WORKING METHOD FOR CALCULATING A FLOOR TYPE

RADIANT HEATING
SYSTEM

in the design of a radiator system, it is necessary to

ITH the rapid development of radiant heating

there has arisen a need for a simplified and readily
applied method of design of foer type radiant heating
projects. In this discussion, in order to reduce the

prablem o its zimplest terms, comments will deal
mainly with the design of residences or commercial
buildings built directly on the ground without hase-
ments and heated by wrought iron pipe coils imbedded
in or under the conerete floor slab.
The problem of design will be approached in four
steps as follows:
. Caleulation of the amount of heat ta be sup
to the bhuilding, which is, af course, equal to
heat foss.
. Selection of the nec
the mechanical design of the floor,
. Selection of wuter temperature, pipe size, spacing,
and connections,
4. Sefection of pump, boiler, and auxiliary equip-

ssary floor temperature and

ment,

It is desirable te approach these topies in their
logical sequence, in erder that the data necessary for
the handling of each succeasive step of the design
problem may be available when the time comes to
deal with it

. Calculation of Heat Less fram the Building

In the design of a radiant heating system just as

know just hew much heat must be supplied before a

ystem for introducing it into the room can be intelli-
rently designed.

The system must be designed ta supply enough
hieat ta balance the heat loss from the room during the
coldest weather commonly encountered, and this is
usually taken to mean about 15 degrees higler tempera-
ture than the coldest day ever recorded in the Incality
where the building is to be erveted,

Heat must be supplied to balance three major losses:

A. Heat loss through walls, floars, and ceiling.

B. Heat lass through glass areas and doors.

C. Hemt ioss required to warm cald air which leals

inta the room around windeis and doors,

These three major methods of heat loss from build-

ings will be discussed separately,

A, Heat Loss Through Falls,

A greal deal of research work has been done in
recent years to determine the amount of heat which
will be lost through walls of various constructions per
degree temperature dilference between inside and oul-
side air, and the results of these studies have been
published and are quite readily available,

Heat loss through well insulated walls commonly
runs from abeat .06 to .20 BTU per square foot of
wall surface, per hour, per degree temperature differ.




erce helween inside and outside air. Walls with no
meulation between the studding, but with rigid insula-
tion shieathing may run from about .15 te .20 BTU
per square [oot, per hour, per degree temperatore
difference. With woad sheathing, a coefhicient of 0.20
may be enconntered. For a Lypical construction eon-
siating of clapboard, sheathing, studs, and plaster on
plaster board imterior finish, with no insulation between
the studs, the coefficient of lLical transfer would Le
about 0.19 BTU per square foot of wall area, per hour,
per degree temperature difference hetween the inside
and ontside air, The same wall with brick veneer
substituted for the wood ziding wonld have a coeffi-
cient of 0.21 BTU per equare foot of wall area, per
hour, per degree temperature difference,

To find the heat less per square {oot of surlace, it is
only necessary to seleet the proper coefficient, multiply
it by the differince between the inside temperature and
the selected oniside temperatore, say zero degrees .,
and multiply the prodect by the area of expased
wall, For example, if a certunin room has 150 square
feet of exposed wall arca and the wall has a heat
transfer coeflicient of 0.20, when the outside aic 1em-
perature is zevo and the inside air is 70 degrees, there
“'0[)](1 |1!T a heat ]l!-.-':-i Ll[ ]'1- ]T['T_! fEr Square fnrll, per
hour, or & temperature loss throvgh the walls of 2100
BTU per hour,

R. Heat Losz Through Glass Areas and Doors.

Heat is conducted through glass just as through
walls but the rate of transler js s0 much grealer that
it is costomary to deal with this tem separately. For
single glazed windows abom 1.13 BTU per hour will
escape through every square font of window area per
degres temperature difference, Double glazing will en
this loss ta D45 BTU per square fuol, per hour, per
degree temperature difference. Thos, with the air in o
room ul 70 degrees and an autside temperature of about
zern, approximately 79 BTU will ezcape through each
suare fool of single glared window and only ahout
31.5 BTU per hour will pass through ene square foot
of double slazed window.

C. Heat Loss Through Leakage af Air Around Fin-
dows and Doors.

When eold air Jeaks in around windows, heat must
i supplied to warm it to roomn lemperature, Even in

* Seventy degrees was selected as a basis for these
raleulntions because @t is slightly higher than the tem-
peraftie mast ewners maintain when foor colls are
wsed, One user finds @ 6 degree thermostat setting cam-
fortable tn the coldest weather: others prefer the air
at 05, 68 ar 70. To be consercative in this article, the
highest of those temperatures was selected.

the Lest of weather-=lvipped ronms, considerable leak-
age oceurs; thus, inbliration loss should be given careful
comsideration by the lieating engineer or contractor il
a properly halaneed anl adequately destened system is
o be installed.

To wurm one cubic fost of air {rom zero to 70°
degrees, requires the additon of 1.26 BTU and sinee
inhltration often causes all the air in a roam to change
onc or even (wo Uies per hour, it Is apparent that
considerable hieat must be supplied 10 warm this val-
ame of eold air. While role of thamb methads are
wirtielimes tsed 1o estimate the amount of air leakage.
Lime required for a more securale determination, is
usually well spent,

LExperimmmts with varinus types of windows mare or
less aceurately Gued waold indicate that with a typical
wind velocity of ahout 15 miles per hoor, the average
non-weather-stripped window will bave a leakage of
aliout 4 cubic feet of air per hour, per foot of erack.
Since the crack around a double hung window equoals
twice its height, plus three times its width, {including
the crack Levween the upper amd lower sash| it 3= =
simple matter tn ealculate the leakage per windaw,

Weathersiripping reduces the leakage per oot of
crack 1o about 24 cubic feet per hour and, if the win-
dow is poorly ilted and is not weatherstripped, about
110 cubie feel of air per hour, may e expected fo
enter through every foat of crack,

OF course, il 8 ronm i= exposed on all [our sides and
hall the windows are op cach of two opposite sides,
the air which leaks in through the windows an one
wall will leak vut throngh the windaws an the apposite
wall, and for rooms with three or four exposed sides,
il is customary to compuole the amount of air which
would leak in through all the windows and divide it
[ two to find the amount ol air which must be waomedl.
I the rmom s exposed on only one side. the other three
walls lieing interior partitions, then all the aiv that
leaks in must be warmed Jif thar reem happens ta he op
the windward side of the building, 1T a room has two
walls expased, air leakage should be taken as equal Lo
the fow through the windows on the wall where the
erealesl erack is (ound, For example, for a roam with
three windows and two exposed walls, the leakage
waild be taken as the infltration through the lwo win-
daws becavse leckaze through the one wall is more
than hall the taral. In ne case should the amaany of
air 1o be heated he taken as less than hall the leakage
which wonld cocur through all the craeks,

Outside doors may be treated as poorly fitted win-
dows and the leakage figured at abeut 110 cubie feer
per hour, per fool of erack, and if they are weather-
stripped, about hal{ the figure can be considercd
typical,

To summarize the leakage through windows and
doors, it may be computed by figuring the length of
crack around all openings, multiplying this length of
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In order to erysiallize the method of applying the
calenlating principles just ontlined, a typieal installa-
_Exterior tion Tollows:

Wall Fizure 1 shows in perspective a typical corner room
/).\ 20 feet long, 12 feet wide, with a 7 foot 6 inch ceiling.

it lias three double hung windows, weather-stripped,
and each window is three feel wide and {onr fect high.
- The outsule walls are of brick veneer construction
without insulation and have a coeflicient of conduc-
tivity of 0.21 BTU per square fout, per hour, per de-
gree temperature dilference between the inside and oul-
sidde air, Heat loss through the lloor will be neglected

Exferior

Wextd o

Skeich showing lypleal corner roum, celling omilied
g &) v [

crack by the amount of air which will leak in throngh sivee it is planned o use Lhis surface as a warm pancl.
cach linear foot, and then taking a portion ol this Lotal Furthermore, i1 will be assumed that beat loss through
depending on the number of exposed walls and e the ceiling is zero or, in other words, the room abuve
lecation of the openings. Having [vand the cubie (eet of is to be heated 1o the same temperature and, there-
air o be warmed, the yolume should be muitiplicd Ly fore, no lieat will fow through the ceiling.  Similarly,
1.26 BTU per cubic foot to fAnd the necessary heat lieat How throwgh interior partitions separating roomns
input. The value 1.26 applics anly when the inside- al the same temperature will be zero.

oulside temperature diffecence is 70 degrees. For otlier The firat step is, ol course, to compute the area
temperature differences the following formula applies: uf the varicus surfaces, These are tabulated ae:

Fig. 2
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Surjace Area in Sq. Fu.
Outside Wall {Exclusive of glass) 204
Glass 36
Floor 240

With radiant heating, it is customary 1o mainlain
slightly lower air temperature than with a radiator
system, and in this example an air temperature of 70
degrees will be assumed with an cutside temperature
of zero. Heat loss through the outer wall will thus be
(70 degreecs temperature difference) x (0.21 BTU
per square foot, per hour, per degree temperature
difference) X 204 square {eet or 2999 BTU per hour.

Heat loss through the glass is found by a formula
similar to that just mentioned, Heat loss through the
glass equals (70 degrecs temperature difference)
(113 BTU per square foot, per hour, per degree of
temperature diflerence) X (36 sguare fect} cquals
2848 BTU per hour.

Before caleulating infiltration loss, the length of
crack around the windows must be figured. Including
the eracks between the upper and lower sash, there
would be 17 fect of crack per windew, or a total of
34 linecar ft. of crack for one wall and 17 for the other.
In a previous paragraph, it was stated that for a room
of this description, the volume of air to be heated should

be taken as equal to the leakage through twe windows.
Using 24 cu, {1, per hour as the infiliration per feal of
crack, we find that it will be necessary lo heat 816
cu. ft. of air per hour. To warm one cu. {1. of air [rom
zore to 70 degrees recuires 1.26 BTU, =o that to warm
816 cu. ft. of air per hour requires 1028 BTU per haur.
Thus, the “infiliration loss™ is 1028 BTU per hour,
To summarize, the total heat loss would be:
Through Outside Walls 2999 BTU per hr.
Through Glass 2848 BTU per hr,
Due to infiliration 1028 BTU per hr.

TOTAL G875 BTU per hr,

We may new proceed to select the pecessary flyor
temperature and to consider the floor slab.

II. Floar Temperature and Mechanical Design of the Floor

Figure 2 shows the amount of heat expressed in
BTU per &q. ft. per hour, which will be given off Ly
a warm flaor al various temperatures, After the heat
loss in the room has been computed, it should be di-
vided by the floor area to find the necessary heat output
per square foot of floor surface, Knowing the necessury
lieat output, it is a simple matter te seleel from

Fig. 2
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Fig. 4 figure Hlustrates the system most commonly employed

Fignre 2 the necessary floor surface temperuture. In
the illustration just cited, the heat loss was G875
RTU per liour and the floor area was 240 «q. (i, Thos,
the heat loss per aquare foot of floor surface would be
28.6 BTU per hour and from Figure 2 it is apparent
that in order to balanece the heat loss, the floor would
have to be at a temperature of between 83 and 84
degrees F. Authorities agree that a floor temperature
of B5 degrees is not excessive,

A few words might be said about special cases such
as rooms with excessively lurge heat loss. For example,
cntrance halls often require more heat than other
rooms because of their relatively small fAoor area in
comparison lo the outside wall area and the large
amount of air leakage at the door, This higher heat
loss may be balanced by installing extra capacity in
adjacent rooms so that normal air circulation through
the house will supply the deficicncy,

Another methad is te place a warm panel in the
cejling or in a wall, Figure 3 shows the rate at which
itfse pancls will give off heat when maintained at
different temperatures. Depending on the eeiling height,
cething panels can he operated at between 105 and 130
degrees F, and wall panels are usually held to a tem-
perature of 100 degress or less, It will be secn by an
mspection of these curves that eeiling panels operated
at relatively high tomperatures may be used as effec-
live supplements to the floor coils.

Then too, combination svstems i which conveclors or
radiators are used in conjunction with radiant healing
have alsa Leen sugeessiul when unusual requirements
were Lo be mel, To ealeulate the required size of
radialor necessary lo supplement the floor coils, it is
suggesled that the location of the radialor be selected,
but the size be deferred uniil atier necessary waler lem-
perature in the radiant heating coils has boen chaosen.
Then after the operating temperature of the water
lias ]_'pr_'1_'r|_ ﬁgurh]‘ a T;\diil[l'l]’ iz may [i1C ]"l!ﬂl’?lil)' cal-
culated to supply the difference between the heat given
off by the radiant panel: and the heat requirement for
the room,

After the panel temperatures have heen clhiosen and
the amount of heat which they must dissipaie is known,
the designer may proceed lo consider various means
for maintaining the floor at this ehosen temperature.

Figure 4 shows some of the methods of floor con-
struetion which may be used. Drawing “A" of this

le date in residential projects, Over the compacted soil
a layer of gravel or broken rock 4 to 6 inches deep is
placed and the wrought iron pipe coils are laid owt
s0 that the gravel just covers them. Cinders shoull
never e used in place of the gravel because they con-
tain a large amount of sulphur and will cause no end
of trouble due ta corrosion, Of all the available fll ma-
terials, limestone is o be preferred, but enarse gravel
may be used.

Over the coils and gravel a concrete slab is poured.
Heat is conducted from the pipe through the cencrete,

Some designers prefer 1o embed the pipe directly
in the conerete and since wrought iron and concrete
expand at the same rate, this is a perfeetly satis{actory
procedure, The broken stone or gravel is spread and
tamped before the coils are laid eut on top of the
gravel and the conerete is then pouared. Since the pipe
is surrounded by solid masonry, heat transfer is facili-
lated, quicker response to changes in temperature js
achicved, and some reduction in heat loss dewnward
may be expected,

In order to achieve [urther reduction of the down-
ward heat loss, sirips of rigid insulation beard are
sometimes hedded into the gravel nnder the pipe as
shown in drawing “C” of Figure 4.

Another method of installing the wrought iren coils
consists of placing them on hollow tile which nol only
retards heat flow to the ground but eliminates any
possibility of moisture secpage as well. This construe-
tion i shown in sketch “D.”

In centain places where structural concrete slabs have
Leen laid on the ground, rigid insulation has been
placed on the lower slab, wrought iron pipe coils placed
on the insulation, and the concrete slab te be warmed
poured over the coils, This was recently dane in remod-
eling an old residence and changing it into a deector’s
offices: the only difierence heing fhat the thin slab of
concrete containing the coils was poured on the orig-
inal wood {loor, instead of on a conerete struetural slab,

Sketely "F" shows a modification of this plan, The
broken stope 011 is spread and compacted, then a
thin grout of sand and cement is poured over the
stone and allowed to harden, Only encugh e¢ement is
used to form a erust firm encugh to permit the gravel
to be walked upon. Then a membrane type waler
proofing is applicd consisting of one or mare Jayers of
rooling paper mepped in piteh or asphalt. Over this
waler proofing, strips of insulating material may be used
and the wrought iron ecoils laid on these sirips. Pouring




of the concrete floor completes the joh, For locations
wliers moisture seepage is anticipated, this method of
construction seems Lo have possibilitics,

lHaving selected o method of constrocting the fuer,
the designer may now proceed to ehioose pipe sizes
and estimate the waler temperature reguired.

lll. Selection of Waler Tempersture, Pipe Sizes, Spacing,
and Design of the Coils

(Steam has bheen wsed for rodient heating in some
cases, but most recent projects have used hot water as
the heating medium, Therefore, this article does not
include methods used (n steam radignt heating (nsial-
lation work.

(One reason steam has appeared little in residential
ridiont heating (s that some means must be provided
to control the temperature of the slab, For example, i
lipe steam were terned into the coils, the slab would
immediately begin to heat up and it might easily
become tao hot Gefore the thermostat was affected, To
wse steam with the types of floar construntion shawn in
Figure 4 would necessilate ecther special confrol equip-
mend and unuseally thick conerete slabs, ar equipment
to supply the steam to the coils at subaimosphecic

pressure, The fatter was used in the Johnson Hax
building.)

The first step in the determination of the proper pipe
size and necessary waler lemperature is lo estimale
the total amount of heat which muost Le supplied pe:
square foot of fioor area. This total includes, of course,
the downward as well as the upward leat flow and,
depending on the methad of floor construction em-
ployed, downward fow may vary considerably. More-
over, with soils of various deseriptions and in the
absence of accurate means of determining the thernal
conductivity of these soils, an approximation is the
neares! (o an acedrale solution which can he suggested
al present. For the upinsulaled fHoor types, o 3007
allowance may be sufficiendy accurale and for the Hoor
system employing insulation under the coils, 209,
may be allowed for downward flow, It should be pointed
out, huwever, that alter the zoil under the coila has
been heated, aciual heal loss may be expecled o be
very small, bul during the warming up period, 1t is
necessary Lo have enough caparcity and, therelore, these
rather generous allowances have been suggested.

Adding on 1o the npward beal Duw previously deter-
mined as necessary, the arbitrary allowance for dewn-
ward flow, we fnd the amount of hear whicl muost he

Fig. 5
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supplicd by the pips  eoils  and  can
proceed 1o dpspect Figere 5 which
i  based on  experimenlts  which in-
l.lil'.'.‘llr" |||..ll \\||l'|| -.-.|'||||;:|i[ iron pLpe is

embedded 0 concrele, abonr 35 BTL will
Mivwr the pipe 1o the concrete for
every degree temperature difference hetween
tee  cireulating waler and 1he air in Lhe
This, of course, makes no allowance
[or Moar voverings and the hgure of 35
is alecied (o some degree hy the space
between the coils, the thickness of the
concrete, ele, However, it i considered
[airly conservalive [or coils surrounded by
eolid masonry.

Figure 5 shows thol the designer lias a
econsiderable number of possible combina-
lions of Fipe spacing and waler (empesa-
tonre from which 10 choose, Thos, he may

[I am

Teainim

nse  small pipe  spacing relatively  close
together or larger pipe larther apart. [e
may use small pipe and high waler Lem-

peraiure or larger pipe on the same cenlers
wilh lower {emperature, Small pipe, close

together, gives uniform  healing  hat, of
course, mesns higher [rictional resistance
in the coils, wmare pipe 1o handle, and

mare joints 1o weld, Somewhere hetween
the extremes al very large pipe and wvery
small pipe, the mest ecomomical and gen-
erally satisfactory sysiem will be found.
Coils are very rarely made of smaller
than 8" wrooght iron pipe &nd while on
rare oceasions, 2§ wrought iron has been
used, 13" 10 2" geem 1o be
sizez commonly selected. These curves ap-
ply most accurately to installations in which
Lthe pipe = surrounded completely by the

the maximiem =

concrele end, il it is embedded in gravel
Fig. 6
il [ !
2 ' 'I CURVE SHOWING FRICTIONAL RESISTANCE
TO FLOW OF WATER THROUGH Y4'T0 14
24— FERROUS PIFE. CALCULATIONS BASED ON
29 | WILLIAMS AND WAZEM COEEFICIENT ()00
E b] T ; N ..
E
= 18
& i
=4
iz
w0
g B
2
-]
4
2
a

=

2 4 ¢ 8

or lnnse Rll, more pipe surface should be
installed. For example, abont ihe =ame
heating effect seems to be ohiained with 27
wrought iron pipe laid in gravel as with
ii” pipe surroanded by the conerete; ihe
cenlers being the same in both inslapces.

Anather consideration i= the desired uni-
[ormity of heating. 1{ tempersiure varia-
tions from point 1o poind are In be kepl al
a minimum, this mesns close spacing of
the pipe and the use of lower water lem-
peTalire. If on the ather llll.ml, even floor
temperatures  are  deemed  less  imporiant
|||;z|'| Ihr rLIIimu.n' in lower firsl ciosl, then
smaller pipe, wider spacing, and high wates
temperature will be ehosen. Again a compro-
mise musl usually he made bot it hag been
found 1 practice thar if the coils are 2paced
more than abouwr 247 apart, it s difficuli
lo maintain salisfactory uniform tempera-
ture di=tcibution and owners seem to pr:-[e;r
spacing of about IA” or less.

Floor eoverings also have their effect and
in |"-I|rr|ﬂ.li1’||J: wHler lemperalire [l.:-f a con-
crete loor covered with a thin fell pad and
carpel, it 1= sopgested  thal about a 40

degres  increase In waler temperature he
anticipated. This hgure is again only a
rough approximation bul it may indicale

the order
made.
Linoleum  has  relatively

' magnitade of the change to be

leas eflect ancd

perhaps 2 degrees allowance would he rea-
somahle,

Thus, 10 summacize, let us assume thal in
the typical room previously discossed hav-
ing 4 heat requirement of 286 BTU per
sQuars 1-|.l||I. per Imnr, the Moor section -'I'lu'n';ll.
lo be

in Figure 4B is used. Sinece there

S SR
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FRICTIONAL RESISTANCE TO FLOW — FEET OF HEAD PER 100 FT. OF PIPE

i» no insulation, the heat fAow allowance of
abont 307 would he reasonable and the
cails wonld have o snpply neasly 40 BTU
per hour, per sgquare foot of floor surface.
Figure 5 shows that various coils would
supply 43 BTT per hour, per square foot aof
anrfees, and, a coil spacing of ahom 187
would Le a reasonable compromise hetween
uniformity of healing and [ow cost.

The last prohlem is swhich size pipe 10 uee,
H 1" iz selecied, the water temperafuro
wonld have fo be about 132 degrees F.
With one inch pipe (he water would enly
have 10 he 120 degrees F. and with 13"
pipe, a will lower water temperature of
109 degrees F. could be anticipated. 11 the
floors were 1o be covered with linoleam,
then the necessary lemperatures might be
estimated to be ahout 152, 140, and 129
degrees F. n_--prr:li\'cly. With carpeting, the
jemperatures would have to be in the neigh-
lisrhead af 172, 160, and 149 degriees F. for
the three pipe sizes originally mentioned.

Sinee there may possilly be inacenracies
or Jocal variation necessitating the carrying
ol higher temperature than would be ex-
pected Tor these calenlations, lel us assome
that the designer chose the 137 pipe. plac-
inz it on 18" centers, In arder fo have an
average waler lemperature ol 149 degrees
fempersiure i the enil with o wemperaiare
drap throngh (he coil {rom start in finish
of abont 10 degrees (which is generally
ronsidered satisfazctory), the water woold
have to enler at 154 dL'gl:l‘l‘- and [eave al
[44 degrees.

All thmt remains now to complele he
coil design 18 to make some Javour 1hal
enables the pipe to he placed on abow 187
cemtlers with a minimum norber of bends.
This veually involves running the pipe the
fength, or the 20 foot direction, of ke
room with return hends at each end. Tuch-
and-a-quarter wrought iran pipe can be beni
cold 1o as elose as 58" cenlers o 1hat no dif-
fieuMy wonld be enconntered in making “U™
shaped hernds 187 eenter 1o ecenter. Likewise
" and 3" pipe conld easily be hent cold
o eenters far smaller than these commonly
required in radiam heating svstemes,

The final step in (he design procedire
cenmters aronnd the selection of  anxiliary
equipment such as a pump, beiler, and con-
trals,

IV. Selection of Pump. Bailer, and Auxiliary
Equipment

By definition. if a pound of water (one
pintd is cooled one degree it will give ofl
o BTU of heat, and since one gallon of
water weighs approximalely 8 ponnds, the
ronling of one gallon of water will make
available 8 BTU per degree temperainre
change, [f this gallon of water is coaled 14
deagrees in passing throngh the pipe coils,
it will release 80 BTU. Ti is therefore obvi-
cuis thal in erder 1o find the nnmher of
gallons per hour which must be cireulated




thwemggh 1he eeals, it s only necessary 10
divide the total amaant of heat which the
coils will dis-ipate hv 80

In the room previensly discussed e
Hoor arrg was 240 square fret and we esti-
mated that the upward plas the downward
would be about 40 BTU per square
foor of sarface making (he heat input re-
quirement of 1he eoil 9600 BT per hour, Di-
siding 9600 by 80 we find thal a rate of
flow of wuler of 120 gallons per houe or
2 pallons per minate would he necessary. A
puinp muast, therefore, he selected which
will cirenlate 2 gallons per minate agains
the frictional resistance of the coil. In
the example chosen there would be abeu
160 feet of pipe in this eoil and the fric-
tional drop through each return bend would
e abwoni wgnal 1o the frictional drop through
a length of pipe equal 10 25 tines the
nominal pipe diameter. For 13 pipe, abont
2.5 feet should thus be allowed for each
bend, making the effective lengih of the
roil as far as frictional drop is concerned
abourt 160 feet, plus B bends at 2.5 [cel
rach, or a 1otal of 180 feet,

lass

Figure 6 shows thul with a flow of 2

gallons per minnte hrough 117 pipe. 1he
Irictional  resistanes  expressed in fect of
head wonld he abom 0.2 feel per 108
fert of pipe. With the effective lengih
ol pipe cail 180 [ee1, 1the pipe would have 1w
cireddate 2 gallons per minule against a
frictional head of abow 036 feet. There =
na dilficaliy a1 all in oblaining luw cost
pamps of this capacity, Any of the manu-
faciurers of pumps can  recommend  the
Proper ger.

Simil¥rly, the selection of boiler need
capse wo concern since a boiler which will
bave sufficient capacity to heat the house
using radiators would be of ample capacity
[ur a properly desigred radiant  heating
installation.

Response 10 changing weather conditions
is rapid with a fluor 1ype radiant healing
syslem. Owners scem 1o have had liitle or
no diiculty nafng just the ordinary wall
thermestat, though in the more elaborate
projects designers have preferred the in-
door-outdeor  type of cantral  devies,

Imitial response at the =twt of the heat-

g seasom s obviensly delayed. When 1he
healing system i= st slarted up in the
fall, w miglt conceivably take all nigln
bhetore the =lab 35 heated through. Hu
thereaiter, the slab does not conl off again
unlil spring.

Summary

In the preceding discussion, 1he sleps in
the design of a radiani heanog system have
been brielly ombhined. 1t was  shown that
heginning with a ealenlation of heat loss,
the designer selects a 1ype of Heor ecou-
siruction and determines the neces=sary Noer
jemperatore, He then proceeds (o choose a
coil which will maipiain Ure flaor at 1w
proper tempeiatiure. The amennt af water
1w be circulated 3= then determined and
e frictional resistance of the pipe 1a this
rate of flow i= estimared. A pump ean then
be selecied and a Dsiler ehosen just as o
a radiator sysienn. Proper controls are alse
welected in the manner suggested by radi-
ator practice,
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