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ADAPTDlG PAN:El. HEATING TO SUMMER COOLnm 

INTRODUCTION 

The science o! controlling the atmos}ilere within a building for the 

benefit of human comfort has been developed until it is now possible to 

provi de nearly any type of desired atmospheric condition. Comfort in 

the winter heating season has come to be accepted as an essential feature 

of structures in most areas. Although the advantages or surrm.er com.fort 

in our industrial and business activities have been pointed out by many 

investi gators, as yet, summer comfort systems have not been utilized. to 

the same degree as winter comfort systems. Every residence has provision 

for winter heating, relatively few a summer cooling system. The reason 

this situation exists may be traced primarily to the relatively high cost 

ot the summer cooling systems; such a system usually includes a rather 

ex.pensive refrigeration plant to provide !or cooling and dehwnidifying o! 

air. The installation of a summer comfort system in a business is gen-

erally considered to be economically desirable. The additional income 

which normal.ly results may be used to pay for the increased overhead of 

the busines8 resulting from the added cost of the summer cooling system. 

In the construction of homes it is not easy to justify an increased in-

vestmant based on increased income due to the summer cooling 5Y"atem, there-

fore, the high cost of the normal summer cooling system curtai ls its 

broad acceptance in residential construction. It is the purpose of this 

investigation to determine, from an engineering and economic standpoint 
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the feasibility of adapting panel heating to summer cooling of residences . 

A panel heating system consists essentially or pipe coils, through 

which hot water i s circulated. These are built into the walls , ceiling 

or floors of the residence. The adaption of these pipe coils, to the circu

lation or cool water for providing summer comfort is to be investigated. 

Since the r efrigerati on eqirlpnent i s the most ex.pensive part of the nor-

m.al summer cooling syst e.'11., it is further proposed, t ha.t the cool water 

circulated through the pipe coils , be cool ed by evaporati ve cooling in a 

cooling tower. 

The following method was used in ma.king the investigation: A 

typical section of a frame building wall including a pi pe coil as nor

r:ially used in panel beating systems was constructed. This wall was 

tested by the "guarded hot box" in which any d-esired summer t emper ature 

could be simulated. Since the t,emperature of water available from a 

cooling tower is a !"unction of the outside air wet bulb temperature, it 

was found necessary to make tests with variabl e water t emperatures in 

order to predict the overall performance of the cooling coils on the 

basis or outside wet bulb temperatures. 

The tests furnished data giving the insi de wall surface temperatures 

for various cooling water temperatures. Thia wall surface temperature data 

was used in calculating the probable effect on human comfort in a 

building. 



CONSTRUCTION OF EQUIPMENT 

After a study of the construction of th panels us din panel 

heating syet s, it was decided to use a panel with coil made of three 

quarter inch inside diameter copper tubing on six inches spacing. The 

construction of the wall section and the mounting of the coils is shown 

in Figure 1. The heat tran ·ssion coefficient of 0 .077 Btu/hr/sq. ft . /°F, 

was determined fro the ASHVE Guide . 1 It re.s desired in the testing 

or this panel that the maximum cooling load be used. The panel used 

contains a coil, the surface of which approximates the maximum surface 

generally found in such panel heating syst s . 

Data taken fro Radiant Heating by Adlam, gives the !ollow.ing values 

for total heat emission fro a panel used during the winter heating syste 

Difference between water and surface temp. °F 

Total heat emission Btu sq. ft . per hour 42 64 

15° 

84 

200 

The range of temperature differences between water circulated through 

the coil and the all surface (10° to 30°) for winter heating systems 

is ch greater than could be maintained to advantage for s er cool" 

Therefore, in compensating for the small temperature di fference , the 

panel must have a large surface area in order to be effective for as er 

cooling application which use water cooled in a cooling tower . 

The ''guarded bot box" which was used in conducting the tests of the 

wall panel section is shown in figures 2, 3, 4 and 5. is item or labor-

1 . ASHVE Guide 1948, pp 124-125, tables 5 and 6. 

2. T. Napier dlam, Radiant Heating, p. 483, figure 330 
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atoey equipnent, nonnally used to determine the heat transmission co

e!ficients of building walls, was adapted to this particular t est with

out any physical changes. The testing procedure, however, was modified 

slightly to meet the needs of this investigation. 

4 

In lieu of a cooling tower and by means of mixing valves, the water 

temperature for the tests was controlled by mixing water f~m the city 

ma.ins with water from a coil cooled by the laboratory rffrigeration 

plant. 
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Figure 2 - TEST ALL SECTION 

The numbered parts of test equi ent are as follows: 

1 . Weather side of test wall section 
2. Pipe coil entering test wall 
3. Valves for mixing water from city ma.ins and 

laboratory refrigeration plant cooling coil 
4. Guard around thennometer " ell 

6 



Figure .3 - TEST WALL AND GUARDED HOT BOX 

Th numbered parts o! test equipment are as follows: 

1 . Plast red or room side of test wa section 
2. Exterior of gua ed hot 
3. Thennometer 11 insi 
4. Cl.amps to hod test to 

guarded hot ox 
5. an motors 
6. Watt hour eter for easurin elect ica 

imput to heating element in inner box 
of guarded hot box 

7. Thermostat regulating knobs 

7 
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Figure 4 - INTERIOR O GUARDED HOT BOX 

The numbered parts of test equiJ!llent are as follows: 

1 . Interior or inner box of guarded hot box 
2. Interior of outer box of guarded hot box 
J. Fan in inner box 
4. Heating element in inner box 
5. The stat bulb in inner box 
6. Thennocoupl sand wires 
7. Fan in outer box 
8. Hea. ting el ent in outer box 
9. Thermostat bulb in outer box 

10. Gaskets against which test wall section 
is clamped. 

8 
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Figure 5 - TEST INST tUMF.NTS OF GUARD HOT BOX 

The numbered parte of test equipn.ent are as follows: 

1. Potentiometer 
2. Thermocouple selector mdtch 
3. Ice water jug containing thermocouple cold junction 
4. Ex.terior of guarded hot box 
5. Fan motor 



TESTING PROCEDURE 

Investi gations, involving the heat !low through materials having 

l arge thermal storage capacity, require that thermal equilibrium be 

establ.ished before starting the test. F~r the test equipnent used, it 

required from twenty- four to thirty- six hours to establish the desi red 

stable conditions. The establishJ!1ent of equilibrium conditions was in

dicated by obtaining constant air temperatures throughout the interior 

o! the guarded hot box. 1\ir and surface temperatures were mP..asured by 

means or numerous thermocouples and a potentiometer. Temperature o.f 

the water flowing through the coil was measured by thennometers insert

ed in thenoometer uells of the piping system. 

The attainmmt of a condition o! absolute thermal equilihrium was 

hindered by a number of operating difficulties, but it was found possible 

to bring the temperatures in the inner and outer boxes to within two or 

three degrees of each other, which was close enough for all practical 

purposes. There were no difficulties encountered in maintaining tem

peratures wit hin the respective boxes, constant within the limits of 

accuracy of the testing equipn.ent. After much preliminary investiga-

l.O 

tion concem.ing the difficulty of obtaining constant temperature in the 

inner and outer ooxee of the guarded hot box, it was concluded that the 

energy imput to the fan motor in the inner box was sufficient to cause the 

inner box to maintain a temperature some two or three degrees higher than 

the temperature of the outer box. The fan was arranged for continuous 

operation during the test with the heating elements controlled by a 

thermo-stat . It was found that after the guar ded hot box attained the 
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desired testing perature , adjustment or the thennostat in the inner 

box for a lower t per ture did not result 1n any temperature change. 

The thermostat s replaced th the s e operatin results . It then 

became pparent that the only source of heat to cause the temperature 

differential as noted above was due to the fan tor. 

Since the s er condition to be simulated in the guarded bot box 

must include the effect of olar radiation , the application of the con-

cept of sol- air temperature as defined in the ASHVE Guide was used in 
/ 

setting the conditions of this test .3 Sol- air temperature is the 

temperature of air which in contact with the weather side of a wall that 

was receiving no solar or sky r diation, would give the same instan-

taneous rate of heat entry into that surface as exists with the actual 

co bination of incident solar and sky radiation and t perature of the 

outdoor air. From the same authority we find that the probab:ie maximum 

sol- air t perature encountered for a wall such as was used for the test 

is 158°F. The arded hot box was intained at this approximate t 

perature during the test runs. 

The t perature of the water to be circulated through the coil from 

a cooling tower is a function of cooling tower designs and the outside 

ir wet bulb t perature. A study of data on commercial cooling tow r 

operation sho s that a deign is practical in which water can be cooled 

to within J°F of the et bulb temperature. Since the maximum design, 

et bulb temperature, for this part of Oklahoma is 7i'F the maximum water 

te perature to be used in the test would nee ssarily be about 80 F. 

3. ASHVE Guide, op. cit . , p. 267 and tab1e 11, p . 268 



TEST DATA 

The observed data obtained from the teat i s given in tabl es 1 to 8 , 

inclusive. Thie observed data has been plotted on graphs and is pr e-

sented in 1"igo.1res 5 to 12, inclusive. In this graphic presentation of 

data the various temperatures are plotted as a function of time. 

The following legend has been used fer the curve:s plotted in the 

graphs of figures 6 to 13 , inclusive. 

A - I\Verage r,e;nperature of inside box. 
B - Temperature o f wall surface on weather side. 
C - Temperature oi room air. 
D - Temperature of wall surface on plastered side. 
E - Te:nper~ture of w-~ter entering panel coil.. 
F - Temperature or water leaving panel coil. 

12 



Table l 

Time of re'1.ding $:00 S:.JO 9:00 9:30 10:00 
Uilli vol ts inside box sts. 4 3. $4 3 • .52 3 .. 52 3. 52 3. 52 
t:!illi vol ts inside box st.a.. l3 3. 51 3. 50 , • 50 :3. 50 J .. 51 
Avera@'.$ tt:Mp. inside bo;x: 1;.3 • .3 152.7 152.7 152.7 l.52.7 
tallivolts out$ide box. $ta. t J.Je 3.J3 )oJO ;3.)2 3.31 
tiilli~,,Ilts outside hox eta,. 14 J.,33 :,.33 3.30 J.29 3.29 
lt!ill.iv .. ,ltG inside w-JJ.l nurface 3/35 3.38 3.38 3.:37 3 • .38 
Tem:p .. ir.i~ide wr:.u.l eurfa.c.0 147 148 14S lL.7 .. 6 148 
Millivolts outaid~ wnll t.u:r!ace l.,$6 l.56 1.41 1.4,2 1 • .39 
Temp. oiatside 11all surface a6 ®6 ao.e 81 SO 
Hilllvolts room a.ir 1.3; 1 • .36 1.35 li,39 l/J9 
Temp. roo:u air 7@.s 79 7$.8 00 60 
·Te.mp. wattH" entering aoil 78 ?7.8 78 
Temp. t-.~.ter leaving coil 78 .. ; 7S.5 7ts .. 6 
Time, lllnutea to>." flow or 200 lbs. (.;.a.ter 12.25 12.25 12.25 1:~:.~!5 
Flow I"at.e of water, lbe/t'lin. l6S3 16.:33 16.33 16.33 

10:30 1:45 2;45 3:45 
3.49 3.47 J.53 3.50 

3.52 3.48 J.4t~ J.48 
151.7 151 153 152 

3.33 3.33 3.28 3.33 
:; • .30 3.25 3.:32 3Sl 

, .• 3.:37 3/34 3.J) 3.33 
147.6 146.6 14-6.2 146.2 

l •. 37 l.46 1.46 l.48 
79.5 82.l,i; S2~4 8.3.2 
l .. 4.6 l. $5 1.62 1.€5 

a2.4 a,., se 96 
78.S 79 so.s 
00 00 79.8 

12.2; 12.25 12.25 12~25 
16.33 16.33 l6.3J l6.:3'.3 



Table 2 Date June 17, 1949 

'i'ime er rea.dlng StOO 9 ,,,0 :v 10:00 ll::00 2:00 3:00 4:00 
Klillivol ts imd.de b""'"' ..,..~ st.a. 4 3.50 ,.51 .3.51 3.50 3.48 3 .. 50 3~50 
l~illivolts inside bo~t sta .• 13 3.49 J.51 J.5() .,,.. .... ,.,., 

;)• '",)V '3.47 :;.,o 3.50 
Elver.age tet1p. inside oox 152 152.3 152.3 152 151.3 152 152 
i·lillivoH,s outside box sta. 8 3.)J J.:36 3.35 3 "? .:,!rod 3.37 3.32 3.33 
;:;i}_livolts outside box sta. 14 ).29 3.33 J • .30 3.32 3.34 ).32 3.33 
h'.iillivolts inside ·wall eurface 3 • .)'7 3.38 3.37 3.34 J.Yi :3,.35 3.,35 
'fe!rrp. inside Hall f,ur!'a.ec 147.6 14$ 147.6 146.6 147.6 147 147 
!;}111.i vol ts outsitle wal.l surfa.ce 1.3$ 1.37 1.40 1.35 1.47 1.4 .. 7 1.46 
Temp. outside wall surf~ce 79.7 79.; so.5 78.8 a2.g 82.8 82.la. 
hlllivolts room air 1.,36 l.'.39 l.47 1.49 1.62 l.73 l.74 
Temp. l"OOiil ai:r 79.7 so !$2.S ;3.5 88 92 92.2 
Temp. water entering coil 78.6 78.7 77.6 77.5 78 '78 78.3 
1e.11p. 1re.ter leaving coil 79 79.2 7S 78.l '78.9 ?S.9 ?9.1 
tiJ;:;e, minutes tor flow of 200 lbs .. we1.ter21. 5 21.5 7.16 '?.16 7.16 7.16 7.16 
flow rate of water, lbs/min. 9.3 9.3 27.9 27.9 27.9 27.9 27.9 
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OBSERVED DATA 

Table 3 Date June 22, 1949 

Time of reading 8:00 9:30 10:00 11:00. 11:30 1:00 4:30 
V.illivolts inside box sta.. 4 3.58 3.55 3.57 3.53 3.5.3 3.55 3.51 
Millivolts inside box sta. 1.3 3.59 3.53 3.55 '.3.55 3.52 3.53 3.50 
Average temp. inside box l5lh6 153.7 154.3 153 153 153.7 152.3 
Millivolts outside box sta. 8 3.37 3.39 3.37 J • .32 3.36 3.1.0 3.35 
tiillivolts outside box sta. 1.4 3/34 3.36 3.37 3.37 ,3.33 3~34 3.33 
tlillivolts inside wall surface 3.4.f! 3.45 3.46 3.45 3.44 3.43 3.42 
Temp. inside wall surface 151.2 150.2 150.5 150.2 150 149.6 149.3 
Millivolts outside 1:rall surface 1.90 1.53 1.56 1.56 1.53 1.55 1.58 
Temp. outside wall surface 98 85 86 86 85 85.6 86.7 
Millivolts room air l.6S 1.67 1.70 1.80 1.78 1.g2 2.03 
Temp. room air 90 89.8 91 94.3 93.7 95 102.3 
Temp. water entering coil 80.5 80.3 81.3 
Temp. ~rater leaving coil 81.2 81 82 
Time, minutes for now or 200 lbs. water 4.5 4.5 4.5 
Fiow rate or water, lbs/min. 44.l~ 44.4 44.4 



OBSERVED DATA 

T ble 4 D t June 23, 1949 

Time of reading 9:00 10:00 ll:00 11:45 12:55 3:00 
Millivol s inside box eta. 4 .3.58 3. 56 3. 55 .3 • .58 3.57 .3 . 54 

llivolt inside box sta. 1.3 .3 . 57 3. 57 .3 . 56 3. 55 3. 54 .3 . 51 
Average tecp. inside box 154.6 154 153.7 154 154.3 153 . 2 
Millivolts outeid box sta. . 8 3.35 3 • .35 .3 .39 .3.35 .3 . 38 3.40 
Millivolts outside box sta. 14 3.32 3.33 3 , .36 3.33 3 • .37 3.37 
Milli volts inside wall surface 3.44 3.40 3.41 3.42 3 38 3.43 
T p. inside vall surface 150 148.6 149 149 • .3 148 149.6 
Millivolts outsi de 11 surface 1. 71 1. 56 1. 56 1. 56 1 . 50 1.60 
T p. outside w1ill surface 91. 2 86 86 86 84 87.4 
Millivolts room air 1.53 1.53 l. 6o 1. 61 1.64 1.78 
T p. roo air 85 85 87.4 87.S 88 .8 93 .7 
T p. water entering coil 81. 6 81.2 81. 6 82.1 
Te p . water leaving coil 82. 1 81. 9 82 82. 8 

im_e, nutes for now of 200 lbe ater 4. 83 4.83 4.75 4. 75 4. 75 
Flow rate of water, lbs/min. 41.4 41.4 42. 2 42. 2 42. 2 



OBSER DATA 

Table 5 June 28, 1949 

ime of reading 9:50 11:20 1,20 2:.30 3:.30 4:.30 
Millivolt inside box. eta . 4 3. 53 3. 54 3. 50 3 . 50 3. 50 3. 45 
Millivolts inside box ta. 13 3. 54 3. 53 3. 51 3. 51 3.48 3. 45 

verage temp. inside box 153 153 . 2 152 152 152 150. 2 
llivolts outei e box sta. 8 3.38 3.36 3. 38 J .38 J • .:n ·- J .37 

Millivolts o~tside box sta. 14 3.38 .3 .36 3. 35 J • .35 J .35 J .34 
lillivolts inside wall surface 3.41 3.38 3.35 3.38 3.37 3. 28 

Temp. inside wall surface 149 148 147 148 147. 7 144.-5 
Millivolts outside wall surface 1. 59 1 . 14 1. 27 1. 28 1. 27 1.30 
T p. outside vall surface 87 70. 5 76 76.J 76 77 
Millivolts room air 1.41 1. 41+ 1. 53 1.62 1. 70 1. 72 
Temp. roo air 80 .8 1 . 8 S5 38 91 91. 6 
Temp. ater entering coil 6o.8 69 .8 68.3 67.1 66.8 
Te p . water leaving coil 63 .0 71 69.8 68.8 68 . 5 
Time, minutes for !low of 200 lbs ater 7. 5 7. 5 7. 5 7. 5 7. 5 
low rate of water, lbs/min. 26 .7 26 .7 26.7 26. 7 26.7 



Tim of reading 
Millivolts inside box eta. 4 

ivolts in~ide box eta . l3 
Awerage temp. inside box 
Millivolts outside box ta. 8 
Millivolts outside box st . 14 
Millivolts inside wall surface 
Temp. inside wall surface 
Millivolts outside wall surface 
Temp. outside wall surf ce 

llivolts roo air 
Temp. roo air 
Tep. water entering coil 
Temp. water leaving coil 
Time, minutes for flow of 200 lb 
Flo rate of water, lbs/min. 

OBSERVED DATA 

Table 6 Date July lJ, 1949 

9:20 2.00 2a30 3:CX> );30 4:00 
3. 52 3. 52 3 . 54 3. 54 3. 52 3. 54 
3. 53 3. 50 3. 55 3. 51 3. 49 3. 52 

152.7 152. 7 153.3 153 .3 152.7 153.3 
3.38 3.37 3. 40 3.42 3.37 3.43 
3.32 3.37 J .40 3. 33 3.35 3.38 
3.43 3.42 3. 43 3.44 3.42 3.42 

149. 6 149.3 11+9 .6 150 149.3 149.3 
1. 57 1. 61 1. 57 1.42 1.38 1.JS 

86.3 87 .s 86. J 81 79 .8 79.8 
1. 43 1. ,s 1. 55 l .S7 1. 60 1. 67 

81.4 85 . 6 85.6 86 .3 87.4 89.8 
71 71 .8 72 72,2 
72. 7 72.8 73 73 

water 7.3 7.3 ?.3 7.3 
27 .3 27.3 27.3 27.3 



OBSERVED DATA 

Table 7 

Time of reading 9:00 9:30 
,3.53 3.54 
3.56 3.56 

Milli vol ts inside box sta.. 4 
Millivolts inside box sta. 13 
Average ter.i1p. inside box 
Millivolts outside box sta. 8 
Flillivolts outside box sta. 14 
Millivolts inside wall surface 
Temp. inside i>iall surface 
Millivolts outside wall surface 
Temp. outside wall surface 
gillivolts room air 

. 15.3 153.3 

Tem.p. room air 
Temp. water entering coil 
Ter.1p. ·water leaving coil 
Time, minutes for flow of 200 :i.hs. 
Flow rate of i-1ater., 1bs/m.in. 

J.34 3.39 
J • .35 3.35 
3.45 3.45 

150.2 150.2 
1.62 1.56 

ss 86 
1 • .53 l. 54 

85 85.2 

water 

78.2 
7S.8 
6.5 

30.7 

10:00 
3.55 
3.54 

153.S 
3.36 
3.35 
3.43 

149.6 
1.47 

83 
1.54 

85.2 
76 
76.5 
6.5 

30.7 

Date July 14, 1949 

10:30 
3. 5.3 
J.53 

153 
.3.38 
3/35 
3.42 

149.3 
1.42 

$1 
1.61 

87.S 
75.2 
75.8 
6.5 

30.7 

11:00 
3.55 
3.52 

153.8 
J.37 
3.35 
3.42 

149.3 
1.37 

'19.'3 
1.6.3 

88.4 
'74.2 
75 
6.5 

30.7 



OBSERVFl> DATA 

Tabl.e 8 Dat July 15, 1949 

Time of reading 9:00 9:30 10:00 10 :30 ll:00 11:30 1:10 2:00 3:00 3:30 4:00 
Millivolts insi e box ta . 4 3. 58 3. 58 3. 57 3. 58 3. 57 3. 56 J . 57 3. 57 3. 5.3 3.55 3. 55 

Milli lt ine de box st • 13 3. 57 3. 57 J . 56 J . 57 J . 56 3. 56 J . 57 .3 . 58 .3 . 52 3. 52 3. 55 
Average t p. inside box 154.7 154.J 154.3 154.7 154 • .3 154 154.3 154.3 153 153.8 153 .8 
Milli olts outside box sta. 8 J .38 J .39 .3 • .36 3.43 J . 40 .3 . 42 3. 40 3.44 3.42 3. 40 3.38 
Millivolt outside box sta. 14 3.37 J .36 3.36 J .40 .3 . 38 3.39 3.40 3. 40 3.40 3. 40 J .38 
Millivolts in~id& wall surface J . 50 3. 51 3. 51 J . 50 3. 50 .3 . 4e 3. 44 3.44 3.43 3.41 3.45 
Temp. in ide all surface 152 152.3 152 • .3 152 152 151. 2 150 150 149. 6 149 150 . 2 
Millivolts outsi de ~.ll surf ce 1. 72 1. 61 1. 51 1.45 1.35 1.35 1.35 1.47 l .4Q 1.36 1.37 
Temp. outside all surf ce 91. 5 87.8 84 • .3 82 78 . 7 78. 7 83 83 80 .J 79 79 .3 

llivolt room air 1.54 1.54 1. 53 1.53 1.60 1. 58 1. 5 1. 60 1. 63 1.63 1. 71 
Temp. roo air 85. 2 85.2 85 85 87.4 86.8 86.8 87.4 88 .4 88 .4 91. 2 
Temp. water entering coil 79 76 . 5 74~6 73 . 5 73 . 2 79 . 2 73 • .3 70 .8 70 .8 73 . 7 
Temp. t,ar leaving coil 79.9 77 75 73 . 9 73 .7 79 . 5 74 71. 6 71. 7 74 
Time, minutes for flow of 200 lb water 

5.83 5 83 5.83 5.8.3 5.83 5.83 5. 8.3 5. 83 5.83 5.83 
Flow rate of ater, lbs/min. 34.3 34.3 34.3 3l •• 3 34.3 34 • .3 34.3 34.J .34.3 34.3 
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DISCU. SION OF ULTS 

The graphs pl otted from observed data show the compa.ro.tive effect 

of the thermal storage capacity of the test wall section to the temperature 

variation of the wall surface. It will be noted, that the surface te 

perature of the t st wall changes slo l y with changes in room a.ir te er

ature and t perature or the t.rater fiowing through the coil. The ASHVE 

Guide indicates that this construction of walls ction would have a time 

lag, in heat f l ow, of about four hours .4 Such a time lag indicates that 

the change in heat f l ow through the wall section, due to larg variation 

in outsi de air or cooling water temperature, will have a time effect on 

roo comfort. 

A study of the data, also hows the di rection and the relative 

quantity of heat flo during the cycle. The air temperature adjacent 

to each wall surface ar greater than the wall surface temperatures, 

respectively. This indicates that beat i entering the wall from both 

eidea and is being removed by the cooling water circulating through the 

coil . Such a condition indicates that the cooling coil is e ccessf-ul.ly 

absorbing the heat ente the weath r side wal surf ce and is preventing 

it fro flowing into tbe room, and that it i s also re vin some heat 

from the roo . At the window and door areas no panel coils are possible , 

therefore, it would be desirable t o re ove tbe heat entering t h roo 

through these areas by means of the cooling coll. 

The rel.ative quantitH,s of heat enter the test wall from the 

4. ASHVE Guide , op. cit., table 12, p. 270 



weather side and room side wall surfaces may be evaluated in terms of 

the coeffici ents of heat transmission and temperature differentials from 

the coil to the respective wall surfaces. Noting from figure 1 ;that the 

coil is located just under three-fourths inch of plaster and that the 

overall heat transmission coefficient from page 3, is 0 .077; the res

pective coefficients from coil to wall surfaces are: coil to plaster

ed room surface 1.0 Btu/hr/sq. ft . /°F, coil to weather side wall surface 

0.0833 Btu/hr/sq. /ft .fF. The respective temperature differences from 

figure 6 are: coil to plastered room surface 6°F, coil to weather side 

wall surface 72PF. The ratio of these products 0 . 0833 x 72/'1:x.6 equals 

one. This result indicates t hat for the test condition considered,equal 

quantities of heat were entering the wall .from each side of the wall 

section tested and was being absorbed by the panel cooling coil. 

Consideration next was given to the possible comfort resulting 
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from the relative equal quantities of heat flow as deducted in the pre

ceding disc~siona. For this consideration, l et the following ex.ample 

be offered: A room 10 feet x 12 feet with 8 foot ceiling having two 

exposed walls and four 2i foot by 5 toot windows with double glazing. 

Coefficients of heat transmissions are: windows, 0 . 57, walls and ceiling, 

0 .077. The net wall and ceiling area is 250 sq. ft. and window area 50 

sq. ft . giving a ratio of window area to wall and ceiling area of 1:5. 

The ratio or heat transmission coefficient through the window area to 

the heat transmission coefficient through the wall and ceiling areas 

is ?_.4:1. Combining the heat transmission ratio and area ratio gives 

a ratio of the heat flow through the window area to the heat flow through 

the wall and the ceiling areas of 1 . 5:1. 



The preceding calculation indicates that more heat enters the room 

through the windows than is removed from the room by the cooling coil 

in the ·all. However., only one-fifth as much heat 'WOuld be added to the 

roo lloi.th the use of cooling coil panels as \«>uld be added to a roo 

thout uch panels . 

other factor affecting the body comfort of people is the heat loes 

by radlation. The ASHVE Guide indicates that approximate halt of the 

human body heat loss takes place by radiation. 5 It follows then that 

if the room wall surface temperatures are lowered bv a cooling coil, 

comfort conditions will be provided that are equivaient to a lower roo 

air temperature wit h ah" her room wall surface tempe ature. 
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This investigation indicates that a panel heating system adapted to 

use for s er cooling by using water cooled in a cooling to er ie practi

cal., fro an engineering standpoint . The economies of coolln water in 

a cooling tower are ell kno'Wil. Based on both the engineering and 

econo c factors it seem reasonabl to recolllI:lend the adopting of panel. 

heating sy tame to s er cooling or residences . 

5. ASHVE Guide, Op. cit . , figure 2., p. 202 
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