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Radiant Heating

Prosanry vo inxovariox in the building indostry
within recent years has created such broad and
et husiastie interest as has the subject of radiunt or
pancl heating, Cerlainly 1t hias set in molion o series
of technical disenssions and populur avlticles o the
business and daily press whiclc have given it near,
if not top ranking, in news of the building industry.
Archilects; engineers, conlvnctors. and prospective
home owners alike have shown o keen interest in the
possibilities of applying this mueh pablicized method
of hieating i bwlding plans now in hand or under
consideralion,

Radiant heating, however, 1s nol a new or an
undried idea. For over a decade 10 was successhilly
used in Farope hefore iv come inlo pronmimence in
the United States, Contrary o some  popular
optrion. there is really nothing mysterious or spee-
tacular about a radianl system. Fondamentally,
iis simply another method of using the long
established mediums of cither hol water or steam
for heating purposes. T differs from the conven-
tonal systems ninly in That instead of using one
or more radialors i roony, pipe coils are placed in
Lhe cetling, Haor, or wialls to warme the surfaees and
thus bring the temperature to a comlortable degree
lor the oecnpanlts.

Generally speaking, radiant heating is adaptable
wherever conventional syslems live heen en-
ploved, e, in homes, schools, ehureches, oflice and
public buildings, while certain special advanlages
are emphasized by s proponents for industrial
buildings, shops, garages, and Large areas where
maintenance of wniform tempetsdure is desirable,
as well as minimum loss of usable space, Anotlier
large seale use of radiant svstems s for the remaoval
and prevention of snow and lce from alrport run-
winvs, driveway s, sidewalks, efc,

Botli i this country and abroad some of the
radinnt heating installadions have been made in

guite large projects—four example, the Roval Liver

Building in Liverpool. This sizable bullding con-
tmins one thowsand rooms and the radiant heating
svalem s said to be both eflicient and ecconomical
i operition,

With the resmnption of an active building pro-
grant 111 This conntry advocates of radiant healing
conlident)y predict. this modern method will be
exlensively  enploved e both large and  small
stractures of ey diffecend types, The home build-
ing program especindly hoas already stimulated a
wide amd prowing inferest in the subjeet and will
conlinne Lo recerve considerable wl tention In numer-
ous arlicles in various publications and in forum
diseussions i associnlion or society meelines,

Notional Tube Compangy has been fully cognizand
of the growing interest in this type of heating,
Fxtensive study and investigation of all plhases of
the piping service by e been and will conline 1o be
made Lo the end that prospective users of radiand
heating systems may have the benelit of the widest
and most extensive experience available in all kiuds
of pipe problemns, ineluding radiant heating. The
aclunl  design of radiant systems, however, s
properfy the function of professional heating engi-
neers. Thewr knowledge and experienee in healing
problems in general can he readily applicd to any
contemplated radiant installation. Tn natters per-
taining Lo the piping  proper, National Tube
Company will gladly extend e fullest possible co-
operation withoul charge or obligntion.

Phatogriphs of radian U heating and snow melting
installations shown herein are for the purpose of
illustrating the wide applicition of these svsters in
diilerent ty pes of structures throughoul the country,
and are vot intended ax an endorsement of the de-
sivn, lavout, or micthod ol stallation. In some
instianees pholographs were taken ab incompleted
stages of the work, and may not represent the
linished or actual practice followed in the finod
work done,



Radiant Heating

Propasry xo ixyovaTioN in the building indnstey
within reeent vears has created such broad and
enthusiastie interest as has the subjeet of radiant. or
pancl heating. Certainly it has set in motion a series
ol techimical discussions and popular arlicles in the
business and daily press which have given it near,
if not top ranking, in news of the boilding industry.
Architeels, engineers, conlraclors, and prospective
home owners alike have shown o keen interest in the
possibilities ol applying this mach publicized mcethod
ol heating e bailding plans now i hand or under
considerntion.

Badiant healing, however, 1z nol o new or an
uniried tdew, Yor over a decade 1t was successfully
nsed in Foarope helore i came into prominence in
the United States, Contracy Lo some popular
opinion, there 1s really nothing nivsierious or spee-
tacular aboul a radianl system, Fandamentally,
s sinply another method of using the long
established medinms of either hot waler or steam
for healing purposes, 1e dilters from the eonven-
tional systems mainly i that instead of using one
or more adintors i a roon, pipe coils are placed In
the celling, luor, or walls 1o wirem Hie surfiaces and
thus bring the temperature to o comfortable degree
for the occupants,

Gienerally speaking. radianl heating is adaplable
wherever conventional systens luve been ein-
ploved, Leo i homes, schoals, chiurches, oflice and
public buildings, while certain special advanlages
aree emphasized by s proponents for industrial
buildings, shops, gnrages, and lavge areas where
maintenanee of uniform temperature is desirable,
as well as minimum loss of usable space. Another
large seale nse of radiant systems is for the remoeval
and prevention of snow and ice from aivport run-
winys, driveways, sidewalks, cle.

Botly 1n this coundry and abrosd some ol the
radinnl hieating installations have been made 1o

auite Targe projecis—tor example, the Royal Liver

Building i Liverpool. This sizable building con-
Lains onie thousand rooms and the radinnt heating
systent is said 1o be hoth ellietent awd economical
L operation.

With the resumption of an active building pro-
rram i this country advocades ol radiant heating
conlidently predict this modern method will be
extensively  emploved in both Jarge aond  small
stroctures of many ditlerent Ly pes. The home build-
g prograne especially has already stiowdated o
wide and growing interest i the subject and will
contimie Lo receive considernble altention innumer-
ous articles i various publications and in forung
discussions in associnlion or sociely meetings,

National Tube Company has been fully cognizant
of the growing interest in this dype of heating,
Faxtensive shidy and investigation ol all phases of
the piping serviee hivve been and will continue to be
made Lo the end thal, prospective users of radiand
heating systems may bhave the henelit of the widest
and most extensive experience available in all kinds
of pipe problens, ineluding radiant heating. The
actual  design of radiantl systems, however, s
properly the Tunction of professional heating engi-
neers. Their knowledge and experience i heating
problems o general can be readily applied to any
cotemplated radiant instollation. In malters per-
taining lo  the piping  proper, National Tube
Company will gladly extend the fullest possible co-
operation without charge or obligution.

Photographs of radiant Tieating and snow melting
ins{allations shown herein are for the purpose of
illustriting Lhe wide appliciition of 1hese systems i
different types of stroctures throughout the countrey,
and are not intended as an endorsenent of the de-
sign, Tosout, or miethod o imstallalion. Tn some
mstanees photographs were Lakeen ad Inconipleted
stuges of the worl, and may ool represent Lhe
linished or actual practice followed in the tinal
work done.




What Is Radiant Heat?

RADIANT ENERGY

No sEreer Exastens of the phenomenon of radia-
tion can be fonnd than that of The suncin ils encergiz-
ing and hicating of the carth upon which we five. N
imparts to all living things radiant coergy in the
many forms necessary Lo o continwmee of hfe,

: The manner in which
this energy is radinled
fromn the sun s not defin-
itely known, hul 1t s
believed that 1t eeaches
us hrough the mediom
of the ether, and 1o the
form of wove molions of
varving infensity und
length, Many of us have
thrown o slone inlo a
quict. pool of wiler, and
Fascinnted, we walchied
the {irst energy  wave
motion develop in the
lorm of i ever widening
cirele, ta be tollowed hy
many olhers a1t regular
nlervals, While wave

; . : molion from the sun is
not apparent Lo the naked cye, the maner in which
energy is transmitted by the sun is similat to the
wave molion of the water. We must onderstand,
however, that the energy
radinted Lo us from the
sun lakes many forms,
and each of these forms
s oadentifiod by its wanve
length, which, 1o go hack
to our analogy, would be
Lhe distanee from one
cirealinr wave Lo the one
Tollowing. Fnergy waves
of one dength produce
lght with resultand color
eflecls, as seen in o raan-

how following o shower,
This bow of light has all the colors of a speetrum,
brouglit about by dispersion and diffraction of liglt
witves i the drops of water falling theough the ar,

Some shorl energy waves possess Thal properly
whiclocan effect chemieal changes, as evidenced by
that cont of lan which is sometimes sought alter

1

doving sunmer months; and in o less aerecable way.
by the Fanahiar sowring of millk left too long on the
Kitehen doorstep. Fneregs of the longer way e Tengd |is
15 wtilized i conneetion wilh electronies, radio
Transmession, and radar.

VMany other interesl-
ing ellfects are prodoced
by radintion of energey
fram the sun but for the
purpose ol this diseussion
we are concerned  only -
wilh that form and wine
length of energy which is
converted into ieat upon
contact with the earth’s
surfuce,

Inn disenssing radiand.
heat and its menifesta-

tions, we mnst fiesl dis-
s from ouwr minds the
thought that cither the
open alr sround us, or that contained in o howse or
building, 15 heated by radiant energy waves. The
air 18 not directly heated iy this way. bul does, in

passing over surfaees which have absoched radinnd
cuergy and converted 10 into heat, carey ofl” wosmall
part by corveelion,

HOW DOES RADIANT ENFRGY BECOME HEAT?

Radianl beat energy waves strike all objeets in
their paths, and are either absorbed, or refleeted to
other objects,

I{we were able 1o see with the eve of womnicroscope
powerful cnongh and were to watch the eflect of the
impact between the waves of radiant energy (rns-
mitted frone either the sun or a radiant heal panel
on the plaster or woodwork in o room, we would
witness an extremely interesting aceurrenee,. We
would abserve that the infinitesinally small pae-
teles of plaster or wood colled “moleenles™ were
in o highly agitaded state, vibrating inall divections
at feerilic speed, and  striking one another oo
enormouns mnmber of blows per second. This has
come aboul as a resull of impact of the radiant
eriergy waves on those molecnles nearest the surlaee
of the plaster or wood, and the jmpact has been
fransmitted e chain fashion 1o other molecules
throughout  the materinl. This impact of the
molecules, one upon another, creates heat in the



plaster or wood just as eflectivety as does the ipaect
of u steel bnnmer on some steel object.

An excellent example

SUN of the heat producing

enerey  Aransniitied by

{1 radiating waves from the

ﬁ / { | sun is found in Lhe siimple
) . .

/ || | experiment of holding o

|"I 4T o 'f T lr[- T OT

<l magnifying glass over u

| . . .
1" 25':)‘-&‘-;]"%0 picee of paper al o dis-
g ® lanee which permils the
MINOR
ABSORBTION

pirallel  energy i

mitting rays ol the sun

lo enfer one side of the

convey glass and con-
verge upon the paper an
the opposite side ot the focad poind, Fignre 1 The
concentration of radiant conergy is sullicient 1o heal
the paper until i agniles and burns,

PAPER

FOCAL
POINT

Fignre 1

The enerey or heat-creating waves fram the sun,
or from any other heating surface, are not all
absorbed through the surfaces ol the bodies upon
which they impinge. Some shrike bright metallie
objeets and the greater proportion of these are
immedintely  refleeted  withonl  being absorhbed.
Otliers reaching dull, dark-colored, Tnsterfess suh-
stunees are absorbed 1o o muely greater extent,
Tlis, ocsubstanee which reflleets heat well is a poor
absorhier of heat,

BRITISH THERNMAL UNIT (B.T.U))
THE MEASURLE OF TTEAT

The seientist, Dr. Joule, deleemined the celation

hetween Lieat and energy by recourse to o well
known experiment, Figure 2 e sospended aweizht,

which v its free descent rotated the drom and
paddles, eousing o chiurning action in the water.

— BEARING

PULLEY

{~— BEARING
i SPINDLE
R
J\* PADDLES
WEIGHT ;
L4 e : — [ CruNDRICALTANK
= == CONTAINING WATER
[a]
SCALE
FEET
LG Firae 2

By this experiment Dr. Joute determined that
when the weight of 278 ponnds had falen one foot,
representing 778 fool-pounds of work done or
EMERGY EXPENDED, Lhe temperature of the water
had mereascd by one degree Fahrenheit. Tle thas
related heal, energy, and molion,

The result of this experiment is the basis for the
“measure’ of head which s deserihed as the British
Thermal Unit (B3.T.U.) and delined as “the amount
of lieat required 1o ralse the lemperature of one
pound ol water one degree 1ahrenheit,”

IMMEAT-ENERGY RADIATION,
EVERYDAY DCCURRENCE

Many of us are Tomiliar with the popular demon-
stration ol the eilect of the sun's radianl energy
found in the dlusteations of niany ol our magnzines,
These depiet skiing enthusiasts eojoving this winder
sport elad only in hathing suits, with the aie teimpaer-
ature near freezing point. Thex are quile comforl-
able, This iz possible heeaase the velocity of the air
is low, and the amouut of heat carried off {rom the
bady by air convection eurrents is adequately offsel
by radiation of heat erealing energy waves 1o Lhe
hady from the sun. The soow aids considerably in
creatigg this feeling of bodily comforl by reflecting
mueh of this enerey to the hady surlfaee of the skier,



plaster orwood just s eflectively as does Uhe impaet
of a steel hamner on some steel objeel,

An excellent example

SUN of the heat praduocing

cnergy ransmilied by

rndintine waves from the

st is fonmd i the sinaple
eyperiment of holding o

magnilying ghss over o
_|» RERECIED picee of paper at o dis-

_+RADIATION . :
Laniee which permits 1he
MINGR parallel
ABSORBTION

energy o lrans-
milting rays of the sun

1o coter one side of The

COIY N 'r'.'lil.‘\'ﬁ :]“(I -
verge upon the paper on
the opposite side al the local potnt, Figure 1. The
concentration ol radiant energy is sulficient o head
the paper untl it ignites and burns,
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The cneres ar heatl-creating waves from the sun,
or {rom any other heating suctace, are not albl
absorbed through the surfiuces of the bodies upon
which they impinee, Some steihe hright metallie
objeets il the preater proportion of these are
immedintely  reflected  witheut  being  absarhed.,
Others reaching dull, dack-colored, lusterless sub-
slunces are absorbed 1o o much sreater extent,
Thus, a substance which refleets heat well is a0 poor
absorber of heat.

BRITISID TIHERMAL LNIT (B.T.U.)
THE MEASURE OF HEXT

The scientist, Dre. Joule, determined the relolion

i!".L”li“.ll‘f'f HEATING wiznNATIO)

between heat and energy by recourse Lo a0 well
known experinient, Fizure 2 Hesuspended aweight,
which o is free descent rotated the deam oo
paddles, causing o churning achion in the water.
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{——— BEARING
- SPINDLE
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By this experiment. Dre Jouwle deternined  that
when the weight of 978 pounds had fallen one {oot,
representing 778 fool-pounds  of worl, done or
EXNERGY EXPLNDED, Lhe temperatore of the water
had Increased by one degree Falirenheit. Tle thas
refated heat, energy, and molion,

The result of this experinent is the hasis for the
“measure’” of heat which ¢ deseribed as the Britsh
Thermal Unit (BT and defined as “the amount
of hieat. required 1o rise the Temperature ol one
poundd of water one degree Fahrenheit,”

IMEAT-ENERGY RADIATION,
EVERYDAY OCCURRENCE

.

Many ol ws are familiae with the popular demon-
strafion of the effect of the sun's radiont energy
found in the Musirations of muny of our magazines.
These deprel skiing enthusiasts enjoying this winler
sporl clad only o hathing saits, with the e temper-
alure near Ireczimg point, They arve quite comflort-
able. This is possible beeause the veloctty of the air
is fow, and the amount of heat corried ofl from the
body by adr conveetion currends is adequtely olfset
by radintion of heat creating cnergy waves 1o the
bhady Trom the sun, The snow aids considerably in
creating this feeling of bodily comfort by reflecling
ntuch of this energy to the body surface of (he skier.

1" PADDLES

- - ':__CVI.INDRICALTANK
= = CONTAINING WATER



Human Comfort, the Basis for Design of Radiant Healing

Tie numMan Bony is a mosl remarkable heating
unit, particularly when we consider the abuse to
whicli it is subjected. We fewd it fuel as we do o
furnace in the form of food :_m-c]“dri_nii.- By a process
culled “metabolismd™™ this Tuel is comverted inta
bodily energy ard headt,

In the medical profession the heal ieasuring-
wriil s e Cealorie,” used to deseribe the heat and
cuergy building value of yvarviows foods when ab-
sarhed Dy the haman body, thos the term ealorific
value ol food,”

Humvar beings require a vonstant replemshoent
of “ealorie” or, similacly expressed, BTV bearing
foods Lo replace thai heal or energy which s dis-
sipated by physieal exertion, by loss to surrounding

bodies of lower Temperstore thoongh the action of

aie cony eelion carrents pissing over Lhe hodyand
by evaporation, Science bas extablished that ihe

average nnnan being, normally engaged i the daily

achivitios, ray lose bent ol the rate of 10 BT s
per hour to surcoandings ot aboul 707 F. temper-
alure, and inecsGllaie, OFf -
Hiis amound, 300 1o 320
BT Csperhiourmay be

CONVECTION

%)

last by radiation and con-
veelion Trom the bady
surfaces, with the re-
mainder heing lost by
evaporahion ol moisihne
fromn the Tungs and the
hody surfaee, Figure
W hive abserved by
the DMastradion of the
skier in o bathing snoil
or light attice how il is
possible for human he- RADI
ings 1o bhe comfortable,
provided the heat Lozt by
conveelion al low len-
perature is bhalanced by
the vadintion of heal 1o
the body ut higher tem-

perature. Snnilarly, in :
healing o raon, we may  CONDUCTION &
obluin w condition of Vigguare 1
comfort by o proper balanee of wall sivface fep-
peralure and roon ate lemperatore,

. Yaulow, as a resalt ol an investigalion con-
ducted ot Tarvard  Lniversity with three male
adualts clothed in three-piece suits and al rest during
the tests, found that conditions of comforl were
obiained with the fallowing three sets of temper-
alures™ for which tThe bodily heat Joss by eadintion
and cotyechion s given:

Mean Radiant Tenl Tass

Air '1‘1'.m|n.l:rulurn

Lemngaern ture e Radintion & Conves:
(“.ﬂ.'f'.,'l Lieyr, F. ke LA | tion BT.U . Hiour
7l | 71 201
74 TR ] B |

"3 a8 BIIR]

*Conrtesy “Llsting, Piping and Air Comlitioning” and VoL, Giesecke,
Commlling Faomineer.

I ds seen from the Lable that we can obtain o
condition of bodily comfort with severa) combina-
tions of room surfuce tempernture and room air
lemperabore, T s necessiey only that tie head
carvicd off by air conveetion currents be adeguately



oftset by reduction in the amount of heat Jost by
radindtion o the room surfnces and thenee by con-
duction througly the buildine maoterials.

Todo this woe must heat the room wills, windows,
doors, and dloor, 1o a mean sarface lemperature
such that these surlaces will reradiade (o the body
ther greater part of the heal which o gives ofl by
radiation,

The surfaee temperature of The average person
varies between 80° 15 and 832 FOIL then, the mean
surtuce temperafure of Lhe room, or as il is techni-
cally termed, the gnean vadiant temperatwre, is
eslablished for design purposes ot 757 Fahrenheit
the heat loss from the lnunan body o these same
surfuces by radialion will be small.

The chart,® Figure 4A, shows that approyimately
S0 BT s per hour are lost from the hody by
radiation. when the average hody surlaee Temper-
atare ix assumed (o be 80° Fahrenheidt, This leaves
(320-500 =270 BT s per hour, which we are

permitied to lose by conveetion before o feeling of
discomfort s {elt.

Referring ta Figure THwedind that the equivalent
air ferperature for this heat Joss 3 65° Fahrenheit,
and that thearetically
reaeh this value before discomtort is felt, Ty aetnal

the air femperatlure may

praciice however, as in the healing of o home, the
air lemperalure and the mean radiont Temperdure
may approach equilibriom, due o contact of the
iy with the healing surface, and we are more likely
to obtain an air feuperature differing by only o few
degrees or so from the mean radiant temperalore,
IFor a comdort Temperature of TO7 19 we iy expect
the mean radiant temperalure Lo he 72915 and the

air tewperadure 689 17,
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A— Heat loss or gain by radiation for
virrious mean rodiant. temperatures, in
Blu per hir. per person, according Lo
the farmula Q= 15 < 0,156 [(5407 1004 -

(e 1000, where 13 s {1 s the ares of
the bady available for radiation, 01546 is
the radiation faclor for the body, G40 s
the ahsolute menn surfoce terperature of
body (460 4+ S0, Tr is the ubsolute mean
radiant temperatnre ol the roam, and
is amount of heal, Dtu pev bire per person.

| e e -
50 63 70 BO 30 100
AR TEMPERATURE, °F,

igare

B dHeat loss or zain by convection lor
varions air temperatores, in Bra per by
per person, aecording 1o the formula
()= 10> 1 (80 — fu), where () is Do per
h. per person, 18 s, P s the area o Hie
bady exposed 1o conyieclion wr curcents,
1 Bta per b, pec sq. G per 7 P tempera-
ture dulference is the lilnne coellicient, 80
7, i the mean swrlace temperatiere of The
Lody, and fu is the Lemperatore of Lhe air
in Lhe room in degrees Fahrenliedt.

*Courlesy “Heating, Pipig amd Air Copditioning™ nind F. 1L Gicache, Uonslting Engineer,

C— Delationship between air Lemn-
perature and mean radiant teanper-
ature [or combined conyeetion and
radiation lieat losses of 250, 300, or
330 By per br. per persan, as imli-
cated on eurves.



RADIANT HEATING wisk NATIONALPIPER)

Some Temperatlure Studics in Radiant Heated Roomst

TEAVING CONBIDERED TLE VARIOPS POLNTsS relalinge
to heat requiranents and how the heat ean be
applicd, we are now in o belter position 1o consider
whial are the requistbes of o good system of healing
and ventilating, Di. Leonavd THIL ord also the
Industrial Fatizcue Researels
fard 10 down that o pood systemn should provide an

Yoard ol England,

alr temperid are at the foot level cqual Lo that ot the
head Jevel, 1if not geeater, There shiould be o Gaire
degree of air movement and The ate shiould not seell
sLulty and unpleasant. "This compires with nature’s
provisions for hieat supphy where we find that rays
from the se, with the long waves relleeted fron the
carth and surrounding objects, warm the lower
strati of molst air from our feet upward and give
it ideal eondition whicl our bodies veguire. The
nearer we approach these conditions, e more
closely we attiin the ideal method of heating,.

We have seen thad, if animstalbalion is Lo give the
required degree of comlort and meet the physi-
ological requirements of the body, a Lurge percent-
age of the heat must be supplied s thermal radia-
Hons, and the reladive hamadity of the aie shonld be
maintained somewhere between 3047 and 6067,
preferably the latier,

Most of the heat shonld he given ofl by thermal
radiations, with the remainder as convecled lieat,
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Figoare 5. Temperature distribotion o a room healed with
concenled henter or a warne-an systenr.

Ocdinary radintors may give ofl as Little as 109
1o 2007 of 1their heat by theemal radintion and the
remaitder as convected head, while with concealed
hreaters, unit heaters, and warme-air syslems we gl
no theeral radiation whatever, except the sceondary
aclion from the Turnilwree. Siee all the ohjeets in o
roam are al a lower temperabare than the snrronnd-
iy air, and consequently ot a lower lemperialure
than our badies, we get no supply of energy froo
these sourees.

Figure 5 illustrates diagrannantically the condi-
Hons we generally oblain with a coneealed healer or
dowirm=alr systen. Assurme that stean is furned on
and g stream ol wiarnair s wd roadueed inlo Hhe room
front the grille or from the lop of the concealed
heaters, IFrom concealed heaters the temperatnre of
Che air may he T30° 19 10 130° I, althongh 1 have
actually measured the aic lemperatare leaving the
erilles as high as 1907 1,

Witlon warneaivsystencthe indel Lennperid nre
be as high as 1807 19 1o 200 1 This warnn air is nod
anly detrimental 1o the system, but, iaving passed
over o high temperatnre surfieee, 1L his beeome
polluted, for when the alr passes over o sorfiee o
Ligh tempersdure the dust s broken down chewi-
cally aud ammaontacal vapors given ol With steamn
vlintors we gel similar resulls, but the air leaving
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Figure 6. Narnal teraperature distribation wilh a skeam radin-
tor. Average observations in rooms of 9 1o 10 fLin height.
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the top of the radiator will Tre 907 15 10 HHO° F. de-
pending on the room temperature.

In cither case the warm aie naturally rises o the
ceiling awd will remain there, giving up part ol il
leat ta the cold ceting, aud shanld there be any
outlet at the high level e wartiest ade will escape
before being of further use. As more warnn air rises
from the sowrce of sapply, the ane al the ceiling,
which does not eseape, chills wradually. This con-
Linues untl we geta series of Tayers at duterent
Lemiperatures. In other words, we hiave a0 temper-
alure gridient from celling (6 lloor.

The steepness of this femperature gradient will
depeud on the tenperature of the air rising from the
source, the heat loss from the roon, and e quantils
ol air which s eleculating,

TEMPERATURE DIFFERENCE OF 6 F, TO 117 [F.
NOT UNUSHAL WITIL CONYECTED NMEAT

W hen using steam pipes and rodintors 10 18 nsual
lo get Trom 607 Fodo 87 F. difference in teimperadure
between the loor and the cetling. With warm air or
concealed heater T have foond acdilferenceof 16° 1, (o
112 15 to be quile common. Figare 6 illustrates dio-
rammalically the normal conditions mel with ina
voom headed Dy steam radiators. These are averazge
ohservalions in rooms rom 9 11, 1o 10 FL high, For
Lizher rooms the fempernture at the ceiling will he
correspondingly higher.

[Fleure 7 shows averare recorded Temperalures al
various heights Tor heating with radiadors and con-
veelors, and 10 will be cleavly seen that the high
temperature gradicnt means greater loss ol hical.
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IFigure 7. Averaze recorded temperalures al various heiglds
for heating with radiators and vonyeetar,
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o find wowarmn st 1ol air for breathing and Tor
We lind wowirm stratum ol air for breathing and {
the head, with o cooler temiperalure for the feel,

Just the opposite fo that reguieesd,

I hinve taken obseesations in many ol the high
buildings in this connlry and find thal air is con-
stantly passing Through the ventilators over the
doars into the corridors or passiages al o temper-
alure five armore degrees above the temperature of
the amr at the breathing line, This chimney effect in
Ladl Duitldings i< o buehear to all heating eneineers
and architeets hecause of the difliculty of being ahle
to overcome its influence. The eradustion of heal-
i surlfiees s only o partial reroedy, for i does not,
bold good under all weather condifions.

Compare this with a building heated with thernal
radintions where the air lemperature at Lthe high
level varies only shightly from that ot the breathing
line. The vesult, s can be seen by Firare 11, would
be an almoest constant. ferapecature hroughout
the huilding.

MEAN SURFACE TEMPERATURE DEPENDS ON
CITARACTER OF SURFACEK

11 has been computed that il the mean swelace
Lemperiture abl over o room s aboul 60° I the rooan
Feels warm, regardless of the aiv temperadure. This,
however, depends oo the cliwrvacter of the sorface,
If the suelace is covered with tinfoil or o highly
polished metal surlface, the resalts would be infi-
uitely superior rom o heating point of view Hhan i
would be il we bind a dull hlack siefice or even the
usual papered suelaces.

AMuclh bios heens writien as to Lthe best anethod of
producing these heal ravs, the relative virtues
of ascending snd descending ravs, and the hest
temperature at which the siefaee should be main-
tatned, but invarnably 11 will be found that the
respeclive advanlages are illominated aceording (o
the particatar system advocated, Undonbredly they
all have advantages, sod 1008 by correct diserimi-
nation thal heating engineers can choose the hest
method for the particnlar problem in laond.

AL present we will deal with each method dia-
erammalically, and Jater cacl systenoin use will he
oxpluined in detail, To Figures 8,9, and 10 we have
indicaded o room heated by thermal vadintions with
ravs et led frome o beated ooy, ceiling, and walls
respeetively,

Figure & shows a heated floor of aoroont made with

]
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it is desirable to have a higher room Lemperainre

any materinl ordinarily used for flooring, exeept

material which s Iilvely ta becomie plastic witl heat,
stuch as wood blocks hedded in pitel, ete. Wood,
stone, narble, conerete, or other composite material
may be used, ad carpets may be Laid on the floor
wilhout interference with the heat. In fact o carpet
adds greatly o the comfory, Tor o heated dloor
covered with a thick carpet has given Lo the wriler
the best impression of real comtlort o any heated
room yeb tried,

The required surface temperature of the {loor
varies with the kind of surfice wsed and also with
the exposure of the room. For instance, in festing
oul various malerials T hiave Tound when 1rving
white marble, which wis to be usad for the floor of
Liverpool Cathedral, that with the polished white
surfnee of the nuuble T required o surfacee temper-
ature of 117 F.above the air temiperature (o give ofl
a certain gquantity of beat, T eonld obtuin the saome
results witho o surface teripernture of 87 I above the
air lenperature when the marble was covered with
athin conting of lamp black,

IIGUHER TEMPERATURES DESIRED
IN CTHIS COUNTRY THAN IN ENGLAND
I should explain that in Fngland it s found,
wgencrally spenking, that while 60° IFois a suitable aor
Lemmperatore with radintors and pipes, an equal
feeling of comfort is obtginable al 5067 F. o 587 19
wilth theral cadiations, In this country, however,

HLack SURFACE — PLasTer CEILING
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Figure 5. Boom with beated (oor made of ardinaey llooving
mitferiul, showing temperature distribation.
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than in Engrland for several reasons,

In the first instance, people in this counley
evidently wear lighter undergarments and therefore
rely maore on arlificial heat. Too, in this country
they do less ontdoor exercise and conseaquently (he
physiologieal hent generator will not Tunetions so
readily as with people in England, The air, without
donbt, is dryer, and consequently a higher tempera-
tare compensates Tor 1his,

VEany vears ol living inoa higher arvtificial temper-
adure has had its effect upon the svstom, ad as
through the ages and process of evolution environ-
mend i changed life and custom, so 1 think m Uins
connlry the metabolisn of the average Ameriean 1s
now demanding higher temperature toomake up for
the conditions to be met,

During cold weather I have as o fest condition
been iy oftice and worked in perfeel comforl
while my colleagues hind 1o resorl to Their overconts
to Leep  themselves  sufficiently  warm,  which
proves thal 1 is not so much the elimate, hut the
gradual acquisition by continual use, T heep carelul
records and find that T reguire one or Two degrees
hizher temperatare than when T fiesto eame o Uiis
coundry.

Therefore, jn dealing with the application of
Uiermal radintions T am taking o basie lemperalaee
of 017 I as T find that this temperabure with a
reladive bamidily of 30 gives 1o any friends here a
very real sense of comfort,

Referping 1o Figure 8, il can be seen thal we gel
Mram the heated floor o stremwm of thermal radiations
passing upward over the whele arca, or Trom that
portion of the floor which we choose Lo heal.
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CThe temperature of floors in Radiant
Healing Systems 1= in the temperatuee
range of 75° K. fo 857 F.and the health of
childreen using floors fo play on s Hies

safeguarded” (see page 25},

WOOD FLOOKR TEMPERATURE TO BE 167 I-148" F.
ABOVE INDOOR AIR TEMPERATURE IN SEVERE
WEATHER

For maimtaining the condilions staded before with
an ordinary wood loor 1 hud a surface temperatire
ol 16° . 10 18° Foabove Uie adr temperature is nec-
essary i exlveme weather conditions. In milder
weuther 12° 1, will suffice. This, however, is with an
abnormal amount of gliss exposure and with an
exposed it rool in addition. The range of tem-
peradures recorded is indicated i Figure 8 and also
in Figure 11,

It is interesting Lo note that in Figure 8 the
Lemperature 4 inches above the floor is hat slighily
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IFirure 10, Boow heated with Uermal radiations from heated
surfuce on side walls,

higher i Chat ol the bresthing line, and so alsaois
the air temperature 1 inels below the black portion
of the cetling. A partion of the ceiling was purposcly
miade black to study the effieet, The blaelk surface
absorbs the ravs received frome the floor and s
lemperature is raised slightly above the air temper-
alure. Now The moleenles of air in direel contacl
wilth the warmer surface receiy o heat by conduclion,
and innnediotely the moleentes are sel into vibi-
tiom aned rebonud from the suelhee Tor o short dis-
tunce, depending on the impulse received,

RADIOMETER DEMONSTRATES ABSORPTION
BY BLACK SUREFACKE

We may have a demonstreation of Lhis eflfeet any
fime we stop al anoptieal store oo jew eler's, where
o radiometer isoon displiy, This instrunent is
uswally construeted witly two glass bulhs one above
the other, Tu cacle of Lhese bulbs there arve Tour
platinum vanes mounded on o light frianework,
which = piveted on a needle pond, One side of cach
vane 1s highly polished and the opposite side is
conted with lamp black. The gliss vessels are
exhauvsted so that the atris very racilied and oilers
little resistance to movemen(. When o stream of
ravs impinges on the vanes they revolve so that the
polished spefaces Luke the lead in the divection of
the rotalion. Foergy is absorbed by the black, wnd
roflected by 1he polished surtfaces, The blackened
surface noturally rises o temperature and the

11



resicdhual v s headed and, in terms of the kinetie

theory, The air maolecules steiking the holt sureluce
ricbound with an nugmented velocity, This reactive
foree on the black side eauses the vanes 1o revolve,
With Hoors and ceibines, which are lixed, we get
the elfect of lived surfaces, bul with a continuation
ol discharoing warm molecules of air deiven away
from the surfaees Lo acdistance soflicient 1o absorh
the encrgy. Hence we get a shightly higher e
temperature near all heating surfaces, for a distanee
varying with the loree given to these molecules.
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Fienre 11 Comginrisen ol results with radliznl heating from
ceiling ax compared with wall and foor radiant heating.

I Figure O we hav e acroons warmed by o healed
ceiling, The ravs descend from the ceiling, and if
not intercepted by furnilure or other obstacles will
impinge on the floor and hiove the same ellect on the
Noor us The heated Hoor, Fieare 8, hason tie ceiling,

The disadvantaze with this method is that ana-
one sitting ol o desh or table will have his legs and
feetl screcned from the raxs, while The hewd and
shoulders will receive the lull shower of rass divect
Irom the ceiling,

RADIANT HEAT FROM SIDE WALLS HAS SOME
ADVANTAGES OVER OTHER METHODS

Figure [0 <hows o room hented with thermal
radiations given ol from u heated sorface placed on

12

Che side walls, When so placed we gel a larger
amount ol convected heat than we do when either
the floor or ceiling hieating is used, On the ofher
liand, we shall lind in dealing with the details of 1he
schermes that 1his method holds many s ivhues w el
the others do not,

The amount of convection oblaied from the sule
wall surfaces amounts Lo aboul 05 1o 509 of (he
talal heatl given off, The heal ravs are given oll
horizontally, but with all unpolished surfaces we gel
arcirregubar surface, which has the property of send-
e oulrays fromeall s facets, This means thl rays
are et Led at all angles, and with the reflected rays
from other surfoces the room is hlled with o shiower
of rays from all divections. A disadvantaee of this
method = that o farge picee of Turoiture pliced in
frant ol the heated surface will ol s effeel,
bl we shanld no more think of putting an article
ol furniture against the heating punel than we
should of plucing 10 =0 as (o cover up the window
or 1he door.

H we know the heating panel should be placed i
a certain position and lelC eaposed, whiy not have
(e courage of onr conviclhions and say 1mnst be s,
In Lhe sae way asowe woukd o window or an electrie
licht. We ean, of course, place the heating panel
under the windows and, i safticient suefoee can be
installed, this makes aoyvery admirmbie plicee, for the
conveeled heat given ol s well able to deal with the
exposure of the window, The rays impinging on e
opposite wall and those reflected will wirn ap the
whole room, bul eare naturally muest he taken 1o
obtain full advantage of all (he reflected s, for
by o doing great cconomy s effeeted,

RADIANT HBEATING AT'PROVED BY BRITISIIT
INDUSTRIAL FATICUE RESEARCI BOARD

With the siwnll aanount of conveeted Leal given
ol we oblain o current of warm air spreading ilsell
over The cething which takes care ol the heal loss
through the eeiling, as i is apparent that with
verbical radiant surfaces we do nol getl the rivs
nnpinging on the eeiling as we doin the other two
syslems. Speahing as o whole, however, it s e
ritish - Indastrial
Faticue Researcl Board that the thiermal radindion

considered  judmment of the

method of heating gives o much more even lemper-
alure than does heating with vadiators o witl)
WIllTI T

This 1= even more true in This connley thau in
Lneland, for T tind here, with the more extreme
conditions and the dilferent methods of constrine-
(o, n grealer variation in temperatuces hrough-



ont the room with radiator healing Hhan is the eose
i ngland.

Withh very lurge rooms with o high exposure
Factor it wonld add considerably 1o the comfort 1o
Iave o combinalion of Door and wall heating, 11 s
mvariably found that the cecupants i such o place
will complain of cold feet even though the aie s
overhieated, This is doe Lo The sereening elfect of all
heat, either radianl or convecled, {he cold Noor,
and ne doubt o slow cuerent of caol air moving over

RADIA TeHEATING wizu NATIONALRIFE

the whole loor surface. I the Toor was raised 1o o

tewpershire of say 07 Fo1o 8% Foaboyve e air teme-
pernture and the additionn) heat added by wall
panels, the effect would he ideal,

tstimating Heat Losses From Homes

hasie ro ot pesicy of all heating systems is e
determination of heal Toss fram The buildinge,

Heat is lost comtinunonsly by conduetion througl,
and radinGon from, the walls, windows, rools, wd
doors of (e home or ather building hemng heated,

The amomnt of head lost depends apon The exlenl
to which the bhilding has heen insolated and (he
difterenee belween the desived room temperalure
and the femperatuee oulside e building,

The measure of Tieat loss Trom o boilding or from
the room of e building is ablained by the following

formula: it (1)

Where £ = Heat doxs o BUV.L s per sgquare fod per
hour Lhrough oo wall, Hoor, raof, door, or
olher part of a structure,

t = Area of the surfaee throueh wiiich heat
is [ost, Square feet,

{7 =Transmission cocilicient, or the lieal Toss
i BTU s per hour per degree difl'er-
cnce between donside and oulside fem-

peratures.  throungh  the  combination
of building mateviads from whieh, Tor
example, the outside walls ave to he huilt,
{; — Tusude raom lempernture. °1.
Iy — Ondside aie temperature. °F.

The heal loss coefficienl. & has heen established
for miany combinations of hoilding malerials, and
nisny be found on pages 19 1o 33 of this Bulletin,
For example, the valoe of £ Tor o wall, consisling
of wood siding or claphowrd and  ineh wood
sheathine on the outside, and having YW-mmch plaster
anowood lath on Hhe mside, s givercax 0,210 BUTL U s
per siquare fool per degree difference in temperabine
(page al).

If the desived raom lemperature is 707 15 and the
lowest oolside aiv temperatore ine the region in
which the building is to be creeled is assmned as
zero degree I the total heat Toss per square fool of

building surfiaee will be
(707 F. <0° FO 0210 B CsShonr.
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To determine the total heat loss from o roomn re-
aquires only that the entire surficee areas for other
combinations ol materials be moltiplied by their
Teat doss rate in BUEU S per houe,

Where the vabues of U for the combinations of

ikeriads which the plans eall forin the walls roofs,
cie, wre nol siven i the Heat Tronsmission Tables,

they miay be calealated by the equation

| l iy
b ATy
HoLk ’\ 3 3 kn

Where f; —cocllicient of heal transfer between (he
mside wall surtace and the stll mside
mr of the room.

o =coefMcient of heat transfer between the
oulside wall saelace and the moving aut-
side air.

Foand fo ave expressed e BUE.UL per hour per
sgnare fool of surface per degree Fahr-
enhelt temperature difference hetween
e and wall sorfuces.

gy and gy = Uickiesses ininchies of mate-
rial composing the wall, ceiling, ele

bkl by =coellicient of therioy condae-
Livity  of the materials expressed  in
BT per square fool of surface uren
per inch of thickness per degree Fahren-
hett diflerence in temperalure per hoar,

When air spaces exist bhetween materials, the
formula must be modificd 16 accommaodate the
Factor @ whicly defines  the heal fransmitted
across e atr space belween maderials, expressed
BT L per square fool or sucfuce arcea per hour per
deyree Falnenhayt difference in lemperatnre.

The formula then hecornes:

I
| | Ay, Ty |_ ]
i +.r;'+ "\1_J ks i-k::—*’ﬁ ! i

. becones apparent that any change in the nmomber
of Invers ol maderial or in e air spaces between
milertnds affects the nunyher of Tactors k. ora i the
formula,
prage 20

Values for these factors may be found on
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EXAMPLES OF THE USE OF FORMULALRL

Wit is the coellicient of tensmission air Lo air
for the wall of a honse az Mustrided in Figare 12,
assuming an outzide wind velocity of 135 miles per
Lour? ©ose values of heat condnetivity miven on
pawe 44,

|-
| A _..!':_
ﬂ+h+k+a +n

1

L kil 1 1 1 .05, 1

oo oo o tam e T

1
V16064084 1.2504 0,909+ 0,351 0.1514-0.625
! a9

Tyasy

FXAMILE

Whad is the hewt loss through the wall of o room
ol such mul{-riul. assuming the sreaof the wall 1o he
8 feet high by 22 feet long, the nside temperatore
C0Y 1L The ontsidie design femperature zero degres
Falirenheid

H=A1 {{—1s)
— 8322023 (70—0)
= 2831 13,11 per hour,

ESTIMATING JIEAT LOSS FROM A ROOM

The tolal hieat Ioss irom a room i equal to that lost
irowely walls, Hooe, cething, doors, and windows
plus that due to infilbralion of cold air,

EXAMPLE

Whatl 1s the heat loss frony the living room of o
hungalow [yvpe howse, without basement, which is
(o be hieated by radinnt hieat from o concrete floor
panel? See Figure L,



DESIGN DATA 5
Outside design lemperature - 07 K,
Toside Living room temperature — 7607 17

Temperature of space between living roonr ceiling
anid rool assuwined as mwean of room and omtside
tempernlure = 35° k.

Initial heat loss Lo ground during period of warning 74Tk PO F

up ol panel may be assumed as 200 per cenic of all

other Lieal Josses frome room, Assume mliltralion %F—-—F—

loss equal To one air change per hour for residences, - Zene °F |
Figenve T

LIVING ROONM ITFEAT LOSS CALCULATIONS

L g K 13024
Room dimensions Boilding -
feel mnlerinls Nel area Transmission 'l'mu!wru{urt' Hleat loss
sty T corllivient ) dillerenee 3.0, s e,
Fxposed wall 83 22 As per Fignre 12 135 0,23 70 2406
Window 3.3 <X 6 Ningle - storm 2] 045 70 66 1
(See page 34
Exposed wall 8 12 As per Figure 19 R7.23 0,43 ki 1103
Window 2.5 % 3.5 single—starm 5.73 0. k3 70 278
(S puge 30
Coiling 12322 lem 60, page 51 L [T 35 610
Hent loss by air change method = 830 120590 22 3 0,018 > 70 = 2661
Fleat Loss, sub-total = K109
Initinl heat loss to ground = 26 per eenl of sab-1otal = 1621
J_ Total heat loss = a730

*The Heating, Ventilating and Air Conditioning Gnide 1915 stades that Ao allowance of ene aic change per haor for all seurees of aiv lenkage For the entire
yolume may B considered average for a swell-canstroeted residence ™
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cstimating Radiant Heating Coil l{cqni|'(\111011ts—]i‘l()()1' Pancl
(UTILIZING ENTIRE FLOOR AREA FOU PANFEL)

Livi

SIVMPLIFIED PROCEDURE

nge Room Coils

1. Deternome the tatal hieat toss from the room,

Heal Loss = 0730 BUTU s pey howr, (Trom page

1),

2. Divide the total heat Joss by the entive loor

aren of the liviug room Lo delermine The heat
Cranster rate n BT U s per howr per square
foot of surface reqired Trom the conerete floor
hesting panel,

Arvea of flaor - 123222 =264 square feel,
Howl transfer rate — 07307260 =37 BT U s per
squatre fool of surface,

A ke o disgrammatice lavoul of the eoils (o be
used, based on recommended spacing. wsing
1-ineh stundard pipe for residences, Measuee
ofl the pipe Tength, See Figore H,

=hi

Coil Spacing and fHeat Transfer Rates When
Installed in Conerete Floors or Plaster Ceilings
|
indard pipe size | Spacing Heal transfer l
jnehes melies rile ! |
|
I
L4 6la 8 0=
17 910 12 1.0 f
| 210 16 | ki ?
134 13 1o 20 1.4 |

el tenaader eale is BT pec food ol pipe, ond e degree Adier e

i temperabure bolween hot watee in eoils and room air,

- 27-1 -
= 20~ ———— 7=

1

)
ol
| 12 GRACING Iy | E'I-U'
i
|

|
[N
. . L)

IFigane T4

- Determine the waler temperalure required i
the coil 10 oblain the heat transfer rale of 37
3.1 % per hour,

Bequired water tempersture may be obioined
from the formuala—

J”g X -"‘,,

,w S
LR

of
Where £, = mean walter fempernlure movolls
fo = roomn alr lemperalure
Hy=Twat transfer rate from heating panel in
BT s per Tour per sgquare fool of
panel surfaee
I, = loor panel area
(=0 constant (see accompany g Tahle of
coil spacing and heat Teanster rales) for
F-tneh standied pipe £7=1.2
Lo—lengtl of The healing coil in feel

IFor ths cxomple ean waler lemperalnre is

t 37201

S0 =10 ET0 = 1107
12X 205 | +

Tle waler Temperatare in the hol water line to tie
cotls shonld thevelore be 11O 5 = V37 F and i the
return line o the botler 11005 — 1057 17, The tem-
peratnre difference as related 1o quantity flow
pravides i eheck on the total heat inpual.

S Estimate the quantity of water 1o he punped
tHirough the coils to wive e required heal
transfer per foot. This is governed by the water
Letipersidare drop desired in the cadimt Jeal-
ing coils.

Custongry praciice is 1o desien for a Tenper-
alure drap of 107 F, (o 207 Fooand in this ex-
anple 101, 35 nsed,
The quaality of waler to be pumped throagh
the corl Is given by —

it
SRy




Where O =quantily of waler in gallons per minute
i =-tolal heat Toss from room BT L8 per
Jiour
{o=desired water Letperature drop
9730

0=

180 % 10 = 2.0 gallons per minule

6. Delermine the frietion Joss 1o the coils for the
requiced flow capacity, Befecring 1o Chart,
[igure 15, the friction loss per 100 Teed of T-jinch

standard pipe is 035 feet,

Length of stradght pipein the coil is 191 leet.
Number of bends ix 9,

Assuming that the coil bends ofler frictional
resistance corresponding Lo straight pipe cqnad
i length 1o 25 times the pipe dimnceter, the
total ciuivadent length of pipe is—

Length of straight pipe
" No. of bends X 25 X pipe diameter

12
25 0 ) .
=191 +g—><- ;)X : =219 Lineal [eet

Tolal frictionlossin e coils i 2,193 0.35 = 0,77
{upprovimately one foot),
After the total heat Joss for the honse has been
determined in the manner outhined, and (he
tolal frictian loss theough all coils, valves, and
fittings determined, the (vpe and capaeity of
cirealating pump 1o be used can he determined.
TESTING COILS
All colls after being fubricated qnd welded on the
job should he subject to an air or hivdrostalic Test,
pressure of 230 pounds per square inely for o perlod
of twelve hours, or 1o o test pressure and for o test-
ing peviod, stipulated by the heading engineer.

U=k OF CHART, FIGURE Lo, TO ESTIMATE
RADLIANT HEATING COHL REQUIREMENTS
— FLOOR T"ANEL

1. Delermine heat loss from room,

Heat Joss = 9730 BT s per hour, from page 135,

20 Assume a0 waler temperature for the radianl
heating coilz of 1107 F. (previous example).

3. Obtain the differenee hotwoeen water aud room i
femperatores, using wider Temperature from
previous example,

Temperature dilference is (110=70) =107 F,

1. Assume  -inch standard  pipe size, and using

the estimaled hieat Toss of 9730 BUTU s and the

*Couctesy - Crane Co.

i NATIONAL PIPE

RADIANT HEATING

temperafure diffecence of 107 1, vead ofl the length
of pipe required for the coil, 205 feed.

NOTE:—The Chart, Figurie M, is hise] onoa iead transmission yaloe for
residenees of celatively flw ceilings as cocounlered fn usuab consteastion
al 3.5 LT s pee soare Toot af externad pipe gucface, per degree Fohron-
heit tengwraiaire differeace (L) woler W aic, The moximoem desicalile
wiler Lempueradyrs 1 gpprosimatedy L0 F

RESISTANCE OF VALVES AND FITTINGS
TO FLOW OF FLUIDSY

Wlien the How of o fluid o pipe line is altered Dy
some ohstruetion, such ws o valve or Bing, the ve-
loeity is elimged. tucholenee s magnified, ind acdrop

in pressure resulls, This pressuee dvop may he insiy
niticant irddong lines wiiere 1 s very sooll in eonpur-
ton Lo the total drop, bul whaen the line is short, (he
pressure drop theough vadves and littings becomes a
iajor dewm in the Tolul pressore dieop valoe,

1 has Been shown by previons investigntors that,
the drop i pressure through valves, lilings, cice., s

. . Ve

sonte constanl multiplied by the velocity head,
2y

Therefore,

»

l pd
2y

" —k

where f1 —Toss of hend in feel

k—coetlicient  (values given in lable on
page 18)
V=velocily of water, feel per secorul
2g =614




Cocflicient &

] Type | k i Authority
| = |
Globe valve, . . ) I ) Crane tests
Angle valve, L o 5.0 Crane {esls
Clise retarn bend R .0
Standard tee, - 1.8 Gisecke & Badgett
Standard elbow . oo o ) 1 Giesecke & Bodgett
Medinm sweep elbine e : 75 11 Urane tests
Lomg sweip elhaw o o L 60 | Bulletin No, 2712 —University of Texas
$57 elbow . . .. | 42 Bulletin No, 2712 —Uipiversity of Texos
Gate valve (Tully openn . o . = 19 I Bulletin No. 2532 —University of Wisconsin
W oclosed . S : I. 18 Bulletin No. 252 — University of Wiscansin
Lo elosed . | .. ‘ | 5.6 | Bulletin No. 252—University of Wisconsin
A elosed ., . | &40 Bulletin No. 252 Eniversity of Wiscansin
Borda emdranee . ‘ . . BY | UHydraulies™ Daugherty
Sudden enlargement |
diD=1. . . . . o2 “Hydraulics’ Dangherty
d/D=1a . ‘ - a0 “Hydranlic="" Dangherty
d/D =49 19 | “Hydranlics' Daugherty
(hrdinary entranee . . 50 “Hydvaulies™ Dangherly
sudden eonfraclion:
d/ D=1, .. . i 1 ] “Hydridies" Duuglerly
d/D=1g . ‘ 8- 1] “Hydrudie="" Dangherty
d/Dr=% ‘ | 19 “Mydeadies™ Domgherty
[

—ffntll‘W)' —Crano Ca.

Warelawse aned affiee budld g of S8 Dibworth Gompeny . Vlewspbts, Tenessee, inetuding diivevay of adfoining castoners’ parking
area, nod visille, equipped with radiod heading and suoe meltiog systemns respectively. An adstanding eowmple of Hhe foll ase of Hhis
wnelernr teetleod Gf Tealitg amd spawe reinead.
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Fstimaling Heating Coil chuircmentsT-—Cciling Panel

for Living Room With Wood Floors Over Basemem*
(BASED ON TIIE MRT METHOD)

Toere g vauous sMeTiobps of lustalling pipe
coils, and several of these are shown on page 31, Tu
the Tallowing example the coils are assumed as in-
stalled i the living room cetling, similar o Filgures
1 and 2, poge 31, and page 2.

I. Establish the desirable comfort or operative
temperalure. Radiant Heating Comfort Chart,
Fleure 18, page 23, shows
alare for houses o be T0° 19,

the operative Temper-

This operative femperalure may be obtuined by
many combinations of the mean radiant. temper-
adure (OMRTY and aie Lemperatiore, as the Clagt
shows, For exvample, an operative femperature of
70° 1. may he oblained with on MRT of 757 14, and
an air temperatuce of 657 1 However, as has been
stated previously, Lthe mean radint and air temper-
atures will tend 1o approach eguilibriung o houses,
offices, and similar stractures, For this example 72°
MR and 687 1< adr are therefore selected.

2, Tabulate the heat Toss for o living room of the
i dimensions, cocflicients, ele., as shown on page

15 but with hardwood floor on yvellow pine sub-
flooring on joists {see table holow),

3. Establish the sarlace fewperature of the ecil-
ing panel al. 1007 19,

1. Determine  the mean radiant  temperatore
OMIVT) Tor all inside surfacees,

as follows:

excluding the ceiling,

Trausmission coellicient LXK temperature

difference inside room to oulside “illr—diﬂ'(‘r-
1.65

ence between inside sarfuce and operative lemper-

alure

IMmensions Nel nrea

feel siquare feel
Exposed wall 1 &xqe2 135
Exposed wall 1 8xi2 87.85
Window 3,56 21
Window 2.5x3.5 R.75
“Floor 1 1292 2064

\ir change Tolal vol. =2012 co. T X078 X707 I

{Hnsed o datn Feom ' Radiant Heating and Cooling” by F. F., Giesecke,

Junae Lo Bstoleer, 1940,

0.23 70

=10° |-,
1.65

or for exposed walls =

071 =107 I = 60° I inside wall surface lemper-
alure

. . 04370 .
or tor windows = =200 I

1.65

TOUF. =207 1. =507 I inside window surfaee bemn-
peralure

Surfaces of inner walls of room ure assnmed 1o be
the same as the operative temperature = 70° 19

; T A Snelaen Nel area X
Sarface ‘“' AR I.l“” temperatare surface

| EUS ; 1. | temperature
Exposed wall 133 | Go 1 300
Exposed wull | KT8 ¢ iy J 245
Inside wall 174 i T0 12320
Inside wall 06 ] 70 i 720
Windows T 50 | 1487
IKlonr | 2064 | U | 15480
Totals HHH 23542

33342 - B08 = 667 . MIVT of inside surfaces excluding esiling.
The Lemperature of the ceiling oulside the panel area does
not affect this MIVT value for estimating purposes.

5o Determine the heat delivered by radiation tor
a panel temperature of 100° F., and an ML of
66 I From Chart, Figure 19, this is equal to 31
BT s per hoore per sguare fool of panel surfaee,

6. Determine the heat delivered by conveelion
for TOO7 1. panel surlace and 68° I air tempoerature,
The difference in lemperatare 1s 100° K. —68° I, =
327 F. From Chart, Figure 20, (he rate of heal
delivered by convection is 0.52 BT.UL poer square
fool per hour per degree Fooor 0052 32°=16.0

Transmission

Temperatre | Heat boss

cacilicient | dilference “[¢, B.T.U.'s/Lir.
.3 il 2306
29 70 [405
45 T G622
A5 T Eari]
L84 3 449
20661
Total heal loss ! 7040
BT 5 he

Con=ulting Engineer, and pubdishied o “Heating, Piping and Air Conditioning,"

i |'||'|HI'JI1("'I'||. Lenenth iving roonr is o heated game rooan, Recommended opecative lemperatare 63° F. Souree of heat loss coellicients for window amnd

ceiling given i Toble, poge 13
$Excludine u\\lmlmw



BT s per Tiour per sguare fool of panel sarlace,
7o Add 5y and {0) or 31660 =300 BUT.U s
per lumr of radinted and convected heal per sgquare
foot ol pauel surface,
8. Derermine panel area requived,

Total heat loss TO09 .
Ueal transfer rate 50.6 bas s oo,
A panel* 16 feet long by 10 feel wide meets Uhis
aren requirement,
9. Assumie w pipe size wid spacing lor coils, suy
b-ineh stundard pipe on 12-inel {(1-fool) centers.
See Figure 17,

ot PANEL
Ca-o_ qe T q-g LocaTiow
foe: St E-0 —
N R i [ -
8 PR f— =— ) B
J
( s
« J! | 2-0
1 J e sraCinG —}I | ia=o"
C b}
C
ol |
o - S 12
S | ; X

IFigure I7

10, Iind the length of pipe required for the panel
by dividing the area (8) by the spacing selected in
foel (9).

Arus 06X 10 .
Ak ORI oy
Spacing |

U Assume that the insulation above the punel
ix such that 10 per cent of the hieat delivered flows
apward and 90 per cent downwared, Divide the
total lieat loss (2) by 0.90.

7919

(.90
by panel,

=8830 BT UCs per hour o be delivered

12, Bivide the hieat to he delivered by The panel
by the length ol coil:
HERTY.

60 =53 BT s per Tinear Toot of pipe

13, Divide the total heat transler rate per linear
fool of pipe (12) by the tabalated heat transler
rate per fool (page 16) for T-inel pipe to obtain the
diflerence between roomy air and  required water
lemperature,

“Bame sz engineers nGlice e Tull eeiling atens s o leatims paael.

22

) . . ;
o — 10° I temperature difference, water to ar.
The averuge waler femperature required in the
cails to deliver e required heat should Has he
cqual to room air temperalure plus tewperalure
difference, water Lo roon wr:
687 - 1087 - 11487 1.
i1 Deteriine the MRT of all roan <surfaces and
check against required desizon MR of 727
(Panel area X panel temperature) +{Total area
all surfaces — panel area X MR'T of step 1)
Tolal area all surfaces
{100 X 1007 11 4 (912 X 66° 1) 76102
1072 1072
MRT which s salistuclory,

=7L1°% F,

Ay ouse of emissivity cocflicients for surlaces
radialing lo absolule zero, & more aceurale analysis
gives 722900, Tor o fingd MRT, Shonld 72° F, MRT
andd 68 19 nir not prodoes satisfactory eonditions,
the eciling temperature can easily be adjusted as
required by changing the lemperature of Lhe ciren-

Liting wirler.
15. The method of delermining waler flow capac-
iy and friction loss is outhned on pages 16 and 17,
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*Couctesy “Heating, Piping aud Air Conditioniug™ and I F Gieseekhe, Consuling Fogineer,



Heat Losses Through Floors of Basementless Buildings?

THERE AR LONG BREEREN SOME QUESTION recarding
the accuracy ol estimates of heat loss through the
floors of basementless bhulldines, Teal loss co-
efticients in standard 1ables ave for aiv-to-nir; in the
case of floors Iaid on the sronnd the ate-lo-air co-
efficient is probably in crror. In addition, (e
femperature ol the ground below the floor is ex-
cecdingly difficalt 1o estinate,

Nevertheless, the estimating  problent exists,
especially in the ficld of low cost honsing, and has
recently received attention by the National Burenun
of Standards, whose lindings have been reported jn
one of the Departwent of Comumeree Bailding Ma-
terials and Stronctures booklets® The study was of
conerele floors and wood floors lTaid over eraw]
spaces as well as on the ground.

The results showed that the hieat loss of the floors
laid on the ground was decreased Dy nsalating the
edoesy Ueat the heal loss Hhirouwgh the cender ol suel
floors is relalively small when the enclosing struetire
s continuously heateds that the edge Toss for o
woad floor Laid aver o crawl space is smiall; and that
he edge loss for an insulaled conerete loor laid oy er
acriwl spaee was constderable, The Hooes tested ave
Mustrated o types T o 8 in the accompanying
drawings and on page 27,

FFor determining the heal loss throueh these
floors, the general plin adopted was (o provide a
heavily insulided structure above o speciten of
cach Lind ol {floor snd to observe the amonnt of
hent, supplied iy the form of electric cnergy, neces-
sary bo miaintain a temperalorve of 0% Fowithin the
structure during cold weather, Mthoueh the walls
and ceiling of the struetare were beavily imsalated,
some heal loss through them was mesitable, To
correel The data Tor this condition, tests were made
during wlueh the floors themsely es were so ansulaled
that the heat loss through the stroctare conld he
mensured.

FLOORS ON GROUND

The mvesligators concluded that the Leal loss of
a tloor Taid on the ground s not proportional Lo the
temperadure difference between the air jnuside and

rom " lending el Yemrifuving, " by comrtesy al dhe publisher

*Fogurt, BDMSI0Y, *Aonsurement of Lleal Losses Trem Shth Floors,” by

Richard 5. Lall, W, €, Rovinaon, and T B Robinsso, Available Crom the
Superialendent of Documents, 10 cenls,

the air ondside of the house at any given instant,
The floor head loss appears 1o be dependent upon
the temperature of the ground i some remon he-
neath the sueface, aud this, i toen, depends apon
the average lemperature ol the aiv above the ground
and the amonnt of hieat received by the ground from
the sun and the amount of heat loss [rom it by
radiation or otherwise during some period prior to
e obseryalion,

azm |

VaLur OF F

In B.1.1. PER Hiur

Pzr Foor OF Eose
PiR Digric T

Tree OF FLoor

0.B1
GravEL
=_=gi=s Clore i
4’ Comcacte
Tam F'u'-|_n-'l
0.e3

[ | ;'mam:mn
i /  ACoscAere
|1

;
11 { Tanearcr

iT 19'_ A 0.55

{ % 5 AL

| h,:‘- k Cinpeng
it Costrcic frock J

& CONGRLTL
TR Baren
F T

Ty
= T W Wl

0.75

AR { ATTuat Tue
B S GRML
CouchETE BLoek

d

Four types of floor lnid on gronml. Lies factor 1
takes into account. the exposed edge.

IFor cach of the Hoors, 1, 2,3, and 4, the ohserved
Liead Toss was divided by the length of the evposed

25
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cdge, as delined on puge 25, and the resolt entered
in the Tables as heat Joss per fool of exposed edge,”
I'rom this, three Tclors were derived, one of which
i particularly nsefuk.

The heal loss in 11U

of exposed edge was divided by the average Lew-

% per hour per linear ool

perature difference observed during each observa-
tion period hetween {he e inside the stroeture and
the air onlside, to yvicld o Telor 17 which takes
into account the exposed cdge.

For estimating design heal losses from slab floars
on The ground, the investigators propose (hree {or-
mubas, of which the Tollowing is sugeested by them
as probably being the most adaplable:

Q=1LF (1T,

where
() =liead loss through floor, BT
L=length of floor edge adjucent 1o exposed
will of buailding, Tect,

= por hour,

= heat loss faetor, BT
perature dillerence,
1 —=inside design tanperature,

T

Jsoper degree tem-

—average oulside temperadure for week pre-
ceding instant for whieh estiniate s 1o he

YT
4

made, F.

The Tost term (F,) is the onty one for which dala
are nol readily available. The report did not include
a table of this factor Tor varions localities and,
unfortunately, as delined, the data could be confus-
ing. To simplify the matter and to be an the sale
side, U scems that T, could be defined s

T, —average oulside temperature Tor the week
preceding  the temperalure of

record, 19

coldest

Such data are simple 1o compile and have beeo
obtained by questionuaire: see Table 1.

The following example will indicute the applica-
Lion of the equation.

EXAMPLE

A 30 3 28-Tool residence near New Yaork City s
builConcacslab of Tinches of conerete laid on 3 tnehes
of gravel. What will be the loor lhieat loss?

TABLLE 1

Albany, N Y. .. 0 . 3 Howoston, Tex, .

Mbanta, Ga. . . . oo 20 Indinnapolis, T
Baltimare, Ald. . . ‘ +1 Kansos City, Mo,
Birmingluun, Al . 19 Lincoln, Neb, .
lh»-.l'nn‘ Mass., ... ‘ & Litthe Rock, Ack.

NoY.. . i Los Angeles, Calif

VALULS OF Ty FOR 31 CITIES FOR ESTIMATING HEAT LOSSES
THROUGIL FLOGRS OF BASEMENTLESS BUILDINGS

n... . . 5 Louisville, Ky..
Cineinpali, Ohio. .. .. . 17 Memphis, Tenn.
Clevaland, (dye. L I Milwaukee, Wise
Dallas, Tex. .. . 25 Ainnea mli:;. Miun..
Denver, Caolo, o ) = Nashville, Tenn.
Detroit, Mieh, . 13 New Haven, Conn.
Dublath, Migm. . . : 3 Noew Orleans, La.
Fort, Wayne, Ind. . .. 13 New York, N,
G Ruaplds, Mich. . s Oklaboma City, UL[ 1.,
[Tarrisbanrg, Pa. 9 Philadelphiin, Pa..
[Lartlard, Conn. 16 Pittsbursh, Pa.. . .

43 Partland, Me. ... . 14
16 Partland, Ore.. .. ED]
2 Rochester, NU Y. . i
0 St Louis, Mo, . . ‘ 15
15 Salt Lake Gity, Utali . 9
31 \un Diega, Calil - . 1
25 san Franeisco, O alir A ]
] ‘_'~.ln|unml1, Cia, . . B
1 Serantan, Po. . N
b Seatile, Wash, . . 20
1t "1pulmnc~ Wish. . 1
0 Nyracise, NOY. .. o
W T O ka, 1\tlll'~ -~ .. i
Tt Trenton, N 12
5 Dties, N Y. . +
1% Mashington, D, 14
10 Wichita, Kansas U




SOLLUTION

The slab is siilar (o loor type 2, tor wlaeh 2 —
0.69. The exposed edge Fowill add up 1o (36030
28-F28) = 110 Jeet, Presumabby the inside tempura-

ture would be 707 I and from the table, 7, for New
York — 117 1., se 1hat
(=116X0.00 (70— 113 — 1180 B1.UCS per hour
The data are probably sufliclently aecurate busis
for most estimating purposes hecause the floor heat
loss is likely 1o be small compared to other lasses,
However, the dala are incomplete o that they do
il cover the cases of Trozen gromnd and of suow-
hlanketed ground. To supply datac it would he
necessary 1o repeal e tests oo colder climalte,
No reason s apparent why the data are nol ap-
plicable Tor regions where Lhe average ouldoor tem-
perataree does nol remain continnousty helow frees-
ing for more than o day or so, excepl that snow,
which is an tsodator. may deerense floor heal loss.
Tl datae Indieate that insulading the floor ot the
edue is beueficial both m saving heat and inoredue-
e Lateral teraperatire gradients across the [loor,

FLOORS OVER CRAWL SPPACKEK

Floors tested by the Burean over erawl spaces
are illostraled in tvpes 5 Lo 8, nelusive, This tvpe
of {loor hax o conventional heat loss coellicient. (Gair-
fo~airy, The authors” results cheched compuled
values of U oax follows:

L Value
Floor Type

Observied Caonnpuled 1
|
|

3 .24 .27
G 0. Hi 0,50
T 0.31 0,45
4 0.30 .17

Sunining upe Hhe tests on floors Taid over crawl
spaces imdicated that the factors contamed in -
hooks are sutlable for estimaling heat losses through
such tloors, except in the case of o ooy which s
hewvily insnlated on the underside. Tono his cose,
the edge loss inereases largely in comparison 1o the
talal loss througl the floor, and his may resoll in
an underestirnote unless 1018 Gaken into cousidera-
tior, The nmber of Taetors involved indicate thal
heitl losses through Hoors laid over erawl spaces
should he computed on the basis of au estimaled
crawl-space temperalure. For a continnously venti-
Ited erawl space, the temperatnre should  he
assunted to be the same as the outdoor temperature.

Sinee the usual U ovalnes were found Lo be reason-

ably aceurate for floors over crawl spaces, the ace-
companying table gives U values Tor fonr other
Hoors (9 1o 12, inelusive) nol lested by (he Burean,
These valnes are from 1 & Vs Relerence Dadn
T3 and are weladed Tor cons enenee.

|
{ Tyre O FLoor I VarLues OF "'
‘ @ OousLE WDOD FLOORING !I {:ESESSE'VDLEHS
=== —W :
ey 1
6 _; 0.24
(65 ,
4 COMCRETE
e Ay
SANPPAALOL AT 0.46
(" NalLiNG STRIPS
@ CARPET
0.34
P <
LHAILINE, 4 ConcRETE
JTRIFS
4 COMCRETE
0.30
I” FIRERBOARD
® SBwwELt Y. P FLOORING
N
T
0.45
Jost
SiNGLE FLODR
S S el
0.27
= " Rimio
IMsuLATIOR
@ H W FLoDR NG
0.34
D.34

Fioors over erawl spiees. Convenlionsl loss coellicient,
U s nsed,
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What Heating Engincers Claim for Radiant Heating

1. FCONOMY OF OPERATION

Wit rood controls, savings in operiating costs of
" = =

ws ntach as 30 per cent and hizgher are reported for
radioanl. heating systers over he conventional
heating syslems,

2, FEVEN DIESTRIBUTION OF [HEAT

Healing coils are designed so that they elfeetively
transfer heat throngh the entive cetling or Hoor
surface, vesulling i low, vel adequate, loor and
eeiling surface temperatures and inca more uniform
distribution of heal 1 the room.

J. GREATER WALL SURPACE AVATLABLE

There are no visible pacts i radin heating
sastenn, heating coils being buried beneatle Hie
Noor, or i the space between ceiling and the Hoor
above, Greater wall space s thas aovadluble for
placing of Turniture wnd foe decorative eflects,

4. INCREASED FEELING OF COMEIORT

The air i o room headed by radintion does nat
dry ont as does air passing throngh or in cantact
with o high temperature healing natl. T s fresh,
maderide e Temmpernture, and gives the room
oceupant o suove alerd feeling, There is complete
Laek of stufliness, as commonly found o overhealed
alt.

A, ULEANLINESS

Becanse there are no air currents scl up, dust s
not caeried and deposited on roam surfaces, furni-

niree, aud draperies.

6. FLOOR UTHLATY

The temperature of floors I radiant henting
svsfems ave o dhe temperature range of 759
FFalrenheit 1o 85° Fahrenhelt and the health of

children ising floors Lo play on i3 thus salegaarded,
7. BETTYER ROOM TEMPERATURE CONTROL

Phiere are no dralls or hot and cold spots jn a
room heated by o radiant systemn, Beeause of 1he
uniforin distribution of heat fram the entire oo
or ceiling surface, the temperature s practically
vniform al all levels and in all parts of the rogin,

1OAUTOMATICALLY CONTROLLED

A radint heating system s aulomatically con-
trolled by thennostal, and, onee i operation, re-
quires Little ar no attention,

9. NOISELESS IN OPERATION

Becinise the anly moving parts o radiant hieat-
e syslem wve contined in the civenlating pump,
the sastern ds notseless and the roon aeeupant s
wrm are ol s operation,

10, PSYCHOLOGICAL EFFECT

The apphestion of heat from the floor seems to
produce o psvehologieal relaxation on the parl of
workmen assembling ciuiprient, particularly eqnip-
menl whiclo includes the hundling of small pots
requiring a good deal of concentration. This more
restful und comfortable fecling develops o betier
tental attitude which reduces the amount of errors
and inerenses the quality of the work.
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Radiant Heatling Question Box™

Q. 1. What size pipe should be used for a
radiant heating job?

A, Pipe coils Tor radiant healing are genceally
constracted with L4, 34, 1, or F-inch pipe.

In sclecling o particular pipe size for a radiant
heating job, the designer is governed by o proper
balanee hetween e cost of such o sastemn and
elliciency In operation. He must consider the re-
(uired heat dransfer from the panel to the room or
space Lo be healed, and this depends upon the heid
lost throneh the walls, windows, and other surfaees
of the building, CGenerally speaking, he must decide
witiel pipe size al staled center to center distanee
will give the desiced heat teansler from the radiant
heating coils Lo (e space Lo be lieated at the lowest,
cost per foot of pipe ar per coll,

The Heating, Ventilating ared Ade Conditioning
Guide 1915 states that, when hot water pipes are
emboedded I conerete slabs or atiached o plasteved
surfaces, their rate of heat emission ny be as-
sumed as:

0.8 B.T.U. per hoor pev linem Toot for La-inely
pipe when spuced on G-inch centers
1.0 BT.UL per hour per lincar foot for 34-ineh
pipe when spaced on 9-ineh cerilers
1.2 BT per hour per lincar Tool for -inch
pipe when spaced on 12-neh cenders
for cach degree dilference in teruperadure belween
coll waler teniperature and aie temperaliure.

This informalion is given as o general guide for

the designer, and the valoes will vy depending

¥hpsed an inaguicies received by Natlonal Tabe Company,

on depth of pipe helow sifaee of paned, and on
inaterials from which panet s consteueted. Addi-
tional expericnce and researel will develop more
definite and complete datis Actnal installatton tests
show these values 1o he very conservalive,

Another factor in delermining pipe size is the
dquantity of hot water which mest be distributed
through the coils, We may obtinn the necessary
heat transfer from cails 1o room with o certain pipe
stz and spuernyg, bul we mnst also delernmine
whelher or nol (he friction loss developed In dis-
tributing the necessary gquantity of waler is exees-
sive, for this ifluenees the pump stze,

Q. 2. Whatis the approximate cost of a radi-
ant hreating system?

Ao Ve Bavmond Vioer ITall, prominent archi-
teel, gives the following as the cost ol severd
ridiant healing inslallations made some yvears ago
and the pereentage of the lolal cost of the home:

: Wl =
l Job | Tatal cost |Hudmnt heuting . Per cent | FFuel

A #3200 H 1S 8.5 | Gas
12 3,200 475 T8 Conl
O i, 500 323 8.1 | (as
B 7,000 G673 0.6 Ol

(4 8,300 l aTs G.8 Gas

After reviewing the cost of twenly radiant heat-
g Jobs nstalled during 1940 and 1911, Ve, Hall

i

slates " Even those whaose maniacis operational costs

need not apologize for the fiest cost of the floor type

healing syslem.”




The cost ol o complete system varied i the vear
1911 from 72 dollars to 136 dollars per room, exelud-
ing baths and altnched girages, and depending on
thie type of Tuel, controls. ele,

These svstems have represented trom 6.8 per cent
Lo 9.6 per centool the totul construction cosl.

Q. 3. Would o radiant heating joby cost niore
e o ot air job?

Ao A radiant heating installation unght cost
morve than o hot air cravity heating svstenm bl
conuld casthy cost Jess than a system equipped wilh
Mowers, but this hizher cost is oflsel Dy less fuel
consumption and betler comforl condilions for the
oceupants of the building.

There are no hot and cold wir grilles Lo take up
spuce and mar the appearance ol walls, or 1o cul
down on available wall or loor space Tor placing of
furinloare. Where greilles are placed ol baschoard
level the entire wall space above may be wseless in
plocing furnitiare, aud in the ciase of expensive picees
like planos and radies, thie forced hot wir enlering a
room imfluences ther loeation,

The cost of nstallation ol radiant heat 1o (e
prospective user is nol 1o be measared only in lerms
of dollars and cents,

Q. A, Wounld it cost more or fess to operate a
radiant heating  system than other
types, and by how mueh?

Ao Experienee has shown that a well-designed
and installed radiant heating systenn 1s mnch more
ceononmical to operale tian othier systemns,

Ravings of 30 per cent aand higher over operating
cosls of other svstems are recorded, where good

controls ave used.,

Q. 5 Weould a radient heating installation
have 1o be a welded job?

Ao Either threaded  and coupled joints or
welded joints may be nsed jo fabricating coils:
however, welded Joimnts are used almost exclusiyely
aned are the preferred method, Tn cither case e
systene shoold be subjeei 1o a0 hvdrostatie 1est
pressure. of nol Tess than 3 times the intended
operaling pressure,

Q. 6. In a bhuilding without any busement
how wonld the pipe be laid?

A, Thecoils would, if designed fora floor instal-
Intion, be pluced i the floor strueture approximately
as Mustealed on page 3L

I conerele 1s nsed, geneval practice is (o sel the
fmbricated colls on o gravel base wiath the pipe
valsed sulliciently above the grivel To ponr al beasl
I inch, and preferably 2 inches. of conerete under
the pipe, as shown in the illnstration, The conerele
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is Lhen poured over The coils. Variows modificadions
of 1this method are hnouse, some ol which requive
placing of insulation heneatli The cols, and others
laving the colls on previously set conerete rther
thar layving over gravel, These madifications have
a lwolold purpose: one, oblaining seeater Transler
ol heal Trom the coils upward Inlo the space 1o he
heated, and corresponding reduction of Tical loss (o
the gronnd; wo, preventing gronnd waler from
seeping up and around the hottom of the coils,

Q. 7. I a huilding having o basement. whal
world e the procedare for installation?
Ao Assuming that the basenwenl s 1o be used
frequently by The occupants, and i< 1o conlain o
giame room or workshap, it would he desirabile 1o
desicn for o Hoor pancl. Tn existing bhuildines, wall
cotls may he wsed in the hasement. The space above
the basement may be heated by cotls nstalled in
the floor or ceiling above. Where pipe s Lo he sa
installed, i should be ran above the joists for the
(loor or under the Joists il installed in the ceiline,
tn etther case, the pipe should De securely aitached
to Lhe joists,

Q. B, Would nruelr heat be lost 1o the ground
throngh the conerete slab?

Ao dna conerele slab heating panel here s
mitial heat loss to the ground when the nnit is fiest
placed i operation. This however oceurs nainky
dring the warming up period, and as the soil
hecomes warm, less and Tess heat is lost autil when
the svstem 15 in full operation hestl loss 1o 1he
ground 15w small pereentage, provided a goad Taver
of broken stone or other imsukiding raaterial is pliceed
below the concrete {loor,

Q. 9. Is much heat transmitted to the base-
ment from coils in the floor above?

Ao The heat teansaatted 1o the basement from
cotls built ito the floor of the surface ahove would
depend upon the methed of installation and par-
teulrly oninsolating value of materinls beneath
the eoils. The heat transfer to the hasemenl depends
also upon the temperature ditferential between the
basement and that of the room above, Sinee the
hasement temperalure will generally be lower than
that of the room above, an allowance should be
made far the Toss frond the rooms above Uwough e
floor, and in the wsuad manmer based on the heat
Joss cactficients” tor e matecials used i the floor,

O. 10, How doex the heat transfer properiy
aof wronght steel pipe in radiant heating
systems compare with that of wronght
fron or copper pipe?

Ao Forall peactical purposes they are the siwme,



When coils are sel on sand or gravel and a conerete
slab poured over thenn, or where they arc embedded
in plasier, the transter of heat from the pipe Lo the
conerete or [_'Jl:lSh'J' surface is by condnetion.

A noted anthorily on radiant heating stales thal
“when =o installed there is practically no diflerenee
v the BUTCL teansfer rude frome the conerete or
plaster surlace, for wrought steel, wronght iron. or
copper pipe.”

O. 1L How does the coefficient of expunsion
of teronghit steel pipe compare wcith that
of wronght iron pipe?

A, The mean cocllicrent ol Bneare expansion for
wrongld steel pipean the temperalare rampe o 32° ).
to 392° Ko ois equal 1o 0.0000068 compared with
0.0000072 for wrought iron. Therefore, 1T o radiant
heating coil whose over-ull Tength is 40 leel 1
instatled at 40° 1% and after the conerele is ponved
and set. heated by the passage of waler 1o 0% FL il
will, i construeted of ron pipe, expund 0.32 inches
as compared witle 031 inches for steel pipe. The
coclficient. ol lincar expunsion of conerele depends
Lo some exlent on the concrete mix, For a |: 1l
Jconerete mix, the coclficient zeperally used is the
same as thal for steel or 0.00000068. 1n other words,
for practical preposes these coeflicients are the sane.
Q. 12, Is corrosion a factor in radiant heating

systens?

Ao Corrosion is an inconsequential factor in
aradiant heating system correcly designed, and can
he discegarded in seleclion of piping materials,
Radiant heating systems differ basieally from pres-
ent conventlional healing svstems in only one
itnportand respeet, namely, “the method of head
transfer.” Both systems use the same heating
mediuvm—hot waler or stearn; hoth are assembled

from the sone cquipment =hoiter, piping, and con-
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trols: both depend on the same fuels—gas, conl, or
otl. I other words, the character of serviee per-

formed, particuliely wilh respect. (o U piping, s
identical. Both are elosed cirenils. Onee i opera-
tion, the same water s recivenladed over and over
awain. TCis oo matler of conmon knowledge that the
small amount of dissolved oxygen entering o systein
when dirst [Hed, and in the oceasional make-up, is
quichly absorbed and of inconsequential eflect on
the piping and boiler in any closed eivenit. Since
corrosion does nol tale place unless there 3w con-
tinnous supply of oxvgen, it is obviens that this
Faclor is of no consequence whalever m radiant
svaterns, recardless o the kind of pipe used,
Throvghol the country and over a long period of
vears in hondreds of thousands, even millions, of
buitdings of wll types, ineluding howes, oftice huild-
ings, schools, and public buildings, ete. conven-
tional elosed eircuit hot wiler systems bave heen
used willi a remarkable record ol freedom Trom
frouble cansed by corvasion. During this period
memerons huildings torn down or remaodeled re-
vealed that the piping removed from the healing
systenn ineluding hoth steel and Tvon, wis ina zood
state of preservation and outlasted the serviceable
life of the binilding by o wide margin, Therefore,
since dhe Tunctional serviee of pipe oo radiant
sastent s identical with that of o vegular pipe aod
radintor sysien. the Factor of corrosion can be |
regarded as an e of no consequence. Sinee 1he
intraduciion of radiant systems in this conndry,
various kinds of pipe leive been employed, but the
predominant tonnage hax heen ol wronght steel and




wronght iron, Both of These materials hasve sepved
with equat satistaction and substantiote the pre-
vious  records  developed thvonely many actual
service Lests amd investimalions of the relative be-
livvior of steel and ivon v Lot waler serviee.

similacly with respect 1o exlernal corrasion, when
pipe is buried in conerele slabs, external corrasion
i not of any grealer consequenee than in nsing
steel reinloreing baors.

When installed in wood construction Hloors or
eeilings, the temperature of the pipe coils heing
hizher thian that of the surrounding air, condensi-
tion is nol a faclor and corrosion does not oceur,

Q. 13. How dao the bending properties  of
wronght steel pipe compare with those
of wrouaght iron pipe?

Ao Al 1ables which list the shartest radius 1o
which pipe may he bent, indicate a shorler per-
nissible radins Tor wrought steel pipe than for
wrought iron pipe. However, both steel and ron
pipe may be bent to the radii generally requived in
radiant heating coils without aflecting 1the strength
ol the pipe malerial adversely,

Q. M. Having a broadivom carpet laid wall 10
wall veer a standard type rug pud, all
directly on the conierete heating slab,
what wordd be the effect on the heat
transfer?

A, A Elwo Hadl, prominent healing engineey,
has investigated this matter and his findings aee
as lollows:

“This question seems Lo Worry 1many cngineers
who hoow that raes, fermtare, liles, and other
cquipruent will be placed on or adjocent Lo their
iloor healing panels, Tmagine, then, the author’s
surprise Lo find the entive floor space of o hangar
heated by Hoor panels covered for several months
willi insulating wooden (loor panels desioned as a
hase for hildings used i acctie operations. Flhese

~

wooden paoels, 1738 i size, consist of a 230 Trame
covered with 247 matelied Nooring on one side, 157
bowinated  pancls on the other with the space
between the 231 Joists packed with toose msulating
maderial, In the hangar i oquestion, the conerele
floor s 1 inches high i the conter of the hangar and
the woodew pancls Lonched the conerele only at that,
poitd heing wedged up toward the ontside walls 1o
bring them level, thus providing unother insnlating
alr spaece,
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The Arsenal Jurdor Hinh Sehool, Piisburgh, Pa.,
opek-air rooms radiont fiealed.

U1 seems impossible (o devise 0o more severe in-
sulaling lest Tor o rvadianl floor panel, vel the
thermostats loeated above the insulaling panels
shiowed e same temperad ure as betore the insulad -
ing pancls were placed on the floor with o rise in
concrele temperature from 729 1,40 86° F.oand with
the fop of the insulided panels the same temperainee
as Lhe dloor had been previously, The pauels were in
place two maonths before the author found twew
and, while there st have been a time lag Inagnin
bringing the building up 1o designe lemperadure,
several of the personnel working in the space who
were questioned could shied ue light on the Tag and
staled that o such Lug oceurered, they had nat been
aware of 11, Sinee wilnessing this aceldental 1est,
the anthor will never again worry over o few rngs or
pielures placed on or in front of o heating panel.”

Q. 15, Howe is aluminem foil used to precent
fical loss?

A, Begarding the use of aluminum for insulat-
g purpases, he following is quoted frem a report
of the LS. Burenu of Stuondords Letter Circalar
1.C535:

Since the principles involved in the nse of alu-
munum il or other bright metal shicel as thermal
1
discusston will he given heree ATuminum foil is used
to inerease The insnlating value of air spaces Dy
reducing heal transfer by radiation. It s of valne
ouly in conjunclion with ar spaces, and has no
value when placed in continuous coniaet with solid

alation are nobl generally understoad, o brief




maferial on both sides, exeeplUin so far as 1l mas ael
as i hulding paper o preventing air leahage.

“Clean mietallie surfaces In wenerad are zood re-
flectors und poor emilters of radiam heal, Sinee a
large proportion of the heal transler across wir
spaces hounded by non-metallic materials Lakes
place by radiation, the use of aliwminum as one ar
bath boundaries of o space will materniobly reduee
the heat teansler aeross the =pace, TEwill be evidend
thal the insuliling eleet does nol depend on the
hiekress of e metallic Toill, while the insubating
value of ordinary types of dnsulating materials
depends mainly on Aheir thickness. The insulating
value of air spaces hounded on one o both inlerior
surtaces with aluminuem Foil inereases with inereas-
ing width of space up toaboal S -ineh width, Spaces
wider than about 2 y-ineh hove substantially The
saane nsulaling value, regarvdless of widih,

“Nyldle there s limited information as 1o the per-
mancuce ol the rellectivesurfacesol alinmminnn under
various conditions ol nse, suech information s s
availuble indieates that under normal condilions
the refleetivity s likely 1o be reasenably permunent.
[nsiallitions are reported where no appreciable
detevioration of the alumimuon has ocenrred over a
considerable period of vears. Thin laxers of dost
readily visible Lo the eye do not cause any very
serions lowering in the retlecting power, Haluminumn
s welled over considerable pertods of time, there is
poxsibility of corvosion, particulacly il the water is
alkaline. The appearance of 1he surface is nol a
reliable puide as to ks vellectivity Tor radinnt hiead,
and toil which appears dark  or diseolored may
have lost little in wsalating value oF the sorfuce
filvn = thin.

“The use ol kwequer 1o resist possible corrosion
wndler severe conditions of use reduces the roflecting

power Lo same extent, The offecl of wovers thin eoal
ol Licquer is snadl, bot relatively thick lacgners,
even Though they are almost invisible 1o The eve.
nuy serionsly reduce the effectiveness of the foil,

“Cheelleel of reduced vellectivity on heat iransler
across aniir space is less narcked the narrower the
space, since heat transfer by couduction and con-
vealion playvs a more uportaul role than vadiation
it the case of narrow aiv spaces,

“Aluminum foil isalso spplicd o erumpled form
so that 0 self-spacing. M Gwo or three ernmpled
sheels are hung in the ane space of o frame wall,
Lhere is <o e contaet between the sheels that the
msulating values aee essentially the same ns those
given for the spaced sheels”

Q. 16, Are floors of radiant heated rooms un-
comfortably warm?

A Nas The surfaee temperature of o properly
designed floor Tyvpe vadianl heating installaton s
between 75 and 83 degrees, and experience has
shown that when desigied Tfor this tange of lemper-
alures, camfortable condilions are found 1o exisl,

The Heating, Ventilating and Aw Conditioning
Guide 1915 hists the following as desirable heating
suclaee femperafures:

IHighest Sate Surfaes Temperatures
for Hemting Panels

| Swrlace Lemperalice

Type of panel .
LRk pan degree 1,

Phastered Ceiling {Mipe embeddod) 113
Plastered Walls (Pipe erobedded) 120
Floesr, any method 00
Ilonr, Border, and Aisles 120

|

Low surloce temperalire radintion is vocanmended regardless
ol 1he heatmge snedinm cinployed.




Mecethods of Floor and Ceiling Installation of
Radiant l[(e;lting Coils
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Typical Coil Patterns
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Snow

Towe orn “Suoven Dura v’ s Tast Josing 10s place
ws o methad of disposing of snow. Today, the mod-
erand moye efficient Snow Melting Sy=tennis heing
ereasingly ased throughowl snow B areas of 1The
United States,

Residential sidewalhs. private deivewans, rood-
wavs into induastrial phints, sidewalks belore theater
ticket oflices, ehurely catrinees, tradn platlorins, bus
terminals, play gronnds—all lend themselves (o this
method of snow remaoval.

Vs of one Tacze office buildings and depart-
ment stores now have steel pipe coils, simdlare i
patllern Lo Those used dnoradianl healing syslems,
instidled in their sidewalks Tor snow melting pur-
poxes, and the results, both from an ccononic and
prychological standpoint, ave highly salislactory.

ADVANTAGES OF SNOW REMOVAL SYSTEMS

I vou e one ol those fortnnate home owners
who has s spow melting svstenn, vou already Lnow
thal arand and glovious™ Teeling when you take
(it earty tnorning peeh oot the windew to size up

Melting

the day s weather and God 1hat o while blanket of
snow les everywhere eacept on yvour sidewall aod
drivewax, O il the weather crossed up the predie-
tons and the snow unespectedhy vovers evervilhimg,
10s e <imple nrller of moving o thermostad and
vanr snow removal system shavls Lo work.

Or pictwree the sidewall o front of a depsrtment
lore during shopping honvs: i is snowing heavily,
vel no snow appenrs on the sidesalk, The melting
saslem Is af work, Shoppers are free (o view the
merchandise disployed vnder sale and agreeable
conditions, cven thoueh sueroonding arcax are
convered witly <snow and dee, and the hazards thes
create, Customer interest i the merelimdise dis-
plived = hound 1o e greater—-there e no in-
terrupling thoughts ol discomfiture and  guick
departure,

v snow mielting system frees The surface of all
snosw, elinniunting the possibility of o dangerons
spol or filon o dee whiteh often vemains when other
snow  removal methods aee used —a0 potentil
aceident hazioed and attendant elaiims of Tawsuts,

SNun Age Howws * Denver, Colorado, raddiard fieafing for inferior and snow melting svstern for
drivervay wired sideiwalhs,

*Trade Mark, 1hey.




Consider also the multiple advantages of such a
svslean for the sidewalks and entranees of laree
oflice Tnuldings, hotels, theatres, and public build-
mgs in general. Snow=lree approach surfaces
climinate the unsightly conditions =a often seen on
spowy days when pedestrians ciomot help careying
mwel and dirty snew to diseolor floers and carpels,
plhus the maintenanee caxt ol repealed eleanings
during the dav, Bus terminals, railway stadions, aud
sinilar places where lirge numbers ol persons fre-
quently congregate are pacticularly advantazeons
locations of snow meliing systems, both outside and
inside the structare, Another promising use of These
systems bs to provide comlorl and sidety Tor hoth
altendants and castomers alo gas serviee sbidlions.
A clean, sale) albractive stalion viles palronage
and ereates good will,

Arain, the deiveways and loading platforng ap-

by the use of suitable tusoliction beneath the skab o
which the colls are umbedded, I narrow wolks,
placing the pipe as far away from Lhe edees as
practicable will also reduee Uie tatal Tosses, sinee i
il the cdges Chat the Toss is greatoest.

Coneerning the gquantity ol heat vequired, ex-
pericnee has shown that standard bhutt-weld steel
pipe installed o panels in the conerele ws shown
1 Figvee 21 below will he suflicient taomell any
fall of snow, provided the boiler supplying the
syslem s adequitlely sized.

The tlustration offered s intended a2 an example
af srceepted practice to meet the condifions men-

SNOW MELTING PANEL DETAIL

Finist Coat Mar Be
ASF‘HALT/ Or CoNCrRETE

Iigwre 21 Tatd depth of conerete and Jied of crashed vock arsand Lo bein aecordanee withe installation requirement s, Spaeing
fp-inedr pipe on I-ineh centers, T-ineh pipe an Ta-ineh eenters.

proaches of industrial plants can he protected
against delavs o product deliveries and  possible
injury to personnel by the installation o a snow
melting syvstem, while at the same tine eloinatmg
the need Jor snow  removal equipment and Hx
allendant maintenanee and operating costs,

DESIGN OF A SNOW MELTING SYSTEM

In designing a snow melting system the heat -
put reguired s zoverned by several fundamental
factors. For instance, the anount ol heat lost 1o the
srowidl—and by the edge—varies with sail condi-
tions helow the melting system. There s also o con-
stderable tluctuation in the simonnt ol heat lost roam
the melting surliee Lo the aie, heing greatest when
snow ix Talling lightIy and aiv temperadures are well
helow Treezing, and least at fveezing Lemperatures
when sleel Lirning Lo snow packs on the payemaent or
dreiveway sarlface. Where The more severe temperi-
tures are encowndered, heal Josses may be reduced

tioned, Vavinlions nalarally exist hetween dilferent
sechional lacations and the clircumstaness surroand-
ing a specific installation. The designing engincer
will sdjust the details i the specifications Tor The
job to make the most eflicient and  econonnical
svslenn Inoeeneral, eare should be used (o see thal
the pipe is completely survonnded by the eonerete,
This all-round contael assures immediale and niore
cllieient transmission of lieat To the slabvand quicker
action on the snow. T is partieularly desirable to
Biave al least Leinel and prefeeabls 2 inches of fine
concerete iy under the pipe Lo prevenl even oeea-
stonal surges ol ground water from comning into
contact with the pipe. A coarse, drey nilx may pre-
venl the saft or semihigquid part of the conerete Jrom
completely honding with the pipe—a most -
portant Tactor from several standpoints. The pipe
shoald never be Laid divectly on the gronnd or incon-
tach with einders or other actd-creating anaterials,

There are two conditions encountered i snow
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remiovals first, where the snow s melted axoin falls,
which would he particularly desivable on sidewalks
ind cotrances to public baildings: and, secand, where
stnow has fallen and packed while the system s idle,

Mis far muore desirable to bove the systeme b
cottinitons eperation when the temperature ap-
proachios [reezing and weather predietions are for
suew or steet, During this peciod the circalaling
wedinm should be aaintained ot a temperature
hetween 60 and 80 1. Uader sueh conditions the
heat loss Trome the melGng surlace would e abeat
SUBITA s per hone per square Tool of surface.

The henelits derived from Tivomg e syslem i
operation helore suow falls wounld be the immediate
micliing of spow whew J1does [all, Thos preventing
hazardons Treezing conditions aud more cconomieal
retnoval than lor heay y-peched snow.

The temnperatore of the heating anediung ean he
lowered wd heat preserved when snow is nol
prodicted,

The hewding niedinn should he o mixture of anti-
Freeze and water, suel as 309 ethylene glveol and
S0 waler.

ESTIMIATING HEAT LOSS

The ehart, Fioenre 22, Page 39, cives the heal re-
gquired 1o melt T-ineb of snow per square fool of sur-
fuce and al varicus air temperatirees, To this st
be added the desigier’s estimale of losses 1o ground
and atmosphere, The welelil of snow al various
femnperatures is given on the curve on page 12,

ESTIMATING HEAT REQUIREMENTS FOR
SNOW MELTING SYSTEMS
The hieat reqaired to melt snow as il [alls (s given
by equulion ().

where J1—Bin hir
r=Rate of snowlall, b, L.
F=Tleat of fusion, Biu 1h,
e —Slaih elliciency

{'I'hie sensible heal requived To rinse The snow Lemper-
ature 1o 32 19 has heen neglecetedl) The heal of
[rston Fordee 15 THE Bia The so equation (a) hecames
RV
(hy 1=
o

A the present time there are Tittle dada Tfor slab

efficienes. Tis hoown, however, thad heat con he

Stewe nielting codls ander this owldoor feerace of Honw for Conealvecenis keep the fereace free
af snee onad copefartalie for lotger periods.
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Outsioe AIR TEMPERATURES, T
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Pisgiven for s quick cheek of the heal requived to melt snow s no allowance has heeromade For edee or Back Tisses.

I aie terperatore s 10 I and Linchr ol snow covers The shab, 2 B, sq. Howill e requoived To elear the slals,



lost 1o dhe cronnd —Trom the edges i back —amd
to the air above the slab. Some of this conveetion
loss may be regained, bul this regain is also an-
known, Generally slab eflicieney s Giken as 0035 Tor
uninsulated slihs, aod Tnercased as the insulation
I inereased.

The values Tor roin equaltion (hy can be deter-
mitned from accompany ing table, Rate of Snow fall,
This s the fiest publieation of this data in the
manier shown in the table and, therefore, some
eaplanation is siven,

Basically, this is a table of frequenes distreibi-
tion, The entras are Ahe wwhier of oliservalions
taken ot siv-howe intervals in whieh the speeifie
atmounts ol precipitadion were measured. For e
ample, the obseryer measured o fall of 0,00—0.21
mehies of water equivalent, 2052 Girmes o Mhany,
The tolal readings in the table were taken hetween
Novewher [50h and Febrse
duving 1910 —1H9 nelusive, In the eities where
less than 3720 observalhions were made, the Tall 10-

I3t of eaeh year

ver perind wis nol completed,

The terin
the heating indastry, but it = the only unil used hy
the [ S0 Meadher

Aetually wader equivalenl is an exeellenl nnit Tor

Cwader equinvadent™ is orarely nsed dn

Burean Lo measure snowl(all,

determining snow melting heat requivrements be-
cutse 10 s owonntl ol weight, One el of water

. 62
cquivalent cquals 5

= 3.2 1bs, s 1. of waler il

A2 10 b other words, regardless of (he density ol

snow, waler cquivalent measwrees 1he heat conternt
(or [aclk of i) in the snow. Tt is possible Lo change

where H—1Teat output, Bla he, sg. It
1 — Rate of snowlall, inches ol water equiva-
lent per hir
e=5lab ellicicney,

bn selecting the proper rale ol snowftull, ¢ shoald
thal oflen
prralyze o city ;) therelore, the snow melting systen

bhe remembered record snow  slorne
in o basiness wrea way not be wsed, Generalls ) i
will he permissible ta have the system under-
designed Tor one stornn o vear, e, designed to tahe
care of approvimately 986 ol all conditions en-
countered. 1Cis not econaniceal to Tive iosystem off
such vapacity that it would be operaled at fall
load anly once inoseveral years, Sinee the table s
based an o 10-vear period, it may be permissible
o gnore the T3 top rates in the table, Tahe Aban
for an examples by dropping the siv highest records
{ecolumus t and 5—cambined — 63}, the design rate
would secm 1o he 049 nches of waler equivilent
10
0

—0.08 nches of waler cquivalent per hour, I,

per six honrs, 10 the soow Tell anilonnly, -

though, the snow Tell i furvies, in fact all inoone
honr, the rate wonld be higher than (008, By exann-
ing the record Talls For Mbany, Budbalo, and New
Y ork, shown in lower tuble, page 11, ane can rendily
see Uhat fheries raise the average rateol Tall, buat they
do st Tor several hours, TE seems reasonable Lo as-
sume that the rates shown m the Frequeney s
tribution table represent o three-honr instewd of o
six-hour Fall, Fou Alhany then, equation (e} would he

cqualion (b so that o will contan Inches of wider R0 0019
e . , . H - =0 {Jor Albany),
canivalent instead ol Ths e, ¢ 3
) 2.2 . ) .
() H=111x for an wimnsulated slaby in Alhany
o
TH00 Tolh, 0,19 _ ) . \
— =t L =250 (approxg Blu e Ssq. 1t
I 0.5 3
RATE OF SNOWEFALLY (Fram T, 5, Weather Boreamn Dava)
In Inches of Wader Fgaivalent
o e T3 (g E e o Heaviest FFalk
I'requeney Ihisteibution Total in 2t Hours
Cily © Readings r]le_<.,|- entire
Terlen nslenry ol
Bouo n ot 0,25 0 # a0 T 0,75 0.1 Woeather Burenu)
Inehes of Snow
Abanv, N . 213! 29 3 ] 3720 RIS
Aslueille, N.CL ) 165 3 1 i) BENIH 13 8
Billings, \aonl. 16 40 1 0 0 353 j 166
Bismarek, .1, JHYR 0 1 0 3740 14,6
Badsr, Tdaho 1300 3 f 0 BT i 130k
Yeston, Vs, [N 11 b ! 370 . 165,35
Pulfalos, N.Y. 1571 i 3 I B0 : EZOE
tclinglon, V(L. BT i 0 0 4o i R

10



RATE OF SNOWIALLY

Frosm UoS, Weather avean Davun—~Concfuded

I Inehes of Waler Foguivalend

Frogqueney Distrilintion®

Cily

0,00 1k 2} 10.25 0
Carithon, Maine., 14560 14
Clhieago, T 1194 3
Cineinnad i, Ohio 1145 4
Clevelamd, Ohie 1564 K
Columbus, Ohig 14351 I
Denver, Colorada 1207 1
Dxetroit, Micligon 15310 5
Fovearmsville, Tnd. NG M
Flartford, Conn. 1311 b
boansas Cily, Mo, L1890 1!
Mudison, Wisconsin 2HT0 2
Minneapalis, Minn. 2700 T
New York, Ny
Ohlahoma City, Ol (AR 4
Omunhia, Nebraska 1795 b
Philadelphia. P Kol 10
Pittsbuigh, 1% 1563 I
Portland, Ve 20054 03
S Langis, Mo, IER 5
Sult bake Gity, Utali 115 3
spokane, Wash. 1545 11
Washington, 1,0, R 7

"Rate of snowlall, as showo in Lhis table, vefers tiinehes off
watler egqnivalent per sis howrs. The records were oblained al
g0 g, Fa300 o, 1330 pows, amd 730 v from Navenile
Lith to Felwaary 1510 diring the years Hke 1o 1949 -
clusive. (Fog some eities sucl o Asheville, NG where e
lotal readings were Less than 3720, the reading: are nol Tor Hhe
full 10 years.) The dilference hetween the =sam ool the fre-
auencies and the Totd readings is the number of times the
i tempersture in the sis-hour period swas ahoyve
ing.

The units for Whe vite of snawiall, as showo in the column
Beading: Tor frequeney distrilotion are inches of water coniva-
lenl per six Lhiours. Tn other words, the alserser molted the
]nl'w'ipii:lﬁnn and mweasured Lhe depth of water, For Albany,
only ance was the water 0075 inehes or move e dhepth after o
six=haur Tidl. 1, however, The records had incladed the Mbany
storm ol December, 1015, 1he observer wonlil have measnred
L inehes on his 130 eon, reading.

3

Henviest Fall
in 24 Hos
(For entire

histary of

Total
Rendings
Tuken

.50 0.74 .75 00y Woeatlhwer Barean)
ITneches of Snow

] i 7.1
0N 1 1Y
i i 110
1 0 17. 1
1 () My
1] i) RN
! 0 El -
1 | 20
9 i) 149 0
- 1 RNl
! 1 10
i u 16!

ES T
I {l [
1 il 64
2 1 21,0
+ ¥} 201
H | L5 3
i 1 20k
0 ] 15 34
| " 106G
! 1 250

Thvenenes Distribution, as <hown ine this dable, relers o
1he number of olsersations al sis-hooe intervals inowhicel The
amounls ol precipitation were measared when the masimom
air fermperatoee in te period was below Mreczing, The oo Lo
ol Bmposing this femperature restriction on the data i that
aiy precipitation, vain, snosw, or slecel That Talls dorving helosw -
I'x‘l't‘xin_:: femmperadures w ill I't'(lllij'l‘ 11|l‘|[il|;!‘ Chy the other hand,
any precipitation falling at above-freczing temperatores will
melt of its own aecond.

Slavimnn spow Gl i 23 honrs is wiven as @ comparison
To e record <torms liseed for Mbany, Boffalo, New York,
and Pitsdnirgh,

New Yok ity record was nol wsed in this tabulation
since the recards Tor that station were nol comparnhle with
These ol the other stalions,

HEAVIEST SNOWIEFALL EN 21 HOU RS
(From U, S Weather Burean Data;

Iate of Soowlall

Heanp of Berm

14

Abany!
14 Bhes, 1913

0 [ T Lo |Los [oen | 2T AT 2T 27 )6

Tiuffado

t3 Deo, 1915
slarl wl

Jonn AL

0% [.0F |.0F
Miew York

O e 1937
starl nl

o AN

i) (L] 2n 19

i

Pizisbgrch
24 Nov, [U5
el ot

HEITIR WY B L0 EETV I LY e 1]

b lien of g s 20 S
March, P8 All

il :
12001 inwches in Do pitow n ol

Sy

1]

1n

(U}

a bad s Lioarl v pevseel
record bt Tubare records wild b considersd at 175 inelies Froan Adrport ol

(EL)

0]

au

1

Tnches of Waler Fogomisalent per Hoor

Tatal Tatal
Waler luches
105 060 0T 1 10 2o 2 2 o 2 | Hagmive el Saew
ELL AR 1 3] o | aR o2 02 D2 oo 4 Lt 1 | .4
a1 ot Lon o Lol g Lia o [2o L9 | 206 L
B o [ R [ [ ] Ul Wl il a2 _ak ol 247
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FRICTION LSS

The friction loss per B Teet of pipe may be oh-
tatned by taking twice the friction loss shown in
Figure I3, pige 190 There is more hydrandic friction
toarmivture of ethylene glveol and water than there
s to watler alone. Hoas sufliciently aecmate for snow
melting systems o assume that this added Jrietion
is Lwice the friction for waler.

TESTING

Alter instillation and before pouring conerele

all piping should be tested (o aboul 230 psi pressure,
which should be nmintained until all welds and
connections have heen checked for leals,

AIR VENTING

An arrangeinent should he meade Lo vent the air
by installing o vent at ahigh point in the system jus
as is done inoregulio radiant heating installations,

CONTROL OFF SYSTEM

The control of w snow melting system can he
either manual or sutonmatie, There are several nuto-
malie deviees on the market, and the desicner will
know when they should he used and how best
adapted to the partienlar installation.

10 10
g 9
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=l 1 . / )
g’ raannil:
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o 5 // o
| B |
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Qs 1 — 50O
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o
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o
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COMBINATION OR SEPARATE SYSTEMS

Steam heating syvstems are usually installed with
some excess capacily above nornml requirenient s,
It 1s quite likely therelfore that, in many instanees,
the capacity  of present heating cguiprent will
permil the incorporation o u heat exclinnger and
additional civentt to effeetively operale aosnow mell-
g and lee removal syslenn N separate systernn s
advisable where the snow melting area involved s
al considerable extent or where the area is ol con-
siderable distGuaree from the lieat sonree, These
considderalions apply more particalivly to exisling
installations. Where new construetion is invol ad,

Lhe problent is somewhat less complicated and the

ATIONALSPIRE

RADIANT HEATINGwizalN

dosizn engineer will readily determine whether o

sepavrale system or allowanee in batler capacity of
e regnlar equipment wild be more eflicient, 1 an
additional eirenit s incorporated into e resular
svstent for the snow melting job, Lhils civeuit should
operale separately fraire other circuits Lo prevent
the anlifrecoze solntion from reaching the regular
hewting Tines, as this would lower the efficieney of
the indoor parl of the system, as well as ereating

sreater (hinn necessiy expense for the antifreeze,




NATIONAL Pipe for Radiant Heatling and Snow Melting

Wherhir vor vse oyt rove, oflice, or indasiria)
building, pipe for radiamt heating and snow melting
svslems shonld beselecled an the basis ol 10s inher-
enl clraracteristios to meel e several regquirenents
for this particalar service, and also, oncits record of
pisl performpmee in similar service,

The heating engineer ar conlraclor responsible for
the design and dustallation will cightfully demand
pipe thal has the necessaey phyvsical properties to
imake smooth, unilorm bends and with @ minimum
of difficults o the Tabricating operation.

e will recquire also that the pipe wsed will have
cood welding quality Lo assure shrong, sonmd welds,
and 1o suwve both time and Tabor in welding the
installalion.

He will want pipe that offers o minnnuam ol
[rictiona] resistuncee o assuve that his design calen-
Intions will be translated into actoal serviee per-
formaner.

Mozt important of all, he will want pipe thal, on
the basis of practieal researely and Uhe infallible 1est
of time and serviee, offers o life expeetaney, under
nornl opernting conditions, equal 1o the seeyiee-
able Til'e of the building itself.

Obvionsly, if the pipe selectod s been made by

i concern with wide expertence n the lield of

domestic and mdostrinl hot waler supply piping,
and whose resources monaterials, manalfaetnring
equipment, and reseaveh facetlities ave withou cqual,

sueh pipe, produced under these ideal conditions,

ofTers the best assurance that it will meet any re-
quirernient for radiand healing service,

The same NATIONAL advaniages that e
liclped establish steel pipe s the notion’s stand-
ard for conventional hot water and steam healing
svslems are all available for radiant heating sys-
tems, You can stll gel the plus valoe of the Seale
Free und sSpellerizing Processes, special NATION-
AL Pipe features, This means the interior suelace
of NATIONAL Pipe is smooth, free (rom mill seale,
with mimimu frietional resistanee, T means also
Ll even thowgh corrosion jn radiant healing is an
inconsequential Tactor, as 16 is in convenUona)
heating systems, Uiese processes, nesertheless, sive
the pipe maxinnnn corrasion resistance. 1means,
fovther, that the weld strengty is incereased approx-
nately 20 per cent by the extra rolling, which
helps give NATIONAL s well-known  bending
properiies,

Stll smother NATIONAL advantage [or radi-
and breating is that steel pipe is easy to weld—a
fuctor that helps reduee cost on the job and speeds
up instatlation. And, like steel reinforeing has, 11
expands ol the sune rate as conerele and plaster,
thus adding strength (o the stroctire.

Whateyer measure of value vou use to determine
the tdeal o pipe for radiant heating systems, vou
will find NATIONAL possesses more  practical
poinls or advantages than any other pipe eniploy-
ed for this txpe of service,




heating cotls is such Uil excellent bends nray bae
obtained with anany portable bending machines
available, The Table of radii to which pipe mayv he
Bent is given as o paide Tor those sections of o heal-
ing syster other than in the coils where shorler
bends wre required.

-
IS Rudlii 1o which Pipe May Be Bent
Gricl-lvpee panels of Nafional Pipe Tor progee! of peivale gurapes a L o
X ; g | Alinimnm i B
fuStainton, Virgivia, i i Slsrtent racing
Pipe sier o d.iIE" af Lo which pipe
Hinda Tt o L el
PHYSICAL PROPERTIES OF NATIONAL | ( : |
£ @15 :
STANDARD PIPE FORR RADIANT [TEATING ;,f l ;].‘s._; }.3/':'
1 5 4
i eld Strenet ] 3 et e 1y 61 23
‘\lllllrlllllll Yicld Strength, 30,000 ponnds per s 1 ,”L st
el 2 10 5
Mininonon U llimate Stveneth, 20000 pounds per
sete ineh, M dimonsicns iy inches.
. . . . . The rading ol pagss hemds proferbly shookd ﬂgl:uu] arexeeed Lhe dimeasions
| l J](! conler Lo cenler spacing l‘('(]’llll‘l‘(l\ I I'll(l[:llll in the calumn detining mmssnom g isalde radins,
NATIONAL SPANDARD PIPE—BLuwck amd Galvanizeal
| A weighis amd dipensions are noimiual
Weight per ool Pipe
| s s =
Ruzes Dinmeters
nominul | oy
Plain end [ Thickness — — _—
[ i Cutside Ins=ide
. . | - — N e .
Ins, Lhs. Inis. | Tirs. Ins.
14 L2 LGE ChS ]
14 .42 088 ] { 61
- BT o 673 - 104
14 L85 100 §10 [ G2
*4' 1.14 Rk 1.050 B
| 1. 68 B BE 1.313 1,049
114 .27 R 1. 660 1,480
11 2 72 14 1. 900 1610
2 365 L3k ] '.17.-'.|I 4 06T
215 5.79 204 2 RT3 2,400
4 7.4% .26 500 $06H
414 .11 226 +.000 . os
4 10.% 24T [ Foai EIEL ]
Th. 6 Ll G50 a.047
G 18,47 ] | . 6235 i, OGS
| | |




RADIANTRHEATING iz NATIONAL PIP

RELATIVE DISCHARGING CAPACITIES OF NATIONAL STANDARD I'IPE

: Iuternal R
i L M =1L
I:_:J.:t diumetor Pipe siz
o | ] 1 N —
| : 17 4 ¥4 E74 Vs 15 )
Ins. 1 Ins. | 14 5 PR | 2 e | ‘ I 134 1ls | .
| | | |
1% L2060 LDATAS0 1.0 |, i vt P
13 Cg64 70038 0 | 1.4 el B 5,
31 I1 103 | 17065 b3 2.1 | 1.n| : .
14 | A2 L4051 H.1 9.8 1.0 T g
%a B4 LGS 1 T.7 4.6 2.0 1_(1]
1 1.040 1.1270 40 14 || %A | 1.0 !
|
14 1,380 23872 G4 @8 14 T ] 3.6 2.0 1.0 il
115 1.610 8. 240 | HH I bl 18 11 3. 2.0 1.3 l‘(ll :
2 2 OGT [ G 426 14 T da 20) | 1 1 o 1.9 1.0
] P 2. 460 | 1. 5786 ‘ 255 l 120 afi 31 I R.3 4.3 2.0 1.6
3 4. 068 16, 457 e 206 97 1 3 27 13 7.4 5.0 [ 2.7
B3 3548 | 24 711 i ‘ 207 199 ¢ 78 b1 2] 11 T.8 d.n
| |
t 4G b L HHT 107 191 197 g 2G | 18 I 9.9 - |
3 l 3.047 i 1525 716 BHA 188 HA] al 1 17 0.3
G 6. 063 | 2414 1144 331 1 207 147 . L1 1 28 13
Pipe :lnlr.'rlml. I'ipe size
s drnmeten
s h jriz - . - —— — r
.4 B Qs -
Ins. PR o lg 5 1) | 1 a 1| G 8 ‘ 10 12
21y 2,460 0. 578G 1.0 ‘ . d : i
b 3068 16, 487 1.7 1.0 y : ) ; s
dig 1. 348 237111 2l 1. ¢ 1.0 |
3 b0 CER $.b 2.0 11 Lo ' '
'] 5047 G7.495 6.0 | B3 2.4 1.5 L.o 1
i 1. 063 | 60.58 0.3 5.6 4.4 28| 1.6 | 1.0 |
The ligure apposite the interseetion of any bwo sizes s e mamber of smaller size piyss rmguinul o eeqnal one of the larger,
f Example; How mony J-inch piges will it take to eqool the discharge of ane 1 -ineh pipe ,
Solution: The fignre in the tihle opyesite the fanlermection of these Bwo sizes gives lwo 1-inch pipes.

P Sy




NATIONATL STANDARD PMIPE—INTERNAL PROPERTIES

Diamelers | Surface; Lineal (ool
\
— - Thickness Circnmivrenes
e | £ ; inches inches : ;
OuLside Inside & e Sre S
inches inches inclies ([EN]
|
—_— | | = —
14 403 265 BGs S 10,141 704
151 Lah0 1 CBRE 11833 13, 724 0934
] 75 R K] 091 15458 18,580 L1491
Ly R0 NitE) 100 19541 24 440 L1028
i 1. 030 JH24 113 2. 5887 31,064 . 2157
1 1313 1.0 - 3.2835 BHRSE ] C2THG
1l 1.660 1.380 T HY IBEEHE] 54. 028 | R 11
1L 1.900 1.6G10 C1ES 5. 0aRN0 60. 86 j 215
2 28735 2,067 L34 6 b7 T7.024 | LG4
214 2 8T ERETi) 203 7. 7alG HEMri!] NI
3 3,500 $.068 216 9. 0384 113,46 | LB
314 4000 4,348 L 11. 146 143,76 L0286
+ 4.5300 boORG HaT 12,618 | 151,58 1.0540
3 a.004 3. 047 258 15.85% 10025 1,321
[ . 6235 6.06G5 2H0 4 19.05% B VY 1. 3874
Capacity per Lineal Foaot
Lineal feet ol I Transyerse — 7 Length of thbe
Size tabe per square nren T | comtaining
ool of surface sequire inehes Clabic l"ll':}?::“{':::" United States one eubic foot
| inches mqiare fot gallons
S o 2 1 — ——
14 14,200 L DoGR | ATHAED RUIE) RUSETH] 23848
i Ttk 494 L1041 12487 0T NITTEE IR A
35 7.7478 | L1908 2. 24007 BRI B RO Tk 36
15 | G.1410 | L3039 3. G463 [ NS L0138 47401
4 4. 6336 ] L . 4502 | Rl kg L0eTY <70, 0
| 40413 CHG4S 471 | RUTSTHI] NIEET] lia. G
11 2. 7THTI | 1. 40957 17. 040 L1104 Rivki M. 275
114 i 9 4725 2. U338 24 430 0141 _10a8 70.733
2 | 1. 5450 3.395560 0,267 RIEHE 7R 42018
214 1.5471 $.7878 374533 RS & ) C2ERT 40,077
3 i.2450 7.3987 8BR.Tl4 DAY LR | 19,479
31 1. 076G 3. 8508 15 i} L BGRT B 14,3565
4 088 12. 730 152,76 B . L6613 11.31°7
3 LTG0 200, 002 240,02 L1380 ] 1.0301 i 7. 1909
[} L3208 28, 80 S406 . GR L2006 1.35008 | 1oOH L




NATIONAL STANDARD PIPE—EXTERNAL PROPERTIES

Volimie or displacement per lineal Faal

bt GO | o el fook | Liment fot o | TN
| tube per [ o .
sy [ | Cibiie Cubie ll'(‘_l. I nited
of surfaee s | also arca in States
Ins. Ins. R TEN Sy 1. S ins. e sepuare Jeet gullons
|

15 1. 2724 13. 268 1060 9. 041E it 1.3kt0 | RUIbIEH ] ANMGT
G40 1. G963 2. 358 1h14 T 0786 L] ST ERY 016 RIARE:]
G673 21200 43, 44T CLT6T 5. BARS HaTs b. 2R AE2s ATRG
AL 2GRS 31667 .21 Do 134T CAh42 6 Bl RO RIELT
| . 0Da0 3. 2087 39,554 2T ER $o6HTs LHEGS0 | 10,3591 R 450
1.413 .03 FHEYE ] YT K EHE 1.338) | L6, 268 | RIGLEY AT06
L. GG A.2150 [ B | i HE 2 S010 2. 164 23 871 | RURETH LD
I 000 5. 0680 T1.04EH T 2. 01481 J, HHA3 $4.023 107 B E Y
2.8Ta TG0 RO, 5435 G2 R 1. 60683 bobdnd | 531G RiH{th ,23081
4 875 LIRS IHE 105, 448 SRR 1.3286 G.49]18 TT.h0d RS0 ik i
Ao 10, 096 Ll 05 a6 1.0813 N.G21t | L1343 GBS L4005
fooon T3, 3G [0 KD 1.0172 L0540 12,566 L3080 CDBTS RIAEE
b.oa0n 1h. 137 165 113 b LTS LS RA 15 9014 190,85 Lot .H2G2
A.a64 17. 473 L0870 | . Litd L BHET 24 301 201 .64 1688 1,264
G645 E{I B S 76 L. 79k Yt 54 472 L. GG L2304 1.7h07




CALCULATING

VALUES OF THEAT CONDUCTIVITY (kY AND OF
Uitz are BS1.U

| Material “!"‘le‘_“‘ k
inclies
Conmaon Building Molerials
Blocks
Cinder o000 . b 0. G
1 1 1 .51
; Clonerete, 0000 o o 140
i 14 0RO
[ Rrieks
(. ommaon (clay), . 1 3.0
e {elay) o [ 92
Gilass
Cemenl nuu!.n o 1 110
Conerele. L. e 1 1 (b
Gypsum liber 1 1 14iG
, Phaster (zypsum) . o 1 B3
! PMasterboard ... .. ) L by 3,73
14 2R
PMaster and wood Ll o0 A 2.0
| Rooling nalerinls
! Ihailt-ap roofing . . . o Hy HI
Composition roeling A .3
Shimgles
Ashestos. A G
Shde. .0 0 1 [TIIS Y
Wood L \ [.9%
Stone L . 1 [2 0
Stacea L 1 [2 0
Tile ar terradzo. . 1 14,0
Tile, hollow clay i 1.0
3] .41
1 H oG
i 14 f), i
16 0ol
Tile, hollow gy p=um ' .16
Woad lamiber
Maple. oo o ! 1 L3
Yellow pnn‘ 1 [T ]
Yellow pine ll[)‘«l(l]]l"’ A 1.28
Surfares and Air Spaces )
Nirgpaces. ... ..., . o lover TG indd 1.1
‘ Inside surfaces (0, ... ) 1.6
| Ontside surtaces (). . al 13 m.p.li. 6.0

“Homting aml Ventilating Relference Tata™
"Thickness, Inches'” snenns
eied of he

lourtesy of Pablisher,
" appearing in the eolimn headed !
1|-l'|1rl'n|| <' (( ¥ ditfers Trom comdoctivily Ih] in that i

muainly, hot 6t 73 F.in oo few eoses,

The table shown an s page lists the values of
heat conductivity or conduetinee of cormon baihd-
g materinls, building suclfaces, and maleriads nsed
for heat msulabion. These values when covreetly
used cane be made to Taormsh a reasonably veliable
indication of the wnound of heal Leaasmitied
throngh practically any Lype of building construe-
tion. They have heen gathered from o vaciety of

sources sl 11 1x believed thato They represent The

CONDUCTANCIE
O AR SPACES Gy, OF SURFACES (), AND OF TN

“ ek s 6 appl sl
fiar 1in II-.uLu--: W ds for some
il the thickness shown is 1in. the cormeagonding value inowael galwnn is "k
eolomn s really (€ and not (k) because 1he \ulm is Tar the thickness spux |Iur| and mol Fer 1. thick

A LD I'nr Uiickuess of L., eeporled by varions llorptories but principally Cram tests al e Dareau of Standoards, Tests sl soean tempeeabnee of 90 F,

TRANSMITTED HEAT CORFFICTENTSY*

COMMON BUTEDING
EXNSULANTION (L

()7 OF MAVTERINES,

. per hour per degree temperabiee ditference per square oot aren and for T in, thickness except when otherwise noted.

Densily,
Material th. pes |
en. It

Heal dusuliuding Malerinls

Asbhestos wood L 124 PRl
Balsn wooil | | . 2.0 0, a8
Hilsa wood 7.3 033
Balszan woaol 2.0 F. 27
Cabal's quilt t th, 235
Celalex 13 ¢ [T
Coorkhanrd (puare) :ll':: :::‘t !
Dy zeva. | 1.0 0.2
Fagle insulpting \\(lr.l_ . o 0,27
Fibrofell., .. [ 0.2
Giliss waool ! :l. B2t
' 0. M43 .43 |
Hairinsul {loose, 75° hair,
2500 judey. . .. o G4 w27
Hairio=ol Ooisse, 307, iy, 1 é
SO0U Juted .. L o G 1 0,204 1
[ [ IR (U]
Hairlel, . o 110 025
Insulex or Pyvroecll . 300 1.0
120N .44
Insulite. .. o 16,9 0.54
Keystone a0 L 1.0 0, 25
Linafelt. .. ... L o 1.0 .28 |
R A, 4.3 0.4 !
Maftex | e It 1 0,34 ‘
AMagnesio [rigid), 83°, magnesia, ‘
1377 aaliestos . 19 0.3l
Masonile . ‘ . 19,4 .34 |
Regranulated cork | . 401 .41 i
Nock cork . . . .. ‘ : 4.5 .44 :
Bock wool . . . 10.40 0.4% i
Frock wonl . . . 21,0 030
Siwdst L 1.04
shavings L. . ! 0,71
Temtboh e 15.0 .33
Thorumms o o 24,2 U446 |
Thermotelt (felted, jute and |
ashostos lhers) . 1.0 .37 |
Thermofelt. (felted, e and
ashestios fibers) . L 7.8 0,25
Thermofill (Nuked -,:\p\umj o 340 0,24 |
19,8 LE I ) |
Tarloleum. . ... ... 104 0.29 4

et Line dhickaiess.

athee thickiess, Tn column beaded "“Thickness
il smine thick e athier than 1. is shown the eorresponding yoloe o

consensus of current opinion. Naol all types ol ma-

terbils whose resislance 1o heal flow lies heen

measured are inceluded i This Tist, some of the Jess
connton heing omitted to keep table to o msable size,

The values listed should nol be conlused with
whicli s the over-all heat
wall, They

values often nsed

those of the coepflicient
condactance of o nnil section of any
are nol values of I, but are

caleulating £,

19



[MMEAT TRANSYVIISSION TABLES (Values of U for Masonry Walls)*

[ _asoney_waiis B ENENEEENESNEREE
, I FURRING STRIPS USED
S 2 2| |5cEsele, | §| gle-lEE £k
z =l z |- BE[sEE 2 E|5E| 52| 55| 55588
o o I b B o= el B R P Pl iy
= R R = el R AR e =l B I = ] =
) A Tie D wTE, aif o g, a =y ke =3 =B M ElEelez|EoESe
) Lrikich, 15-p b mind cumide o - ey DolaavEelg=ivE|o culEnw
= S 2 sl glZs| 2|83 52==E
= =25 |2e a2 EeT Bl et T2t E e Y
= 2| = | F|aEE0eEs|f | e E sl 82T O
O =1 =E ' 3:0::?_2 m_“E‘i— —a o8
] INTERIOR MATERIALS=> § | ™ L lngal o N
Ll e ! [ 4 10.63|057 |0 33 |0.35[0.2410.18 |01210.21| O.15
R | et PRG0S0 0B
2 AN Th | 12 10.3110.2010.22 [0.2230.17[0.14[210[0.15 0.1
N roughout 16 [0.25[0.24[C.18 (0] A5 0. 14]0.08/D.14 311
B Bl ., ] 4 (081072035 [040/0.26]0.16[0.15(0.22] 0.16
_:%__ N s WP 4" Face Brick, 62'58"%;2 g% 8%‘? '8'%2'8% 8.16 8.15 %.v::. gu‘% ;
Bri ) i I .25 034710, 241020 0.15 [ 040 [ Q.46 | 012 |
8 — | remainder Common Brick |8 1 53R 1096 1020 020[0.16] 07131 0.08 D14 O
9 8 {068[062]0.35/037/025/ 0.18/ 0.3/ 021
10 Limestona 12 |0.56/0511 0 5110.33|0 23| 0.17/0.12
I or Sandstone { 16 |047|044]028[0.30{021|0.16|012
12 24 1036|0341 0.241026/ 0.19| 0.15| 0.1
13 & (068|062 0 25/037/0.25 019]0.13
Erid | AN B MWD iad
14 : 3
[ Concrete 10 |0.62 056_1 0.33/ 035/ 024/ 0.18| 0.1
5] L | 16 |047|044]0.28|0.30021| 0.16|0.42
1) 20 |041[038] 0.26|/027| 0.20| 0.i5| Q.11
17 . 4 105310491 020/ 0321023/ 017/ 02| 0.
15} Hollow Clety Tile 8 10.39[0.37] 0.25] 0.26] 0.20[ 0.15] 0.11] 0.17]
19 With 1" Stucco | 10 10.3510.551 0.2310.24 0.8 044/ 0.1 ]
20 Exterior Finish [ 12 10.31[0.29] 0.21]0.22] 0.17] 0.13| 0.10
21 16 10.24[023/ 08/ 0.1 0.35] 0.12| 0.09
22 Hollow Gypsum Tile" Mucco bxt Fin| 4 [0.33]0.31| 0.22] 0.2%| 0.18| 0.14] Q.10
Cinder Blocks B 1042|039, 0.26/0.27/0.20| Q.16 | 0.1
wWith one Air Call P 5 =
Cement Blocks & |056|052| 0310331023 017/ 012
With ene Air Cell = . —t
4 8rick or (i 6 10.37/0.35] 0,24]0.25] 019| 0.16/ 0.11
4" Cut Stone with & [0.36]0.34] 024 Q:gsiow oI5| a0

4
Hollow Clay Tiie Backing|| 10 [0.32|0.31] 0.22{0.23 0.18| 0.44| 010

of This Thickness ]| |2 |0.28|0.26| 0.20[0.20{ 0.16| 0.13} 0.10

A" Brick or | & [0.61]056] 0.33/0.35| 024 0.18]0.13

A" Cut Stone with

Concrete Backing ¢ 10 |0511047) 0.30/0.31| 0.22 D.I?I 0.12

of This Thickness i 16 1041038 0.26|0.27| 0.20] 0.15] 0.1

\n'lthCl'nderBIchkBa(k'g{ 8 |035/033| 024|024/ 0.9 014} Q.|

A drick| of ThuThickness | 12 [0.31]0.30] 0.22] 0.22] 0.17| 0.4 0.10]

veneer i coment BIockBack'q{ 8 |045|0.42 0.27| 020} 0.21] 016 ] 042

of This Thickness |1 12 |04C|0.38] 026 0.27] 0,20/ 0.15 | a1l

2 Cut Stone With & 10.37/0.35| 0.24|0 25 019|015 O.lI
Common Brick Backing 12 10.26/0.27| 0.20/ 0,211 016 | .13 | 010
of This Thickness 16 (0.230.22| 0.17]0.18| 015 | 0,121 009

*Courlesy of Pablivher, ' Tleating and Yeotilating Referenes Data.”



HEAT TRANSMISSION TABLES (Values of U for Wood Construections)*®

WOOD FRAME WALLS ALBLE B LELF G LH
i o i, i av v, 15 i s e o |9 o § 5 ik iE
Sls i : g5, 05 |os|us |[¥ 28925 |53
g g ““Interior Malterials E*@E -§(’S Q:E Eg ‘851 §§§;§ "r)\)\-}—::

_"_ Sla o ":-m_"_ -_{“C (‘Jg—m: v
52 Sfes 25555 |55 |05 (25038 |28
2ls wird 1930 =188 0T | 42 aS sz
4z 1.2 Seot=d 0| S|l |TedessRNE
w|'E QDJdejc}iE,_‘.;_.'; 00 |lon [aEN w3 s
£ |2 HE3vEeos e8|t | v |Seelser 0l
813 nggg.‘ig = E-g 50 gmsgmg ES

S 2o m g0 | & e = I

{ Interior Materialsm|> <5265 © £ 0 & |'n  |SEHARH 5
141 isEH SiEl Wood Sheathing - 1" 0.25[0.24(0.19]0.15[0.11|0.18(0.17(0.060
42 OOCOI 'b ”“30[ Rigid Insulatfor Sheathing¥3|0.23[0.22]0.18]0.14[0.11 |0.16[0.16 0059
g5y B SHBREAr Plaster board Sheathing-'2"[0.28]0.27/0.20]0.16[0.12[0.21]0. 18 [0.062
44 Woool Sheathing - 1" 0 24/0.23]0.18]0.14]0.11 ] 0.18]0. 16 [0.059
145/ Wood Shingles  |Rigid Insulator Sheathing's0.19|0.19|0.15{0.12]|0.10|0.15 | 0.14 |0.056
46 Plaster board Sheathing-'%"|0.24|0.24/0.19|0.15[0.11 |0.19]0.16 |0060
47] Wood Sheathing -1” 0 31]0.29{0.22]0.16]0.12|0.22]0.19 0063
148 Stucco Rigiol Insulator Sheathing-'2]0.27]0.26|0.20/0.16|0.12]0.20]0.1& |0062
49 Plasterbeard Sheathing-'%2"[0.40/0.38[0.26/0.19]0.14 /0.27]0.22|0066
50| Woool Sheathing - 1” 0 23[0.23]0.18 [0.14 [0.11[0.18 [0.16 0059
51| Brick Veneer Rigid Insulator Sheathing-+40.23|0.22|0.18 |0.14-|0.11 [0.18]0.16 0059
5 Plaster board Sheathing-'2" |0.31]0.30]0.22]0.17 |0.12 |0.22]0.19 |0063

f

A B [ C I D[ E T F
WOOD FRAME PARTITIONS & S EE T

= < /\\\\* '_'r’”“” el o o e fE"g E "‘cg—_j K3 § A{EY\A IS
g \ . R air fo mir shill aie both sides = 8‘ - :_- (f = E é :g § g 5 =1
= e 52 |8 sEc5B85 2287 85
= (i c|l &8 |Uec Slosd| oGS
2 ‘\'w* Wi v (SGJ—EQ)—-GE' = & |6 o1
= LAY = 2o (80T 28T B Zlaan D
T \\ £l =c mg-smg—fgmmLEQni‘ =
s N\ B2 -Studl i) 28 (b 53 Sg dle QB85 0=bh
& > Type of Partitions s Y| &~ |0 ORDS 350 7 0=
5% Plaster on Wood lath or 38 Plasterboarel | 0.60 | 033 | Ol | 0.24 | 0.21 |0063
54 Plaster on Metal Lath 068 | 0.38| 0.1l | 0.27 ] 0.22 |0065

A B ) D £
Zo § ::,gun.s arein Bt u per hour per squate _}Q = 2 a\ _U'S\ "E .gsg & _Q =
cls i e e & .E Ty |ZE5 ST |= S
= = Floor = L s T o Lo S
o= sc| © o |ESElTS3|x EB
Cle —g o D T = e T e | D
£ e 28 = Sr @8 slE 0|8 2
%= EFl & €& |gwe| o |8 Fa
oS a = o = b= a3 [ =g

- (Y c .=
“ Type of Flooring == § G 5 5
55| No Cetling No Insulation =, 045 | 0.27 | 0.34 | 0.34
Plaster on Wood Lath :

56 5 3 Plasterbontd No Insulettion 0.60 0.28 0.20 0.24 | 0.24
57|Plaster on "2 Rigid [nsulator| No Insulation 0.34 | 0.21 0.16 | 0.18 | 0.18
58| Metal Lath Plaster B Rigid or Flexible 0.25 | 0.17 0.14 | 0.15 | 0.15
59|Metal Lath Plaster Bright Aluminum Foil | 0.29 | 0.22 | 017 | 019 | 0.19
60| Metal Lath Plaster 35g" Rock Wool 0.066 | 0.062 | 0.056 | 0.059 | 0.059
61| 12" Corkboard & Plaster No Insulation 016 012 0.10 0.11 0.11

*Courtesy of Publisher, “Heating and Ventilating Reference Data.”



s, Roofs, and Partitions)*

CONCRETE FLOORS & CEILINGS A B .Cm D | E |
. Figures are in B.t .u. per hour per square {oot per degree temperature difference, S .S_J _g gE O
O g_ aiz to air, still air both sides Ofu- E c g :a L‘_:) ~N
| gloel 5 |SEEESS S 25,
9% Tl CLC3\JO§_§ St yew
=19 S5lcs| oo cas|oZF o |QELC
G |5 SEE VO ISRECEE & lEa s
215 Sl28| o= |6 Lo eS| SO |50
< | £ = s |[=8Ss|8sgloc |0
5 F g'_ sl aoﬁgééllo;—'
S | 8| ceining” Ground T l0or_Construction = § = e
62 — Z [0.63 [039]030]060,043
63| A Floor Slab Exposed. No Finished 6 |0.57 [0.37]0.28|0.55/0.40
65 erng 10046 [0.33[0.26 [0.46]0.35
66 | : 4 10.586 10.37|0.26]10.5510.40
67 A’ /2 Plaster. Direct on Under 6 |0.5210.35/0.27105010.28
68| Surface of Concrete 5 [0.48 [0.33]0.26]/0.47]0.36
69 10 10.45 |0.3110.25]0.43|0.34
70| . 4 |0.37 |0.27]10.22]0.36|0.29
T A 34" Plaster on Wood or Metal Lath 6 (0.3510.2610.21][0.34]0.28
72| (Suspended or Furred Ceiling) 8 10.3310.25/0.2110.3210.26
7% 1010.31 10.2410.20/0.30]0.25
N7 - T _ 4 [0.24]0.20[0.17]0.24]0.21_
75] a 2" Plaster on 2" Rigid Insulation 6 10.23]0.19]0.16|0.23[0.20
| 76] (Suspended or Furred Ceiling) 8 10.2210.1810.1610.2210.19
77 1010.2210.186810.1610.2110.19
| 78| - . . . 410.1510.13/0.12[0.15/0.13 |
79| A 72 Plaster on 12" Corkboardin 1'% | 6 ]10.14]0.13]0.11 |[0.14]0.13
180 Cement Mortar on Concrete ~610.1410.1210.11 10.14]0.13 |
81 10/0.1410.12]0.11 |0.14[0.12
82 _ | 4 [1.05]0.52[0.37]0.06[0.59
[83) o Stone Concrete Directly on Ground, no | 6 10.89[0.48| 0.34|0.83]| 0.54
164 Insulation, no Cinder Concrete. 810.76[0.44]|0.32[0.73/0.49
b5 10]0.69]0.41]0.31[0.65/0.46
86 L No Insulation| 4 |0.64[0.40[ 0. 30[0.61]0.44]
1871 p 2"Cinder Concrete on Ground, Insul- No Insulaition| 8 |0.53]|0.35/0.27|0.5110.38
1881~ |ation on top of this, under Stone Con{I'Rigid Insulaf.|40r8[ 0.21 [0.18 0. 15[ 0.21[0.18
89 crefe. T ~ |2'Corkboard |40r8[0. 12 ] O.11]0.10]0.12]0. 11
wOOD FRAME PITCHED ROOFS A B C D E | F
S 8 “n,:--Roofing Surface L:,u‘:rrzs E;r:: in H.I“u per hm-u = _gr?t g_‘_ =
i "{E / ’ 'fé"i}f';if”w’?fl.‘3:,'_2?;;"” e 21 S5 EE;S 5 s 2 s < 5§t
G |5 s .= 34:_85,4:*; PEILE| . 8
= S| T |S55E=s|s2 |28 8
v n ) e LT =i =T | e D
=l = | © |20l 58 0 e
Ll =| o [GESEcw 252826
w8 Bl = BaElsE [l | =9
S |3 " ; e N P I R RN
“ 1y Ceiling_Suriace = '} o e
90| Wood Shingles on Wood Strips No Insulation |0.45 0.28 |0.22 |0 17 |0.12 |0 10
Asphalt Composition, Tile or Slate - A
ol on Wood Sheathing No Insulation |0.54 |0.31 |0.23 |0.17 | 0.3 |0.10
02 ) 2" Flexible 0.2510.16 |0.15 [0.12 |0.098|0.084
—— Wood Shingles on Wood Strips, — . 9 B
93| or Asphalt Shingles, Composition | 1" Flexible  |0.17 [0.12 |0.12 |[0.10 |0.083/0.073
| Roofing, or Slate or Tile Aluminum Foilon| __ T
94 Roofing on Woodl Sheathing one side of Air Space 0.2510.18 |0.14 | 0.11 |0.092
95 2% Rockwool — 10.063|0.059 |0.054|0.050|0.045
No Plastered | Plastered ||
MASONRY PARTITIONS Plaster | One Side | Both Sides “
96| 4" Hollow Clay Tile Figutes are i B. u. per hour per square 0.43 0.40 0.28 I
974 4 Common Brick _ o i A R 7 2 0.45 043 |
98| 4" Hollow Gypsum Tile B ; 0.29 0.28 0.27 |

*Courtesy of Publisher, “'IHeating and Ventilating Reference Data,”



HEAT TRANSMISSION TABLES (Values of U for Roofs, Windows, Skylights, and Doors)*

| FLAT & BUILT-UP ROOFs [NESENEENENNENEEN
- oS = Rigid Insulation | Corkboard
T gl 2
] I e R R I A R R X
5 e | £
99 Precast 15 [0.63|0.37/0.23/0.17|0.14|0.22{0.16 | 0.13
100 2 0.61]0.326[0.23[0.17]0.14]022[0.16] 0.1
101 Concrete 4 |o.71[0.34/022[0.17]0.14]0.21[ 0.16] 0.12.
102 6 |064/0.32/0.21]0.16/013[0.200.15]0.12
103 | [050][0.28[0.20/0.15]0.12 0.19] 0.14| 0.11
104 Wood |2 [0.37/0.24[0.17[ 0.14] 0.11 | 0.17] 0.13] 0.11
105 2 10.32[0.22[0.16/ 0.13]0.11]0.16] 0.12] 0.10
106 4 [0.18[0.14]0.12]0.10/0.085/ 0. 11/0.094[0.08|
07 A | 2"Gypsum Fiber Concrete | 2%2|0380.24/0.18/ 0.14| 0.12| 0.17| 0,13 0. 11
= : b
108, e heater)  ON 12 Plasterboard | 21,1031/ 0.21|0.16]0.13 0.11 | 0.15] 0.12| 0.10
Insulertion Roofing-;
109 “sfis Flat Metal ~ 094|039/ 0.24/0.18 0.14| 0.23| 0.16] 0.13
Deck.
T
110 Gast Precast 155 |0.42 0.26[0.18 [0.14| 0.12| .18 0.14| O.11
Ceiling =
1] i 2 |042/0.26(0.18|0.14| 0.12| 0.18] 0.14] 0.11
112 Concrete . 4 039025018 |014| 0.12]0.17| 0.14| 0.11
113 6 |0.37\024/0.17|0.14[0.11]|0.17| 0.13| 0.1
14 | [032[021]0.16| 0.3 0.11]0.15] 0.12[ 0.10
115 o \'"210.26/0.23] 0.15] 0.12] 0.10] 0.14] .11 | 0,095
116 2 |0.24]0.21]0.14]0.11]0.0970.13] 0.11 | 000!
17 4 |0.15/0.12]0.10[0.088/0.078 0.10|0085 0074
118 2" Gypsum Fiber Concrete 2027|019/ 0.15|0.12| 0.10/ 0.14| 0.11 |0.096
on 2" Plasterboard
119 Ssren Suwfffcmg 31%2]10.23(0.17| 0.13| 0.11 [0.096/ 0.13| 0.11 | 0090
boarrdl  Gypsum Concrete
Reohng
120 Flat Metal ~ |045/027|0.19(0.15[0.12| 0.18( 0.14 0.1
Ceiling-*

121 | &4 le Sash .24

e Single S Double Strength
122 ” Double Sash Window Glass 0.58 127
123 by, Triple Sash Ygin Thick | 0.38 128
124) % [ahs gz 0.63| |29
125 %) | Plate Glass ¥ in Thick | 1.19] [ 130

I

| OOD & METAL DOORS
126  _= |Thin Wood Doors with Glass| 1.24

|" Wooel Doors 0.70
2" Wood Doors 0.45
%" Wood Doors 0.30
Metal and Asbestos Doors | 0.65

*Courtesy of Publisher, “Heating and Ventilating Reference Data.”




[MEAT LOSSES AND INFILTRATION THROUGH DOGIRS AND WINDOW S*

The parpose of this sheel = to enable the user rapadly and
acenralely to determing the heat losses and andiltration Hrongl
doors and windows by The use of Gibles for standard size doors
and windows, eliminating the ibarious caleakmtion ol el
lengthis, The iethod and e data were developed Ty Ralph
v Roissccombustion engineer, Anthracite Indosteies Dubora-
Lory, andd appear here with shght meadificidions.

Fables TEE TS Camd WV e e the ead Tosses Hhronmgele sbimcdard -
stz windews ond daors, bised g 70010 teiperatre dilfer-
cnee ardd 13 mile wind, “able T permits adjustment Lo othier
temperahure differences, and Table 1 of other wind velocilies.,

The st two columns give the width and height of the
window or dooc opening ininches, The opening relers 1o the
aulside dimensions ol the window o door. The neat colummn
sives the wrea in sgnare feet, This ligure s aol ased in calealal -
ing window losses, bul is snbUrcted fram the gross wall area
to abtain the actual or net area ol the wall stmeelure,

The transmission loss is given in Bt per hone for single amd
donble glass, the lalter referring Lo two sepasate thicknesses of
slase with an aig space belween, The presence of storm sash
fullills this condition, bul “deuble-strength” glass does nol.
For single glass, (he trunsmission coellicient is 1.3 Bin per
s [Uoper br. per degeee T and Tor donble glass, 0063 Bl

TABRLE T CORRLICTION FACTORS FOR
TEMPERNTURE DIFFERENCE

Design 1 Liarn Mulviplying
thilference, 1. [olar

HIV] 1.20
83 1.1
80 114
5 107
T 1.00
6.3 o
Gilh n_Ni
a3 0,74
a0 0.5
|1 ] [T
it 057
K .50
il LI

TABLE T WIND COHRRECTION PACTORS

Wind, M.p.h. Faclor ’
i ol
b .15
B =2
(i 0.3
S 0 43
T [V
1 073
13 00
| 16 110
‘ is .25
| 2 | 3]
| 235 1,80
|

fConrtesy af Pablisher, " Heating and Venlilating Belerenes Datal”

ol

Doors ronsisting largely ol glass or thin wood pancls ae
assned Lo have the sione Cramsnission loss o windows ol the
same size. For solid wood doors. iultiplying fetors are given
in Table VI

Intiltration loss depends upon o nuwmher ol Yactors: including
Lhe copstriction o the window waoud s B The tables aire
calenlated on the basis of standaed data

Infilteation losses through Ly pes af windows not viven in Lhe
Gibles oy e calealated by nmliiplying the loss shown under
“Weatherstripped, Poar.™ by e faclors given in Table v

Metnd windows zomelimes consisl of part slalionary and
parl movable sechions. In this case,. eounl the eolire window
Jor transimission loss and e iovable pact for infilteation loss,

The tihides have been hased nponca i mile wind. For other
wind yvelocilies, use Une amdliplying (aclors in Tabbe 1),

fofiltration is assumed o ocenr only on the windwacd hall
of the bmilding, altliough it is safer to compule the tatad
possible leakage of the entive stractore, nnking sure that 1he
infileration loss is not less than half of this ligare,

AEter the heat loss apd indiltration have been determined Qe
a given rooin [Tam the Gables for s 707 F. temperstare, the total
can e corrected for other design temperature differences by
multiphving by the factors in “Table 1.

TABLLE TIL FEEAT LOSSES, SINGLIS CASEANT

WIENTDIOWS

Tuliltration boss al 707 B il
P IMvanamission 15 mile wind (B, per b))
‘:|:r my i I‘['I\i‘TTM‘(ITEiII u“' |
1 (inchis) ‘}r"" |-.|.-r Iu:.) : Wealher- Nom-weatlwe-
l'lill‘l sripped stripped i
MLl Teight Single “I“'"l'l" Aver, | Pooe Aver. | Toor
s | 2] 3.4 205 | 206 | 440 070
Ly b3 6.4 925 1 M8 | §aa | 1530
)Ly BB 7.04 3463 e 610 | ario
1214 23 $.73 494 | S24 | 478 | (060
24 24 1.0 4 | S48 100 | 1120
44 30 5.0 2R 886 4530 | 1260
g ly 25 $.23 2538 U635 423 1190
Ly o] $.00 265 | 482 b3 1450
2§ 14 4] H0 A%1 | 530 0 G0 THOD
[ d5la 23 (Wb R TUR F 11 0F | 1130
lagly | 25 103 282 | 4k3 | 1450
jagly | oen | 574 116 | 475 | 1340
481 | 81 H.12 $25 0 193 130
EER 13 602 431 1 bR
sl H s.10 05 14620
Ly ¥ 5.0 N L7600
25 L5 TH I {1 b 1500 -
g [ 20 ) 685 1811] 1410
3 RN 33 .22 0 T 1300
31a | 45 7.0 174 1550
$1ia 37 8.1} L0 1600
3114 il B0 A8 LGH0
a1k R T S60 [ESI1
| 41le | a3 (118 [HLE 1970
by | 40 6.93 N 1180 |
HERE -+ 7.00 150 1570 |
A ) H.H3 2 310 1670
RE e L] 0.54 310 R 1] 1760
dhla B 332 N2 1410
dils | 8 |12 005 | 806 KBS  G25 SO H) ‘
1




TABLE IV,

Window

HiZi

Cinches)

Widith | Heigln

10
20
1)
21)
20
M

+

FE=a
LLRp =y o

Lo

i

[E=0

b O S N

(L0 L T DS

AL D

28

41
i
H
ae
34
34
34
B2}
i)
B
BT
b

R
R1i
48
Rl
H1H
16
a6
]
]
40

4G
36
34
16
ad
58
30
HH
S
a4
R1H
<2
46
an
Al
(G2
G4
58
G2
a0
a6
38
b2
16
o
53
ah
a8
62
[
b2
iR
[ils]
e
10
30
bt
1H
30
3k
a8
[
[H)
al
a8
e
4o
a6
4
14
Gl
a4
aH
(=
a6
0
a0
5t
56
58
2
iy
1H
a0
54

ooy

(s

M-
3

HEAT LOSSES, DOURBLEATTU NG
WINDOWS

Transmission
e at 707
il ¢t

prer hir)

Single | Double
plass #liny

5.107 205 16+

L85 K33 | s
11.50 o R

1
4,701 B30
1LGOS 1155 607
13,60 1230 00
11,50 010 862
12,30 09 | ol
13.50 | 1063 | 425
1600 TTO0 | bi0
14,50 [143 | G0
550 1220 | 4HA
6,500 1300 | G20
274 1004 i
.00 1084 (B h
A0 T185 | 472

5.007 HOO 160D
3.8k MO0 18E
.35 505 202
7.307 592 246
S.06 | G360 255
4.55 | dG2 143
.04 5336 | 221
B3 6Gk3 | 2060
S84 700 0 2HD
G000 475 149
T.00| 5353 | 424
7.87| G0OR | 242
H.48 | 660 id
0. F0E 0 313
1h34 | 840 | 994 |
0.80 TEY | og08 |
10,43 | 5849 | 328 |
11,20 887 | 352
3,83 462 183
700 335 | 4949
7400 G870 233
B.1G, G| 2aB
B3 T10 | 288
9.75 0 775 | 0T
10,50 533 | 431
10.00| Ho2 | 34}
11.25| 891 | 354 |
12.05 | 835 | 380

| 1280 1013 408 |
BT A5 | 276
1145 | KBt | 334
[2.05| D35 | #4850

P 240 | 1020 | 406
6,46 00 204
7.73| al12 244
905 TS5 | 2E3

[ dgn| 82 | 302
10,80 | Hal | 340
GO | 913 | 363
12,50 900 | 391
[ 18 SE TV 23
TR23 1120 430
12,00 930 ) 478
1400 1020 | 06
14.80 | 1000 | 415

[nfiltration loss ab T4 1. il
15 mide wind {1 per hir)

B3

Non-wenllies-
shripgred

Avoes, |

Prowr

L5:20)
L3ks
[683
1740
170
20060
11430
1510
202
2H30
LR
1510

| 120

2000

;2180

2240
2170
2260
0
[455
[510
LG
1430
R0
L1000

Qrat |

L]
2340
2420
2520
A2
22840
24404
25721
1790
1050
2070
2160
220
2ATH
2450
25

DRG0
JRUEAI]
12460

2aR0
(Rl

SO

2140
4324310
EEII]
s T H1)
2500
2141
20U
2340
2440
15430
4551
L0210
2720
2510
24H0
25745

2070

TARLE V. WINDOW CORRECTION FACTORS
¢ Multiplicrs Tor Dabbe IV —Wonthemstripped, Pooe)

Type Muliplier
Daoable-hung metal | ] 2
Same, weinl hierstripped. st s T 1
Todustrial, pivated, metal . &
Residential melal cosement . .. e 1.8

TABLE V1. DOOR COBRECTION FACTORS
{Multiplicrs Tor I'nble V11 - Dionlibe Gluoss)

Actoal Thickness of Multiplyving
tloor, il aelor
4 1.5
| s 1.4
] 155 1.2
] 1%, 11
154 1.0
| aly 0. 83
aby 0.73

TABLE V11, DOOGRR AND DOUBLE CASEAMTINTS

Lotiltrntion Joss gl 70 F. dill
Traasinissing 15 mile wind (L. Lo, per hr)

St b

filch v dill. (Ih.e.n.

Gnelies) '}r' 3 per b Woen il Nasn-wwea Uler-

ITI) whrifiged alripaped
Width Height Sugle | Doull pver, | Poor | sver. | Poor
SINGTIS DOORS

s TS 13.0 | 1025 FE00 ) FEOO 289850 ) 2980 4760
b} bt 138 1030 4240 | 1215 ] 430 | 2430 AEG6GO
Bt Fit 1592 0 1200 1 480 1240 2480 2450 | $060
as "y 13,06 12534} 402 PAF a0 | 250 | 5000
il T 14,92 | 1451 A1 1260 2320 28200 | 3040 |
111 80 16,7 | 1320 S90 7 1285 | 2370 [ 2370 [ G141
39 "0 7.8 1105 ] S02 | 1410 | 2620 | il | 32
HE b E9.3 | 1325 Gl | 1435 (2710 | 2710 | 54240
1l s8N 20,0 1 L8k B2 | 1855 | 2710 [ 2TLO | 5420
13 51 2paAl : 1660 G653 0 THOO | 2800 | 2500 | 36040

DOUBLE GR FRENCIL DOORS AND WINDOWS

$214 (B85 7.8 Gl 0 246 B30 G200 715 | 2010
#ila | 4145 106 | 830 [ 332 | 400 710 | 8§20 (2300
| #erg | 45t | 105 | om0 | 365 | 505 [ T30 | B0 | 2360
a6lg | B8, | 140G | 070 | 428 | 5HE | Bda | 075 [ 2740
1004 | B304 | 10.0 | TOO0 | 916 | 487 [ BIS | 780 | 2100
doLa | 41LG| IL7 | 925 | 970 | 515 | T40 | B35 | 2400
40bs | 4580 | 12.8 | 1010 | 404 | E50 | 790 | 810 [4550
ol B33 1500 | 1100 | 475 | 605 | 875 | 1010 | 2850
$4ls | 5337 | 1607 | 1940 | 530 | 083 | BU0 [ 1040 | 20240
| 48 T4 0.0 | 2060 | 825 [ 1825 | HE0 | 3850 7700
1 ¥ 50 HEF O 211 Hed 1060 | HD20 | 3920 | T840
| 48 b 9H.0 | 2210 HR | 2045 | 4050 | 4050 | 8100
GO 78 82,3 | 2aT0 1080 2065 | 1130 | 4130 | 8260
i 60 80 93,9 2040 | TO60 | 2100 F 4200 | 4200 | 83400
GO R4 35.0 2770 | LEEQ 2165 T RI30 | $130 ) Ra60

This aberve Tigares are for doors consisling of gliss or Uhin wood panels,

Fiar salil wissd tlors, multiply the ransmissisn-loss Lgires grven for doulde
gluss by the Toclers aa Table VI
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Supplementary Design Data

Ix e rrceninG seerions ol this bulletin two de-
sign procedures are deseribed so that the veader
would have s cholee of using two simplified methods
ol sizing the radint heading panels. Sunplified
procedures ive nol adways desteable however, There
are thimes when extreme aeenracy ol design s an
cconomie necessity. Take, for example, o honsing
project where a hundreed or more similaor honses aree
to he bralt, oo sueh o cose, even the shghtest evror
wourld he significant beeonse 10 would be maltiplicd
a lmdred times, Or, for another example, take o
multistors building, where o dozen o more Hooes
are identival, there too 11 s necessary to have exiiel
engineering,

Generally, 10 the baalding (loor area excecds
20,000 square feel, either in one o more huildings,
w heating engineer shonld he consalied, and for
siuch cases we hove prepared o special desien pro-
coedure. This procedure is presented in the Supple-
mend Lo this bulleting but ineluded fere is an ab-
stract of the theory and i example applisation.

This procedure s wnigque h that it allows the
engirieer Lo staret his design by fintog the poonel water
lentperature and varsing the panel arcea. There are
Lwo reasons Tor this sequenee, (1) only in caree coses

does the designer have o separate conlroller on each

panel, and the systenn is thermally balaneed in
the initial desizn,

The dala Tor tus procednre, contained o 30
Lubles of the Supplement to this bolieting, were ob-
bained Trom arn eatensive Inhortory inveshaation,
The Liboratory work 1ook three yvears 10 camplele
and the salysis took anolher searsin sl four yveanrs
wenl into the preparation of The Supplement data,
As aresult of this waork, heating engineers iy sasve
lowrs of design time, The following example will
illstrade the wse of the desizn tables, but the theors
i eapliined in the Appendis of the Supplement.
Coples of the Supplenvent and large size DESTON
DATA-FORNS may be oblained upon requoest,

EXAMPLE

The structure selecled for the example is aanalii-
stary office building, To designing the lieating sastem
o suele o building, the engineer may assome it
partitions will bhe moyed from tinge 1o tine: conse-
quenthy, ndividnal room cantrol is rareiy possible,

The piping layout, as shown in Figure 21, page 56.
i terely ane possible solution. "Uhere ave others, of
course, but this ovout ilsteades aovery simple, casy
Lo assemble, plan, Nolice thad no exdra coils are re-
quired Tor the corridor, ind 1thal no trench or cove

is recpared Tor leaders, Ouly M-l steel pipe s

necessary Tor the horizontal lines, The only Targe
sizie pipes ave i e pipe shalt ol Ve heating equip-
tcHl rota.,

I is genevally advantageous Lo spend o Jew miare
lours in design and ovonl work i order (o redoee
fabricalion aod insbaibation costs. Very ofTen o Tew
mirles ol an enginecr's tioe will sove Boues of the
smechanie’s time, The Jivdrinehie cajeulations e
shown in Table T on pace 01, and are hased on dala
=hown in Figure 21, page 56

Vsoa entde to Che design provedure, we will Tollow
IMe Uems an the Badimt Panel Hleating Daesivn
Pata-Form, page 28,

Itequired

Lo Panel area, A,
2. Panel ontput, ¢

, (see Clossaey, page 00)

Design Conditions
[, Stroectuee —aollice bodding (Hhis establishes a;
see Table L pase 61)
20 Wind — 10 mph, North

3. Design temperatnres
air, = -0 lf
biserent = . .,
altic = 70 F (penthonse)
Hooms

I. Purpose— 1 thoids Tor t A, A aod A
2, Size = 1O 10 X 1Y, celline heicht =10 1,
3.0 Total aeeay A - 1308 sq. T
LOSKAY = 100 sq. I —esposed wall and win-
dows

[0 10 =160 s 1 —exposed wall and win-

dows
L6219 =301 sq. 1. —[loor
[0 = 190 sep. o —insicde wall
L LD — 160 sy, 0 —inside wall
1O 210 - 300 s, 1. —cetling
Tatal 1308 sy 11

1o Panel localion - ceiling
Prefevably an osuelace with createst Leat loss,
for exaanple, floce panel with staly floor con-
struction, or eetling panel with flat rool” con-
slrietion,

Assuinptions

[ Ve water temperature, = 135 F.
This s an asstmphion for the ficst panel only,
after that 4, 15 fised,

20 Assunied panel aren, u=0.220 (f, = 288)
[t s generally sufliclent to assume pancl areas
as aiver in Table THL page 6.
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3. Uohieated area, A= 1020 sq. 1.
(1308—=288 = 1020)
1 Comforl constant, a= 11 F.
{=ee Table U, page 61 Tor other values for a)
5. Resistance, =071 he 3
(If panels ave constructed as shown in Figore
23, page 03, 1 may be faken as 07 or cetling
and wall panels, and 016 for loor pasels)

Fxposed Surfaces
(See GLASS, DOORR, ete. on DESIGN DAY A-
FORM)
. Net area, A
which Teat s passing, For example, for 1,

s haeles s the area throngh
use the wall areaominus the ghass and door area.

20 ARSIV Code, The ARTIVES GU TR Dists sev-
eral types of construction and the proper =1
vithie for that constractiion. For esample;
Chie 1950 GU T page 181, wall number 25D
is o brick veneer wall with an inselating hoard
sheathing,

3.0, Py etesis the coefficient of transmittnne:s
as given in o reputable sonrees For exaniple,
for wall 253 1Y of the UL, £, =021
Bl e,

LA, A

whenever the surelaee (wall, Hloor, elel) is nol

e tles Generally this s unity, bul
:

hetween the aulside aie and the inside air, then
ALis nat unity, (See Glossary, page 66.)

sl U, el Is determined by the equation
AU AL TaXix)
- re = 0.043
‘ A, 1n2n

Equivalent Transinitlance, 1

to== g w= { ”07*7 { ."'.u' = 7'-'”-+ l .l-',‘ + { ny

=0.0834 040,002 4 0.002—0,035 - 0. 112

YVentilation

1. Ventilation rate. The vearlilation vate nray e
determined hy (1) the evack method or (23 b
the air-change anethod, The erack method s
given heve, bt af the sar-chimgee nethod s
used put the total ventilation in the spuce

marked “CFILY b thus case, 19 CETL 1L of

crach.
20 Crack length—insert the dength ol erich per-
mitling anfiltration o wir, i Uas ense 50 11,
3. Total CFI =the tatal amount of idittration
= U Hl =050

I AL same as Al ele, = 1.0

_ V a0 . _
aoo b= = (in s case) = 0,73
4, 1308
nse bl

Resulis
. 0w obtained from the Table, poge 05—in this
cise 1 =0.219 {page 58)
20 Panel wrea, AL = 021931308 - 287 sq. 11,
3. Oulput, g—obtaiued fram the Table, page 65—
i this case, g — 1801
I Ndjnsted n—Since IT=0.71 (ool changed)
i and g ueed nal he adjusted
5o Ndpusted g—same as (1) above,
o, Idlicieney, o is the ellicieney ol the panel so
that
Panel output
" Panel oulpul +hock losses
287 X148,
28T XML 10 {287 X 18D
=060 for 109 back foss

T Boiler lond—how much energy the hoiter must
supply the panel.

Ly 287181

e 000

11 the desiener hias @ short ot for determining

= 53100 3 hr

Botler Toad, s

the tatal transmission lasd, Q. (1olal hieat Toad
minus the ventilation Toady then

A v

UM (A=A (=1

The control probhlem s not disenssed i (his
bulteting owever o paper (Simpdifving Com fort
Coulrol for Radiont Healing, W PO Cliapiman and
B 1 Fischer—Heating and Ventilating,  June
1018} has been prepared covering the conlral proh-
leny, the gist of which is that ananside aae thermo-
slal is adequale Lo control o panel system if e
theemal Tag of the panel s less than the thermal Tag
ol the strocture. More complex prohlems arise when
the thermal Tag of the panel exeeeds that of the
structnre. When the Iatier ease is inevituble, o com-
petent contral engireer should he consulted,

Safely Fuetors

I this desien procedure there e the same
safets fnetors as e any other camflorl heating de-
sign, e the ventilation factors and thermad cliar-
acteristios are simnlar. However, there s an auddi-
tonal adyantage in using this procedure o that the
piel witer demperature is meluded in the initial
calculntions. By selecting waler temperatures 20
deorees helow maxvimun, the system ean operate al
L13-12007 above design sithowl injnry to the
panels. Obvionsly, therelore i s desirahle to seleel
pavel waler demperatures that will give  panel
surface temperidwres within Che sdeal sanee (Jfeel
of Pavel Localion an Skin and Clothing  Surfaee

oY
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Tewmperature, Vo P Herrington and 1800, Lorenzi—
i A

Heating, Piping and  Sie Conditioning,  Journal
section, Getoher 1949,

SPECIFICATIONS

These specifications are written for the TOP
FLOOR only, speeificalions for the eatire building
would be modified 1o provide for extra equipment,
but the Tollowing will serve as o gnide for o
Building, large or small:

I, CONYVERTER: One converter shall be fur-
mshed i cacl heating equipment voom. The eon-
verter shall be a shell and tube Pype, with o remioy-
able tube bundle and cemaovable Liead o one end,
The water shall flow through the tubes, and stemn
shadl flow through the shell (see schematic sketehes
page 68, Fignres 25 and 20).

The converter shall heat 10 gpm from 125 F to

LIS 1 wilh o stean pressure ol 30 psinc (313 pphoof

condensate for 100,000 B i), The waler cireuit.
Uirougzl the converter shall have a mosimuang pres-
stre drop o 2 feet of waler. The canverter shell
shall be ol carbon steel and capuble of standing »
pressure ol 125 psias The converter shall conlorm 1o
the Tubular Fxelumger VManufaceturers Assocni-
Hon Standards, Sees, 1,3, and 60 and shall e -
stalled o gecordanee with TV Staudacds Seet. 8,

2, CIRCULATING  PENIPS: v crealating
putp of an approved mahe shall be Tuvaished and
installed for each floar, The pump must operate
stmoothly and ety withoul vibration, aad flex-
ible canneetions shall be used i TL s necessary {o
prevent  transimission ol sound. The purap <hall
vonfort to the Hydranlies fnstitate Standavds,
Seet. B, and shiadl be installed in acecordance with
Sees, V=101 off Lhese Standands,

The pump mators shall be designed o operatle on
220-valt, 60-cxele, single-phase current in accord-
ancewith Natiomd Fleetvieal Yaoamifaeturer's Asso-
ciation Standavds MG The pomp shall be g
ble ol Tatlilling the following vequirements:

Dreliver 10 gpm against o hiead of 30 feet of waler,
using a *q-hp, 5t-rp, dicect-connected motar,

3O ENPANSION TANN: Furnish and tnstatt in
Hhe heating equipment roon, oue 24-sallon expiae-
sion tanh of welded steel construction wd su certi-
ficd 1o withstand astatie air pressnuee of TO4 psi Tov o
period o two hawrs withouot dreop.

LRADIANT DENTING PANELS:

shall be of the size wd arrangement showrnon the

Panels

plans, The pipe shall be bent ona diameter nol Tess

than 12 times the nombal disnneter, Aoy section ol

piping showing evidenee ol flattening or splitting
shall not be vepatved bt shall be vemaoyad from the
panel. No o threaded joinls shadl be permitted in

concealed immins, hranehes, or paowls, Bpacing shall
be [2 thehes Tor the floor panels and 8 inches for the
coiling and wall panels and as vequired to i in the
COUIPICHE. Toat,

Floor Panels: A concrete subfloor shall he con-
strneted by others at the desired grade as speeilied
Ly this contractor. This panel shall be seewred to
this subfloor i such a vanuer that the piping shall
nol slaft when eovered, The piping shall be covered
by conerete to w depth ot 1he thinnest point of ap-
proximately 2 inches to the top of the pipe, as
shown in Fieare 27, page 63,

Ceiling Panels: Before the erection of the melal
Latlyand plaster, the piping hinll he securely Tastened
Lo the beams and the eeiling shall then he plastered,
1t is the respousibility of tis contraetor Lo see that,
plaster Is toreed through the lTath (o completels
cover the back part of the pipe. See Figure 27, page
03 Tor illustrealion.

S PIPENG:

AL Cold Water sond Drainage Piping

A piping shall he instadled ol the sizes and in 1he
locations as shown on the plans. 1 shall be ran
pacadlel to the walls and ceilings oo neat and work-
manlihe manmner,

Al volves and aceessories shall be gnstalled as
shown ou the plios, and o miinionan of fitGnes
shiadl be used. The pipes shall be cut to o measured
i1, andd ol theeaded piping shall he rewmed aftee
culiimg,

A piping stadl he installed to grade inc the diree-
Lion of flow on the plans to avoid trapped condi-
tous, Inono case shall plumbing lines be v witde o
gride of Jess than L-inch to the fool.

AL cold water, vent, coudensate and condenser
wider  piping  shall be galvanized steel (AR
A-1205. Tins conteactor shall furnish and nstall
all waler dratuage and vent piping requived Lo pro-
vide the proper operation and drainage fram the
cipitiprent .

B Steane Piping

A sl piping shall he standied weight, seale-
free steel piping witho nialleable iron Httings and
shall crade I the direclion of flow or as indieadod
not less thi T-ineh i 20 feet For mauns amd T-inch
in L0 Jeet Tor branchies, Long runs shall be made
with expansion loops, or with swing joints {o take
cire of expansion without nusalicnment or damage.

C. Hot Water Piping

A panel heating pipimg shiadl be standacd weight,
scitle-free hlach steel piping (ANTAD A-1200 and
shall be nstallid as indicated on the plins,

6. CONTROLS:

v controller shall operate o motorvized steam
valve in conjunction with an ouldoor teinperature

01



coutroller of the remaote bulb by pe to i pre-
deterinpied tetoperadures of witler To the healing
panels depending on the oulside air tenperature,
This controller st be able 1o vary the water
temperithure Trome 75 F to T F whea the oofside
tempernture clumges [rom 6001 1o [l The
controller shall be provided with o mamonally op-
erated deviee which Tor unosual temperature con-
ditions will permit the systen 1o be operited at
witler teanperadure either wbove or below that whieh
15 considered vormal Tor the exislmge ouldoor ten-
perature, This devics shall have an effect an the
water temperature of plus or minos 1590 of the
operating range of the water leniperature conlroller.

Whaen the oulside temperatore 15 helow 00 1, the
controller or sundliney switelh will keep the water
cireulator in conlinuous operalion,

An Cemergeney T (OFEFF-ONY switel shall be pro-
vided wihieh shall eat ot all electrically aperated
Iieating equipient.

(I zone control s desired, three-way mnning
valves ean be installed on the headers. Vs as
nine zones per loor can be sel op with this piping
[y oarl )

TOPRESSURE BREDECING AND RELLEF
VALY G The water snpply froan the converter shall
be equipped with s % dneh pressaree reducing and
veliel vulve, The dedn Trom the reliel valve shall
discharee over the Hoor in the equipment oo and
Now 1o the Noor deain,

GOATR AV IONTS:

AL Steam Tleating Syslenn

Vents of the vacuum atwiospherie Dype shall he
installed swhere madieated on the plans,

B. ot YWater Healing Systemn

A ents sball bhe o the manmal Gype (pel cocks) and
shall he nstalled at the high point i the return fine.
Vhe venls shadl discliarge throagh o Y -inel tube 1o
the dloor drain in the equiprment roons o each oo,

G BYLEANCING FITTINGS:

Farnish and tnstall in the return pipe Team cach
pirel aosquare head coek for balaneing the fluid
Mow. These Tittines shall be desigoed Tor 125 psi
wialer pressure aud he of the size ol Uie respective
pipes, See Figure 20, page 60, Header Aerangement.

Lo PRESSEU B TESTS: (ot Water) Befare
connecling 1o the cquipment. concealing e (loor,
walls, or cetline, and fnsuliting, all waler and heat-
ing piping shall besubjected 1o o hvdrostatie Test of
05 psi (oe line pressaeed Tor two hiones, the reading
to be taken near the converler when possible and
proven tight against leahs, Yhe piping shontd e
fested in segments when it is fonnd necessary 1o do
s0 us 1 the cise of piping coneealed 1 conerele

floors, ote,®

(2

FEOADYUSTAENT AND TREAL BU N Afer
Hhe comdractor has corapleted the heating distribin-
tion systenn, he shadl put all parts in warking order,
and the system shall he given a ran of suflicient.
duration, as determined by the engineer, 1o aseer-
Lain the proper apecation of the couipanent, The
condral system zhall he tested tn the presence of the
cngineer apd nnder his dection inosnelea manner os
Lo show that i is tstdled siecording 1o the specili-
calions, The svsten shall be balaveed by the ad-
Justiment ol the square icad cocks and flow conlrol
valves, Ta obtain the proper femperiture o the
respecltive returne piping o all the rooms. This
baloneing <hall be done on acday that s sallicient by
cold to give o Tair test of the systenn Fael shall he
Fienished by the owner,

The systenm shall be Glled o sael o osiner as Lo
venl the air frorn the systerm withoul leavinge o
i pochets, The svstem shall not be run ot normal
operaling temperilinres notil the plaster and con-
crete are Thoroughly dreicd ont, "The system slidl not
be started wnlil the engineer bas given his approval
to start the itial operation.

SLGGESTIONS IN DESIGNING
[. b oestinmling the waler temperature Tor a
given roann, nse e equilion
0
lo—h-—-_"
.)““ (1

wheve fo—inlet water Temperatoee, 19
i ={low, gpm
O — hieat loss from fhad, B!

For exinuple, it o pipe carryting 5.0 gpim st v
FO% feet thrangh o carvidor where Hhie panel antpud
s 50 Bl {of piped and the water fearperaluare
wis nitidly 120 F, then the temperatire at the
cnd of the carridar would be

S 100

{.=-120 — _ _ 1202118 F.
200 > o

The temperature of 118 17 wonld e used as the
[, Lernnin The DESTGYN TABLES,

2. In rooms requiring simall supplementary pan-
els. rnn the sopply and retuen lines in the floor if
ceiling panels are used, and inihe ceiling i fToor
pinels are used. The former is especially desirahie
i =bracture where cold floors night abtatn with
a ceiling punel.

3. hastall the panels o the sarlace which has the
createst hieat lass, unless coil Tabricution costs ave

*Asoan ilerpative, Lheconleeioe mey fest Lhe pipiog widh air, odleegen, or
carlen dioide prior o the hydmstatie lest, This gos teat aloold Lie ol jeast
10 paig. I lenks are degectesd. 1t is possible 1o repaiy them withou? baviog 1o

drain the syatem. The preseribwed hydeostadic test shoold Le porformed afier
the pas lesl




»

prohibitive, T is cansidered goad practice 1o mstall
cetling panels 1m o room over & basemenl or over
any pirtially Teated room, Sometinmes, however,
the use of insulation will clinwe the coldest sarfiee
for example, ina ranch-ty pe house. the use ol inso-
Ldion i the ceilinge and walls mahes the floor the
surface wilh the grealest heat loss,

I. heep down panel surluce  temperatore Tor
physiologicul rensons, (Kffeet of Panel Loealion on
Skin awd Clofhing Surface Temperadure, 1. 10 Hor-
rinelon and Bob Lovenzi—Heating, Piping and
Aic Conditioning, Journal Section, Octoher 1919)
Panel surface temperatures e dndicated by Jight
inee or bold Tuee type o Design Table, page 65,

PANEL CONSTRUGCTION

There are many ways ol nstalling radiant prnels,
especially i flaors, The two panels show i Figure
27 below e rvepresentative of panels for multi-
story stractures, For single-story sbeuetures, socl
asogarnges, hangaes, eles there are o fow slivhl
changes. For a floor panel inoa single-stors strae-
Pure, 10 s mportiod Ta have a solid shib of conerete

|

beneath thee pipe so thal grownd waler cannot seep

< npand avowd Uhe pipe. I ecanomically possible, the

subslab should be made of msalading conerele so
that heat loss 1o the cronnd will be eduerd, When
aAloor slab s ta be used Toa maltistory baldiog,
there would be no need 1o bave any nsoalation: the
baek losses from the panel wonld serve as o ceiling

pancl i the room below.

IHNYDRAULIC CALCULATIONS

by Iivdbennlie svstenn it is neecessaey to defer-
mine hydrauhic friction. Tnoa panel heating svstem
the hivdeaudic eirenits nst be haluneed <o that the
waler Lemperalures o the panels equal the water
temperadures assured on the DESTGN D AT A-
FOTRNL

The first step s to determine the flow i eneh
cirenit, (Colmmm 3 of Table 1, page 01), The re-
quirved Now is set up Tor either o TG or 20 19 drop
in the circail, For o 20 F drop one spme equals
FO,000 13 hees Pipe tunber Tin the table carries 1.76
wpr ar 13,600 1B e,

The second step s Lo delerndne the hvdreanlic

i 2 :
& BYPSUM FLAST
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resistinee i cach pipe when carrving the required
volume of waler {(Colanm & of the ‘Table), This s
accomplished by delermining the resisGuree in feel
per unil leagth—Trom standard hivdranlie tables—
and the length of the coil,

The third step is to balanee the cireuits, This is
expladned in Columns 7 and 8. Groups ol pipe are
brought into several headers, The header is then put
i series with o plohe valve and each pipe 1s 1o series
with nbulanee fitting, genevally asquanee head coek.
Thisx piping arrangement. is shown in Figure 26,
page 60, Noliee thal pipe number 900 the tuble has

the ereatest hvdraulie fricton with 37.5 feetl, aud
9.1 feed
of wider, and yet when this system is in operation,

pipe nomber 0 has the lowest resistanee

all cirenits will hiave the resistance of 37.5 feel of
waler, Pipe mnber 6 is controlied so that thepe are
2.2 feet of resistance on the balanee valve and 20.2
feet on the eader valve,

Maxunum head ioopanel ..o 0= 3T Teel
Head allowanee for converter, fittings

and cannecting pipe. oo =120 feel
Totat head o000 o000 0.0 feet
Total requived flow o000 000000 =39 8gpm

TABLE I—HYDRAULIC CALCULATHINS

ipe Header IFlow Hesistanee
Novo | AYSS Tpm feel 100
1 I 1.746 B
-+ 1 1.76 378
3 1 1.76 478
t 1 1.1 ! R W
5 2 141 115
G k4 1. K2 4. 043
T 1 .42 )
L 2015 5
H B RN S
KLl 3 2ola 3.
bl } Pla EN
12 3 2015 3.
13 ' 1. ba )
11 1 | I .
13 1 ES 5 g
i H L 7 .
17 ) LN B
1s 1 FL O
19 3 137 4
20 3 1.37 B
R 3 137 4
22 N 1. 37 2
25 [ [EX]
) 0 LS

=See loor plan Tov key 1o pipe monbees, Figore 240 pagas 56,

TABLLE T

Vilues for Comflort Conslant, «
Lniler Various Condilions

{ir= fr:+ .""1‘]

Comblort

Comditions .
Comstanl, o

Foundry L S o HH]
Very Active Work, o000 00 A 108
Coymmasivms . . A . . oo I
Light Manufucturing. .. .. S 128
Stores and Iitehens e .. .. [l
Ballroms .. .. .. . o o 15t
Closs Roows .00 000 o0 o [EE
Ofliees and Homes Lo [B]
Seided at Fase . A 142
|]u:~|)il:l|h and Batlirooms | P . 1541
Swinmming ool . ) . 158
Reclining Clothed o } o 16+
Reclining Nude © 0 . o 170

0l

Totad Added ead
length Resistunee
feel Tool Header | Line
{eel ‘ leet
iR | 12 4 1.3
570 ' 11 | s | 0.0
411 11,3 | 2.%
EX N d.0 | 1.0
Y 11.4 208 0.4
@70 91 | 2,2
ik 1.0 | 1H.5
64 P | 11.4
678 Wia "0 (L]
670 474 0.1
GT0 372 0.4
6045 370 ‘ 0,5
RhIE [ b T
NRIH It.2 20,0
G BRI 3.4 1.0
Gl 311 i1
[N 336 i, 6
[HEN dd.0 G
111 101 1.t
2112 11.8 . 2507 a.n
FLY 9.8 S
FaT 10.7 : 11
b3l 15,2 : 1.3 ! 0.0
s 14.7 : i b
TARLE U
Guide for Assumed Panel Arcas
Per Cient of Floog ar
Fxposed Surfaces Ceiling Area
Assumed as Panel
4 walls plus Hoor ar ceiling. HO-100
2 walls plus Hoor or ceiling. ... .. T340
1 wall plus oor or ceiling, .., .. GO-75
Floor or eetling only . ... i . b5-60

H assumed panel area is in ervor by 209, as com-
pared to computed area, the crror will nol appreci-
ably alleel the design, I the error s i excess of
209, then the ealeulation for € should be repeated
using the st resall as i estimale.



t.-—10 F Properties of Ceiling PPanels a=-140 F
PANEL TEMPERAMTURES
Light dowee Type o 0 00 I pta 100l
Bold Face Type .. . Tyt K
Lo = mean panel waler femperaiure

o . 110 115 120 125 130 . 135 1 10 115

u 6 127 NEE! Clod L i (LR .082 .077 .072

BT |G 216 | uB.H 324 360 TS I T 46.8 | 50.4 . 54.0
- u 264 418 B T T N S 11T N NP1 148 | .13 | a3t
8] 2G| a7 | 83.38 s | 4 5 441 | 47.7 | B1.3 54.9
u 47| 281 ] 206 447 L2130 216 Lo 0 (192 .182
0 [LRE ) 9y 2 a0 340 47 12| mes o+ B2.0 55.6
s | 9 [ e Sa8 | By 811 T R [ w247 | 235
g I A 0.0 | R4 dH b7 4.4 4.9 : 52.5 56.1
. u | pt | O (. I 11t 1y J423 | 807 .292 .278
s q pie o aEam | BRY 3.3 .9 15.5 10,1 52.7 56.3
u 204 ] L6t e S 5 I 124 17t 106 .099 | .093
o=t q 21.7 28.9 34,3 360 | 497 | 44.3 46,9 | 50.5 54.1
1 o o | om | e 2533 e [ 2 1 | 186 74 1 (164 | 156
’ 1 224 29 8 b S N 0 B R 11 Y 4b2 | 47.8 | 51.4 | 55.0
: > u 3R 41 03 273 237 241 e | 218 | .204
' @ eleds 0 L I TR 1) g1 | 877 oY $4.9 k3.3 52.1 85.7
g } u | ... | .uss 457 #s | Hla W% ese .268 . 255
| | g ceee 0Bl | MG | HH2 1.8 a4 g 52.6 56.2
N I BT 62 T 326 L311 .297
bl I 3 o : | an.4 b0 45,6 R §2.8 ¢ 56.4
saw | FTYIN T 416 108 ETTIN T .160 A1 7 142
’ 0 2.8 | Wl 44.7 361 400 133 47.1 50.7 54.3
Ak u 875 ) 842 414 201 Hen | 450 i | 222 | L&D
0 22 8 | @00 d.e | 872 0.8 ) .0 51.6 55.2
| u 1 476 R e 409 201 270 .262 ,249
: b1y i i 0.7 | 863 | #7.0 1.5 451 b7 52.3 55.9
u - 01 e A 438 441 306 1 .292
W | g [ R O I L 6 | 482 52.8 56.4
. u Kita pranay 307 478 G 344 .329
ME | g ‘ | . | . . b2 45,8 9.4 | 53.0 56.6
0 05 u H 337 451 S09 LTI 274 L2561 .243 . 230
o | e 48,1 8567 by 3 14 0 47.5 | 51.1 54.7
T u Pl B LI B3t B56 417 31 : .286 272
q | | ; Lood 847 6 b2 (] L3 4 52.0 55.6
B u ceee 4 e . . 502 473 355 L339 1 .34
7 Sl | N8 o ; 1.0 45,5 101 52,7 56.3
0.0 u L b A SR i a0y 377 .362
| g | wmee o S I s S 494 53.2 56.8
n u v | i } i R 15 e .394
.25 : |
q_| -t ; o 4 ciea | BT
Ap = Panel Area —udy, sq. 1L i Panel Outpat, Bl per hre per sq. it

(1%



GLOSSARY
TEMPERATURE FERMS
L= toside o temperatare, 19 generally assumed
a
%
2
f,—paniel temperature,
fo=cquivalent temperature of unhested surfaee
areas, 17

Ly =outside air temperature, 17

{o=mean waler {emperature in coils, 17
[ =temperature of air enlering rooin or (he

Lemperature of the atr o adjacent room, I7
HEAT TRANSFER COEFEFICIENTS

b, = convection filme coctlicient, air 1o unheated
arcas, Bhr e

!'t[,f('nll\(‘t'liml film cocflicient,  panet 1o ary
Bl =

f. = radintion coellicienl, panel Lo nenpanel areas,
Blo =

(o= cquivalent conductanee T'rom nonpanel areas

Lo antside ane, Blo 21
{ o=cquivalend transmittanee from nside aie Lo
oulside air, Bl e
B =thermal vesistoncee, pipe fo panel surlace,
Firrhels?
AREA TERMS
1 — tolal sorlice area of room, [1#
Ap=surluce area ol pavel, {17
A= e

i, b dimensionless

Ei

=1 =, ditmensionless
GENERAL TERMS
o = pancl ontput, Bhe e
@ —camlorl constant, 10
T —~ventilation eate of aie ot £, G
A=~ F
Al=i —1 .
Al =1,

respeel o glass area, I

L, — ir=to-air Lemperature dilference witl

[£18)

Similavcly foe M0 AL A and Ay,

VA
1"_,.-lIAI‘ [t he i

Ar . -
A, = N =1 i all cises except where veutilation

airis prefeated,
SURSCRIPTS

o —inside air

c=eeiling
<= equivalenl
_,rf“nnl‘

g — aliss

=sirfaee not losing head

o =oulsile i
Jr paned
{=1otul

w=wider or exposed walls (see A, above)

CONCLUSTON

The wark of many investizgntors has been review -
ed Lo develop this strdghtforward, rational design
procedure, Tis fonr silvantages ave: (1Y the systen
s thernlly balunced o the desicn:s (2) comilorl
conditions ave considered o the analysis: {3 physi-
ological Timits aee readily determined ; and (1) 0t is
based upon laboritory wnd thearetioal analysis,

OF the Tour advantages only the fiest —thermal
balinee —is umigque with this sastem, Bat it is this
thermal halance characteristic thal s an important
addition Lo this systemn 1 is rarely passible Tor a
desizner 1o control each panel independentls, and
vet this is necessary 0 the systenn is Lo have de-
signed thermml baliiee, As can he seen Trom e
evamiple, the panels are designed aceording (o the
waler lemperature that wall be i the panel. Yol
this balinee ean be obtadned frame an inside air
thermostal heeause when the comlort conditions
are desirable, the water temperature will he oas
predicted (or determined) in the desigi, Fooolher
words, the halanee lies 1o the design equadions
which are solved and tabulated for the desiener,



NATIONAL TUBE COMPANY
PRODUCTS

SEAMLESS AND WELDED WROUGIHT TUBULAR PRODUCTS

(In plain carbon steels and in all alloy steels applicable to pipe and tubing)

Standard, xtra Strong, and Double ixira Strong Pipe

(Black and Galvanized)

Boiler Tubes, Superheater Tubes, Stll Tubes,

(“()[l('l(\I.lH(ll' E‘lll(l ll('illr I‘:,\'(']IEHI“'(‘I' rl‘lll)(‘b’
tel
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tal tal
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=
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A )

Mechanical Tubing, Nireralt Tubing, Aoy Tubing.

\izcellancous Tubular Forgings

Stainless Pipe and Tabes




NATIONAL BULLETINS

Pipe and Tubes in the Making
Pipe for Structural Purposes
Stainless Pipe and Tubes
Condenser and Heat Exchanger Tubes
PPipe Threading Principles
Marine Piping
Power Plant Piping
Seamless Boiler Tubes
Tubular Steel Poles
Drill Pipe, Casing, and Tubing
Aireraft Tubing
Scamless Mechanical Tubing
Pipe for Irrigation and Sprinkler Systems
Radiant Heating with National Pipe
Pipe for Underground Water Lines
Seamless Line Pipe
Sceamless Steel Boltles for Gas Storage
Pipe and Tubes for Elevated Teniperatures

Scamless Steel Pipe Piles
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