PANEL HEATING AND COOLING
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SYMBOLS

portion, expressed as o decimal, of the impinging solar radiation
that is absorbed by the wall surfaée.

area of well or roof, sg. ft.

portion, expressed as a decimal of the absorbed solar radiation
that is tranemitted to the inside.

total heat gain through a wall.

heat gain due te gir tempersture difference.

heat gain due to sun radiation.

actual intensity of solsr radiation striking the swrfaee, Btu per
hr. per sg. ft.

coefficient of heat transmission, Btu. per sq. £t. per hr., per

degree difference in temperature between room air and outdoor air.
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INTRODUCTION AND SCOPE

Panel Zadiant Heating:

The object of heating or cooling living spaces is to provide healthful
and comfortable conditions. The flov of heat belween bodies may occur in
one or more of thfee essentially different ways: direct contact, known as
conduetion; circulation of currents of gases or liguids, known as convec~
tion; and finally, passase of heat-carrying rays through space without
having any pronounced effect upon its temperature, known as radiant heat,

or radiation.

ligtorical:

Bxcavations uncovered the remains of many radiant heating systems con-
structed and used by the early Homans. The faméus baths at Pompeii provide
outatanding examples of engineering skill displayed in the design of these
early warm air radiant heating systems. Wood or charcoal was the fuel. The
products of combustion, warm air and smoke, passed through stone chambers
under the masonfy flocrs.

During the early part of this century interest in radiant heating was re-
vived by the use of hot water colls in Europe. The first of the modern sngi-
neered insballations appears to have been made in Britain under the direction of
Professor A. Barker agbout 1907. Today, about two thousand installations of
this type are operating in France and England. In the United States, radiant

heating became Firmly established with the first noteworthy installations in a



small village school st Glen Park, Indiana, in 1909, end in a large Chicago

garage in 1912;
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Healthful comfort reguires that heat shall escapes from the huwman body
at the same rate it is generated. The normelly active hwmen body generates
heat at the rate of 500 Btu/hr. approximately. As only 100 Btu/hr. are re-
guired for internal, functional cnergy, the rate of heat dissipetion ig 400
Btu/br. Any greater rate of dissipation causes a sensation of coldness, any
lesgser rate a feeling of hobtness. Under normal conditions natwre mainbains
a proper balance in accordance with the following table of heat dissipation:

190 Btu/hr by radiation,
110 Btu/hr by convection and evaporation, and

100 Btu/hr by exhalation.

400 Btu/hr
The body has other methods of disposing of heat but these are of negligible
importance., With heat being dissipated at the previously mentioned rate
and in the proportions indicated, the temperature of the hody will remain
normsl at 98.6° F and an average overall temperature of the exposed parts
of the body and clothes at 81° F.

However, in summer, when the oubside temperature is high the average
temperature of bthe exposed parts of body and clothes is also higher, Mbst_
people curing the summer wear thinner and fewer clothes, so that a greater
part of the body is exposed and, consequently, the average surfoce tem~
perature is higher than for the winter time. This average temperature is

found to vary betueen 85° F and 89° F depending on the smount and nature of



the clothes, the temperature of the swrounding air surfaces, the air motion
and a few other minor factors. Obviously the body will lose heat by convec—~
tion to any surrounding atmosphere with lower temperature and by radiation
to any adjacent solid surfuces, walls, celling, floor, ete, having a lower
tempersture. This latter temperatwre is called the Mean Rediant Tenmpersture.
The single basic requirement of a heating or cocling system is to es-
tablish such conditions in any area so that the occupants will lose their
heat through convecticn and radiation at a wniform hourly rate of approximat-

ely 300 Btu.

Advantages of a Panel Systens

One of the outstanding advantages of panel heating systems is that the
gystem is not apparent in the living quarters. This appeals very strongly |
to the architects and to the home owners. Also, thermal air cuwrrents are
pubgtantially reduced and less dirt is picked up to be deposited on walls,
ceiling or draperies. This cleaner air establishes more sanitary condition
in the home as there is a lesser concentration of the dust-borne disease
germs in the air. Finally, the operating econcmics of circulating water

may be utilized in the pancl healing system.

]

Panel location:

Panels may be located in the ceiling, in the floor, in walls. or in any
combination of the three. Al present there are two general preferences, one
is to use the floor location end the other favors the ceiling.

If the panels are in the floor, then it is necessary to maintain a floor
temperature below 90° F to avoid over heating the feet. Such a floor will

enit about 35 or A0 Btu per howr square feet while if we locate the coils



1614

s}

in the ceiling, the ceiling temperature can safely be raised to about 115° F.
If these figures sre spplied to the experimental house, which has a floor
area of 406 souare feelt, it 1s essential that the heat loss in the walls,
ceiling, windows, infiltration will not exceed 16,000 Btu/lr at most. This
means, therefore, that the construction of the house definitely must be check-
ed before a floor panel system 1s applied.

On the other hand, if the coils are located in the ceiling, the ceiling
tenperature wmay safely be as high as 115° F. This temperature now raises
the maximum heat loss or emission to about 40,000 Btu/hr.

It is spparent that a wall panel installation is a compromise between
the floor and ceiling locabtions. Its main disadvantage is the presence of
furniture vhich partly annuls the heating effect from the wall radiations.

The heating load of the experimental house was found to be sbout 35,500
Btu/hr. This, of course, eliminates the possibility of using the floor pasnels.
On the other hand, the ceiling panels are barely adeguate. If 2 wall instal-~
lation is added to the ceiling gystem, then the combination should be satis-
factory for the heating load.

For these experiments both the ceiling end wall installations were used.
Socme of the testing was performed with both panels in operation ond the re-
mainder of the testing with only the ceiling coils supplying radiant heatb.
During the period February 24, 1952 to Merch /4, 1952, both panels were in
operation vhile during March 5, 1952 to Marcﬁ 26, 1952, only the ceiling panels
were used.

The pwrpose of this work is to compare ﬁhe effect of the ceiling instal-
lation with the ceiling and wall combination for comfort and distribution of

heat throughout the room.



This regeareh was carried on in the sporiment "29 « DY in the Gollepe
Comrts v Htillucter, which is owned by the Oklehons feriecdburel ond Mechan~
jexl Collepo ond is occupled by some of the college personneld.

Professor &abert B, Irvwin desigrned and supervised the ingtalletion of
the honting ond eooling sysien es well as the recgfﬁin@ devices. He elso

eollected the cooling data,
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THE HEATING PLANT

The heating system is installed in the storage room on the south side
of the apartment. The system congists of the following components:
1. The Boiler: The vertical fire-tube steel boiler (Fig. 2) for heating
the circulating water is located in the middle of the storage room. It is
gas fired and has a rated output of 77,000 Btu with a gas inpub rabting of
144,000 Btu/hr. The boiler has a heating surface of 19 sq. ft., a fire box
volume of 2.9 cu., ft. and a shell diameber of 20 inches.
2, The Pump: A small centrifugal pump is used to eirculate the heating
water, It is belt-driven by a 3/4 horée»power General Electric motor run-—
ning at 1725 R. P. M.
3. The Piping: Figure "A" and Figure 3 show the piping system, the con-

nections to the heating coils, the valves, and the method of venting.
METHOD OF CONTROL

If the outside temperature drops considerably, the drop wiil not be
detected by the room thermostat valve until some timé has elapsed. After
the room thermostat responds to the ¢0ld by increasing the heat to the
circulating water there will be an additionel delay before the heat is de-
livered to the space. Then, after the temperature of the panel rises, the
panel will conbtinue to emit heat to the room for some time after the
thermostat cuts off the healt becausge of the heat storage capacity of the

circulating vater. To avoid the uncomfortable conditions encountered in
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both of these cases, the following method of control is applied to the sys-
tem. An.:lmersion thermostat is installed in the hot water supply main so
that it will be directly affected by the hot water circulated to the radiant
coils.

An electronic relay picks up the responses of thls thermostat and
operates to control the gas burner in the boiler. The outdoor temperature
variations are also transmitted to the relay through the outdoor thermostat.

Room Thermostat:

A sensitive electronic room thermostat is placed about 4 feet from the
floor on the middle of the south wall of the apartment. In this location
it is far removed from any outside door cold drafts, far from any appliance
giving out heat and is unexposed to any possible mechanical injuries. It
is also quite near the breathing level of people sitting or sleeping in the

apartment.

Qutdoor Thermostat:
This is a well mounted device used in the electronie control system to

measure the outdoor temperature. It is mounted high on the outside north
wall in a shaded place and out of reach of inquisitive fingers.
Both the room and the outdoor thermostats are manufactured by Minneapolis-

Honeywell.

The Control Circuit:

Fig. B shows the control circuits and its connections to the mechanical
gystem. It also shows the location of the electronic relay and the switching
relay in the circuit. These are aiao shown in Fig. 5.
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The Temperature-Hecording for the Heating Plant:

Six thermocouples are strategleslly located in the apartment to meagure
the temperature variations. They are located on the following surfaces:
the floor, the esast wall, the wall pipe, the ceiling, the ceiling pipe and
the wabter pipe. These thermocouples are connected to a potentiometer as

shovm in Fig. 5 on which the temperatures can be read ab any time.

The Control and Temperature Beceording for the Cooling Systenm:

The ¢ooling load data wvere measured before the control system was placed
in operation. The cooling water adjusted its btemperature according to the
cooling load varvistions.

The recorded data were collected by using three temperature snd humidity
recording instruments. One of them was placed inside the apertment, one
oubside in the shade and the third to record the temperatures of the inlet
and oublet cooling water. Although the first two instruments recorded the
humidity, the recording is not precise because the instruments were not

calibrated.
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THE COOLING SYSTEM

1. Cooling Tover:

A gmall cooling tower which is Jocated on the north east gide of the
apartment is primarily used for cooling the circulating waber during the
summer time, From the temperature recordings of the inlet and outlet cool-
ing water to the coils it may be seen that the water is cooled from 4 to 6

degrees within the cooling tower.

2. Pump and Motor:

The same pump and its motor which are used for circulating the heabing
water are also used for circulating the cooling water.

Two valves have been used in the water pipes to bhy-pass either the
cooling tower or the boiler as ocecasion requires.

Fig., 7 shows a picture of the cooling tower used.

<

.

Fig. /4 shows the cireculating pump bogether with its driving mobor and

the main pipe lines.






THE HEATING AND COOLING LOADS

Calculations of both the winter heating load and the summer cooling
load are presented here to illustrate the requirements from the heating
and cooling systems and to discuss their ability to carry these loads.



CALCULATING THE WINIEY DFATING LOAD

"

Degign Tempersturesg:

Outslide Temperature = 0° I,
Roon Temperature = 70° ¥,

4

Area of floor and ceiling 414, so. 6.
Area of ecast and vest walls = 160 sq. £t.

Area of north and south walls = 162.6 sg. £t.

Area of north wall glass = 19.1 ag. £t.
kreoa of west wall glass = 24.8 sg. Tt.
Area of east wall glass = 1¢.1 sq. ft.
Area of outside door = 19.5 sqg. ft.
Total srea of glass = 03, s8q. Tt
Total area of exposed walls = 482.6 sqg. £t
Het arca of exposed walls = /82,6 - 63

= 419.6 sag. T%.
Area of cold partitions = 162.6 gq. ft.

0.30 Btu/hr

ki

Goefficient of heat transmission for floor

Coefficient of beat transmission for ceiling = 0,20 Btu/hr

i

Coeflicient of heat transmiszsion for walls 0.06 Bbu/hr

i

Coefficient of heat transmission for the cold partitions

= 0,12 Btu/hr

Coefficient of heast for transmission for the windows

= 1,13 But/ir .

ey

Yo



Coefficient of heat

Infiltral

Infiltration factor

Btu loss

Btu loss

Btu loss
Btu loss
Btu logs
Btu loss
Btu logs

Btu Joss

jon §

actor

for w

transnission for the door

for the door,

-

1

indous, for 70° ¥ temperas

)

4

.13 Btu/hr sa. ft. °F.

Lare-differsnce

= 140 C.F.M/7¢ crack.

Tor 70° F temper

2

sture~difference

80 C.F.M/Ft crack.

fron exnosed walls = £19.6 x 0,06 x (70 - 0)
= 1760 Btu/hr.
from the cold partition = 162.6 x 0.12 x (70 ~ 0)
= 1370 Btu/hr.
from the floor = A1 x 0,30 x (70 - 0) = 2700 Btu/hr.
from the roof = Al4 x 0.20 x (70 = 0) = 5800 Btu/hr.
from the windows = 63 x 1.13 = (70. - 0) = 5000 Btuw/hr.
from the door = 16,5 x 1,13 % (70 - 0) = 1540 Btu/hr.
due to infiltration from the windows = 49 x 140 = 6850 Btu/hr.,
due to infiltration from the door = 19 x 280 = L500 Btu/hr.

Total Btu loss of the house = 35,500 Btu/hr.,



CALCULATING THE SIOME

o

t COOLING 1OAD

Calculation of Heat Gain per Square Feootb

of Walls and Glass

Btu/hr. Sa.

Time Time of I a7 i1 P Hb Hp H
load source
Tast Wall 9 AM 4, A1 0 8 0.06 0.0132  0.48 0. 0.480
(5 hrs. 11 Au 6 44 56 5.4 0.32, 5.510 0.734
lag) 3 P 10 4 152 19.2 1.15 1L.70  15.85
5 Pif 12 Noon 26 25.7 1.5, 2.51 4.05
7 PH 2 PH 23.5 28.5 ;8\ 171 2.27  3.98
9 PM L, P 17 30.1 ; 1.805 1.64  3.445
Glass 9 AW 195 13.9 1.13 ?J 15.70 11.30 27.0
(Vene- 11 &AM % 2.5 gg 25.40 5..55  79.95
tian 3 Pl 21 29.7 33.60 1218  45.78
Blinds 5 P 11 29.5 33.30 6,38  39.63
584 I) 7 PH 2.5 24.5 27,70 1450 29.15
9 PM 0 18.2 25.55 0 20.55
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Calculation of Heat Galn per Square Foot
of Walls snd Glass {continued)

Nhu/hr. So. Bt.

Tine Time of I ar U F Ht HR H
load source

O
o
Moy
&=
2
.
o
-
.
o
o
.
(=)
Pt
W
)
o3
L]
o
o
o
L)
-
923
O

Hest Wall

(5 hrs. 11 A& 5 A1 LB Blh - 0.324, 0434 0.75
lag) 3 P 10 AN 23.5 19.2 1.15 2.27 342
5 P i2 Hoon 26 25.% 1.5/, 2.51 £..05
L l .
7 P 2 PY 152 28.5 N .71 1A.70 0 14.41
S
9 Pi L oP 2311 30.] o 1.805 R0.38 22.18
#
Glass G AM 21 13.9 1.13 o 15.70 .18 27.a82
»
{(Vene~ 11 A 25.5 22.5 e 25,40 1478 40.18
g

tian 3 PH 195 2G.7 33.60 11,30 44.90

Blinds

U
g
oty
£
N

02 29,5 3.30 94 127.3

589 1) 7 Py 6 24.5 27,70 3.48 31.18

2
4
[
[
0%
Z\
o)
o
-
%
It

O 20.55




Caleculation of Healt Gain per Square Fool
of Walls and Glass (continued)

26

Tine Time of I ar U F Hy, H, i
load gourece
North Wall 9 AM 4 A 0 g 0.06 0.0133 0.48 O 0.480
(5 hrs, 11 & 6 M 49 5.4 0.324 473 5.054
lag) 3 P4 10 AM 5, 19.2 1.15  5.22 6.37
5 Py 12 Noon 26  25.7 . L5400 251 4.05
7 PM 2 PM 23,6 28.5 ;f 1.71 2.27  3.98
g Py L PN 17 30.1 g 1.805  1.644  3.L4S
Glass 9 Al 102 13.9 1,13 2—3 15,90 59.20  74.90
(Veneo- 11 A 28 22.5 é; 25.0 16.24  41.64
tian 3 Pi 21 29.7 33.60 12,18  45.78
Blinds 5 P 11 29.5 33.30 6.38 39.6%8
58% I) 7 PM 2.5 Z24.5 27.70 1.45 29.15
g P 0 8.2 20.55 o 20.55
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Calculation of Heat Gain per Square Foot
of Walls and Glass (continued)

Time Time of 1 ar v F He Hy B
1oad souwrce
South Wall © A L& g 0,06 0.48 0.48
(5 mps, 11 A 6 A 5.4 . 0.324 0.324,
lag) 3 P 10 AM 19.2 1.15 1.15
5 P 12 Noon 25,7 1.54 1.54
7 PM 2 PM 28.5 1.71 1.1
9 PU 4 PH 30.1 1,805 1.805
Raof g a4 7 AM 0.2
(2 hrs., 11 &M 9 A
lag) 3 PH 1 P o
. [t <
wn o
5 PM 3 P " <
) =
7 P 5 PU g i
9 P 7 PH & :3
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Lightines

To calculate the heat psins due to lighting in the apartment an 11luni-
nation of 2 watls per sgquare foot of the floor ares is assmmed. No larger
demand for electrical lighting is expected during the time of maximm cool-

ing load., Therefore, the lighting effect is 2 « 414 « 3.413 = 7780 Btu/hr.

Infiltrations

If 2 air changes per howr are assumed for the apariment which has no
windows on three sides, the sensible heat gain due te infiltration in the

apartment can be found to be

2 % 32100 * 29. =
= LAE 3310 Btu/hr.
55.2

Therefore, the maximum cooling load in the spartment msy be found to be

= 11,420 + 1600 + 7780 + 3310 = 24,110 Btw/hr.






IHE HEATIAG BDATA

RUY I: Uging Both the Ceiling and Wall Panels

Date Time Outside Temp., Fleocor Yall-Pipe Wall Ceiling-Pipe Ceiling Hater-Pipe
Sunday
2/24/52 11330 a4 37 66 7A 95.5 93 92 9.5
3:00 P¥ 33 68 94, 4 o0 90 o3
12:00 P ¥ 70 93 92 8 &7 92
Monday
2/25/52  10:00 AT 30.5 é2.5 g9 100 o8 96.5 102
3500 P 33 64, o7 97 95 93 160
6:00 PM 35 63 o5 26 93 91 94,
Tuesday
2/26/52 8:00 AM - &7 96 96 94.5 92 95
" 12:00 Noon 39 65 94 9 91 S0 93
7100 P 37.5 70 03 92 90 90 S/
Wednesday
2/27/52 9100 Al 35 63 80 a0 79 7 82
- 12:00 Hoon 57 &7 88 83 31,5 79 105
6:00 PH 67 70 92 o 93 92 o1
Thuwreday :
2/28/52 9300 AM 43 &4, 85 26 2 &1 92
L300 PM - 60 69 a3 89 86 35 95
Fridey
2/29/52  10:00 AM 36 63 103 102 100 oy 102
7:00 PM 36 68 99 59 95 e 98
Seturday
3/1/52 10:00 AM - 62 105 102 9g 95 10
7300 PM - 62 96 98 S/, 94, 97
Sunday
3/2/52 12:00 Hoon 57 68 ly) a8 25 85 100
Tuesday
3/4,/52 3¢ PM - 67 98 96 96 95 102
g: PM - 69 95 g5 93 4, o8

* These temperstures could not bs recordsd by the Meteorological Department.
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HEATTING DATA

RUIT IT:

Using the Celling

Panels Only

Date Tine Dutside Temp. Floor Wall-Pipe Wall Celiling-Pine Ceiling YWater-Cine
Hednesday
3/5/52 11:00 &M it 63 106 106 102 99 107
6:00 PM ——it 67 oS 99 07.5 96 108
Thursday
3/6/52 0100 AM it 62 82 33 116 108 125
3:00 PH i 65 g2 a7 102 101 106
Saturday
3/4/52 10:00 AM - 64, 104 104, 110 110 120
7300 P —— 70 92 92 98 ¥ 107
¥ (oncav
3/10/52 9100 AY —t 65 30 80 80 80 30
6:00 PH et 65 82 32 8. 74 84,
Tuesday
3/11/52 11:00 A ——t 66 74, 78 74, 74, 73
5300 PM - 70 78 73 78 78 78
Vlednesday
3/12/52 1:00 P 60 70 78 76 o4, 56 125
6100 P 54, 70 85 25 92 92 105
Priday
3/1./52 2:00 Hoon 40 65 84, 84, 112 110 115
6:00 PM 41.5 68 '83 gg o oG 104
aturdav
3/15/52 9100 Al 35 63 77 77 92 82 125
12300 Noon 42 70 84 8 06 98 08
Tuesday
3/18/52 9:00 AM — 65 85 85 54, 04 98
3:00 PH 52 67 83 a3 89 89 100
Satwday :
3/22/52 3:00 PM 34 66 79 79 87 26 90
6:00 PH 30 63 83 a2 84, 84, 95
“0ﬂrc5day
3/26/57 0300 AM 50 66 g2 82 105 102 108
* These tenpersiuwres could wot e recorded by the ‘leheorole: sienl Depsvrhaend

Yt
(2%



GCOCLING DATA

2:00 5200 &:00 11:00 2:00 5:00 g:00 11:00
Date Temperature AM A Ald AM %) M PM PM
1951
July 22 (utside temp, 77 T4 8l 88 96 97 g8 74
Room temp. 76 T4 75 78 &0 82 80 78
Inlet water temp. — — — — - e e -
Outlet water temp. — - — _— —— - —-— —
July 23 Outside temp. 77 71 75 g6 90 51 80 76
Room temp. 76 75 75 76 87 78 78 76
Inlet water temp. —-— - —— - — - — -
Cutlet water temp. - — - —— — — - -
July 24 (utside tenmp. T4 71 78 85 86 85 20 7
Rocm temp. 75 T4 74 75 77 7% 97 77
Inlet water temp. —— — - - —_ - - -
Cutlet water temp. - — - — — -— —— ——
July 25 Cutside temp. 74, 72 77 g5 Q0 30 &3 78
Room tenp. 75 74 74 75 76 79 80 78
Inlet wster temp. — —_— - ~ —— - -— —
Cutlet water temp. — — — — - — —_— -
July 27 Cutside temp. — — 80 89 92 29 24 79
Room temp, - —— 73 75 77 79 79 77
Inlet water temp. —-— — — —— — — - —-—
Qutlet water temp. - - - — — — - -
July 28 Cutside temp. 76 74 g7 91 9 92 82 73
Room temp. 75 75 75 76 78 79 78 76
Inlet water temp. —-— — - - g0 80 76 73
Cutlet water temp. — - — - g2 82 21 20

Lnd
Lk



CCOLING DATA (continued)

2:00 5:00 B:00 11:00 2:00 5:00 &:00 11:00
Date Tempsrature AM A AM A P PH PM PM
1951
July 29 COutside temp. 75 75 78 88 90 90 g4 79
Room temp. T4, 7L T4 75 76 79 77 75
Inlet water temp. 71 71 73 75 79 75 77 75
Cutlet water temp. 7 ol 77 79 &G 81 72 78
July 30 CGutside temp. 75 72 78 92 94 24 85 an
" Room temp. 74 7 74, 76 77 78 78 76
Inlet water temp. 72 71 74, 75 77 77 75 73
Cutlet water temp. 77 T 77 79 80 &0 79 78
July 31 Gutside temp. 76 75 78 74 79 79 76 A
Room temp. 74 T4 A 74 T4 75 75 T4
Inlet water temp. 72 71 T4 7 73 79 78 7L
Cutlet water temp, 77 77 77 &0 81 31 32 79
Aug. 1 Cutside temp. 72 72 76 86 88 89 g0 75
Room temp. 73 73 74 74 76 77 75 75
Inlet water temp. 71 71 T4 72 76 a0 78 75
Cutlet water temp. 77 77 77 77 73 82 81 78
Aug, 2 (Gutside temp. 73 0 80 93 97 g7 &7 30
Room temp. 73 73 73 75 76 78 73 76
Inlet water temp. 71 70 73 76 78 78 76 73
Cutlet water temp. 77 76 77 78 50 g1 75 78
Aug. 3 Gutside temp. 77 72 82
Room temp. 74 T4 74 75 77 79 79 77
Inlet water temp. 71 70 75 75 79 79 78 77
Cutlet water temp. 77 76 76 80 83 84 g1 79



CCCLING DATA (continued)
5:00 B:00 11:00 2:00 5:0C 100 11:CC
Data Tesmperaturs A AM At P P Pi 3]
1951
fug, 4 Cutgide tenp. — — #2 51 o5 o7 =7 as
‘ Reom temp. 75 75 76 7 75 79 79 78
Inlet watsr tenp. 73 73 73 80 79 79 80 77
Cutlet water temp. 3 77 80 52 81 & 83 81
Aug. 5 77 75 34 94 100 160 Qe 55
76 76 76 78 73 30 BC g
75 T4 75 20 &1 8 30 T
20 79 79 & a3 g5 82 79
Mg, & CGuteide temp. g 78 86 a8 —— —— - —
Roor terp. 77 7% 76 78 79 80 50 73
inlet water temp. 75 74, 76 75 %0 23 g0 75
Cutlet water temn. &0 79 72 78 23 293 33 82
Aug., 7 Cutside teomp. — — - — 103 93 &3
Aeoom temp. 76 TH 75 75 e 79 77
Inlet water tamp. 75 72 75 77 { g3 20 73
futlet water temp. 80 78 80 80 3 95 g3 82
dug. & Cutside temp. 82, 8¢ 76 77 g1 21 81 78
Rocm temp. 5 74 74 74, 7% g0 7 77
Inlet wster temp. 71 72 72 72 79 79 76 73
Gutlet water temp. 77 i 77 77 &4 82 81 70
Aug. 9  Cutside temp 76 71 70 £9 8 84 g 74
Room tem. 75 7L 73 72 3 75 76 74
Inlet water temp, 73 59 6 o8 72 76 75 73
Cutlat water temp. 78 76 75 74 76 78 7% 77




CUCLING DATA (Continued)

2:00 5:00 300 11:00 5 GO 8:00 11:00
Date Temparaturg Al Al At All P M
1551
August 10 Outside temp. 72 s 77 82 35 S &9 &7
Aoom tamp. 73 73 73 7 75 2 72 7
Inlet water tewmp. 71 59 7 74, 74 74, &7 &5
Cutlet water temp. 76 75 75 77 77 78 73 73
fug. 1) (utside temp. &6 65 70 82 34, g5 82 75
Roor: tamp. &0 69 70 2 73 75 75 74
Inlet water temp, 05 65 66 72 75 o8 73 72
Cutlet water temp., 72 72 - 74 74 74 77 76
Aug. 12 Gutside temp. 72 62 7 &4, 89 a0 g2 7t
Roon tenp. 72 72 73 7L 74 77 77 75
Inlaet uater temp. 70 B 9 74 77 77 & 74
(utlet water temp. 75 A 74, 75 79 50 20 78
Aug. 13 Gutside btemp. T4 72 70 34 30 493 53 77
Room temn. T4 73 72 73 75 7 S 77
Inlet waoter temp. 72 71 &7 2 74 79 78 5
{ntlet wat 77 76 77 7h 21 a2 21 79
hug., 14 Cutgide tenp. 73 73 34, a5 o7 o7 26 &2
Hoom temp 75 74, Th 75 76 78 77 75
Inlet water temp. 75 73 73 75 7 7% 75 73
(utlet water temp. 76 Th 5 74 77 0 79 77
Aug. 15 (utside temp, 8 75 ac 86 a6 &5 75 71
Boom temp, T4 73 73 74 75 77 75 73
Inlet water temp. 70 &8 71 74, 7z L. &G &7
Cutlot watsy temp., 76 75 75 77 7 75 75 T,

Ao
[4 )



CULLING DATA (continued)

S

2:00 5:00 5:00 11:00 2:00 8:00 121:00

Date lemperaturs Al AR Al Al i Phi P
1951

Auz. 16 Cubeids bemp. &8 66 73 83 27 a0 80 74,
Hoom temp. 71 70 70 e i’ 75 70 74
Inlet water temp. &6 &5 &6 i{e 73 A 74, 72
Cutlst water texp. 73 72 72 74 75 7 73 76
fug. 17 Gutside taop, iz 70 24 35 irz 26 82 2o
Hoow tenp. 73 73 73 75 7 a6 7¢ 73
7Q 71 7L 72 7 77 &G 68
75 75 75 8 80 50 77 75

Anz. 18 74 72 72 82 a5 2 7E 76

e 753 73 73 T4 7H 72 7e 75

- - N - . . ’ -

inlet water temp. 772 71 7L Ty 77 73 76 73

Cutlot water temp., 76 75 74 77 20 7S 30 78

Aug. 19 (Cutsid 72 70 80 93 S5 a5 a5 7%

Root T4 73 73 7L 79 S0 a8c 77

Inist wa 71 &9 76 75 - — - ——

Cutlet vater tomw, & 78 75 77 — — — ——

Auvz, 20 uwa51ue Lamp., 76 T4 sl 29 O, 4 &7 20

doom tewp, 75 75 3% 75 77 7E 75 75

aneh xﬂtnr Tt — —— - — 75 75 74 73

— — — _— ! a0 ole 75

Aag. 21 77 & 71 — — — —
7

; 70
L 73 73 72
70 &8 70 70

77 76 75 75

-3 =1 =3

w2 w




COCLING DATA {continued)

2:00 5:00
Date Temparsture i M
1951
Ang, 22 Lutu de temp. - — — — - Th 73
Rocm temp. &8 48 a8 48 59 71 72
Ipiuu water temp, &9 63 68 70 67 a9 &
Cutlet water temp. 73 73 73 73 70 71 71
Aug. 23 Cuteide temp. 58 &7 69 72 77 81 79 72
Roen temp, To 70 72 7C 72 73 73 732
Inlet water temp. 68 62 63 65 72 74 73 70
Cutlet wster temp. 70 70 59 71 Th 7e 77 75
bag, 24 70 59 75 365 91 2] &3 78
Room temp. 71 71 71 72 T T 77 75
Inlet water : 59 68 79 77 043 70 74, 72
Qutlet wataer 74 T4 7L 78 g0 a0 & 77

Aup. 25 Cutside temp, 75 73 82 79 275 92 80
Rocn temp. T 73 73 T 7 20 78
Inlet water temp. 70 70 73 74, 78 A e
Cutlet water temp, &8 5 7 77 73 a1 8¢
Aug. 26 Cutside temp. 76 76 i ac 90 77 76
Room tenmp. 74 73 73 7L 75 76 75
Inlet water temp., 71 69 59 75 77 74, 73
Outlet uater 77 75 75 77 7S 5 78
Aug. 27 Outside ten 73 T4 42 84, 8 5 &5
Room temp 7L 73 73 74 76 77 75
Inlet water temp. 71 70 71 72 — — —
fatlet wotsr Yemn., 77 78 5 77 . — ——

~3

~3 ~3 ~3
0w G2

=Y W Ihan

~3 -1 -3 ~J

~1 )

{
boovw
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COOLINC DATA (continued)

7300 5500 3100 11:00 5:00 8:00 11:00

Pemperatire Al A Al Al P PY Py

28 Outside temp. 20 78 B¢ 06 100 49 59 34

Room tewp. T4 73 T4 75 77 30 79 77

Inlet water temp. —— — — — 79 7S 7 T4

Oublet weter temp., == - - - 80 31 30 79

Outside temp. 30 T 5 96 102 101 90 A

Room temp 75 74 A 75 7 20 %0 77

Tnlet waber temp. 71 69 70 76 o - - ——

Outlet water temp. Y7 76 75 78 — — — ——

30, Outeide temp, 79 74 85 #ls) i 191 89 &S
Room bemp. 75 T 74, 77 79 79 9 8

Inlet walter btewmp.,  =- —— —— — 73 73 76 75

Outlet wabter temp. == — — - 80 a1 &0 78

Aug. 31 Oubtside temp. 74 7. 35 o0 104 102 G2 84
Hoom temp. 75 Th 75 74 7 : 78 72 76

Inlet water temp. 70 68 71 76 78 78 76 73

Outlet water temp. 77 75 75 78 20 g 30 78

Zept. 1 Outeide temp. 82 78 75 25 98 100 89 81
Room temp. 75 74, 123 75 77 & /8 76

Inlet wabter temp. 71 71 73 76 78 78 76 73

Dutlet waber tewmp. 79 79 79 30 &z &1 30 7S

Sephb, 2 Outeide temp. 75 7R 7¢ a0 96 g7 - 82 T4,
Roon tema. 75 T4, 75 75 T 79 79 76

Inlet weber bLemn, T2 70 71 76 80 8 76 SR

Outlet weter temp. 7 76 76 78 81 83 8 3

Nl



2300 5300 3:00 11:00 2:00 5300 8:00 11
Date Tenperature Al

AM AM Al Py v P Pl

1951

Sept, 3 Outside temp. 71 69 8 9 93 /, g5
Room temp. Ty 74, 73 Th 76 8 78

Inlet water temp. 70 69 71 76 78 79 78

Outlet water temp. 77 76 76 78 &c a1 21,

Zepb., 4 Cutside btemp. 75 72 LR a3 92 a5 a5
Room temp, 75 75 74 7, 76 78 78

Inlet wster temp., 73 71 69 A 77 78 76

Outlet water temp. 78 77 76 77 G 21 80

Jepb. 5. Outside temp. 65 &7 69 80 32 72 69
Room tewp. T4, 71 71 71 72 74 7L

Inlet weter temp, 68§ 66 66 66 70 72 69

Outlet wabter temp., 76 T4 73 73 75 75 75

Sept., 6 Outside bemp. 68 66 68 66 73 75 70
Room temp, 71 70 70 70 72 73 73

nlet woter temp., 67 67 &7 o 70 7 69

Cublet water temp. 73 73 73 - 75 76 75

bept. 7 Oubtside temp. €9 65 &/, &l 65 65 65
Roon temp. 71 70 6G 69 69 &9 69

Inlet water temp. 50 68 - 67 a7 69 71 71

Cutlet water temp. 73 72 72 72 g 71 71

dept. & Outside temp. b4, 62 &6 73 79 g 72
Roon temp. &7 &7 67 69 71 73 73

Inlet water temp. 64 63 65 63 70 71 —

Outlet water temp., 70 70 70 71 . 3 75 -



GOLT, {continmed)
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LISCUSSICH OF E HEATING DATA

. Using Both the Ceiling and Yall Colls

The temperature ranged from 62° F to 70° T; 62° F was recorded on a cold

&)
A

weathior day, (unrecorded outside bemperature), while 62.5°T was recorded b

,.

an outside temperature of 30.5° F. 4 rise in tewmperatwre of floor was noticed
to occmr in the alterncon, and in the evening and on fair westher days. It

was also noticed that = floor tempercture of 70° F was recorded when the oub-

W
[y
fe)
O
A

ceaperature was near freezing. This high reading was observed vhen the
occupants were in the house. Under occupation the {loor temperature remained

steady at Z“O F during the recording period.

< <« L S

2. The Wall Pine

The temperature ronged from 28° F to 105°F.  The lowest teuperature of

e N 3 3
88Y P uas recorded on a fair outgide weather at 57° F. As the outside bempersne

. y ~0
ture decros seds the wall pipe tempersture shoved an juerease. Thus, 103° F

-

. 6
was recorded against an subside temperature of 36~ F. The outgide temperatiwe

was nob recorded on ilarch 11, 1951 ot 10 A, ¥, vhen the wall nipe temperature

1
&

was 1059 ¥, but it was noticod that the cutside temperature nt this time was

¥

below freezing. The wall pipe temperatwre showed a gulek responge to the

weather conditionsg in mogh of the recorded cases, althoush in one case it shownd

O ]
a benperature of 85° F on February 29, 1952 at 9:00 A, M. when the oubside

Q

tenperature was

aly 43° F.

- -
Fa P ehrid TH BN TS [ 21 P . S - P
L otpon O5Y F o LR V. O3Y T wuns rocorded



e
w2

against an outside tempersture of 57° ¥, when the weather was mild and no
appreciable amount of heat was regquired. The well tewperature shoved & rise

in temperature with the oubside colder weather and a temperature of 1009 F

Eny

o~ L oy
was recorded at 30,59 P, Also a temperature of 102°F

was rocorded againgt
O o .
367 F outside temperature. The woll temperature showed o good response to

'l

weather variations needs. It was sometimes hipher than the temperature of the

&

e 3 g ] kY .
The temperatire ranged between 21° F and 100° ¥. est temperature

perabure of 98°

Pl

was recorded againegt an outside wenther of 36° ¥, Aleo a b

5

I wes recorded on the outelde tempersture of 30,59 ¥, 0On the other hand, the
lovest tempersture recorded was 81° F against an ide rather cold wenther

.

he variations

(‘i’

of 41° F. This shows a weakness in the systen to withsband 1

.

in the outside westher conditions.

5. The Ceiling Temperature:

gorn B

temperatwre showed a very slight tcmperature differential
from that of the ceiling pipe. It varied from 79° ¥ at the outside mild

Bl me 900 , 5 N . .
weather of 79° F up to 96.5%° F at the coldest recorded teamperature of 30.5°

F. Except on February 27, 1952 and February 23, 1952 temperature showed a

steedlly incresse with oubside colder weather

6. The Yater Pipes

The temperature showed o variastion between 91° F end 105° #. The low-

-

est tenpernture wog recorded agalinst - righest outside tempersture ree

4]

corded of 677 F. Uith some excepbicns it showed = nore or less good response

to healt demands in the house,



[N

g,

Generally, considering the surfsce teuperatures of the inside surfaoces

. ' -

of the apzrtment, as a coubination they shoved a rise in temperature with

eold oubeide weather with the excepbion of the floor which showed g decrease

'm

in temperature when the hent demands incressed and when a higher floor tom=~

perature would bLe wore desirasble.

o

1T, Using the Celling Coils Only

On Yierch 10, 1852 and tarch 11, 1952, when the outside beuperabure was

P

neer freezing the system did not fimetion properly due to some unknown reason,

As the temperabture reocorded on these two days sre misleading, the discussion
of the system cperabion does not take thepe lemperntures in consideration.

1. The Moor:

The temperature renged from 2% 7 to 70° ¥. The lower temperatures were

m

recorded in cold westher conditions., The hi eratures vere recorded

either during fair wveather or in the afternoons,

2. The Uall Pipe ond the Wall Temperatures ronged between 32° T and 106° ¥.

The temperatwre was near the lower limit during cold weolher.

- ~

5. The Ceiline Pipe Temporsture:

This temperature ranged between 849 P and 116° P, High tewperatures
T et _ o 0 1 . .
were recorced on cold wealther, a tenmpersture of 1127 ¥ was recorded against

gn oubelde tempersture of 407 F. The system did not show a gulek response to

5]

Je

3 G 3
the heat demands as a celling pipe temperature of 54 was recorded against

an outside veather of 330 ¥ yvhile o 920 T temperature vas recorded when the

. . J R o'
outside tempersture was elther 35 F or 54 F.

Lo The Celling Temperabure:




vesn 84 2nd 1107 F and was aluays very closge

te ceiling oipe temparature.

k)

. Thae Water ripe Temnarsture:

With the excepition of one case it varied between 95° F and 125° ¥,

Higher temperatures were recorded when bilg heat demands were reguired.

smoarison Betwsen the Tuo Cases:
The floor temperaturss showed no variation between the two cases, in-

dicating that there may ke a fault in the censtruction of the floor itself.
\thoush the hob water circulation was cut froo the wall piping in the
Althoush She hot water circulation was cut frow the Wall o

temmorsture wae high enough tec indicate hoth that the

9]
[0}
[¢]
O
3
£
Q
W]
o0
@
-
-
&
o}
o
[
‘.—J
o

EN

rocm temveraturs was satisfactory and that the drop in the floor temperaturs
ser temperaturs  was sotls]

™ s ha € n eTas o +has
was mainly dus to rapid leskage of heat throueh the floor ares, rather than

he smount of heat handled hy the system.
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Tha ceiline pipe showsd that it 1s capable of handling the reguired
3 ¥ o 1 0 Ao T
amount of heat in the second case. On the other hand, the recorded isn

.

res in the first case did not display 2 satiefactory indication of

w
=
ct
~
3
o]
e
o
O
e
o
[~
@O
Qe
4]
£
Q
[Fod
1
L]
&
iy
J
[]
bt
=
w
D
ct
Q
fa
&
&3
cr
jon
3
H

The wober-pi Da
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msnde. This was more apparent in the second case as the guantily of wator

4 3

eivenlated in this cage was less and the temperstures were higher than in



CTHE RISCUSSTON OF THE COCLING DATA

The outside temperature varied between 105° F om 2:00 P. L, August 17,
1951 and 52° T on September 16 and 13, 1951. The roon temperature in the
. Sy p - , o
first case was 797 ¥ and rose to 20° ¥ at 5:00 P, M, with an outside tenperam

O

ture of 103° . The highest room tempersture recorded was #2° F. This was

observed at 5:00 P. M., on July 22, 1951 and was moaswred gpgainst an onbaide

e . )
F on September 16 and

temperatiwe of 97° ¥, The roon temperature was 60
¢7° F on September 12 when the outside temperature was 52° F. The 60° F
tempersture was the lowest inside temperature recorded during the testing
period.

The maximwn dally btemperature variabion between day and night times
was observed on August 18, It amounted to 30V F, when the temperature was
72° F oot 2300 L. M. end climbed to 102° P ot 2:00 P, M. The roon temperature

aried betueon 7; Tat 2:00 A, ¥, and 76" F st 2:00 P. M. bub it climbed up

to 80° P at 5:00 P, M. vhen the outside temperature was 960 P.

The maximun deily room temperature varistion was of the order of 10° F.

It wne recorded on September 13 between 5:00 and &:00 4, M. and 2:00 P,

agalnst an outeide temperature differential of 22° ¥, A voom tempersture

I 4 = 5 p & T = A 3 b - -

differential of 7 F was recorded on August 17, August 25 and August 28 with

outgide temperatwre differentials of 30° F, 21° F and 25° 7 respoctively.
The uinimwa daily room tempersture variation uss 3° F agalnst an oube-

side teompersture veristion of 15° I, This was observed om August 26, 1951.

m i
4

¢ ona o
ne room temperature varintion on an average day ranged between 47 F



£u03

and 500 ¥ over the 24 hours.

The inlet cooling water had & waximunm temperature of 83° P on August 6
and August 7 at 5:00 P, ¥, The cutside temperasture in the second case was
103° F, the oubside temperatwe in the first case could not be recorded bub
it seemed to he equally high.

The lowest inlet waber temperatire recorded during the testing pericd
was 53° F on August 16 against an outside tempersture of 52° F. Also, a
temperature of 559 ¥ was observed on September 13 against an outside weather
of 53° P, In most of the cases, the inlet cooling water temperature ranged
between 70° F and 7BG ' yhen the oubtdoor temperature varied between 75° F
and 95° F. It rose to sbove 80° F on the exbtremely hot days and followed
the outside temperatures when they fell below 70° F. The inlet water tem-
perature was observed to be about 2° F below the room temperature in most
cases albhough it was higher in a few instances.

The rise in the outlet cooling water temperature above the inlet cool-

. c , D . -
ing weter bemperature varied between 1% F and 7° ¥, but in most of the cases
it was observed to be eof the order of 5° .






I. THE HEATING LOAD

As seén from the data collected during the heating season, the floor
temperature never rose above 70° P, Many authorities claim that this tem-
perature should be the minimum limit for the floor surface temperature. Re-
ducing this temperature below 70° F was found to be objectionable even in
the summer time to elderly pebple and to those who are subject to rheumatisnm.

The floor construction is a 2-inch concrete slab above the gravel layer.
No insulation has been applied to the floor. This floor has an estimated
U-factor of 0.50 whieh increases the heating load by 32.7 percent over a
floor that has a U-factor of 0.10. This comparison is mﬁtained from the
heating load calculations. The test data and the load calculations indicate
that the floor is the weak link of the heating experiment. The most obvious
reason for this is the poor construction of the floor itself. The system
seems to be quite capable of handling the required amount of heat. It keeps
the temperstures of the walls and the celling reasonably high, but due to
the quick leakage of heat from the space to the ground, a sufficiently high
floor surface temperature could not be attained especially under severe cold
weather conditions.

It appears highly desirable to cover the floor with a 2-inch cork slab
which would prevent the quick leakage of the heating load from the space %o
the ground and which would in all probability keep the floor swface tem-~
perature reasonably high.

Also, it is observed that the door and windows are rather poorly fitted



aﬁd none of them westher-stripped or equipped with a storm sash., This in-
creases the heating load considerably in severe weather due to the great
amount of infiltration taking place especially with cold stormy weather.

Use of weather-stripped or storm-sashed windows and door is highly recommendetd.
Caleulations show that such door and windows may effect a decrease in the

heating load by as much ag 24.75 peveent.
TI. THE COOLING ILOAD

The room temperabure was found to be very close to the outside tempera-
ture in the period between 11:00 P. M. every night and 5:00 A. M. on the
folloﬁing norning. DBut a temperature differential between the indoor and
the outdoor conditions would rise to about 15° F in the period between
2:00 P, M. and 5:00 P. M, This temperatwe differential was observed to
elimb to 27° F on tugust 31, 1951, with an outside temperature of 104° F and
an indoor tewmperature of 77° F. Also, a temperature differential of 26° F
was observed on August 7 at 2:00 P. M. and on August 17 at 2:00 P. M,

On many a cold morning, the indcor tomperature was several degrees
above the outside tewperature. The room temperature was found to be 140 F
above the outdeor temperature at 2:00 A. M. on August 11. Aiso, a‘difference
of 13° F was noticed on September 14, at 5:00 A, M.

From the above observations, it may be concluded that the cooling sys-
tem is capable of cooling the apariment even in the extremely hot weather
conditions when the cooling load exceeds 24,000 Btu/hr. Hore comfortable
conditions could be maintained in the apartuent if‘the control system is
applied to the cooling system. By means of control system, uncomfortably

low temperatures could be avoided on cold mornings. The system would be



set to stop the flow of eold cireulating water if the indoor tempersture fell

below 2 certein limit. Also, the sysbtem covld respond quickly tc the chang-

e

ng reguirements imposed by outside-tempersture fluctuations.

The foregoing discussion dealt with the dry-bulb temperature. It is
known that the wet-bulb temperature measures the totel heat in the air and
is, therefore, a basic factor in juwlging the cooling eapecity of the systen
oo well as its effect on humen comfort. Unfortunately, due to some technical
difficulties, correct values of the relative humidity could neot be obtained

and consequently, the wot-bulb temperatuwres could not be evaluvated.
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