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A Simple Method of Designing Low-Temperature

Radiant Panel Heating Systems Using Copper Tube

with Brief Suggestions for their Installation

DESIGN

This stmplified design method 5= intended for use in
congection with haildings of such size that the tinee amld
expense necessary for extremely vefined desicn sre nor-
wadly ot justified,

I i of convse unavoiduble that the reduction ol a rather
complex procedure of desizining a radiant heating jostalla-
oo toovery siinple Torne whicle eequires famiharity only
with ordivary artthmielic calls for some sacerifice in acen-
racy and gouerad applicability. This is no serions handicap.
fiowever, as even o the more relined methods of desion o
nwrher of ussumplinns are necessarv. The 1'(‘_-_-ululinr1 of the
waler temperature, of the velocity with whicle the water js
cirenlated through the coilss and the setling of the valves
and the thennostats inoany event leave o wide margin of
adjustonent 10 gneet specified design conditions provided.
of conrse, thal the boiler capacity = woople, For this reason
the anly restrictions onusing the simplified desizn method
are hnposed by the following assnmptions;

1. That the installation <hall ronghly conforn to
the kinds of pancls and the forms of constroe
tion shown.

for cetling panels, i i,
for wull pumels. in Fig, 2
{or floor pancls. in Fig. 3
IL. That the design vaont air lempecatuee lie be-
tween 63 Foand 7537 F. Although the methad
submitted is hased onan approximate roomn air

ternperature of 707 F. deviation from ihis valne
within the range indicated prodoces na sjg-
nificantly different resolts,

111, That the difference i waler temperalures at
et and outlet of the panels (e “tempera-
ture drop”d in no ease execeds 300 1L for ceil-
ing and wall panels, or 200 I for floor panels,

IV. That the distanee from hoiler outlet to entranees
af farthest coil does not exceed 100 feel,

The position of a radinut heating panel greatly influ-
ences its outpul, The amount of convected heat s least
from eeiling pancls, and greatest frome flaor panels. with
that of wall panels 1o hetween, Sinee the amonnt of radiant
heat per unit area from pancls with a given surface tem-
perature is the =ame. regardless of thetr position. the total
outpul (radiation plus convection) per anit area of floor
nancks for this =urface temperature is greater than that of
wall pranels, and of wall paaels greater than that of ceiling
panels, For the same ontpol per sqeeare foot of panel the
surface lemperatures of the three kinds of panel are i the

reyverse order, This means that for the same heat ontpt per
siuare ool ol pancl surlace. wall panels st be warner
than floor pavcls ad cetling panels <G swarmer than wall
pancls.

The advantage of the velatively greater unit oyt of
floor panels is olfsel to sone extent by the dietates of foor
comforl, These restrict the Hoor panel= soelace tempera-
ture in living rooms allices, and other spaces normalls
oceupied continnously for any length of time, 1o abowl
83 F. In areas ool antermittently oceupied and for relic
tively shorl periods as for instanee corridors and Dath
rooms. or where contact with the floor is infregquent wul
u=nally short. as along the strips of floor bordering on
exposed oulside walls or Tavge glass areas, it inay besale (o
vise this tempevatnre to as high as, sav 95 oveven 100 1
with a carvespondingly  greater oulpnt than given i
Table 2.

The higher suvface temperatures permissibde in eeiting
and wall radiant heating panels arve linited by two factors.
namnely: tal the surface temperature of the panel at the
time of s maximem required output must be low enongly
1o avolid cousing any discomfort to the ocenpanis of the
rammn (this resteiction s of partienlar signifieanee for lowe
reaching wall panels and for ceiliug pavels used in rooms
with especially Tow ceiling=) . and (L the maxinmm tem-
perature of the water o the coils wlieh is needed to pro-
duce the required surface temperature shall he well unde
that which mizht canse damige to the material in whicl
the cails are embedded.

Because of the above limitations no ontput ratings greater
than those specilied in Table 2 hould he wsed for panels
designed o Lheal spaces which are imended Tor conlinnous
accupation,

If the panel = large, the amount of wuter necessary to
supply the heat required may be so great that the use of
anly a single coil in such a panel would require a pressure
exeeeding the maximuam pressure which a standard pumys,
ar eirenlator, can supply. Tn such cases it s vsaally much
maore ceonomical o distribute the heating load of the panel
over Lwo or more eoils, or eirenits, arvanged o parallel
acrozs supply and return Lines. so that the 1olal pressure
drop througlt coils. mains and boiler cireait stays well
within the commercial pump rutings. Under step 4, in
table 4 are given the maxtmum lengths, for various tbe
sizes, which can be nsed ina panel without cansing the
pressure drop throngh caclicireuil to exceed 325 Teet (aliont
1.5 psainl,

Laving taken aceount of the fure- (Continued o page 6



CROSS SECTIONS
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CROSS SECTION
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soiny conziderations Uie designer proceeds step-hy-slep as

follows:

STEP 1. Calculate the heat loss of each room in Btu. per hour.

STEP 2.

STEP 3.

Lse the method outlined in the “Guide™ of the
American Bociely ol Heating and  Ventilating
Fugineers or amy other recognized method, The
heal boss coellicients and tables of the Lnstitnie
of Botler and Radiator AManufaciorers are re
printed with ils permissicn a~ Tables 1, Ta and

1b, Lecinning on page 15,

Determine the area of the panel required for each room.

Divide (e roant’s heat Foss calenlated under
Step 1 Iy thie yated antpmt of the seleeted tvpe
of panel shown in Table 2,

TABLE 2
PANEL TUBES RATED QUTPUT OF PAMNEL
Locatian of Pancl Nominal Size Spacing, €. to C. Recommended Maximum
Inches Inches Btu./hr., sq. fi. Biu./hr., sq. ft.
A A4 63 73
Ceiling 4] 50 o0
iy 9 33 40
7 T 65 5
Wall Lo 0O a0 0o
9 35 40
1l Lo oor ) 9 40 a0
BECRINY N £ T
12 50

a1 o1

40

The cntpnd ratings of Moor panels are limied by e average Qoor znrface semperatore which can b
wleeared and for this rewson are practivally independsnnr of 1abe size, The sedeetion of 1ohe size and
spucing lor any pancl i= bhased oo econonncal cireuit lengths {see Step 4). I zeneral, wider 1ulic
spacings Uan hese shown alwove prodoce greater yaviotjon fo surface temperaiures aml are not

desirnhile,

[N the aeeicin the selected location of the panel
is insuliicient 4o snpply the wotal heat vequive-
wents. the deficienes can generaily: he made up
by an auxiliory panel i another loeation,

Becanse of the heat transmitted throneh a floor
from an uninsalated panel inmediately under i,
the caleulated beat loss of the wpper roon may
be veduecd by 2570 of the oulput of the portion
of the coiling pavel iinmediateh below i iletee-
mining the panel area regquired for the upper

TOanrt.

Determine the tube length for each panel.

Find the length of the wbe regnired {or cach
pae] iy mudtipls tng the panel avea by the proper
{uctor afect of tale per square foor of paneli.
siven in Table 3,

TABLE 3
Tube Spacing — Inches ‘ Factor
$14 2,7
G 2.0
4 [
12 1.0




STEP 4. Determine the number of cirewits for cach panel,

STEP 5.

STEP 6.

Divide the length of the tnle required for cacly

pancl inte eivenits of leogllis not excecding these

listedd 10 Table 4.

TABLE 4
NCMINAL TURE SIZES
Ty‘pl-nf Panel i | i 3 in. L 1in.
Ceiling or Wall with Recoramended Rated Outp 200
Ceiling or Wall with Maximun Rided Outpul 175
Floor | 180 230 4540
e e o A (- —
Determine the size of the mains,
Size the wains leading To wad from ahe panels
according 1o Table 5,
TABLE 5
MUMBER CF PANEL CIRCUITS
In Ceiling and Wall Papels in Flgor Panels
Sige of Main Nominal Tube Sizes Naminel Tube Sizes
T4 in, l Y3in. . Tiin. | in.
|
2. carries i 20 10 {s
Yo an, carries o 9 ! 3
VA in. carcies 11 () 3 2
I . carries O A I I
SN earries 3 1
Lo i carries 1 |
The distanee Trom the boilee to the farthesl cail
should not e aver 10O Teet, TE the pancl eirenits
are designed o accordanee with Table 4. (he
total pressure dvop In panets and mains will oot
exceed O feel 120 pesilg,
Select the eircidating prrmp.
Determine the pump size {romn the data in
Table 6.
TABLE 6
Sire of Marn, MINIMUM PUMP CAPACITY )
' Suggested Pump Size
Inches G.P.M. Head in Feet |
2 20 O [ 27 Standard. or TLS7 Thel Thead
114 10 6 114 [ B
|1 0 6 1" |
] R § Tia" 17




STEP 7. Baluncing, ¥Venting, and Draining,

Fach pavel eirenit should he provided with a
habancing valve, prefecably dnstalled on the re-
tuea cnd. Lo adjust the hot water flow. To dis
coutage nuanthorized changing of their original
adjustinent, which should he done upon vomple-
tion of the stallation, hidancing valves withont

handles ave recommended,

A shot-ofl valve for cach circoit may be de-

sirable to meet elinges in weather conditions,
i cecupaney of use of a roou cten as oy
conventionally heated room,
NOTE: Wherever there is danger of Treezing, no cir-
eaits shonld ke sl off complerely far profonged perods
during rold wenther anless an anti-irecze soladion is need
in the system,

AL the Towest point the system should Be pro-
vided with a driin cark or plue peotected from
mnanthorized aperation: to perinit s camnplet:

draduing either by gravity ar compressed air.

AL valves shonld be colearly Tabeled ov fdenti-
fied with the cails 1o which they helong, Shus-
ofl and halancing valves can be housed together
in wall or floor hoxes convenienth loeated in
closets or similar out-of-the-way plices, Te an-
other arvamgcinent the halineing cacks are
tonnted side fiv side wa central point. usaally
in ar clase 1o the boiler rooan where the retirns
front the varions vommns enler the commean retiurn
header Yeading divectly Tack o the hoiler.

Pravision for venting and drainage of the
coil svaten s essential hat the means used are
not different in pineiple frown those necessary
for conventianal circolating hot water systens,
Figures 4 and 5 illustrale two simple and e
ruate anethods of venting,

The avstem’s main air vend s nopuadly e
tadled vnothe wain feed line from hoiler to paels
in =neh aowmanner that the water conng from
the hoiley is sulliciently =lowed down o release

the entrained i,

The kind of vent shown in Fig, 4 consists sim-
phy of i enlavged seetGon of pipe or tue nserled
at the highest point of the tule svstem. A small
the. ordinaeily not exeecding B in diioneler,
and provided at s convenicnl location with a
simall peteock. is run fror e volarged tuhe's
capelike o Lo a place whire possilile overHowine
would do no harm, The same resulis oy be
ahtained by yunming the feed line 1o a small tack
at the bighest paint of the svstem (see Fig. 5).
The anvr in 1l case acenmudates al the top of the
tank. from which it can hie Dled ofl by aneans of
i h:ln(l-nlu-rul:‘.d |l(!lt'1}("\ ovan aatonad e aie venl,

One size larger— T=—Venl
apening than \ tubae
ather two

Cails

Vent

Tank to trop air

Coils

Boiller

CONTROL

The cantrols nsed in connection with radiant heating sys-
temis. jusl as o the case of any conventional methed of
leating, depend val only an the size and nse of the building
1w which they are installed T al=o on the closeness of
contral desired. In many small residence installations. for
in=lanee. room tanperative conditions cian he cantrolied
satisfactorily by ncans of a single room thermost Josated
inacarefully chosen spot representative of the enyire avea
ta he heated. More ofien, however, the demands oncthe
control =vslem are so many and vary so widely with loea-
tion construction. exposie. and nse of the Tuilding, and
whether zoning 1= involved. that no recommendations ax
o details of control e he given here, Sueh recommenda
tions can be readily ohtained however, froan varions con-
trod manafuctnrers who have developed complele control
syslems Lo aaeel almost any conceivable combination of

rerpirenents,



INSTALLATION AND TEST

TESTING THE COILS

I copper tabe radiant heating panels joimis are made by
means of solder-joint fittings, Before being connected to
the hatler. mixing valveisi, cirenlatoris) or other acces-
saries, and hefore the codls are covered o any way. whather
Iy metal lathe plaster. conerete or other materials, the
entire piphnz svatem, melnding the el coilss the sapphy
and the return lines should Lo pressinre-tested for leaks. T
such hvdraulic tests the wader pressure should T from
200 posds Lo 300 psi. This pressure should be maintained
steady for o period of Trone 4 e 8 honrs and adl joints
should he carelfelly insperted while wnder pressare,
Where compressed aiv i= avaddable fusaally at 100 psai.
pressure oo prebiminary lest ol the pipiag svslem with
compressed air is sanggested (CAUTION, =co Noter, This
test makes il possible to break ansy joints that vy Jeak and
remake them white =01l dess without havimg to dreain the
piping svstem of water, The test s veadily careied out by
conneeting the piping systens Lo the compressed air sonree
wilh a cat-off cock ab the inlet side of the pressore eangee.
The presence and zize of leaks sliow up by the speed with
which the pressave indicated on the gange dropss Major
leaks ure casily located B their hiss or whistles while slow
leaks betray themselves by the hubbles when soap sods are
svstematically apphicd to all joints,
NOTE: Becanse of the inlierent isk which accompanies the
nse of any eompressed gas compaved with that of sarer or
other Lgndde noder pres=ore, the coppressed air o=t =honld

Le carraed sont with cavdion and preferalily only Ly persannel
Tamiliar with sueh 1iea1=,

STARTING OPERATION OF
THE INSTALLATION

WARNING: Do ned stavl eperitian of the vadiam heating in-
stallation umiil the plister or 1he conerete of the puneds Lo
lad a chanee 10 cure and de o thereaghly, For eedling anild
wall panels a period of 1wo weeks mindnom after comypiletion
of the plastering is recommemled (See Nate at botiom).

After having filled the entive coil and pipe svstem with
water- which hould he done slowly 1o provent sureing
and undue entratmuent of air and with all aiv vents kept
open until water s oot af them. the eperating instrue-
ticns given helow shonld he carvied anin the order indi-

cated:

(1) Make snre that the entive ssstems incinding the hailer,
1 [illed with watees exeept far an adeguate amount

of aiv benngr vetained in the expausion fank.

{2) Siart the cirenlator, This may require the enmporary

cutting out of it= control.

{3) Cheek at this staze that water eiventutes throneh the

D -pass i there is ane,

(@) Sctthe hurner conteolto maimain the lowest possible

temperatnre of the hoiler wirter.
(5) Starl the bharner.,

(&) Aier the hoiler water lias reacled the lemperanee
for which the hurner control was sel tsee Tnsfyne
tion (@), veealate the tewperature of the swater sup
plicd 1o the panels so that i will not exceed the roen
air temperatnee by ore than 200 1o be nmore than
G0 alogetlier.

(7) For aperiod of vot leas than 48 Tones the water (e
perature shionld pot he allowed o vise above ihal
given inthe preceding Instraction (8). Xmple venii-
Lation shiodd De provided ta carry ofl exeess nioistare

andd Lo prroiote t]r}.'iu‘u ont of the ;mm'l‘-\.

{B) The water tenmperature can vow be vidsed slowhy np
to that specified o the desizn, hut on na account

mare U abont 151, per day,

(9} ‘\tfjll&-l the controls 0 aceordance with the control
mandacturer’s wstrnetions=. What the water tenn-
peratnee should be to provide theemal comfort ean-
ditions at the time can he determined onls by actnal
operation, The following tbulation. however, gives
estinated watler wemperalnres at the extranee 1o the
sappdy malns Ter oporation nader e extrene con-
ditions npan whicl the desicnis based, and thos mas

serve ds i gruide,

. Masinum
Localion Cutput Quiput

Recommended ’
|

Celling Parmels | 135 FLmax. ' 165 . man.
Wall PManels

Floor aels | 1200 1. max.

L5300 F. s, 16O 1. .
‘ 130 I, inax.

(10) During the slarting-up peviod oceasionalle make
sure that the aiv vents Tuuetion propech s and see Lo

it that the expansion tank retains adequade air.

SNOTE: It s imperative that these particular insirnetions e fol
Jowedl 1o the detter, vapecinlly with ceiling and wall panels, in arder
1o prevent datoage 1o the embedding mater il More detailed instou
Hons regariling the corbedding materials and their method of insral-
latinw may he oliained from the Gepaam Association, 20 Nonih
Warker Dyive, Chicago, [hna= and the Poriland Cement Associa-
Hass, 43 Woest Crasd Avenne, Chicago ML Hinnis.



TYPICAL INSTALLATIONS OF COPPER

Pouring cancicte over the vopper tube
_fi'uur' coils at oo n"rrJ_:'n' .rn'lln'l.'\ll.'l_'_’ f.’f'!'-“l’(lf!-

ment o Long fsland,

or

Ceilting panel of the 18" v 32 T
fng oromn g midiweest residenee,
Tie adde spucing of the 20" vop-
Pt colls inothis case poins
tee the use of an wusilivey panel,
activally wsed, 1t consists of w floor
proned weith V0" copper tube cme
bedded in 27 of vonerete with a
LAY terrazzo surface finish,

The rumpus room floor panel shoun
with 357 soft copper tube on linch
centers, is typieal of the other cleren
panels used ta heat the ground floor in i
large, nodern, midwestern residence,
Laid on a 4" conerete slab, the coils
ure embedded in 3" of conerete eith
i terraco surface fiuish,



TUBE FOR RADIANT HEATING

The metal lath being Jastened (indvpendent f B
af but in close contact with the coil tubes) to
the structure supporting the ceiling punel, \

S

LRI LA ,
AV LR R AT |
LT

b=l 'In"'l‘|' I
UL
T

T

) : ' ™ o T e 7
Bench-formed copper ceiling coils in - - . LA '-":]|.-I|L'l LTRSS

o ; LTI T g
position, ready for mounting ef the . itk -"".IulJ!‘!‘I'IIi"I'I"I'I"i‘!!I ' 1z

metal lath.

The copper coiling coils showen in the two preceding illustrations, cov-
ered with the fndependeady pounted metad lath, ready for plastering,

Frames Hke this (Fig, wn} greatly focilivate transpar-
tation and mounting of all si of stions copper radiaet heating coils,

Bewdd-forsned copper cails for typi-
vl weall panel rewdy fur plastering,




SOME PRACTICAL SUGGESTIONS
ON FABRICATING AND INSTALLING THE PANELS

Most ol the sinuous vopper cails aged in the type of radiant
pranel heating deale with inthis booklet wre ol softenper
Type 1 Copper Water Tabe, The stock generally carried
by snpplicrs 1x o civeular eoils of 60 {10 or 100§ lengths.
thus climinabivg a koree pereentage of the joints neaded
when other Kinds of pipe or fubes nermally available only
in I12- or 20-ft, standard leugths, are used.

Sinuous coils cun be formed diveetly in position as shown
w Fig. &, but often time and eflort can be saved in their
farnting and rustallation Ly the nse of siniple rigs sucly as
are shown in Figs. 7 and 8, which frequently can be
nuude might on the jol, The wood frame is wemporarily
wired to the ceiling joists wntil a sullieient namler of
copper tube straps have been attached to support the eoil.
The iramne s then reioved and the halanee of the tube
strapes are nailed 1 plice,

[0 the frame is used for floor coils it should be on top
of the coil,

Sinee o all radiant healiog panels 3015 the surface of
the embedding material rather han e e coils tiem-
selves which supplies the Lieat for the space 1o be heated.
the construction of the panel shonld e such as 1o readily
conduet the heat {rone the tabes 1o the panel surfarce and
Lo make the panel sarlace lemperature as uniforin as pos-
sible. To acconiplish these ends hest, the follewing prin-

ciples shionld Le observed;

IN CEILING AND WALL PANELS

1. The lath and coils shonld he fastened wndependentls
to Joists ar stkds,

2. There should be the eloseat possible contact between
the metal Lth, where used, and the eoil tubes,

3. With the tubes above or hehind the metal Tath ade-
quate, It not necessarily complete crnbediment of
the tnhes in Lthe plaster should he procared.

4, Wil tubes on the room side of the metal Tath. o
winimmn cover of Y17 of pluster on the tubes should

b inainiained,

IN FLOOR PANELS

1. Tubes shonld be completely embedded in conerete
ol normal deosity. No tsnlating conerete should he
used o embed e coils,

2. No insnlating conesete or other insulating material
should Iee used hetween the coils and the radiatine
stitface of the panel as part of the panel strocture.
IT woud b= weed ab all, it should not exceed 507 in
thickness,

3. Contael between tube and cinders or einder base con-
ercle should he carefully avoided, s cinders are e
crathy carrosive o all metals commonly used for

tuhe and pipe.

File. 0. “Sivcors Cons Cax Dy Foraes v Posimox .. " Note Use oF Tlenwan BENDING SPRING,
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TOP PLAN OF BENCH

’/-Oﬂraﬂ langihs of colil—"’

Center 1o center spacing

N

)
[ .
r 4
¢ [ R
-Woad guide sirips, y‘&'lhlck‘/
[ L4 ] L 1
— ] [ ]
e
Hold down dog S
— ] [ —
— 1 [
{ 1 [ ]
1] [ 3
"y \L§
[ ] — |
— ] [ —
Dog—~. o~ Diraciion of | (unratling coill
— %/ __//0:1
7 " A=
i r P Yl ]
DETAIL OF TUBE SPACING DIMENSIONS
TEMPLATE —————— —
Mo SPACING —C. TO C, OF TURES (Inchet)
ominal
Size 17 ;] ! g 12
(Inchis) DIMENSIOM R fInches)
iR 0 oit 1V
Cut from 5" waad [._f_l _ o 1 ’.“. 51 I';“
* 416" N

“Suitable hencing tool vequived for Ty pe 1orabie

Foryu~xe Bevor vor Sesvors Rapnas e Heative Cows Usive Corpen Water Tuie

Fie, 7.

13



PLAN OF FRAME

! L | F
371 _::.':r e:
TR e T e e e e En D R e e Rt R LR
g " g - - ST
1ot (P [
L. 1=k l;|
'? Q &
= i —
] = /}//

N |
\

\
i 0T

|

-

I T 11

I

! *” “

T

a
Length and width 1o su

it ¢coil dimensions

_irE”

AT

TUBE SPACING DIMENSIONS

END ELEVATION OF FRAME SPACING — . TO €, OF TUBES {Inches)
Nominal
l_.g_ﬁ:_D l*ﬂ_ Tube spacing Size Dimansien i I ] J 9 L 12
It D
T Famme T g T e U o T e vz DIMENSION € {Inchos)
O N —
a4 L4 I ali HY A I
14 7% 3% | A% | ey |onwg
3 b FLOOR ©0ILS a4 BRES
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HEAT LOSS FACTORS Table 1

Tables |, la and Lb ore reprinted by permissicn of The
Institute of Boiler ond Radiator Monufocturers as they
appear in the LB.R. Installation Guide Mo. 100,

Item Description Factor

Item Description Factor

EXPOSED WALLS

Mo. 1. Frame, Not Insuloted

a Claphoards or waorad =icling, siuds, dath and plasier or

plaster Laard tno sheathing) TS TSR | o .
b Same as Ta with composition =idmg over wood soling. .. 028
¢ Wool siding, paper, sheathing, studs, Tath and  plaster

crplinter BoRsd | s R e e e e .25

d Same as Te with compozition =iding over wood siding. ... (121

e Same as Te substituting asphall vr asbestos shingles for
womd siding oo 0.30
No. 2. Frame, Insulated
a Wol <iding, paper, shearthine, stud< Vo™ ricid in-nlation,
plaster ur plaster lovwrad oo R § 1) .Y
b Woend siding, 237352 rigid insolation, stads, lath and
plasier or plasier boasd ooy cin v cieiana W19
¢ Wand siding, paper, sheathing, "2 flexible insulation in
cantael with sheathing, snols, loh ol plasser or plaster
I B it g e R b i 1 R A ui7
d Same as 2e with ar syee an bl =ides of insolation, .. 013
o Same as e =nletiimting 3597 rack wonl o cquicadent for
15" flexilfe nsulation ..o o (Kb
f Same as 2¢ substiiting 27 1ock weol wr cquisalent for
Lo flesibile dnsnlation . oo o e 0.10
MNo. 3. Brick, No! Inwvlated
a 8 Brick, plaster or plaster board ome sidde oo 0.6
b &7 Wrick, lured, Tl and plaster or plaster boand one <ide 1230
¢ 127 Brick, plaster or plaster board one side, o000 .35
d 12" Briek, inrred, lath and plaster or plasier Loand one
S e e 0.:21
e 17 Rrick, 87 hullow 1ile, plaster or plaster hoard one sife. 033
f 4 Briek, 8 linllow 2ile or cinder block, fursed lath and
plaster o plasier Dudrd . coiaesim eb st desi e 0.2t

g 4 Brick, paper, sheathing, st Lath and plaster or plas-

T s T e e B L e e B s
h # Brick, 47 light welghil age
sl plaster or plaster boanl oo iiiiiraraarrirera .21
No. 4, frick, Insulated
a 8 Drick, Turied, 72" rizid insnlation, pla-ter or plasier
FETT e 11 | R g co = AL 0.22
b 127 Brick, nrred, 22 vigal Smeulation, plaster or plaster
BRI D I - oorcsniin, i sy s oA R S R 0.19
¢ L Brick, &7 hollow tle, Yo" rigid ipsuladon, plaster or
plaster hoard e side Lo ooiiis e e s e e O
d 4" Brick, 1 light weicln ag gate block, 2" rigil in-
aolativin, plaster ve plaster beeard one =ule o000 0000 OUTO
e 4 Brick, paper, <heathing, stods rigid i-ulation, pla--
teror plaster board e e e e 0.20
f A" Brick, 25827 vigid insnbarion, stwds, buh and plasier
or plaster Ioard oo oo e 0.21

15

EXPOSED WALLS (Cont.)

g A" Brick, paper, sheathing, 3257 rock woal or cquivalent,

*-1||||-,| Lty wnd [||:;-l|'|’ ar |||.|-||'r hoard . o 003
h Same a= g sobstiluting 2° blankel for 3% blanket
INUlALII e e R e b .10
MNo. 5. Hollew Tilo
o & Tile, wineca extericn, Tovel, loth and plasser ar pla-
T T o | 0.2n
b Same as Sa srbetitnting 257 vicid dneulation for lath. o0 020
Neo. &. Hollaw Concrete Block, Gravel Aggrogote
o 8" Wk, plain, alinve gradee oo o i e e 0.56
B sarie as 6a plasiee or plaster Loard one side. . Lo s 0.3l
€ Same as da lurred, lath and plaster or plaster boacd, .0 0,32
d Samie as ¢ substitnting Yo' rigid insolation for Yath, .. .. 0.23
e Sane as &a hasement wall below grade o000l 0.1k
£ 12 Bleck, plain; ahove grade Co oo s (149
g Samie s 8 baceeent wall below grade oo oL 0B
Na. 7. Hellow Concrete Block, Cinder Aggregate
o B Block, plain v oo i . 042
b Swie as Fa plavter or plaster board cae sade, o000 0.39
¢ Same as Ta furred, [ath am] plaster or plastes boand. L. 0.27
d Same as Fe cub=titatiog ' rigid ig=olaton o lath. oL (124
No. 8. Hollow Concrete Block, Light Weight Aggregate
a 8 Dlock, no interdor limi=h o000 o000 . 037
b Supwe as Ba plasier or plaster hoard one <ade o000 L .35
o S as Ba Dgrredd, Jath amd plasver or plagter board. . ... 0.26;
d Same as Be =uhetitnfing Yo" sulating boand (or lmh, .., 0,19
e Sanne as Be plus 17 insolavng Wankey oo oo o0 Lo, 0.11
No. 9. Poured Concrete
a 8" Wall,ahove grade o 0.00
b 3" Wall, bwlow grade ..o L B
e 127 Wall, abwve grande oo o 0,36
d 12" Wall, belos grande oo oo [ERE
Ma. 10. Limestane or Sandstone
a 8" Svone, forred Jath and plasier ar plasier board ... 0 8437
b Same as 10a =ubstituting Y2 rigid in=olation for latly, .. 025
€ 127 Spone, toered, loh and plaster or plaster board ., ... 033
d S as 10 suletitnting Yo" rigid insalation for lath, ... 1523
e 127 Spone below grade oo o e 1h,(k
FA8Stome Do gimde .ol L ey g 1.0k
No. 11. Gloss Block
a 373" Rleck, coprnsated curlame ©o o0 o e e .19




HEAT LOSS FACTORS Table 1= continved

tem Description Factor

Item Description Factar

PARTITIONS

No. 12, Frame

a With fath and plaster or plaster Loard one <ide only Lo .31
B Sanwe as 12a =odsritntboeg Vo™ pigid fnsolation tar lath .00 008
c Same as V2a with 2" righl osadation on exposed side. 0, 013
d With lath and plaster or plaster hoard both <sides. ... 0nav
a Same as 12d substituting 'o” rvigid in=nlation for Lah. . 010
f Same as= 12d with 3257 reck woal or viquivalent o000 0.01
g Same as 12d with 27 rock swool ar copivalenr o000 (1.06

CEILINGS

Neo. 13, Attic Spoca Above

a Latloand plaster or plaster hoard, no foor above o000 .2
b Lath and plaster or plaster hoand, vl Boor abovie, o0 n.2u
€ Samne a- 13aa sobetitnling Y2 rigil dvsulation for lah, . 0.23
Same as 13k ~nb-titntiog Yo rigicd insulaton for lath, . 0.16
Same as 13a with 227 rigdd dusulation on tap ol jois-. .. (118
Same as 13a or 136 with 3727 rock wool e equisalenr, . 0408

0D - 0o 0o

Same as VIF exeept with 2 vk wool or copavalew oo (.14

No. 14. Part of Single Roof — No Artic Space

a Lath and placier or plasier hoard, rafier, =heathing,

shimples o 0.24
b Same g= Vaa ~ub=iinbing 227 vigid susnlatian Togr Lty . 0.21
o Same as Ve with 370 reck waal or equivalent, o000 Q.08
d Same as 18a with 27 reck wool wr cquivalent. o0 (116

No. 15. Part of Built-up Roof — No Attic Space

a Lath and pleaer or plaster boagel, valver, <ueathine, baih

wp maling oo LG
b Samwe as 18a ~ub-litwine Yo vicid nsulabion (o Lali, .. 0.23
¢ Sanie as 18a with 3507 rock woal or eguivalent. oL (.40
d Sume as 18a with 27 rovk soul oy squivabenn. o000 0,14

No, 18. Part of Matol Roof — No Attic Space

a Lath and plaster o plasier hoand, joisteg <heatlione, el

L L 0,220
B Sume as Téa ~ab-tituring ' rigid n=ulatinn for Jath, . 014
¢ Same as T16a with 375" rock woal nr cquivalent. oo [IXVH
d Same as Yoa with 27 voek wonl or egquivalenr. o000 L 10

FLOORS

No. 17, Wood, Over Exposcd or Unheated Spoce
a [Doble floor on joist over enclosed, wnleaded space. . UIT
b Same ax ¥Wa over exposed space. . oo o o B3S

o Sane as 17a with 1" ricil insadation so battom of joisi= .10

16

FLOORS (Cont.)

d i w= 17 with Yo ceid dnsodation o Lotionn af joisi- 1018

@ Sampe oas ¥YFa with 27 rock wool ar cquivalent hetween
JOMELE e e e 0.4

f Saane as 17b with 27 reck woal w0 cquivalent helween
TR S .13

g Samre as 17a with 3507 roek woal or cquivalent belhwern

Joisl= ... e e A
h S a- 17b with 3997 vock wes] or egnivalent haetwesn
R S (.44
No. 14, Concrete
a 1 nek foor onosed oL e .4
bV thick Nouar on 37 cinder 0.0 e DG
c© Saowe as $8b with hardwood fleor on pine -nbefloar. . (i
d Flear auoeronnd, belos prade. o000 o000 oL, 001
WINDOWS
No. 19, Windows
a Single two st eash) Lo oo LD
b Witk ctorm sash or doahle alaeed o000 oL (IR
¢ Doehile shazed anth V07 g space. oo 0,60

EXTERIOR DOORS

No. 20. With ar Withou! Gloss

e ae Windows

INFILTRATION

{Based on volume of room in cuhic feet)

Na, 21, Windows and Daars Without Waather-
stripping or Starm Sash

a Rooms with window< o exterhon do s on one =il only . 00017

b Liocams with windowe o exterior doars on twn sides, o, 0.027

¢ Rucony with windou - ar exterion doors on tliree silew. 0 QU320
d Fntranee [l oo oo oL T, 0.036
e Sun Roomes with many windos - an thnee <ides. 000 L 0031

No. 212, Windows and Doars Weatherstripped or
with Storm Sash

a Hooma with windows or exterior donrs onoone =ide only 0011
b Womns with wimlows or extedior doors nn fwa sides, ... 04117
e Jlomme with swindow s o esteciar donrs on three sides ., L 0,027
d Vuanee Talle o000 o 10,027

e S Romms with seany windive o theee ciilies, oo, oL BUKA




Btu/Hr. REQUIREMENTS FOR AREAS AND VOLUME Table la

707 F Indoor Minus Outdoar Temparature Differance

Window and

° Doer Arcas Infiltration
5 T Arsat, Raom Volume, Cu. Fh. Wall, Coiling and Floar Aroas, 5q. Fi.
F Sq. F1.
& | === X — - i - —_—
o
5 Faclors Factors Factars
I — —_— — - T
) | i T
@ 0,45 | 0.60 113 fo.on |o.017 | 0.027 | D0.036 | 0,054 §| 0.04 | 0.06 l ¢.08 | 0.10 | 0.12 ! 0.7 | 0.1&4 | 017 | 0.18 l 0.19 | 0.20
| |
l i | 1
100 32 | 2.4 1.3 130 B4 | 529 | 39.7 | 246.5 357 238|179 (143 [ 109 9.5 8.9 8.4 7.9 ] Al
200 &4 4.8 2.5 260 148 106 | 79.4 | 52.9 Jl4 | 47.6 | 357 |86 (2.9 | 19.0 [ 17.8 | 168 [ 159 [ 150 | 143
300 9.5 7.1 3.8 190 252 159 119 | 79.4 107 | 71,4 | 53.6 | 42.9 | 32.9 | 28.5 | 2867 | 252 | 23.8 | 2246 | 21.4
400 12.7 9.5 51 519 136 232 159 106 143 | 952|714 | 57,0 [ 439 | 381 [ 357 | 33.6 | 31.7 | 30.0 | 284
500 159 | 11.9 6.3 &49 420 2465 R 132 179 119|893 | 71.4 | 549 | 47,6 | 444 | 42,0 | 39.7 | 37.6 | 157

600 § 190 | 143 7.6 7 504 | 317 238 159 214 143 | 107 ) B5.7 | 5.9 | 57.1 | 53.6 | 504 | 47.6 | 451 | 42.9
700 § 222 | 167 8.8 P09 588 370 278 185 250 167 | 125 | 100 | 74.9 | 6.7 | 62,5 | 58.8 | 554 | 52.6 | 50.0

800 § 254 | 19.0 [ 10.) 1039 672 4231 317 212 284 190 [ 143 [ 114 | B7.9 | 76,0 | 7).4 | 67.2 | 43.5 | 40,1 [ 57.1
900 § 284 1 21.4 11,4 1169 756 474 | 2352 238 3zt 214 | 141 129 | 98.9 | 85.7 | BO3 | 7546 [ 71.4 | 477 | 643
1000 § 31.7 | 23.8 12.6 1299 B40Q 529 | 397 265 357 238 | 179 | 143 110 | 952 | B9.3 | 84.0 | 794 (752 | 714
1100 | 34.9 1 28,2 | 13,9 || 1429 924 | 5SB2 437 | 291 393 262 | 1es | VST | 121 105 | 98.2 | 924 | 87,2 | B2.7 | 78.6
1200 § 381 | 284 | 150 1558 | 1008 635 4761 N7 429 286 | 214 | I7) 132 1t4 { 107 | 101 | #5.2 | 90.2 | 85.7
1300 f 41.3 | 3010 | 16,4 | 144848 | 1092 GEB 516 | 344 464 3101 232 | 184 143 124 | 116 | 109 | 103 [ 97.7 | 924
1400 § 44.4 | 333 | 177 Q1481176 741 554 370 500 333 | 250 | 200 154 [ 133 ) 525 | 118 | 11 105 | 100
1500 § 47,6 | 337 | 189 Q1944 | 1260 794 595 397 536 357 1 248 | 214 | 145 | 143 [ 134 [ 126 | 119 | 113 | 107

Té00 § 50.8 | 38.1 | 202 § 2078 | 1345 | 846 | 635 | 423 5717 381 | 286 | 229 | 174 { 152 | 143 | 134 ] 127 | 120 | 174
1700 § 539 [ 405 | 21,5 f 2208 | 1429 | 899 | 475 4500 407 | 405 | 304 | 243 | 187 | 162 | 152 | 143 | 135 [ 128 | 121
1800 f 571 | 429 | 227 §2338 | 1513 | 952 | 714 | 476 G403 | 429 | 321 [ 257 | 198 | 171 | 161 | 151 | 143 | 135} 129
1900 § 40.3 | 45.2 | 24.0 Q2448 | 1597 | t0D5 | 754 | s03 | &79 | 452 | 339 | 271 | 209 | 181 | 170 | 160 | 151 | 143 {1 136
000 | 635 | 476 | 252 Q2597 1B | 1058 794 | s20f 714 476 | 357 [ 188 | 220 t 1po | vre | 148 | §59 | 150 ] 143

1100 f 667 | 50.0 | 24,5 Q2727 | 1765|1111 433 556 750 500 | 375 | 300 | 231 200 [ 187 | 176 | 167 | 158 | 150
2200 § 498 | 2.4 | 274 J 2857 | 1849 | 1164 B73 582 784 524 ) 393 | 34 1 242 | 210 | 196 | 185 | 175 | 165} 157
2300 § 73.0 | 54.6 | 29.0 § 2987 | 1933 | 1217 ?13 408 821 548 ) 411 | 329 0 253 | 219 | 205 | 193 | 183 | 173 | 164
2400 § 76.2 | 37, 303 F317 2017 1270 952 535 B57 | 5701 | 429 | 343 ) 244 | 229 | 214 | 202 190 | 180 { 171
1500 § 79.4 | 595 | 31.6 | 3247 | 2101 | 1323 992 661 493 595 | 446 | 357 | 275 | 238 ) 223 | 210 | 198 | 18a [ 179

2600 § 82,5 | 41.9 | 328 3377 | 21851376, 1032 | 488 P29 619 | 444 | 371 284 | 248 | 232 ) 218 | 206 | 195 | 184
2700 § 457 | 4.3 | 34,0 | 3506 | 2269 | 1429 | 107] 714 264 643 | 482 | 3BS | 297 | 257 | 241 | 227 | 214 | 203 | 193
2800 | 88,9 | 66.7 | 353 Q3634 | 2353 [ 1481 | 111 741 f 1000 4467 | 500 | 400 | 308 | 247 | 250 | 235 | 222 211 200
2900 | 92.0 | 9.0 | 3466 | 3744 | 2437 | 1534 | 1151 767 Q1034 | 490 | 518 | 414 | 319 | 27& | 259 | 244 | 230 | 218 | 207

000 § 952 | /1.4 | 379 Q38964 | 252]1 | 1587 1190 794 | 1071 714 | 536 | 429 | 330 | 244 | 248 | 252 | 238 | 226 | 14

oo | 984 | 73.8 | 391 J 4026 | 2605 | 1440 | 1230 820 g 1107 738 | 554 | 443 | 341 295 1 277 | 260 | 246 | 233 | 220
3200 TO) | 76.2 | 40.4 | 4156 | 2589 | 1693 | 1270 d47 §F 1143 7&2 | 571 | 457 | 352 | 305 | 286 | 269 | 254 | 24) 229
3300 105 | 78.6 | 41.6 J 4284 | 2773 (1744 | 1310 a73 1179 786 | 589 | 471 383 | 314 | 295 | 277 | 262 | 24B | 236
3400 108 | 810 | 429 J 4416 [ 2B57 [ 1799 | 1349 vy g 1214 810 | 407 | 484 | 374 | 324 | 304 | 286 | 27C | 256 | 243

3500 111 | B3.3 | 442 § 4545 | 2941 | 1852 | 1389 | 926 Q1250 | B3IZ | 625 | 500 | 385 | 333 | 312 | 294 | 278 | 263 | 250
3600 114 | 857 | 454 § 4475 | 3025 | 1905 | 1429 | 952 § 1266 | 857 | 443 | 514 | 396 | 343 | 321 | 303 | 288 | 271 | 257
3700 117 | 88.1 | 44.7 [ 4805 [ 3109 | 1958 | 1448 | 979 §132) B8 | 66) | 529 | 407 | 352 | 330 | 311 | 294 ) 278 | 264
3800 121 | 90.5 | 48,0 § 4935 | 3193 | 2011 [ 1509 [ 1005 Q1357 | 905 | 679 | 543 | 418 | 362 | 339 | 319 | 302 | 284 | 271

1300 124 1 929 | 492 § 5065 | 3277 | 2643 | 1548 | 1032 § 1393 P29 | 4946 | 557 | 429 | 371 | 348 { 328 | 310 | 293 | 279
4000 127 | 952 | 50.5 | 5195 [ 3341 | 2114 | 1587 | 1058 | 1429 P52 | 714 | 571 440 3B||357 336 | 217 | 301 286

4100 130 | 97.6 | 51.7 | 5325 | 3445 | 2167 | 1627 | 1085 )| 1464 976 | 732 | 5848 | 451 | 39C | 34646 | 345 | 325 | 308 | 293
4200 133 100 | 53,0 f 5455 | 352912222 { 1667 | 1111 F 1500 | 1000 | 750 | 600 | 441 400 | 375 | 353 | 333 | 316 | 300
43100 136 102 | 54.2 Q5584 | 3613 ) 2275 | 1706 | 1138 J 1536 | 1024 | 748 | 614 | 472 | 409 | 384 | 3467 | 341 | 323 | 307
4400 140 105 | 555 Q5714 | 3697 | 2328 [ 17464 | 1164 J 1571 | 1048 | 78B4 | 629 | 483 | 419 | 393 | 370 | 349 | 131 314
4500 143 107 | 567 § 5844 | 378) | 2381 | 1786 | 1190 Q1607 | 1071 | BO4 | 643 | 494 | 429 | 402 [ 378 | 357 | 338 321

4600 146 D | 5B M 5974 | 38664 [ 2434 [ 1825 11217 J 1643 | 1095 | 821 | 657 | 505 | 438 | 411 387 | 365 | 346 | 329
4700 149 112 | 59.3 § 6104 | 3950 | 2487 | 1865 | 1243 Q1679 | 1119 | B39 [ 471 516 | 448 | 420 | 395 | 373 | 353 | 336
4800 152 ' 114 | 4.6 | 6234 [ 4034 | 2540 1905 | 1270 Q1714 | 1143 | B57 | 6BS | 527 | 457 | 42% | 403 | 381 | 341 | 343
4900 156 117 | 61.80 § 6384 ) 4118 |1 2593 | 1944 | 1296 Q1750 | t167 | 875 | 700 | S38 | 447 | 437 | 412 | 389 | 368 | 350

5000 159 119 | 63.1 § 6494 ) 4202 |1 2645 1 1984 | 1323 1786 | 1190} 893 | 714 | 549 | 474 | 446 | 420 | 397 | 376 | 357

TO USE THIS TABLE: Enter af top under foctar determined fram Tokle 1. Read down

fe nearest value i sq. . or cu. t Read tao left to determine the Efu/Hr, required,
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Btu/Hr. REQUIREMENTS FOR AREAS AND VOLUME Table la (continved)

707 F indocr Minus Cutdeor Temperature Diflerence

E Wall, Ceiling and Flaor Araas, Sq. Fi,

3

£

o Factars

I e - — S e - - - -

S T

@ 0.21(0.22 | 0.23 ‘ 0.24 ' 0.25 | 0.24 l 0.17 ' 0.24 | 0.29 ‘ 0,30 | 0.31(0.32| 033|035 037 (039|0.42)|0.96|0.49 i 0.51 | 0.560.69

|

100 6.8 4.5 6.2 59| 57 5.5 I 53 3 4.9 1 4.8 4.6 4.5 4.3 4.1 1.9 3.7 3.4 3.1 2.9 i 2.8 ‘ 2.6 2
20001346 (12,9 [124 149 |[11.4 109 10,5 |10.2 9.9 | 9.5 9.2 8.9 8.7 8.2 77 7.3 4.8 4.2 58| 5.4 5.0 4.1
JOOB204 (1951184179 (170 | 165 1581153148143 [13.8 13,4 13.0312.2(11.6 10,9 |10.2 2.3 a7 84 v 4.2
400 §27.2 1259 (24.8 |23.8 (228 |21.9 21,0 (204 197 |19.0 | 184 1179 173 14,3 | 154 [ 147 (13861124 |11.7011.2 110.2 a.3
500 §34.0 |32.4 [31.0 |29.7 |26.5 | 27.5 | 24.4 |255124.6 1238 (2301223 |21.6120.4 [19.3 (183 (170|155 [14.6 [14.0 128|104
600 §40.9 |39.9 |37.2 | 357 34,2 |32.9 |31.7 |10.6 |29.6 |28.6 |27.6 (26,8 2460 (24,5 |23.) |22.0 |20.4 {184 |17.5 168|153 [12.4
OO M 47.4 | 454 (43,4 (406 (39,9 |38.5 (370 | 357 [34.5 [33.3 |32.3 (31,2 |130.3 128.6 (270 {256 [#3.8120..7 |20.4 | 108 |17.9 114.5
8O0 Q54,4 |51.9 |49.48 |47.6 [ 457 [ 42,9 | 42,3 1408 [39.4 [3B.] |36 1357 134,46 [32.6 (309 1293 | 2721248 23,3 (22,4 |20.4 |14.4
900 61,2 |58.4 [ 558 |53.5751.4 [49.4 [47.6 | 459 |44.3 [42.8 |41.5 [40.2 [39.0 [36.7 |34.7 1233.0 [30.6 {27.9 |26.2 | 252 [23.0|18.6
TI000 Q&80 [44.9 [A21 [59.5 | 571 |54.9 | 529 | 51.0 | 493 (476 | 4461 | 44.6 [43.3 |40.8 | 39.6 13466 (340 1211 |29.1 | 2B.0 | 246.0 (207
TN00 Q748 | 71,4 | 583 | 65.4 162.8 |60.4 | 582 | 56,1 | 54.2 |52.4 | 507 | 491 [47.6 | 44.9 | 42,5 1403 1374 {2342 32,1 | 108 |28.71 |228
1200 81,86 |77.9 |74.5|7).4 [68.5 | 659 | 463.5 |61.2 | 591 |57.1 | 553 |53.6 [52.0 |49.0 |44.3 {44.0 |40.8 1373 [35.0[33.6 |30.6 2448
1300 §88.4 |84.4 |80.7 |77.3 |74.2 |71.4 [ 689 (663 |464.0 |1 61.9 | 59.9 |EE.0 56,3 |53.1 [50.2 | 47,6 |44.2 (40,4 |37.9 | 36,4 |22.2 |2469
1400 § 95,2 |90.9 | B6.9 | B33 [79.9 [74.9 |74.1 | 71.4 169.0 |646.7 | 64,5 |62.5 [40.6 |57.1 | 540 151.3 |47.6 | 43.5 [40.8 [39.2 |35.7 | 290
1500 102 |97.3 |93.1 |B9.2 |85.7 |82.4 [ 794 [76.5 |73.9 |71.4 |69 |67.0 450 61,2 |1 57.9 1549 |51.0 [446.4 | 437 | 42012383 |31.0
1600 R 109 1 104 |99.3 (952 |91.4 |B7.9 (847 {81.6 |78.8 |76.2 |73.7 |7)1.4 |69.3 [653 |61.8 [58.6 |54.4 |49.7 |446.6 |44.8 40,8 |33
1700 11671 110 | 104 | 101 | 971 |$3.3 |89.9 |B&.7 |B3.7 |60.9 | 783 575.9 73.6 [89.4 [85.6 16823 |57.8 (528 |49.5 |47.6 |43.4 [35.2
1800 122 | 17 | 1121107 | 100 |98.8 (952 |91.8 |B8.7 |a5.7 |82.9 604 |77.9 |73.5 |49.5 459 |21.2 [55.9 |52.5 | 50.4 | 459 |37.3
1900 129 [ 723 | 118 ] 113|109 | 104 [ 100 {94.9 ]93.4 |90.5 |87.6 [B4.B [B82.3 |77.5|71.3 |[&9.8 |44.6 | 59.0 | 554 |53.2 |48.5 |39.3
2000 0 136 | 130 [ 124 19| 114 | 110 ] ¥046 | 102 |98.5 | 952|921 (B9.3 [88.6 {B1.6 |77.2 |73.3 |68.0 (42, §50.3 (560 (51,0414
2100 § 143 [ 136 | 130 (125120 | 115|111 [ 107 | 103 | 100 [9&.4 i93.? ?0.9 {857 [B1.] (769 | 71.4 | 652 |61.2 | 58.8 |53.6 |43.5
2200 0 150 | 143 | y37 | 130 | 124|121 | 114 | 112|108 | 105|101 |98.2 |52 |B9.8 |H4.9 |BO.& |74.8 |68.3 [&4.) |41.6 | 587 | 455
2300 156 | 149 [vda a7 (13126 [ 1z2 | iz {3 vio | 108 | 103|996 193.8 |88 | 84,2 [78.2 |71.4 [67.0 | 64.4 (81,2 |47.6
2400 B 143 | 156 | 149 | 143 | 137 | 132 | 127 | 1221018 [ 114 [ 111 107 | 104 |97.9 1926 |A7.9 |B1.6 | 74.5 1 69.9 |67.2 | 63.8 |49.7
2500 Q170 | 162 | 155 | 149 | 143 | 137 | 132 | 127 123 | 119 | V15| 112108 | (02 1946.5 |91.46 |B5.0 [77.6 1729 |70.0 | 663 [51.8
2600 0 177 | 169 | 14) | 155 [ 149 | 143 | 138 | 133|128 1124 | 1201146 [ 113 | 106 | 100 | 952 BO.4 |BO7 |758 [72.B |44.9 | 538
2700 0 184 (175 168 | 181 | 154 1 748 ( 143 [ 138 | 133 | 129 (124} 121 | 117 | V10 | 104 | 989 |91.8 |B3.8 [78.7 [75486 |71.4 559
20000 190 | 182 | 174 | 147 | 160 [ 154 | 148 [ Y43 [ 138 | 133 | 129 [ 125 [ 121 [ V14 | 108 | 103 |952 |B&% |B)L.S |7R A4 [74.0 [58.0
2000 Q107 18R | 180 | 173 ) 166 | 159 1 1531 748|143 | 138 [ 124 [ 129 | 126 [ VI8 | 112 | 104 |98.6 [90.0 |B4.5 BI1.2 |74.5|40.0
IC0OQ 204 [ 195 188 | 179 | 171 JAS 159 01531148 | 143|138 [ 134130 122 1146 | 110 [ 102 |23.2 |87.4 |B4.0 |79.1 |&2.10
V00 W 217 | 201 | 193 | 185 | 177 [ 170 | 144 | 158 | 153 | 148 | 143 [ 138 134 [ 127 | 120 | 114 | 105 |94.3 |90.1 |66.8 [B1.6 |84.2
3200 0 218|208 | 199 | 190 | 183 [ 31786 | 149 | 1863 | 158 | 152 | 147 | 143 [ 139 | 131 ] 124 | J17 | 109 |99.4 | 93.2 |89.6 |84.2 | 66.2
A300 0 224 | 214 | 205 | 1985189 [ 181 | 175 | 148 | 183 | 157 | 152 | 147 | 143 [ 135 | 127 | ¥2) 112 ] 102 1962 |92.4 | 867 | 683
J400 f 230 | 221 | 211 | 202 | 194 | Y87 | 18O | 173 | 1467 | 162 | 157 | 152 | 147 | 137 | 131 125 | 116 | 106 | 99.) [P5.2 |89.3 | 70.4
3500 0 238 | 227 | 217 | 208 | 200 [ 192 | 185 [ 179 | 172 147 |18 | 156 | 1582 | 143 | 135 128 | 119|109 | 102 |98.0 |91.8 | 725
3600 245 | 234 [ 223 | 214 | 208 1198 1190 | 184 | 177 [ 171 [ 186 | 141 | 156 | Y47 139 | 132 [ 1221112 105 | 101 |94.4 | 745
37000 252 | 240 | 230|220 | 211 | 203 (196 | 199 | 182 | 176 | 170 | 185 | 160 | 151 1 143 | 134 | 126 | 115 ] 108 | 104 | 9469 | 764
3800 | 258 | 247 | 234 | 224 1 217 | 209 [ 201 | 194 | 1687 [ 181 [ 175 | Y70 | 165 | V551 147 | 139 [ 129 [ 118 | 11 [ 108 |99.5 |7B.7
I900 Y 2465 | 253 | 242 | 232 | 223 | 214 1 206 | 199 | 192 | 186 | 180 | 174 | 189 | 159 | 151 143 | 133 (127 | 114 | 109 | 102 | A07
4000 | 272 | 260 | 248 | 2381 229 | 220 | 212 | 204 | 197 | 190 | 184 | 179 | 173 [ 133 | 154 [ 147 | 136 | 124 | V17 1112|105 (828
A100 § 279 | 2861 255 | 244 | 234 | 225 | 217 | 209 | 202 | 195 | 189 | 183 | 177 | 147 | 158 | 150 | 139 [ 127 | 119 | 115 | 107 (849
4200 § 2864 | 2731 28 | 250 | 240 | 231 | 222 | 214 | 207 | 200 (194 | Va7 | 182 | V7Y | VA2 | 154 | 143 [ 130 122 1 118 | 110 |84.9
4300 § 292 | 279 1 267 | 256 | 246 | 234 | 228 | 219 | 212 | 205 | 198 | 192 | 1856 (175 144 | 158 | 1461 134 [ 1251120 | 112 |89.0
4400 | 299 | 2846 | 273 | 262 | 251 | 242 [ 233 | 224 | 217 | 209 | 203 | 194 | 190 | 180 | 17O [ 14y | 150 | 137 | 128 [ 123 | 115 {91}
45000 306 | 292 1 279 | 248 | 257 | 247 | 238 | 230 | 222 | 214 | 207 [ 200 | 195|184 [ 174 [ 185 153 | 140 [ 131 [ 126 | 117 |32
4600 313 | 299 | 284 | 274 | 263 | 253 | 243 | 235 | 227 | 219 | 212 | 2051 199 | 1BA | 178 | 1468 | 1546 | 143 [ 134 129 ) 120 §95.2
4700 f 320 | 205 | 292 | 280 | 269 | 258 | 249 | 240 | 237 | 224 | 217 | 210 | 203 | 192 | 181 | 172 | 160 | 146 | 137 | 132 | 122|973
4800 f 124 | 3121298 | 286 | 274 | 244 | 254 | 245 | 234 [ 229 | 221 | 214 ) 208 | 196 | 185 { 1786 | 183 | 149 | 140 [ 134 | 125 (994
4900 f 333 | 118 304 | 292 | 2RO | 269 | 259 | 250 | 241 | 233 | 2246 | 2191 212 | 200 | 189 y 179 | 1467 | 152 | 142 137128 11
50000 340 | 325 311 | 298 | 286 | 275 | 245 | 285 | 244 | 238 | 230 | 223 1 214 | 204 | 193 | 183 [ 170 | 155 144 I 140 | 130 | 104

TO USE THIS TABLE: Crlter of top under factar determined from Table |, Bead down

ta nearest value in sq. ftoor cu. Tt Read fo
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EQUIVALENT Btu/Hr. HEAT LOSS Table 1b

For Yarious Indeer Minus Qutdeor Temperature Differences
B

. 1 i I
70°F | 50°F | 55"'F {60 F| 65"F | 75" F | 80"F | 85" F i?O“F 70 F S0 F| S5°F 60°F | 65°F 75°F 80 F 85 F 90 F

1000 710 790 440 P30 | 1070 | 1140 | 1210 | 1290 7000 | 5000 5500 4000 4500 7500 8000 8in0 | Y000
1100 790 840 9401 1020 [ 1180 | 1260 ) 134011410 7100 | 5070 5580 6090 44600 7410 8120 Be20 9130
1200 B&O 940 0 1030 1110 | 1290 | 1370 | 1440 | 1540 7200 | 5140 5660 6170 4690 7710 8230 8740 9260
1100 RI0 1020 1110 | 1270 | 1390 | 1490 | 1580 | 1470 7300 | 5210 5740 5260 4780 7820 B340 8840 9390
1400 [ 1000 { 1100} 1200 | 1300 ) 15C0D | 14600 [ 1700 [ 1800 7400 | 5290 5810 6340 6870 7930 B440 8990 9510

1500 | 1070 | 1180 [ 1290 [ 1390 [ 1610 [ 1710 ( 1820 [ 1930 7500 | 5340 5890 6430 | 5940 8040 B570 | 9100 9640
1600 | 1140 | 1260 [ 1370 [ 1490 | 1710 [ 1830 { 1940 | 2040 7600 | 5430 5970 6510 | 7040 8140 B6R0 | PRIG G 9770
1700 | 1210 | 1340 | 1460 | Y580 | 1820 | 1940 | 2060 | 2190 7700 1 5500 6050 64600 | 7150 8250 BOCO | 9350 | 9900
1800 | 1290 | 1410 [ 1540 | 1670 | 1930 | 2060 | 2190 | 2310 7800 | 5570 6130 6690 | 7240 8360 8920 | 9470 10030
1900 | 1360 | 1490 ) 1630 [ 1760 | 204C | 2170 | 2310 | 2440 7900 | 5640 4210 6770 7340 8440 9030 [ 9590 ) 10160

2000 | 1430 | 1570 | 17201 1840 § 2140 | 2290 | 2430 | 2570 000 | 5710 6290 6840 | 7430 8570 | 9140 9710 | 10290
2100 | 1500 | 1450 | 1800 | 1950 | 2250 | 2400 | 2550 | 2700 ar00 | 5790 6340 6940 | 7520 44680 9240 9840 | 10410
2200 | 1570 | 1730 | 1890 | 2040 | 2360 | 2510 | 2670 | 2830 8200 ; 5860 6440 | 7030 | 7410 8790 9370 9940 | 10540
2300 | 1640 | 1810 [ 1970 | 2140 | 24540 | 2630 | 2790 | 2940 8300 | 5930 | 4520 7110 | 7710 8890 | 9490 | 10080 [ 10670
2400 | 1710 | 1890 | 20401 2230 ) 2570 | 2740 | 2910 | 3090 8400 | 4000 4600 | 7200 | 7800 ( 9000 | 9600 | 10200 | 10800

2500 | 1790 | 1960 | 2140 | 2320 | 2680 | 2860 | 3040 | 3210 8500 | 4070 4680 7290 | 7890 %110 | 9720 | 10320 | 10920
2600 | 1860 ( 2040 ) 22301 2410 1 2790 | 2970 | 3160 1 3340 8600 | 4140 4760 7370 | 7990 9210 | 9830 | 10440 | 11040
2703 | 1930 ( 2120 | 2310 (1 2510 | 2890 | 3090 | 3280 | 3470 8700 | 4210 6840 7480 8080 9320 9940 | 10560 | 11190
2800 | 2000 | 2200 | 2400 | 2600 | 3000 | 3200 | 3400 | 3600 8800 | 4290 6¥10 7540 8170 9430 | 10040 | 104690 | 11310
2900 | 2070 ( 2280 | 2490 | 2690 | 3V10 | 3310 | 3520 | 3730 8900 | 4340 4990 | 7630 8240 9540 | 10170 | 10810 | 11440

3000 | 2140 | 2340 | 2570 | 2790 | 3210 | 3430 | 3640 ( 3840 9000 | 6430 7070 7710 | B340 9440 | 10290 | 10930 | 11570
3100 | 2210 | 2440 | 2440 | 2800 1 3320 | 3540 | 3740 | 399C 9100 | 4500 7150 7800 8450 9750 | 10400 | 11050 | 11700
3200 | 229C 2510 | 2740 | 2970 | 3430 | 3440 | 3890 4110 9200 | 4570 7230 /890 8540 9850 | 10520 [ 11170 [ 11830
3300 | 2350 | 25900 | 2830 | 3060 {1 3540 [ 3770 | 4010 | 4240 300 | 4440 /7310 /970 8440 99460 | 10630 | 11290 | 119460
3400 | 2430 | 2470 | 2910 | 3140 | 34640 | 3890 4130 | 437C 9400 | 4710 7390 8040 8730 | 10070 | 10740 | 11420 | 12090

3500 | 2500 | 2750 ¢ 3000 | 3250 | 3750 | 4000 | 4250 [ 4500 9500 | 4790 7440 8140 8820 | 1018C | 10860 | 11540 | 12210
3600 | 2570 | 2830 [ 3090 | 3340 | 3840 | 4310 | 4370 | 4430 94600 | 4940 7540 8230 8910 | 10290 | 10970 | 11440 | 12340
3700 | 2440 | 2910 | 3170 | 3440 | 3960 | 4230 | 4490 | 4740 9700 | 4930 7620 8310 010 | 1039C | 11090 | 11780 | 12470
3800 | 2710 | 299C | 32480 | 3530 | 4070 | 4340 | 4610 | 4890 9800 | /000 | 7700 8400 9100 | 10500 | 11200 {11900 [ 12400
3900 | 2790 | 3060 | 3340 | 3420 | 4180 | 4440 | 4740 | 5010 9900 | 7070 | 7780 8490 P190 | 10410 | 11320 | 12020 | 12730

4000 | 2860 [ 3140 [ 3430 [ 3710 | 4290 | 4570 | 4840 | 5140 § 10000 | 7140 | 7840 8570 9290 | 10710 | 11430 | 12140 | 12840
4100 | 2930 3220 | 3510 | 3810 | 4390 | 4490 | 4980 | 5270 f 10100 | 7210 ; 7940 8460 @380 | 10820 | 11540 | 12240 | 12990
4200 | 3000 | 3300 { 34600 | 3%00 | 4500 ] 4800 | 5100 | 5400 § 10200 | 7290 8010 8740 9470 | 10930 } 11660 | 12390 [ 13110
4300 | 3070 | 3380 | 3690 | 2990 | 4410 | 4910 | 5220 | 5530 ] 10300 | 7340 BOF0 8830 9560 | 11040 | 11770 | 12510 [ 13240
4400 | 3140 | 3440 | 3770 [ 4090 | 4710 | 503C [ 5340 | 5460 | 10400 | 7430 81/0 8910 Y660 | 11140 | 11890 | 12430 | 13370

4500 | 3210 { 3540 | 3840 | 4180 | 4820 | 514C | 5460 | 5790 § 10500 | 7500 8250 000 Q750 | 11250 12000 | 12750 ) 13500
4600 | 3290 | 3410 | 3940 | 4270 | 4930 | 5240 | 5590 | 5910 | 104600 | 7570 8330 Y090 9840 | 11340 ] 12120 | 12870 | 13430
4700 | 33460 | 3690 [ 4030 [ 4360 | 5040 | 5370 [ 5710 | 4040 | 10700 | 7640 8410 | 9170 | 9940 | 11480 | 12230 | 12990 | 13740
4800 | 3430 | 3770 | 4110 | 4460 | 5140 | 5490 | 583C | 417C 10800 | 7710 B490 [ 9240 | 10030 | 11570 | 12340 [ 13110 | 13890
4900 | 3500 | 3850 | 4200 | 4550 | 5250 | 5600 | 5950 | 4300 § 10900 | 7790 8540 9340 | 10120 | 11480 | 12480 [ 13240 | 14010

5000 | 3570 | 3930 | 4290 | 4640 | 5340 | 5720 [ 4070 | 4430 | 11000 | 7840 8640 9430 | 10210 } 11790 | 12570 | 133460 14140
5100 | 3640 4010 | 4370 | 4740 | 5440 | 5830 | 4190 | 6540 f 11100 | 793C 8720 ( 951010310 | 11890 | 12490 | 13480 | 14270
5200 | 3710 | 4090 | 44460 | 4830 | 5570 | 5940 [ 4310 | 6490 § 11200 | BOOC 8800 Q400 | 10400 | 12000 [ 12800 | 13400 | 14400
5300 | 3790 | 4160 | 4540 | 4920 | 5680 | 60460 [ 4440 | 4810 § 151300 | BO7C 8880 Q490 | 10490 | 12110 [ 12920 | 13720 | 1453C
5400 | 38460 | 4240 | 4630 | 5010 | 5790 | 4170 | 4560 | 4940 § 11400 | B140 B94C Q770 110590 1 12210 | 13030 | 13840 | 14460

5500 (3930 | 4320 4710 5110 | 5890 | 6290 | 4480 | 7070 § 11500 | 821C 9040 Y840 [ 10680 | 12320 | 13140 | 13940 | 14790
5600 | 4000 | 4400 | 4800 | 5200 | 4000 | 4400 | 4800 | 7200 § 11400 | 8290 | %110 9940 | 10770 | 12430 | 13240 | 14090 | 14910
5700 | 4070 | 4480 | 4890 | 5290 | 6110 | 4520 [ 4920 | 7340 § 171700 | 8340 9190 ) 10030 | 10840 | 12540 13370 | 14210 | 15040
5800 | 4140 | 4560 | 4970 | 5390 | 6210 | 6430 [ 7040 | 74460 § 11800 | 8430 9270 | 10110 | 10940 | 12640 | 13490 | 14330 | 15170
5920 | 4210 | 4440 | 50460 | 5480 | 4320 | 6740 [ 7160 | 7590 11900 | 9500 9350 | 10200 | 11000 | 12750 | 13400 [ 14450 | 15300

6000 | 4290 | 4710 [ 5140 [ 5570 | 4430 | 4840 | 7290 [ 7710 | 12000 | 8570 @430 | 10290 | 11140 | 12860 | 13720 | 14570 | 15430
6100 | 4380 | 4790 | 5230 | 5670 | 4540 | 4970 [ 7410 | 7840 12100 | B&40 P510 | 10370 | 11240 | 12960 | 13840 [ 14690 | 15540
6200 | 4430 | 4870 | 5310 | 5740 | 6640 | 7090 | 7530 | 7970 § 12200 | 8710 9590 | 10440 | 11330 | 13070 | 13940 [ 14810 | 15690
6300 | 4500 1 4950 | 5400 | 5850 | 6750 | 7200 | 74650 | 8100 | 12300 | 8790 9470 | 10540 | 11420 | 13180 | 14040 [ 14940 [ 15810
6400 | 4570 | 5030 [ 5490 | 5940 | 4840 | 7320 [ 7770 | 823C || 12400 | 8840 9740 1 10430 | 11510 | 13290 | 14170 | 150460 | 15940

6500 | 4440 | 5110 | 5570 | 6040 | 4960 | 7430 | 7890 | 83460 § 12500 | BY30 [ 9820 [ 10710 | 114610 | 13390 | 14290 | 15180 | 14070
6600 | 4710 | 5190 | 5640 | 6130 | 7070 | 7540 [ BOIC | 8490 § 12600 | Y000 99C0O | 10800 | 11700 | 13500 | 14400 [ 1530C | 14200
G700 | 4790 | 5240 | 5740 ] 62201 7180 | 7440 | 8140 | 85610 § 12700 | Y070 9980 | 10B9C | 11790 | 13420 | 14520 [ 1542C | 14320
4800 | 4840 ] 5340 | 5830 | 6310 | 7290 | 7770 | B260 ( 9740 § 12800 | 9140 | 1004C | 10970 | 11890 | 13710 | 14630 [ 15540 | 16440
4900 | 4930 | 5420 | 5910 | 6410 | 7390 | 7890 | 8380 | 8970 § 12900 | 9210 | 10140 | 110460 | 11980 13820 | 14740 | 15640 | 14590

TO USE THIS TABLE: Criter under column headed 70°F, Eead down ta Btu/Hr. determined from Table la. Read across
to the column which represents the indaor minus outdoor femperature difference for which the system s designed.
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BOOKS GIVING ADDITIONAL

U pon request the Assoctation will be very glad 1o

send you any or all of the following three hooks:

RADIANT HEATING

This s a well illnsteared non-teehnical publication showing hoth
ceiling and floor installations of copper tulie {or vadiant heating,
The book ;.‘Ei\t‘.- the }lihlnl'_\ of 1he nse of capper tubie Tur this form

of heabing and poiuls ont its many advantages.

COPPER TURBE HANDBOOK

Tlhis is o 72 pagee technical handbook containing infornation. draw-
ings. photographs and data on the use of copper wibe Tor plumbing

andd heating.

PIPL AND TUBE BENDING HANDBOOK

A Mpee haok showing practical inethods for the beading of pipe

INFORMATION

and tubw ol copper. hras= and velated alloys,

Copper & Brass Research Association

420 Lexingion Awvanue

Bohn Aluminum & Bross Corparatian
Bridgeport Brass Cempeny
The Bridgepart Rollisg Mills Co.
The Bratol Braw Corperatian
Choze Braws & Capper Co., Incorparcted
Chicoaga Extruded Metals Compony
The Drawn Metal Tube Company
Wilbhur B. Driver Co.
Briver-Horris Company
The Electric Maserials Ca.
Harvey Machine Co., lne.
Hudsan Wire Company
C. G. Hussny & Campony
Lewin-tathes Company

MEMBER COMPANIES

The Linderme Tebe Co.
The Mackenzie Wallon Ca., Incorparated
The Millor Company
Mueller Brass Co.
The MNational Copper & Smelting Co.
Now England Bross Company
The Mew Hoven Capper Caompany
Pean Bross & Coppor Company
Phelps Dodge Copper Praducts Corparation
The Phosphar Bronze Corporation
The Plume & Atwood Mig. Co.
Reading Tube Carporation
Rovere Copper and Braw Incarporated
The Riverside Motal Campany
Raberts Tube Works
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Mew York 17, NOY.

Scovill Monufacturing Company
The Seymour Monulacturing Co.
Small Tube Produets, Inc.
Samers Brass Company, Inc.
Stamford Relling Mills Company
The Thinsheet Metals Company
Titan Mutal Manufocturing Company
United Wire and Supply Corparation
Viking Copper Tube Co.

Yalco Brass & Copper Co.
Watarbury Rolling Milly, Inc.

A. H. Wells & Company, Inc,
Western Brass Mills
Wolverine Tube Division

Frinted in U 5.4



