the most part within the range of 30 to 50
percent in mild weather {table 2.) ~ Only in house No. 3 was the aver-
age below 30 percent. However, in moderately cold weather average
relative humidities were below 30 percent in four of the eight houses
it which records were kept and below 30 percent in all of the five
houses for which there are vecords when outside temperatures were
below 11° T, The lowest relative humidities were recorded in the
dining voom of house Ne. 3, where the average was 21 percent in mild
und moderately cold weather and 17 percent in cold weather.

In the kitchens of the unimproved houses (table 3, Appendix)
average relative humidities were higher than in the most used vooms
in four of the nine houses, slightly lower in three and the same in one.
I house No. 4 they were lower in moderately cold weather and higher
in mild weather.,

In mild weather the range within which the average relative humidi-
Lies of the kitchens of the unimproved houses fell was between 30 and
68 percent (table 3). As in the case of the most used rooms they
were lower in moderately cold and cold weather.

In the bedrooms of four of the six unimproved houses in which
records were obtained humidities were higher than in either the most
used rooms or the kitchens (table 4, Appendix). In one house (No. 2}
they were Jower than in the kitchen but higher than in the most used
ryom, while in house No. 6 they were higher than in either, except that
in cold weather they were lower than in the kitchen.
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In the most used rooms of five of the seven improved houses avorage
relative humidities were as high or higher in all weather than they
had been before improvements were made, and ranged from a low of
26 percent in house No. 6-N during a. period when outside tempera-
tures were below 11° F. to u high of 51 percent in house No. 3-R during
a period of mild weather. In the kitchens, on the other hand, average
l'ellati\'e humidities were higher in all weather in three of the houses
and Iower inone.  In the other three they were higher in some cases
nnd lower in others.

In the bedrooms of the improved houses average relative humidities
were not greatly different from those before remodeling in the houses
where eomparable records were available. They decreased slightly
in house No, 1-R, und increased in house No. T-R. Tn house No. 6-N
they were higher in cold weather and the same in moderntely cold
weelher, Tn house Xoo 2=1 they increased in cold weather, decvensed
in moderately cold weather, and were the same in mild weather,

The three factors that appeared to aflect the relative humidity in
these houses were fivst, the inside-outside temperature difference; sec-
ond, tightness of construction; and third, moisture introduced as a
result of cooking and laundry.

Tt the humidifying devices in the heating systems had any appre-
cinble effect on humidities it was not evident from these studies.

ErrseTivE TEMPERATURES

TLake dey-bull temperatures, effective temperatures were relativel
high.  Studies made in the American Society of Heating and Venti-
lating Engineers’ researeh lboratory indicated that 97 percent of the
subjects felt comfortable at 66° E. T. In the most used rooms of
unimproved houses the cffective temperature was above this level in
all houses during mild weather except No. 1, where the effective tem-
perature was 64° (table 2, Appendix). In the rest the range was
from 69° in honses Nos. 7and 8 to 75° in house No. 9. .

In cold weather offective temperatures were below 66° in the most
used rooms of three of the six houses for which data ave available.
The range was from 58° E, T, in the dining room of house No. 1 to 70°
in the dining room of house No. 3.

Effective temperatures were higher in the kitchens then in the most
used rooms in t%m majority of cases. As might be expected they were
generally lower in the bedrooms {(table 4) than in the most used romns.

In the most used rooms of the improved houses, during mild weather
effective temperatures were lower in three cases than they had been in
old houses and higher in two; while in cold weather they were higlier
in all cases except house No. 6, where they were the same.

In mild weather they ranged from a low of 66° E. T. in houses 7-I}
and 8-R to a high of 71° E. T. in house No. 2-I. 1In cold weather the
range was from 65° E. T. in house No. 5-R to a high of 71° in house
No.2-1. Asin the unimproved houses, effective temperatures in the
kitchens were the same or higher than in the most used vooms in a
majority of cases, while they were lower in the bedrooms.

VARIABILITY OF TEMPERATURES

The fact that high average dry-bulb and effective temperatures could
be nand often were maintained at the 60 inch level in all of the unim-
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‘proved houses even in cold weather does not mean that the occupants
wers comfortable. Temperatures were variuble, and occupanis of
most of these houses were exposed to a fairly wide range of tempera-
tures during the day.

In general the lowest Lemperatures of the day were recorded between

8 and 9 o'elock in the morning, for alrhough heating equipment was
fived in most of the houses at about 6 a. m.. the houses were very slow to
heat up.  After temperntures had leveled off, the variability in tem-
perature depended Invwely on the attention given the five by the family.
As might be expected rooms in the honses tn which coxl o a combina-
tion of conl and wood was used were generally somewhat nore uniform
in temperature than in those in which wood alone or weod and corn-
cobs were buened.  Among the wnimproved louses the most extreme
anges in temperatures were found in house No, 6. where differences
between maximum and minimum temperatuves amounnted to ns much as
407 T, in the kitchen and 30+ in the tiving roon:. The house was heated
by stoves in which wooed and cobs were burned, and at the same time it
was in the poorest condition of any of the houses.

"The least range in tempernture in the unimproved houses was fonnd
wn the living room of house No. 4, which was heated by a civeulator
heater burning oil.  This house was in fatrly good condition,

As o group, temperntures i the insulated hauses were less variable
than in the uninsulated houses where the saine type of fuel was used.

Here again there were exceptions that must be altributed Jargely to
the attention Tamilies mave theiv heating systems. TFigure 44 shows
graphs of the ranges in temperatures recorded in regularly heated
rooms in some of the houses for a selected week before and after
improvements were made.

Axenn be veen from figure 44, .1 and B, ranges in tempernture for
these ~eleeted weelis were more extreme on sote davs in the insulated
house {No. 2-1) than in the okl house {No. 2}. This indicates rather
clearly that vegularity of fiving is the most important consideration.
There was no change 1n the heafing system in the insulnted house and
woutl was burned both befoere and after insulafing. Mean outside
temperalures fell within the range of 207 {0 40° T, for bolh weeks,

Fionre 1, ¢, shows the velatively uniform temperature recorded in
the living veom of house No. 4. Flere heat was supplied by an oil-
burning civeulator heater.  Althongh it was not thermostatieally
controlled, at least there was o steady How of heat.  After the house
was remodeled and the centeal, ofl-fived. thermostatically controlled
forced warme-aie system was installed and the house ingulated. there
was considerably less varintion in femperature throughout the day.
The average range hetween maximun and minimun temperatures
amounted to-E7° F. (fir. 44, D) as compared to 8.8° before remodeling.

£and Foof Tigure 14 show conditions in houses Nos, § and 5-R.
ITere temperntures were considernbly Tess variable in the remodeled
house than in the old house. The averuge daily range between maxi-
mum and minimam temperatuves lor the selected woek nmounted to
enly 5.8° I, in the living voom of the remodeled house, with avernge
ontside temperatures between 21° and 297, compaved with a daily aver-
age ratee of 0,17 in the sne room hefore renisdeling when avernge
outside Femperatures were between 207 and 2270 A combination of
wood and conl was burned both before and after remodeling,  When
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the house was remodeled, however, a booster fan was installed in the
bonnet of the gravity warm-air furnace and thermostatic controls for
the dampers and fan were added. The furnace was stiil hand-fired.
Even before remodeling temperatures were less variable in this house
than in most of the others, largely because the furnace was fired
reguiarly.

The comparison between an uninsulated house heated by a hand-
fired, one-pipe stenm system, with conl the principal fuel, and an
insulated house heated by a thermostatically controlied oil-fired forced
warm-air system is shown in figure 44, & and H. The variation in
temperature in house No. 8-R was partly because the family usually
kept the temperatuve down during the day and turned the thermo-
stat up later 1h the afternoon.

Temrenature Dirrerenees Berwren Heatep Roons

T the old houses there were frequently marked differences in tem-
perature anong the regularly heated rooms at the same houv, There
was little that the family could do aboust this condition in houses heated
by central systems, as these differences appavently resulted from the
fact that the rate of heat loss from these rooms differed considerably
and the heating systems were not designed to compensate for this
uneven loss of heat. In addition, the temperafures in the kitchen
were affected at times by the firing of the kitchen range for purposes
other than heating.

In stove-heated houses, however, it was possible to maintain com-
parable temperatures in the different rooms, but this obviously re-
quired too much attention {o fires to be very practical.

Typical cxamples of conditions found i four of the houses before
and after remodeling are shown in figure 45.

In all these enses there was less diffevence between temperatures in
the varicus heated rooms after improvements were made than befove.
This alse held true in the cther houses. The effect of insulution alone
on these temperature differences is best shown by figure 45, 4 and B,
which shows temperatures on typical days before and after remodeling
in house No. 2 and 2-R. In this ease no change was made in the
heating system nor in the kind of fuel burned.

‘The advantage of an oil-fired circulator heater over a wood-bnrning
stove 1s shown by figure 45, C.  Temperatures in the living room were
relatively even and high, while they were very irregalar i the stove-
eated dining room. Kitchen temperatures were understandably
lov er, as the kitchen was heated only by overllow heat from the dining
room plus what litile heat was given off by the electric range. In
figure 43, 0, the small temperature differences between rooms and the
ahmost negligible fluctuation in temperature clearly illustrated the
desirability of n thermostatically controlled heating system and a well-
insulated house,

The most marked improvement was that shown by house No. 6-N
over house Ne. § {fig. 45, ¢ and H). This represented a change from
a very poor house heated by stoves to a well-insulated house heated by
acentral gravity wiem-aie system. It is very apparent that the stoves
in this old honse were fired rather fvvegularly, as compared with that
in house No. £ {fig. 45, €'}, and this accounts very largely for the wide
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temperature dillerences. Tven in the new house, with only the fur-
nace to tend, this family made less attempt to maintain uniform tem-
petatures than did most of the other families.

The more uniform temperatures throughout house No. 5~R as com-
pared with those in house No. § {figs. 45, £ and ) ave probably due to
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s 45.—Comparison hetween dry-bulb temperatures al Lhe 60-inch level for a
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miade,

the msulation and the rearrangement of rooms as well as to the changes
made in the heating system, In the remodeled house the kitehen was
less exposed than it was before, even though it wuas on the north side
of the house. In addition the back deor opencd into the workroom
rather than divectly jnto the kitchen. As o result, the temperatures,
which were lower in the kitchen than in the living and dining rooms
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before remodeling, were now very close to those in these other rooms
and in fact frequently a little higher. In every case where rooms
were in exposed positions, as the kitchens were in houses Nos. 2, 5, and
8, temperatures were genernlly lower than in the more protected rooms.
This was Lrue even when heat was supplied both by a central system and
by a wood- or coal-burning range,

Vert1CAL TEMPERATURE GRADIENTS

As was pointed out earlier vertical temperature gradients were the
most obvious source of discomfort in the unimproved houses. In
fact one of the major complaints of the occupants of many of these
houses was thaé of cold feet during periods of severe weather. 1In the
improved houses, on the other hand, these differentials were reduced
considerably and according to the owners these houses ave comfortable
even in very cold weather,

Temperature gradients in the unimproved houses were extremely
high in some cases. In the Kkitchen of house No. 6, for example, dii-
ferences of as much as 60° . between the air 3 inches above the floor
and 1 inch below the ceiling were observed. The minimum differ-
ential recovded was 21°,  'The average diffevence bebween the tempera-
tures at these levels for the entire winter test period was 35°, while
the average differences between the temperature of the air 1 inch above
the floor and 60 inches aubove the floor was 81°. The kitchen was
exposed on three sides and partly exposed on the fourth, There was
no basement under it and it had an unheated attic above. The heat
was supplied largely by the kitchen range in which wood and cobs
were burned, supplemented by overflow heat from the dining room.

¢ represented the worst conditions found. Temperature differen-
tials in the other rooms in the house, however, were nearly nsbad. In
the living room the minimun differential was 14°, the maximum, 35°,
and the average, 26°, while in the dining room the minimmm differen-
tinl was 23°, the maximun, 47°, and the average, 84°.

The lowest average temperature gradients in the unimproved houses
were found in the dining room of house No. 2 and the hiving room of
hiouse No. 1. These were 12° and 13° I, vespectively, Temperature
Qifferentials recorded in the dining room of house No. 2 at single
locations ranged from 1° to 20°, while in house No. 1 they varied from
7° to 23°. Figure 46 illustrates the temperature gradients recorded
in the mest used rooms of the nnimproved houses on typiecal days.
As readings conld not always be taken in the various houses on days
with the same or similar outside temperatures, they are not very
comparable. They do show, hewever, the range in femperature fo
whieh the occupants of the old houses were exposed.

Figure 47 shows the gradients recorded in the most used rooms of
the improved houses. In addition, maximuim, minimum, arid average
temperatures recorded at the vavious levels and the differential be-
tween floor and ceiling for all rooms in which readings were taken in
both the old and vemodeled houses ave given in tables § to 8, Appendix,

From s casnal review of the data 3¢ appeared that the magnitude
of the temperature differentials between floor and ceiling was influ-
enced chiefly by the rate of heat loss from the structure and the type
of heating systemn.
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Since no good basis of comparison was possible the only means of
arviving at any conclusion was through an analysis of the data that
would separate as much as possible the influences of the two factors.

As the first step in this analysis the temperature gradients expressed
in degrees per foot of height in the regularly heated rooms of both the
unimproved and improved houses were plotted against differences in
temperatures between the inside and outside air. The resulting curves
indicated that in individual rooms the temperature differentials gen-
erally increwsed or decrensed with the inerease ov decrease in the
inside-outside temperature difference. Typical curves for houses Nos.
5 and 7 before and after remodeling ave shown in figure 48. These
were selected for illustration because there was a suflicient range in
outside temperatyres during the periods when readings were taken to
give & clear-cut picture of the effect of inside-outside temuperature dif-
ferences on temnperature gradients.

Similar curves were made to ascertain the effect of wind velociby,
Its influence was also appavent, particularly in the rooms of unim-
proved houses, although less pronounced than that of inside-outside
temperature differcace. This was because its effect on a particular
room varied not only with the veloeity but also with the direction,
both of which might change rapidly within a short period of time.

In the roems of improved houses where windows were weather-
stripped and fitted with storm sash the effect of wind velocity was
much less apparent.

From this preliminary analysis it appeaved that the rate of heat loss,
of which insule-oulside temperature diffevence and wind velocity are
but components, was the most obvious factor affecting vertical tem-
pernture gradients. In an cffort to separate the effect of heat loss
from that of ether vuriables the Bean Method of Graphic Correla-
tion® was used.  Temperature gradients in all rooms that were regu-
favly used and heated Quring the occupied period of the day in each of
the unimproved houses ave shown in table 1. Tn addition, data that
might affect these grudients are shown, including caleulated heat loss
expressed in British thermal units per hoar (using nctual inside and
outside temperatures), wind veloeity, and tvpe of heating equipment.
In addition to the known factors, there were unknown variables that
probably affected the gradients, such as drafts caused by opening of
doors or sudden Increases in infiltzation resnlting from gusts of wind
and the like, which cannot be compensated for. Therefore the results
obtained by this method of analysis can be considered only as indica-
tive of a trend,

Figure 49 shows the average temperature differentials in degrees per
foot of height listed in table'1, plotted against the computed heat 10ss
in British thermal units per hour.  The curve represents the relution
between the temperature gradients and this factor. The deviations
of uny of the observations from this curve may be assumed to be ue
to other factors. Tor exaumple the position (well above the line) of
items Nos, 4, 7, 8, 13, 16, and 17 may be explained Ly the fact that
each of these rooms was adjacent to a room heated onty by overflow
heat from the room in question or to one heated only by a kitchen
range.  This souree of heat loss is not taken info aceount in the heat-

“EBean, T H. A SIMPLIFIER METIION OF GRAPHIC CURVELINEAR CORRELATION,
Amer. Statis, Assoc. Jowr, (N, 8.) 24:386-397, illus. 1920,
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loss caleulations. Another of these is the recorded wind velocity (a
uniform velocity was assumed in heat-loss computakiens). However,
as was pointed out previously, the effect of wind velocity is not the
same in all cases. Rooms with few windows and no exterior doors, or,
as in the case of a number of improved houses, with windows weather-
stripped and fitted with storm sash, would not be affected by an in-
crease or decrease in wind velocity to the same extent as rooms with
more or larger windows or exterior doors and with the windows not
weatherstripped or fitted with storm sash.

Tanre l—Relafions behween ftemperature differentivls between ¢ir 3 tnches
above the floor und I inch bdelow the ceiling, heal loss, wind velogity, and
fcating equipntent,
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An examination of the plans and descriptions of the various struc-
tures will show that rooms listed in table 1 as items Nos. 2, 5,7, 8, 9,
11, 13, 14, 15, 19, and 22 would all be likely to be definitely affected by
an increase or decrease in wind velocity. Deviations from 4l for these
rooms are therefore plotted against wind velocity (fig. 49, 8). The
effect of wind velocity is apparent from this figure, although the curve
may be distorted because of the positions of items 7 and 13. These
items represent two of the rooms that furnished overflow heat to other
rooms and are thercfore considerably above the line in A. Tt appears
that in these parlicular rooms higher ov lower temperature gradients
than would normally be expected may be largely accounted for by



http:windo.ws

09

i : T T | S T Y i i 1 i1 T H { i 1
& A-Living room, House N6.5 - . B -Dining room, House No.5-R

3

=)

[

o
o)

b
o

AN S S S S S SR Sui ’ ’ SRS B IECE S SO M SRS |
~ g C“Living room, House Mo 7 -4 % J D-Living room, House No 7-R

ol
0o

e
Q

ond linch below ceiling per fool of height (°F. )

<
S
2
N
O
Q
o
“w
1
2
O
§
oo
3
hod
W
U
X
X
L
pNY
3
$
&
=
R
v
3
3
-
AL
]
3
N\

o

‘ 10 20 30 40 50 60 70 80 90 10 20 30 40 50 ‘ 60 70 80 90
Temperature difference between air 60 inches above floor and the outside air (*F )

Ficune 48.—The effect of inside-outside tempeérature differences on vertical temperatire gradients in the most used rooms in houses Nos.
5 and 7 before and after improvements were-made. Each dot represents temperature differences between the air ‘3 inches above
the floor and 1 inch below the ceiling in degrees per foot of height plotted against the difference in temperature between the in-
side air 60 inches above the floor and the outside air.

YALINOIYDY J0 ‘LdHd 'S ‘A ‘001 NILLITING TVOINHOUL



http:t_+~~H-Dini:.tt.ro

Average femperature diffarence belveor

TEMPERATURES IN WISCONSIN FARMHBEOUSES 61

the effect of wind. Deviations from B are then replotfed against
curve 4 (fig. 49, €) and a second approximation drawn in view of the
changed position of the items that have been corrected for wind effect.
Ttem No. 8 could not be corrected, as the wind velocity was not known.
As can be seen from the corrvected curve, all items with the exception
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Froore 49 —Correlatign of factors affecting vertieal temperature gradients io
regularly heated rooms other than kitchens in wnimproved and improved
heuses: A, Relution of gradients to heat loss {first approximation) ; B, rela-
tlon of deviations from curve A to wind velocity; €, relation of gradiengs to
bieat loss covrected for effect of wind velocity {second approximation),
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of Nos. 8 und 17 are now reasonably close to the line representing
the effect of heat loss.

The deviations that still exist are the resuit of factors that cannot
be rensenably aceounted for. An cxamination of this eurve in con-
nection with table 1 shows that they eannot be accounted for by types
of heating, inasmuch as itens representing the same type of heating
system are seattered above and below line -, and any attempt to
draw any conclusions in this connection would not be justified, ns the
unknowu fuctors previously mentioued are as likely to be responsibie
for a given deviation as is type of heating.

In these curves the effect of the insulation, storm sash, and general
improvement of the structure in the remodeled or new houses is very
noticeable 1n the reduced vertical temperaiure differentinls, and the
conclusion reached was that any change in either the structure or
arrangement of rooms that reduces heat loss fends to reduce these
vertical differentials.

Suvrrack TEMPERATURES

The surface temperatures of walls, floors, and eeilings observed in
these houses may or may not have had an important effect on the
feeling of comfort of the occupants. At present there is no available
information on optimum surface temperatures with which to compare
those observed in these houses. It is generally believed, however,
thut surfuce temperatures reasonubly close to the temperature of the
air in the room are desirable in houses heated by conveetion systems.
Eifective femperature, for example, is based on the assumplion that
~titface fomperatures of the oceuplied room will be within a few de-
arees of the dey-binlb lemperature at the §0-inch level.

Average surface temperatures recorded in the unimproved houses
were neurly as variable as the aiv temperatures, and in general the
relation between the room temperatures and the surface temperalurves
was more appavent than between the surfice temperatures and the
outside siv temperature or the surface temperatures and the fen-
perature differences between the air in the room and the outside air,
Aswould be expected, however, the difference between the temperafure
of inside surfaces of exterior walls and the temperature of the air
adjacent to the walls tended to be greater when the difference between
inside and outside air femperatures increased. This tendency is nol
very appitvent from the averages, as there was u considerable Ing be-
fween changes in inside air temperature and the covresponding change
in the temperature of the snrinces. This lag was even greater with
relation to changes in the femperature of the oufside air.  Thervefore,
the =urface temperature did not neceszarily velleet the temperature
of the aiv in the room o the temperature of the ontside wir at the time
the réading was taken. However, when contimuous readings were
taken this trevd wag observed,

Thermal characterislics of the exterior walls in the nnimproved
houses did not differ greatly, except in house Neo. 2, where sheathing
was omitted, and 1a house No. 1, which had 1 nch of tsulation for
sheathing, and these differences did not appear to be reflected in the
temperataves of the inside surfaces of the exterior walls. ‘This may
hurve been due to the faet thiat heat loss through the entire wall between
mside air and outside air was modified by convection currents within
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the stud spaces. whieh earried off heat into the attic because in most of
the houses stud spaces were not blocked off from the attic spuces. In
the improved houses, on ihe other hand, where stud spaees were filled
with insulation, differences between average nir and surface tempera-
tures were mueh less. A discussion of air movements in the con-
struetion is given laler,

In tubles 9 and 10, Appendix, the average temperatures of the wall,
Noor, nnd eetling surlaces and the adjacent air are given for the regu-
larly heated rooms in each house during the day.

comparison of the data i these two tables indicates quite clearly
the eilect of insulation on wall und ceiling surface temperature. DBe-
[ore insulating average surface lemperatures of exterior walls rangedl
[rom 3% Lo 157 F. below thut of the adjacent aiv.  After remodeling,
avernge surlace tamperatures vanged from 2° {o 8° lower than the
average Lemperature ol the adjacent air, except in the living room of
louse No, 6-N, in which an average difference of 12° was recorded for
some unknown reason,

Celling surluce tenaperatures in ihe majority of the old houscs
aversged from 6° to L1® F. lower than the temperature of the wir 1
inch below the cetling, except for two exteemes: Che kitelien of house
No. 9 where the average difference was only 3° and the dining room
ol house No. 6 wheve tte wverage dilference was 192, In the insulated
houses the avernge differences were largely between 0° and 6°, In
the kitchen of house No. 1, however, the average temperature of {he
veiling was 3° higher than the average temperature of the air 1 ineh
below. .

Average surface temperatures of the floors in the unimproved
houses were in most eases lower than thoie of the walls and ceilings,
Moors ranged from a low of 452 F. in the living and dining rooms of
house No. 1 1o a high of 73° I'. in the kitchen of house No. 5. In the
improved houses the range wus from 582 in the living room of house
No. 2-T to T4% in the kitehen of house No. G-N.

Belore vemodeling, average {loor temperatures were below 30° I, in
Yool the 26 rooms for which there are data, between 50° und 60°
in 7, between 607 and 702 in 14 and sbove T0° in 3. After remodeling,
average lloor temperaturves were never below 50°, and only in 1 room
were they below 60, In 19 roums the temperatures were between 60°
anl Y0 and in 2 more chey were above T9°,

In both the old and improved Louses the temperatures of loor suz-
Faees adjacent to outside walls were usually below those nenr the center
of the room and indicated in soine cases appreciable heat loss at the
wiges of the floor and ends of the joist spaces. For example. in the
living roont of house No. 6, during a peviod of cold weather, average
Hoor surface temperatures 1 inch from the outside walls were 13° F,
lower than those 36 inches from the outside walls, and in the Iitchen
were 107 lower.  n the rest of the unimproved houses average tem-
perature differences of from +£° 1o 6 were recorded in cold weather.
It moderately cold weather average floor surfuce temperatures 1 inch
'rom the putside walls were from 1° to 8° lower and in mild weather
lvom 22 higher to 5° Jower than those 36 inches from the walls.

En the improved houses average differences in tempernfure betwoen
the floor surfaces 36 inches or more from the exterior walls and those
adjacent 10 the walls were about the sume or slightly greater than in
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the old houses. In cold weather differences ranged from 2° to 14° F.,
in moderately cold weather from 2° to 7°, and in mild weather from
2° to 5°.

Although average lloor surface temperatures were generally low
the n:improved houses, they were from 0° ko 11° higher than the
average air temperature 3 inches above the floor in all but 3 of the
houses. In these (house No. 3, the living room and dining room of
No. 1, and the dining room und kitehen of No. £}, the floors were from
1° to §° eolder than the air 3 inches above the floor.  In the improved
houses floor surfuce temperatures were from 2° below {o 3° I'. above
that of the air 3 inches zbove the fluer exeept in the living voom of
house No. 1-R where floors were 7 cokier on the nvernge than the
udjacent air.

It can also be seen from these tubles that average surface tempera-
tures in those rooms in the unimproved houses that were healed by
stoves tended to be somewhat higher in compurison with air tempera-
tures than did avernge surface temperatures in rooms healed by purely
convection systems. ‘This was the resuit of radiant heat from the
stoves; while all surfaces were not warmed equally, because of the
virying distanees from the heal source, the higher temperatures of the
witlls close to the stoves tended to bring the average up.

It is appurent from the dafn Lhat the important factors affecting
surfuce temperntures were the thermal claracteristic of the walls,
floors, and eeilings and the presence or absenee of sources of radiant
heat within the rovms.  ¥n the cuse of floors the presence or absence
of & basement containing healing equipment also wag a factor.

Asr MovEMENTS 1N THE CONSTRUCTION

In most of the old houses balloon framing was used, with the result
that conveetion currents could be sot up, us the air was free to circulate
(hrough the siud spaces inlo the joist spaces and, in the story-
and-n-half houses, 1nto the unheated spaces under the eaves. A
typieal wall seetion of house No. 1 is shown in figure 50, 4, illus-
teating this condition. It is apparent that with construction such as
this the insulation laih on the exterior of the wall wus not so effective
as it might have been had the eads of the stud spaces been blocked
off. In the insulated houses this condition no longer existed, us these
<paces were effectively blocked off.,

Anemometer readings in the siud and joist spaces of some of the
old houses indicate that there were convection currents of sufficient
velovity to increase heat loss.

Anemometer readings taken in house No. 1 in the joist spuces over
the kitehen and living room and in the aitic showed air velocities of
from 5 to 29 fect per minufe. Air movements in the joist space over
the kitchen averaged 7 fect per minute over a period of 4 days, and a
thermoconple mounted in the space with the anemometer showed an
avernge air temperature of +4° . for the same period. At the same
time the average femperalure of the air 1 inch below the ceiling wus
729, and the ceiling surface, 63°. The average outside wind velocity
was 6.3 miles per hour and the outside temperature —5°.

During this same period the velovity of the air movement in the
joist space over the living room averaged 164 feet per minute and
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Fiouse §0.—4, Wil section of house No. 1, showing how alr is free to circulnte
within the constructlon, This condirion wus typlval for raost of the old hounses.
B, Wall section of honse No. 1-R, showing how insulntion prevents convection
currents within the eanstruetion.

the temperature in the space averaged 40° F. The average temperature
of the air 1 inch below the ceiling was 64° and the average tempera-
tare of the ceiling 56°.

The air movements recorded in the attie space had an averaﬁe
velocity of 148 feet per minute and the alr temperature was 36° K,
The temperature of the ceiling below was 43°. The outside condi-
tions were the same during ull these readings,

In house No. 3 readings were obtained of air velocities in the attic
space over bedroom No. 3. These were taken at 2-hour intervals for
a period of 5 days and showed an average velocity of 12 feet per .
minnle, with a maximum of 26 and a minimum of 7 feet per minute.
At the sume time the velocity of the air movements in a joist space
under the kitchen floor varied between 7 aund 8 feet per minute, Also
during this same peried alr velocity in the second floor joist space
over the kitchen averaged & feet per minute, with o high of 14 and a
low of 7 feet per minute. During this period ontside wind veloeity
raried between 9 and 3 miles per hour and averaged 7.

AR MovemeyTs WitHin Roons

The records obtained showed that air movements within rooms
were for the most part of short duration, usually lasting only a few
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seconds.  They were, however, fairly high in velocity on oceasion,
particularly when dﬂmq in ather pares of the house were epea. ’[‘ha\
were wost noticeable in such pirces as doorways and open arvchways
hetween rooms awd in the vicluity of cold-aiv registers. Fairly high
velocities were also observed vhhc to poorly fitted windews and ont-
side doors and near doors leading tnto unheated rooms.  These move-
meats appeared fo die out within a few feet, however, and conld hardly
be classified as drafis except within a very limited area. In the re-
modeled or new houses, on the other hand, nir movements wore so low
s to be unmensurable.  Snch gusts as were observed in the unimproved
houses could nef be diseoversd except close to windews that bad been
left unlecked or elose to poorly litted dootrs.

In house No. 1 veadings with the explovation anemometer were
taken on 2 duys with avernge outside wind velocities of 7 and 9 miles
per hour. On the first du\ these air movements varied from a high
of 60 feet per minute on the floor in the rear entry opposite the out-
side door to u low of 9 feet por minute on the (lovr 1 the eenter of
bedraom No. 1. The average velocity of all movemenis vecorded in
the living room an this duy was 17 feot por minute, with a high of 2
and & low of 10, all elose to the floor. At the same time the nmwmonh
i1 the dining room avernged 14 foet per minute, with a high of 19 and
n low of 12, In the kitehen the AVerage wns 21 foet per mmute, with
whighof2iand rlow of 18,

On the second day 45 readings wore taken in various parts of the
house, shuwing velgeities of from 92 feet per minute at the sill of win-
dow Ng, 11 in the dining room to a low of 7 {ect per minute in the
southeast corner of the dining reom 86 inches from each wall and 18
inches above the floor. The divection of most of these movements
seemed to be fronn the inferior of the rooms toward the cold outside
walls, down these walls, and if there was no cold-air register along the
outside walls, back across the floor tow ard w cold- .m l(‘_"_’l"-ift'l‘

Exploration anemomater veadings in house No. 3 showed that air
wmovements in this house were not excessive. A\ total of nine readings
faken within an bowr invarious pares of the kitehen showed an average
veloelty of 16 feet per minufe, with a high of 23 feet per minute on
the floor af the center of the doorway to the dining room and a low
of 10 in the conter of the roem and in the southeast corner of the roon,
T the dining voom velovities wore higher, andd on the same day wnd at
approximately the same time a total of seven readings in various parts
of the room showed an average of 33 foet per winute, with a maximum
velocity of 39 on the Hoor 12 m(hzn- from the venler of the shiding door
to the lving room and a low of 249 feet per minute in the narthwest
corner of the room. Two rexdings in bedroom No, 1 averaged 12 feet
per minuge, and one iu the pautry showed 20 feet por minate. Due-
me the time these readings were taken there was an vutside wimd
veloc:ty of S miles per hour from the north,

SUMMARY AND CONCLUSIONS

Since these studies were carried out under evervday living condi-
tisns and no attempl was m wde to control them. exact reasons
for some of the conditions observed weve not always apparent. These
studies did show that frequently conditions were not what might be
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expected.  However, the avernges of a great many rendings show
trends that are clear enough fo warrant certain conclusions. These
may be sinmed up as follows,

(1) The average dry-bulb temperatures and effective temperatures
maintained in all of these houses ut the 60-inch level during the occu-
pied period of the day {8 2. m. to 10 p. m.) were higher than is usually
vonsidered cmn:l"urt:l{)lu The average dry-bulb temperatures in the
regularly heated vooms fell for the most part within the range ol
5° to 80° I, and the average effective temperatures within the range
ol 699 to 75° under all outside weather conditions.  As this held true
in the houses where any reasonnble temperatures could be maintained
simply by setling n thermostat as well as in those with manually fired
systems, it must be concluded that these were the teniperatures ut
which Lhe ecupants were most comfortable,

(2) In general the average relative humidities maintained in these
houses, both improved and vnimproved, during perviods of moderately
coltdhud mild weather were within the range generally believed to be
desirable (30 fo 30 percent). In very cold weather, liowever, the
avernge refative humidities in the majogly of the houses fell below
this range. This was true of those wil'h‘mmidi'fyiu;: devices in con-
nection with the healing syrtems as well as those without.  Observa-
tions indieuled thut vutside temperatures had more effect on the rela-
tive humidity of « house than did any other factor und that retarding
the llow of vapor {o the outside would be 1 more effective meuns of
maintnining higher humidities than attemipts to introduce moisture
tnlo the air,

(3} Tnoadl the unimproved howses and some of the remodeled houses
fluctuations in drey-bulb temperatures were relatively large and in
~ome cases quite rapid. 1t appears that irvegular firing, along with
the type ol Tuel burned, was Iavgety responsible for wide ranges in
ternperntares,  Tioaddition, the rate of leat loss from the structure
wits probubls a contributing fuctor.  Ln any event temperature fluctu-
ation was a condition over which the occupants hud some control even
in the houses with the highest vate of heat loss and the poorest heating
eqlitpetd.

1y In the unimproved houses temperatuve distribution through-
nut the house was relutively poor and nurked differences in tempera-
(ure belween heated rooms were the rule, ns were temperature
differences in various parts of the same room. This was s condition
over which the oceupants had little control, espeelally in the houses
with mnpropecly designed or installed centrsl heating systems. Un-
even rates of heat loss from different rooms and ducts or radiators not
properly sized to take these discrepancies into account appeared to
be the contributing factovs.

{5) The most obvinus source of discomfort in the unimproved
houses appeared to lie in the very lurge differences in the air tem-
perature between floor and ceiling. This too was n condition over
which the occupants had no control. In general, large vertical tom-
perature dilferentials were most prononneed in the more poorly con-
structed houses and lended to decrease or increase with the decrease
angd increase in the difference between inside and outside tempera-
tures,  ‘This leads to the conclugion that these differentials were defi-
nitely adlected by the vate of heat loss from the structure and that any
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chunge in the strocture that would reduce heat loss would result in
lower temperature differentials between floor and celling. It was
believed that the type of heating equipment would also have a marked
effect on temperature gradients, but analysis of the data failled to indi-
cate that this was the case with the types of systems observed.

(8) Surface temperatures in the regularly heated yooms of the
unimiproved houses, while not 50 low in somo cuses as might be ex-
pected from the condition of the siructure, were probably low enough
to cause some discomtort in many instances. In the improved houses
surface temperatures were gencrally appreciably higher. Records of
air movements within the joist and attic spaces of these houses indi-
cate thab in all probability not only the thernal properties of the wall,
floor, and ceiling matersals but alse the type of counstruction were
factors in determining snrfuce temperatures. Iu other words it ap-
pears that framing thaé permits convection curvents and encourages
the movement of air within the construetion spaces should be wveided
and that wheve balloon framiag is used, five stopping, solid block-
ing, ov filling stud spaces with insulation is desi'rab}e.

(7) Air movements withgn the voowms of the old houses, while of
short duration and not cle:‘#-ly defined, were probably severs enough
to eause considerable discontort close to sources of air leakage, such as
poorly fitted doors and windows. On the other hand such drafts
were not measurable in the improved houses and do not appear to be
e souree of discomftort in tightly built houses. Even in the old houses
the temperature of the air close to the floor rather than the rate of air
mevement was probably the principal cause of discomfort to the
occupants,

On the whole these studies point to the desirability of reducing
heat loss from the structures by insulating, installing storm sash,
storm doors, and weatherstripping, and by locating important rooms
so 2s to take advantage of the sun and avoid prevulling winter winds.
The advantage of having exterior doors open into entries, halls, or
workrooms rather than into regularly occupied rooms was also
apparent.

The importance of n properly designed heating system was also
evident, although lower heat loss due to improvements in the struc-
ture uppeared to compensate to a considerable extent for otherwise
inndequnte heating equipment. On the other hand the value of
thermostatic control for heating cquipment and of fuels requiring
a minimum of attention in maintaining even temperatures was clearly
demonstrated.




TABLE 2—Avcmge dry-bull temperatures, relative humidities, and effective temperatmcs niaintained during the day at

the 60-inch level in the most used rooms of the unimproved and improved hO.l888

Method: of heating

Type of fuel used

Average temperature
of air when. .outside
temperatures (° F.)
Wers—

Average relative hu-
midity when outside
temperatures  (° F.)
were-—

Average -effective tem-
perature when outside
temperatures (2 F.)
were—

1 Below |

Above
11° 30°

12°te
30°

Below

Above
ne 30°

Below ] 11° to bAbm'c‘
11° 30° 30°

Dining room...
do

Gravity warm aird__......
do!

doi____.. . -

do?

..do
Living room....

] wonel0iccancan

7
T~Reuinn

. T,

Dining room..
Living room..
Dining reom._

Living room. -

Dining room__
Lwing Toom...

R 14 1 o
Girculator heater ¢

Foreod warm alr 13_.5___ ... ...
Qravity warm alr . oo cemnnn
Gravity warm air, booster fan 13,
Stove 4 N

Gravity warm air 3...

Pipeless furnace b ... ...
Forced warm gir$ 5_

One-pipe steam 4,
Forced warm air 13__

Circulator heater 3.

PercentiPercent
26 37

Percent,
34

*E.T.
58

1'Water pan for humidification; water level controlled by float.
2 Water pan for humidiﬂmtion‘ filled manually.
3 Thermostatic control of furnace.

4No humidifying dévice.
$ Equipped with humidistat.
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TanLe 3~—Average dry-bulb temperatures, relative humidities, and effective tenipcratures maintained during the day at the 60-inch level
in the kitchens of the unimproved and improved houges

Method of heating !

Type of fitel for

Average fem

ature of ai

when outside temperatures

(° F.) were—

Average rolative humidity
when outside temperatures
(° F.) were—

Average effective temperatire
when outsidé tomporatures
(° F.) were—~

House range
Below 11° to Above Below 11*to Above Below 11° to Ahove
11° 30° 30° 1° 30° 30° 11° 30° 30°
o F. °F °F. Percent | Percent | Percent | © E. T, | °-E.T.|° E. T.
Yooainnsiaaa ] "Gravity warm air 2 Coalsnd waood._..{....Ccnuen 3 70 ovemmanaen E 30 eeeman - 68 35
..... do.2 Electricity- 76 77 21 30 34 69 69 70
do. .1 Gasoline. . 7 76 36 56 68 67 70 7
do. i 74 39 46 59 70 70 70
..... dol i 7 82 28 2 30 73 71 73
Stove and 71 72 |caeen ——— 43 i 50 §omceaoren 1] 68
Forced warm air2 s 5 T3 damemencman 36 1 I 69 68
Qravity wartn air 2. 74 T bamimaeee - 33 E1 5 I 08 65
Gravity warm air, b 74 80 36 37 42 69 68 73
Stoves ... ... mm———— “ kit 76 41 41 48 60 66: 71
Qravity warm pir3 T limmniamn 40 42 F nmmnmn 7L 68 [ 1
Pipeless furnaco. ... 48 85 fuiciinmnn 23 vrmam e 76 75
Forced warm air $7 73 J{V P, 16 82 | 68 66
One-pipe steam ¢ . Coal and wo 78 75 41 51 70 7 7L
_t Forced warm air 28 Flectricity. 69 86 43 47 40 66 65 62
Circulator heaterd.. Coaland wood....lecocuamai] sinconnnn 87 fiiacwmnaas __,._.._(,i 30 e PR A 76

1 For principal type of fuel used, see table 1.

2 Water pan for humidification; water level controlled by float.

1 'Water pan for humidification; filled manually.
4 No register in room.

s Thermostatic control of furnsce.
¢ No humidifying device.
7 Equipped with humidistat.
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TaBLE d—Averags dry-bulb icmperaivres, relative humidities, and effective temperatures maintained during the day al the 60-inch level
in ane of the bedrooms of each of the unimproved and improved houses

H Average {emperature of air | Average relative humidity | Average effective temperature
whe cutside temperatures when outsitle temperatures when outside. temperatures
(° F.) were— {° F.) were— (° F.} were—
House Bedroom Method of heating?
P :
Beluw | 11%to. | Above | Below | 11°to i Above | Below | 11%to | Above
e 30° 30° PICEE A ne oaee 30°
i i
: °F, °F. Percent’ | Percent ; Percent | °E.T. ] °E. T, i °E. T\
1 ; Gravity warm air 2 72 T2 i 43 41 0 67 § 67
1 do2__ 69 ! 39 64 684 66
2 ..dod¢ 65 7l 39 61 64 . 66
2 do 3¢ 76 3 39 69 69 67
1 do? . __ 53 62 49 46 52 51
5 verflow heat____ ... ..o oo e 45 54 RV FU S N S P
3| Foreed warm air 24 ... ___ .. ... ... 64 63 ;. L2 61 60
31 Gravity warm &ir......__.._ . .. 74 IOV, SURUUREU ISR R . PRATEDN R,
1 | Gravity warm air, booster fan 2 &___ 68 67 A3 femnman . 4 X
3| Overflow heatoon . ioo oo p————- - 64 69 62 §1 60 65 61
1| Gravity wartn air 3 64 1. ... m et mn 63 (1) N PR
1| Pipeless furnace 8__. — 81 77 E 113 I 7 71
2 | Forced warm air 87 ceen 68 68 E LU O 64 64
4 | One-pipe steam___._ 59 59 RS PRUURRIIAI IR SRS
1 | Forced warm air 23 - [5) B OSSR S 75 SRR ¢ 1 KA 57 - .
1 Overflowheat.._..._....._ o me e m———— [ ST 78 45 - - 72
! For principal type of fuel used, see table 1, 5 Thermostatic control ¢f furnace.
3Water pan for humidification; water level controlled by float. ¢ No humidifying device.
3 Water pan for humidification; filled manually, i Equipped with humidistat.

4 No register in room.
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TasLE 5.—Oulside t

emperatures, wind velocity, heating equipment, average dry-bulb temperatures at various heights above the floor, and
average temperaturc differentials in the most frequently used rooms of the unimproved houses :

Average dry-bulh temperatures

1 inch below ceiling

60 inches above floor

36 inches above floor

3 inches above floor

Avempge temperature
differentials _between
air 3 inches above floor
and 1 inch below ceil-
ing per foot ‘of height

House Room
Aaxi- | Mini- | Aver-| Maxi- | Mini- | Aver- | Maxi- | Mini- | Aver- { Maxi- | Mini- | Aver- | Maxi- | Minl- | Aver-
mum | mum | age | mum | mum agé | mum | mum age | mum | mum age | mum | mum age
. Most used rooms: ¢ F, °F, °F, °F. e F. o F, °-F, b e F. °F, ° F. °F, °E °F. °.F.

Dining room 80 60 68 83 556 it} 71 50 60 [ 43 53 2.4 1.1 L8
SO ¢ [+ FOE R - 85 61 74 84 61 74 81 59 71 74 40 62 2.6 o8 1.6
ORI « [+ SRS demamm—ne m— e 92 7 83 99 72 74 82 65 71 66 54 60 5.1 1.3 3.0
LiviRE room. .- oo ovcinencnn 96 7 83 85 72 77 73 65 60 63 56 58 4.7 2.7 3.2
Diningroom___ .o ioceiiocienn 08 71 80 90 7 77 82 66 73 71 55 65 3.3 1.4 2.1
PR+ [ SO, g 112 89 o7 106 83 91 04 70 7 79 56 63 5.3 4.0 4.6
Living room_.___.._ [ 08 70 85 03 68 82 82 64 75 69 58 66 3.8 L2 2.2
Dining room. ... ceucecaccnaauns 92 80 85 87 73 80 ki 63 71 64 51 60 3.4 2.2 2.9
Liviog room..... mmmmem - 109 80 03 93 77 85 185 172 179 76 62 69 5.0 1.6 3.2

Frequently used rooms:
Living r00M . e o iamacieiomnnasnn 70 56 65 72 53 61 69 44 58 66 45 52 2.6 .9 1.4
Dining room ..o cacicacann “ 93 74 84 82 69 7! 3 64 69 61 57 59 4.3 2.2 3.3
TAVINE YOOI - _ oo ameemn e a1 68 76 87 . 08 74 852 04 70 73 2 59 3.5 .9 2.1
..... do [, 100 83 92 80 81 88 85 70 77 7 57 66 4.0 2.0 3.6
Dining room. .ccvecvmcnnn ——— 106 74 02 100 72 87 85 63 75 70 5 64 5.1 L& 3.2
Living room.._ 0 63 75 86 63 It 7! 60 70 o4 50 60 2.7 L0 L5
Musicroom. ..o aoiiiaen 80 69 79 85 67 7 81 63 72 68 62 a3 2.3 1.0 1.6
Sewing room. .. oooceommcaa o 88 75 82 84 72 78 80 85 73 69 54 2] 21 1.6 1.8
89 68 7 78 58 68 7 50 63 60 48 57 3.7 1.7 2.4
100 69 80 92 63 75 82 58 70 73 55 65 3.4 .3 2.0
85 70 87 7 73 80 76 65 71 66 52 58 4.8 2.6 3.8
; 80 72 i 7 it} T 70 65 68 57 53 585 3.4 2.3 2.7
Kitchen 102 72 86 92 72 83 83 70 76 69 53 62 8.5 2.4 3.3
104 81 86 100 78 85 88 68 74 68 45 54 4.6 3.1 4.0
104 69 01 99 67 85 88 03 77 71 50 59 4.5 2.2 3.7
98 75 85 90 7. 80 T 42 69 63 51 55 4.7 2.1 3.5
93 83 ] 89 83 87 82 7 180 75 67 7 3.3 2.0 2.9
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House

Average tempera-
tureditferential per
foot of height per
degree of " inside-
outside - tempera-
ture differencs

Qutside temperatures

Wind veloeity

3 inches
ahove
floor to
60 inches
ahove
floor

3 inches
above
floor to
1 inch
below
ceiling

Mini-
mum

Aver-
age

Minj-
mum

Method of heating und cooking
equipment

Portable-stand
readings

Most used rooms:

es..do
Living room..._.._...
Dllnlug room.._

Living room.._.
Dining room.
Living room.

Frequently used room
Living room.
Dining room.
Living room

e F,
0.026 0.018

.03
-038

SBEEERLBEVRY

M. p.RIM. DA,
1 It ALt

—
e ANV RS

-
RGO RR RS LG E S

valty warm alr. ool

Olrculutor heater (oil)-_--*-__-
Gravity warm air.__...

Pipeless furnace.ooveeeuens
Steam

Circulator heater (0il).eave. ...

Gravity warnuafr_ ... ... .
Stove {(w
Gravity warm air..........
Stove (wood)

Pipeless furnaog

Steam

Electric range
‘Wood and coal range.
Wood mnge.. .................

Wood and coal range
Wood range

Number
26

I
Suﬁmocma—as

—
oBLA~ITD

1 Average tem
2 Thermocouple

rature 60 inches above the floor.
located 42 inches instead of 36 inches above the floor.

SR8 cBlaY
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TanLe 6.—Outside temperatires, wind velocity, heating equipment, average dry-bulb temperatures at various heights above the floor, and
average temperature differentials in bedrooms and miscellancous rooms of the unimproved houses

Average dry-bulb temperatures Averge teniperature dif-

. . ferentfalg between air3
: : inches above floor and
1 inch below celling 60 inches above floor 46 inches above floor ¢ })e:'nf?)l(!)t };f’lg}";’ghct"’l‘“g

Room

Maxi- | Mini- ] Aver- | Maxi- | Mini- | Aver- | Maxi. | Mini- } Aver- Maxi- | Mini- | Aver-
mum |} mum | age | mum | mum | -age P mum { age ; mun | mum- § - age

-y

p 1

‘Bedroons: . . °F, SF. 1 OF.
: 7 48 59

5 67

57 65

88 75
42 44

63 ]

05 73

40

. om
(-2
o

Lower fcinims

v

P

jid

gty

et

by

3

S NI AN 0L S re DI ml =) &

[
00 G 1 ST OO e S e (S =2 O e S OOy
20 b i 02
et at:

U S
Exdut ud 8 a2y
00 O 3 et = 1. 00 G s OF e 0t L3 IS LI S 0 =)

b

SRS,

b

[CY SRR Ly

-

AYATIA0INOV J0 “LdEd 'S "D ‘2001 NILATIAG TYDINHDEL




Average ‘tempera-

turef dlﬂ%er;ti}nl Aver-
per foot of height >, .
per degree of in- | Outside temperutures Wind velocify t‘é%" L °rr'“§“lgﬁfg"d
side-outside tem- pera-
perature differ- lure
ence
Touse Room egg‘};_ Methiod of heating
3 ilx)lchcs 3 ,i}nchos ‘L\\'ﬁrul !
above shove ] inside i
ﬂo;)r ]to og(ior }Eo Max{- | Mini- | Aver- | Max{- { Mfni-| Aver- ‘un(;d sr%'fd?r Te?xt;-l
1inch nehes | mum | mum age [ mum | mum age- | outside -
below | sbove g air Ings Ings
cefling floor
Bedroom: °F, e F, °F. °F, OF M p.AIM.p. RIA p. | °F. Number | Niimber
P D ST S NS 0.027 0.035 31 -22 —2 11 2 6 63 | Gravity warm alr..c.weemrmnnn 13 30
> L0222 L037 39 2 20 16 4 1k 40 { Overflow heat ... ... cvmumwni 12 15
) 042 041 3 —10 -0 8 5 7 79 | Gravity warm air.. ... ... ‘e 12 12
L SN R 043 054 9 1 (] 9 & 7 - I R { SO 8 8
2. 062 . 057 F4 23 25 18 12 14 21 | Overflow heat,.. .. (. oin vrnue 7 7
- . 056 070 40 43 45 15 11 14 L O Y S 3 3
o .046 056 18 -5 8 20 5 11 8 2
2einn 038 052 9 1 [ 20} & 11 r &
IR R 041 L047 ] 1 0 20 5 11 1 b
..... L0383 039 9 1 1] 20 5 1 b ]
| S PP .026 .033 9 1 6 20 5 11 5 &
SRS 033 050 47 7 26 13 6 0 3 12
B by 015 022 25 17 22 8§ 7 8 3 12
) O . 067 .082 55 39 LY e 8 64
R " L0064 .082 53 40 47 - 8 40
Living room.. s 055 .060 37 ] 20 16 1 22
-| Bathroom....... . .033 <041 39 2 20 16 13 16
Washroom. cueiieiunn s 2t 027 L033 31 2 21 16 12 15
....... veinerimeerado. : . 083 .068 53 40 47 8 8

1-Average temperature 60 inches above the floor.
? Taken at floor grill (overflow heat from first floor).

3 Thermocouple located 42 inches instead of 36 Inches above the floor.

¢ Register shut off,
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TABLE T.—Outside temperatures, wind velocity, heating equipment, average dry-bulb temperatures at various heights above the floor, and
average temperature differentials in the most frequently used rooms of the improved houses

’ Average dry-bulb temperatures - Average température dif-
" ferentials between air3
inches above floor and

1 inch below ceiling 60 inches above floor 36 inches above floor 3 inches above floor %’L_iﬂﬂ;t ;ﬂ;’e‘f;]gm’*

House Room

Maxi- | Mini- § Aver- | Maxi- | Mini- | Aver- | Maxi- Mini-v: Aver- | Maxi- | Mini- | Aver- | Maxi- | Minl- | Aver-
mum age - | mum mum } mum mum | mum | age

°c

°
%]

°
=

Most-used rooms:
Dgﬂng FOOM e eriacaninermmmene
0 .

Bo
g.’
-0

:.mi-a-ug

:A-—ccg

P
=X SR
s, O

- [ 1o S e -
Frequently used rooms:
Living rcom....
[ IS

Dining reom...

PO i |« SOUEP

e
I

—
-

R RN

L, TN,

v
QUMD AO PRI TS~y
*

—
E S =1 Sy — )

<

l el ol
.

Kitchen

=
MNCDRN = ODOWE O =

NN
M
LR RS
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Aversge temperi-
ture - ditferentinl

Aver-
per foot of height y
per degreo of in- | Outside temperatures Wind velocity L’;‘,”,ﬁ_ I’ortl“;.lgﬁ;?: nd
side-outside tem- pera
perature - differ- Hire
- . ence differ- | Mrthod of heating und cooking
House Ttoom ence be- equipment
3 ilx’whcs 3 Itx)lchcs i"w%"x
shove above X nside N o
floor ta 1 floorto | Maxi- ; Mini- § Aver- " Maxi- |} Mini- 3 Aver- ] and s;'et:d?[ ’Egg}
1inch |60inches| mum | mum age nwun }omum uge Foutside ings ings
below above : air
ceiling floor
Afost-used roomns: =R ° R, °F, ep | °F, AL p.hjM.p. WM, p. b °F Number | Number
=R oo ine] Diningroom_ . .. .oo.i...l 0.017 0.026 25 21 23 8 7 8 30 | Gravity warm air. cewmeeens - 3 15
2-R il USRS [+ J SR, 037 044 32 12 24 16 6 11 52 4ol miamiiiiinn 8 206
4R . .ol....f Livingroom............ -020 . 020 40 13 27 25 6 15 46.{ Forced warmaair. . oovon.o. 14 192
R .022 .033 42 5 25 15 4 g 51 | Gravity warm air, . booster fan 15 154
B-Noumsimeann 024 033 36 9 2 15 6 11 54 | Gravity Warm 8ir. ..cevencomnn 8 168
T-Ru.icii. imun .0 039 | 50 16 33 20 g 15 41 | Forced warm air. . ..ovevuwncns 12 240
8-R.prrimnrns B L O ———— .022 024 45 3 23 14 8 10 50 JovenetO e cninume s mencnn 5 176
Frr-quently used rooms:
1=R_o.eevoa]  Livingroom. ... ... .. ., 016 .023 25 22 24 8 [ 7 47 | Gravity warn it oueimrenin 3 15
) | TR 0. [ 035 L046 34 11 24 17 5 10 46 fenson - 10 205
5<R . ernis o, J)inmg room-,._.,, 018 025 42 5 25 15 4 9 L Grumy warin alr, booster run 15 - 134 -
6-N. iimnnn 024 033 35 0] ~ 24 15 1] 11 55 | Gravity warm uir,_.,.-_....-ﬁ 8 168
T-Roeainain .03 030 50 16 32 18 9 14 40 | Forced warmn air. — 12 218
B-R.iinninn .010 014 19 6 12 124 8 1L F- 38 SO [ FUR - 3 63
R, ... .- 012 .016 45 1 22| 15§ 8 10 50 fo..n- 5 120
I=Rociiiiean 022 .039 25 21 23 8 o 7 52 I Gravity warm_ uir, electric 3 16
g range.
2R smonan .039 042 31 13 24 12 7 10 § 57 1 Gravity war air; gas range..... 8 72
4R orrinan . .027 .033 40 13 27 26 7 13 481 Forced warmair; electricrange. ! 151 50
[0 (ORI £ 14 {1,111 | S 019 RiY=; 40 10 28 11 4 7 47 | Gravity warm air, booster fan; 13 26
electric range.
6-Nooooiian .033 .039 36 10 | 24 15 6 11 61 | Gravity warm air; wood range. 8 128
[ | SO .018 .02¢ 44 ) 32 27 8 15 30 l-orex.d warm air; electricrange.. 127 168
8 Rocennn - 012 01§ 16 4 24 13 5 8 41 O e —————— 5 110

t Average temperature 60 inchés aboye the floor.
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TanLe 8—0ulside temperatures, wind velocity, hedting equipment, dverage dry-bulb temperaturcs at various heights above the floor, and.
average temperyture differentials in the bedroouts and miscellangouy rooms of the tmproved housges

! Average dry-bulby temperatures Average temperature dif~
: . ferentials between alr3
! ’ : inches ahove floor il
Tinch below ccslfilg .. 60 Inchesabove tloor | 36 Inches abova floor 3 Inches above floor {mi,'}‘f,'ét 2?1{:2“1;:1\(?]“"&

'

Room

i
i i
£ i

t :

“{Maxk | Mink- | Aver- | Maxl- Mini- - Avers : Maxk - Minf- ¢ Aver- | Maxl- | Minte | Aver- | Max~: Mini © Aver-
; mun |ompn o osge amummum Camum o mum opooage o Mum ¢ mum !oage §omwn Connug ;oage

SF. L P
0.74
W40
.44
3T
| P o
L4
67
g

od

Jl(;droom;

=
MO D

&-lgcaaﬂ-l:"

-
..
S =]
“ »

a
3.

1

' 4
3

1

&
b

e

-

o e T

—--—2&.—
DT e S O ~

’

12Oy
e 36

=10

RO SCO

8}
Rearentry_ .
Hall (first fioor)....

Bathroom .
SURIOOM e vpeee e SO, .

...
EYR TIPS

e

AUNIIA01EHYV J0 'TdFa 'S "N ‘G007 NTLFTIAE AVOINHOAT,

e
=2}
»

=)

Veushroom... ... wwemanan .
B.. hroom

e




: Average tempers-
ture ditferential
per foot of helght

i Avers
' tem i portablostand
: . . - tablo-stan
per degree ‘of in- | -Outside temperatures Wind veloeity emn §oxor
side-outside tem- . ; | I{:“trﬂ: i readings
perature differ- : L Aior. !
TRoom {_ence L f ‘ence be-; Method of heating |
‘ - - ; 5 P . tween
§ 8 Inches { 3 inches | s inside ¢

above | above ¢ t ‘ ‘ :
i floor to-f floor to | Maxi- | Minf-'{ Aver- { Maxi- | Mini- © Aver- | 33‘1{ : T‘Sr'izl:d?r ;J;?ltg}

Tineh §60inches | mum | mum age mum | omum o oage ; 5 v
below above : . side ings | ings
ceiling floor

o

droom ; °F. y 7, JALpohl . . i Nuimber| Number
. . 8 | Gravity warmair.. ..., ... 16

RSN § L

5

H
N

. Onevimmniins
R [ TSI P
Overflow heat.,. .

B L D

[P 1« J S P
Forced warm gir... ... ..

B T T S e,

o ok ad
WMWY MWW DOCHmM Iy

"Gravity Warm | oir, hooster
fan,

1
2
3
LI
1.
2
b
1.
2.
3.
1.

WINTITI D I~ Al w1

kbt
LR D TS Ot e ke e

PP
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.; Rearentry, ..__...... - ;
-t Hall (first floor)...... . . mewm .
.} ‘Hall (second floor)._._......
-{ Bathroom...
e .,-.._..2 Sunroom.....
........ { Washroom_ .
Rooo .. -1 Bathroom._....

b
s BT RIA S SISO 2

IAverage iemperature 60 inches above the floor,




PARLE O—Arverage temperatures of wall, floory and cciling surfuees® and the air adjacent o these surfaces in regularly heated rooms

of the unimproved houses

Outside femperatures? | Average ! Average temperature—
S B T 117 e ——— - )
¢ ature 60-inch level

; differ- g . i : Aira Alry
AMaxl- | Mini- 1 Aver- [oRC¢ be-; Method of heating and cooking equipment ] Surface ¥ {huhes | Floor tnch | Ceiling
mum § mum ween surface ¢ ofin- i yhove | surface § below | surface
inside $ of ¢x- - terior floor ceiling

and out-] terior ; parti~
side air walls' | tions

o ok} g e S i

1

i

{L‘xving TOOM . .

{Living room..

Living room.. ...
DIning room .., . v.v
Kitehen,  aoovvnn.
Dining room . ...
Kitchen. .ieavans
Dining room.
Kitchen. ...
Living room.
Dining room....
Kitehen.. . vaneon

Dining rooni
Kitchen. cowen
Living room.
Dining room.
Kitehen...,.
Living room.
Dining room
KHtehen. . . ouerimnn
Living rooin.. .
Dining room . ...nax
Music¢ room...,
Sewing room
Kitchen ...

Kitchen....

o

° F, ©F.
Gravity warm air......... $ 50
F (] . 455
Gravity wartnaie; wooed range.

Gravity warmaie.  Joonoiavoss

Gravity warm air; gasoline range.

Gravity Warm air. co.oovomioienramonas sen
Wood ranges. . .. U
Circulator heater.. Cemerendn
Wood stove reaimanne
Overflow heat; electric range. e hmevan
Gravity Warl Qif. ccevesscevnmmecmnonbrens
D I PSP PR
Grivity warm air; wopd rnge. ... vvunas
WOOH SLOVE . vrvmnrcnserremmrmonrmtnnmesiny

apseNLsas’

85 U3

U s TSP EP P I
Wood range. . . wx.

Pipeless furnace.

PO T T

§ \\'ond;mnge L semw

One-pipe steam. .,

Ouranmssominns

SR NS EARS RS R R A2

LLLLd

Wood range 18,
Circulator heater.
Wood Finge., coimmwas

HEEZRss

1 Unless otherwise indicated exterior walls are constructed. as follows: Bevel siding, 7 Area nbove unheated. L
building paper, and 1-inch-wood sheathing on exterior 2by 4 studs; wood Jath and plaster & Floors, double, covered with linoleum.
on interior.” Floors are d.uble wood floors or subflooring covered with linoleum with no 9 No warm-air register in kitchen.
ceiling underneath with partially heated basement below. Ceilings are wood lath and 10 Floors, single, covered with linoleum, unheated space underneath.

plaster with single floor and partinlly heated room above. Interior partitionsare wood

11 Floors, single, unheated basement.

lath and plaster on both sides with partially heated or heated room adjacent. 12 Floors, double, covered with linoleum, unheated basement. B
2The maximum wind velocity recorded during the time readings were taken was 21 13 Exterior wall: Two layers of bevel siding with building paper between on exterior;

m.p. h

wood lath and plaster on interior.

3 .&ve}nge temperature 60 inches above floor. 1¢ Floors, double, unheated space underneath. . ) ;
+ Bxterior wall: Stuceo on wood lath backed by Y-inch insulation board (wood sheath- 15 Exterior wall: Bevel siding on 2 by 4 studs on exterior; 1-inch sheathing boards on

inig) on 2 by 4 studs; wood lath and plaster on interior.

inside of studs, 1-inch furring strips, wood lath and plaster.,

5 Exterior wall; Bevel siding on 2by 4 studs, no sheathing; wood lath and plaster on'in- 18 No radiator in kitchen.

terior.

¢ Floors, single.

15 Exterior wall: Split logs, vertieal, 2 layers of building paper; 1-inch furring ‘strips,
14-inch boxboard on interior.
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TasLe 10.—dAverage temperatures of wall, floor, and ceiling surfuces?® and the uir adjacent to these surfaces in tegularly heated rooms
of mlprow’d houses

Qutside temperatures ? Aver- Average temperature—
age
! ar-
t(g{g)r;. 60-inch level
House Room cggzmll;.c- Method of heating and cooking equipment Air3 Airl
. Maxi- | Mini- | Aver- fjoad 0. Inside | Surface | inches | Floor inch Celling
mum | num 8ge  igidedand .- {surface { ofin- | above | surfuce | below | surface
3 outsfd o Air of ex- terior floor ceiling
air terior parti-
walls tions
° R °F o LR, *F. eF. e R ° F. ° R °F, °F, °F,
Living room.......} 25 22 4 47| Gravity warm alr. . coccoveiis mevmemnneal 71 68 T 71 04 72 -7l
1R, ... Dmmg TOOM ey anf 25 21 2 49 I ans do P 72 67 71 66 64 73
Kitehen,. ccucimnios 25 21 23 10 | Gravity warn nlr, léciric. mug\. RO 21 rcinana 73 60 (i1 75 78
Living 00T e s . 34 11 o4 46 | Gravity warmaje._... .. . 4 6! 59 58 7L 67
2T, ...4{Dining room. ... v 32 12 24 52 fananal0 . vinmnnmeiie s 65 567 79 74
Kitchen . oeane- 31 13 p1l 57 | Gravity w, arm mr, gas ruug,e.,,,_ 69 669 85 180
Lh iux, room._ 40 13 27 46 | Forced-warm air. .. ... - . 67 68 74 7
=R, I 40 13 27 318 OO+ s IO P O wine K 66 68 75 72
Kltch«,n,.. 40 13 S a7 49 Forced warm uir cleetric mnx,t, - a7 69 v 74
Living room .. 42 5 25 51 | Gravity warm air, booster fun_ 68 168 77 72
5R__.. Dmmg room.... 42 5 25 51 oonado 70 70 77 3
chen ..ovicunenes 40 10 28 10 | Gravity w arm’ air, booster fan; clectric q 73 ki 8 76
range.
Living room....... 6 0 23 54 1 Gravity warm air. ve. v cersncvmornnonns 7 9 05. 74 66 78 73
6-N.... |{Diningroom_... .| .- 35 0 24 55 1ranns O mimmnn 7 971 | 7 7 69 80 77
Kitchen. . ovonuecnes 36 10 24 61 | Gravity wirm mr, wood rmgu cmpmena 85 $377 84 73 74 859 a5
Living room. .. 50 16 33 41 | }orced warn air N 74 69 72 66 66 7 72
R,... Dlumg roomi., 50 16 32 40 jaann 72 o7 69 06 065 74 70
Kitchen....._.. 44 20 32 3} F oreed warm air; electric. T4nge... - 71 66 70 66 65 72 69
Li\'iug roonl.. .. 45 3 23 Foreed warti 8it ., «oporeumennns 73 34} 72 67 66 76 73
&R Dining room; .. 19 6 12 70 65 7 66 66 71 08
kit \lusic OO .o 45 1 22 72 68 71 68 66 73 7
Kitchen. oooooo_coce 16 4 24 65 59 63 62 61 66
1 Unless otherwise indicated exterior walls are constructed as foliows: Bevel siding, 3 Averuge weinperature 60 inclies above floor.
1-inch wood sheathing on exterior, 2 by 4 stud space filled with insulating material; gypsum 4 No sheathing,
or wood lath and plaster on interior.  Floors are double wood floors or subﬂoormg covered 5 Floors, single.
with linoleum with no ceiling underneath with partially heated basement below. ~Ceil- ¢ Floor, doub]c, covered with linolenm.
ingsare wood or gypsum lath and plaster with single floor and partjally heated room above., 7 Unheated storage above; roof insulated with 336 inchies of insnlation.
Interior partitions are Jath and plaster on both sides with heated room adjacent, & Floor, subfloor, 2 layers of finish flooring. R
» 2 The maximum wind velocity recorded during the time records were taken was 2 ¢ Exterior wall: 6-inch stone veneer, 1 ‘inch wood sheathing, 2 by 4 studs; 2 inches blanket

m. p.h

insulation, gypsum lath, plaster.
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