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Radiant Heating Serves War Plant

Ernest L Blair, industrial engineer, Stone & Webster, describes a new building heated en-

tirely by floor and wall panels. His outline of design aend installation methods makes this

article unusually valuable to engineers interested in this mnch discnssed heating wmethod
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P 1N RECENT YEARS, the possibilities of
raciant heating have intrigued many
engineers, Its merits have often been
extalled in print, but actual installa-
tions are comparatively few and the
huildings are in general small, or radi-
ant-heating equipment is supplemental
only, The few reports of large jobs
bave usyally given little information
about design and installation,

We look with interest, then, al a
recently completed onc-story huilding
without basement, 80 ft Ly 280 ft long.
One of a gronp of industrial huildings,
designed and constructed by Stone &
Webster Enginecring Corp to previde
additional  war-praduction  facilitics,
thiz biilding uses & minimom of criti-
cal materials and is essentially utilitar-
jan. Walls are brick, sash is wood, col-
unmz wood, roof trosses prefabricated
plywood, roof insulated wood and
floor concrete,

Selection of radiant healing  gives
certain practical advantages: 1. Build
ing's entire interior width iz availalle
for desk and working space. 2. Elimi-
nating exposed rodiation and  pining
makes inlerior maore alltactive, 3.
Radiant keating eliminates trenches for
return lines, a number of which would
have heen required ab the several exier
jor doors even if return lines had heen
exposed on the walls,

Building Arrangement

The personnel department oecupics
the building's west end, which eom-
prizes 6400 sq {t and is divided inte
reception and wailing rooms, interview,
examination and medical-analysis rooms,
Remainder of the building, comprising
16,000 sq ft, includes two calelerias,
cach seating 450 people, and a kilchen
centrally lﬂciﬂd between the cafeterias.

Az floors Were to be concrete, heal-
ing coils were installed in the foor
slah, Small areas, which need more

Fig. 2—Relation between heat dissipated
per sq ft of panel sarface, mean water
temperature, and size and spacing of fer
rons pipe. Based on 3.5 Biu per hr per
s [t of pipe socface per deg F tempera-
ture difference, water te air




heat than the slab eould give off, re-
quired a few panels in partitions. Hot
water was chosen as the heating me-
dium because of the low temperalures
possible and the convenience of dis-
tribition control with foreed cireulation,
The floor slabs were divided inta four
sections, comprising the building's
four areas. Perimeter of cach slab was
separated from the building's side walls
and from each other by
joints, which were inserted around the
columns so that the slab in egach section
was {ree 1o move as the concrete tem-
perature changed,

IMear los=es from the hoilding, which
were caleulated in the conventionul man-
ner, assuming air temperatures of 70 F
for office space and 65 F for caleteria
space, were as follows (Btu per hr):

expansion

West-end perzonnel zone, . 137,000
Center caleleria zome. .., . 120,000
Kiltchen zong. . oo ceanae 44,000
East-end cafeteria zone, .. 160,000

Towal coiininiewe 53000

Bulficient pipe surface was installed
to overcome this total lose of 531,000
Bea, pluz an allowance of 149000 Btu
to compensate for heat loss inta the
ground.  Total installation  included
15,000 hnear ft of pipe, of which 13,500
it was 1 in. and the balanes 3§ in,, 154
in. and 1% in. Total caleulated heal
losz represented 1.85 Biu per hr per
cu It of heated space, which compares
with a reported amount of 1.1 Btu per
br per cu {1 heated space for huildings
in Europe where lower lemperatures
wre maintained and weather conditions

are nol so severe,

Design was based on a mean waler
temperature of 105 F at 0 F outzide
temperature and a temperature drop in
the system of 20 F. Maximum tempera-
tures af floor slabs in constantly ocen-

Fig. V—-Pipe coils in place before pouring conerete slub

pied areas were caloulated not to exceed
i3 F. Floor temperatures [or entrances,
toilets, ete, were caloulated up o 90 F
hecause length of occupancy is limited
and physical discomfor: would not re-
sult by fool contact with surfaces at
this temperature for short periods,

Basis for required temperatures of
the floor slabis in the different areas
and size and spacing of pipe coils te
Murnizh this were determined from data
originally published in an article in
Septemher, 191, Plumbing and Hea:-
ing Business: “A Working Method for
Calenlating a Floor Type Radiant
Heating Systemn.” Fig. 1 and 2 are
adapted [rom this article. For the east-
end cafeteria, which has an open area
of 5,520 g 1t with three wall exposures,
caleulation was as follows:

Heat outpu! required of the floer panel:

LG0.000 Btu heat loss
—_— e =1 ',
5,520 q It B/ sq {1 hr

Required floor temperature: Fig. 1 calls
for & Aoor temperature of 83 I, which
iz helow the 85 ¥ desirable maximmm
for this ovccupancy

Amaount of heat required to offset flow
of heat into ground: Allow 309 (floor
slab to Le installed direcdy on tamped
earth) 29 x 0.3 = A7 Btu per sq &t
per hr

Total input to be supplied to floer:
20 + 8.7 = 37.7 Btu/sq {t/Lr

Size and spacing of coils te supply

this emount: Assuming 105 F mean

water temperature, Fig, 2 shows that 1
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o, pipe 12 in. on centers would supr-
ply 42 Btu/eq ft, and 1Y4 in. pipe 18
in, on would supply 2355
Bru/eq ft. In this case, l-in, pipe was
selected as this size was to be most gen-
erally used and as a slight adjustment
of mean waler temperalnre would per-
mit securing the required heat input.

cenlers

Tora! input required to be supplivd fo
this zane:

37.7 BigSeg [t >0 5520 = 208,000 Buu/br.

Amonnt of water to be circulated :
e it 21.7 gpm
20 17 A 00 min XK 8 l/gal,
Caleulations for each separate reom
were made in a similar manner, Where
small officey at exterior walls required
an excessive fleor temperature if all
heating were to be done by the Hoor
panel, a wall panel supplemented it
and reduced the floor temperature to
below 85 F muoximum. Fig. 5 shows
typical wall-panel construction.

Zoning Arrangement

As caleulated above, the east cafe-
teria has a designed foor wemperature
of 83 F, with l-in. pipes spaced gen-
erally 12 in. on centers, The 5200 linear
it of pipe in this area is divided into
four cireuits. It was attempted in each
af the [our zones to design the circnits
=0 that a rational balance hetween the
small  quantities of water handled
and  the pumping bhead af the
pumps would be obtained. With ap-
proximately 22 gpm in this area, a 1.
hp molor was required for 68 ft lLead.
The mher three zones have puinps with
1-hp motor handling 14 te 20 gpm at
62 to 65 1t head.

Kitchien zone includes a number of
reoms such as teilets, locker room, en-
trance and office. Main kitchen area
has a designed floor-slah temperature
of 77 F with 1-in. pipes 24 in. on cen-
ters. Toilet rooms and wvestibule have
designed floor temperaturea of 90 F
with 1%4-in. pipe 12 in, on centers,
This zone iz divided inte thres pipe
cirenits,

The west cafeteria with two exposed
walls has a designed flonr-slah tem-
perature of 80 F with approsimately
600 linear ft of 1-in. pipe, 18 in. on
centers, Three pipe eircoits are wsed.

Most dificult problem was the per
sonacl-examination area as it was suli-
divided into many different-sized raoms.
Interview rooms and offices had 8-Qt
partitions separating them  from  the
maim olfice space. Ratio of flaor area tn
heat Yozs made it impossible o install
sulficient piping in the floor for ade-

quale heat withoul extremely high fleor
temperatures, Partitions Lheing open at
the top, part of the heat loss was allo-
cated to the main oflice area and addi-
tiomal pipe was installed there to take
care of the extra loss, In addition, fonr
separiale wall coils of 1%-in, pipe, 12
in, on centers, were installed,  Other
than the ahove, all pipes are in ithe
floor elab. The main personnel area
hae a designed floor-slah temperatore
of 77 F with Tin. pipes 24 in. on
centers.  Interview rooms and  alltees
have designed slab temperatures of 85
' with 1-in. pipes generally 12 in. an
ceniers. Tmlel rooms and main enfrance
have designed slab temperatures of 96
I with 1%4-in. and 1%%-in. pipe. 12 in.
on cenlers. Because of the cul-up darea
of the surlace, this zome was divided
mlo =ix cirenils,
Piping Cireuit Design

To save installiog a large nomber
of lockshield halancing valves whieh,
iy the nature of the system, wonld be
difficult of aceess, great care was laken
to design each eircuit with equal pres-
surn drap. This care was justified by
Aast of the 16
cireaits were sufficiently in balance so
that it was necessary lo install valves

results of initial tests,

in only a few circuits.

Operation has not heen of sufficiem
duration to determine whether a less
liheral allowance would lLave compen-
sated for the downward heat loss into
the gronnd, Preliminary tesis indicate
that pessibly o smaller aliowance wanld
have heen adequate as inside tempera-
tures have heen comfortable in severe
slightly  lower
temperatures than caleulated,

Relative azsembly of circalation and
heating equipmenl serving the heating

weather  with water

installation is diagrammed in Fig 3.

Hot-Water Supply System

Hot  water  eonverler,  cirenlating

purmps and contrpls are ated in an
equipment room in an adjacent mann-
fucturing building becauze of lack of
space in the personnel bailding,  The
four Lint-water sapplies and retums ron
undergroomd in a trench and  thence
endesflonr  to the  various  zones.
']1'||||1||;_:;||n||t Care Wis I.'-I!-CI'l'l to allow [f!l'
expansion and contraction n the con-
nection= from the onderfloar mains to
the piping m the slahs. Steam is sup-
plied to the converter at 10 psi, A self-
contained lemperature regulating valve
maintaing a eonstanl water temperature
in the converter.

A 125-gal, closed expansion  tank

with water-ill line, and combination
pressure-redoeing and relief valve pro-
vides for expansion. Four hot-water
cireulating  pumps operating continu-
ously handle the eirculating water.

Zone Control

Fach of the four zones is controlled
by a 3-way mixing valve. An adjust-
able immersion thermostat with remote
control located on a main panel Loard
is installed to operale each S-way valve,
The hasic water temperatore for these
thermostata is regolated by an outdoor
pilot thermostat.  The remote-control
adjustable feature of these thermpsiars
permits inerease or decrease of hasie
water temperature Lo meet  possible
variable demands in the diflerent ones,
As a case in point, the personnel area
has an a=phalt tile floor, while the res
of the areas have monoelithie floors.
Asphelt 1ile Qoors requive 10 w0 15 deg.
bigher waler temperature than meno-
lithic fleors,
houra the kitchen requires lower water
temperafures than the ather zones, Im-
mersion thermaosiats can fake care of
these variations throwgh manval epera-
tion from the panel hoard.

Moreover, doring  busy

Piping Installution

All the piping is geonine, standard
weight, wraught iron, 1t was hent cold
at the jab and a=sembled in sections
above the spot in which it was to he
located.
laid in position and {inal connections
were welded in place. A S00-psi hyidro-
static test was made [or each eircnt.
Length of test period was 12 to 24 hr.

The photograph of a portion of the
installation. Fig. 4, before poaring the
faor slali gives a vivid idea af the gen-
eral piping arrangement of this type of

After welding, the coils were

Leating svstem,

Belore the concrete =lah was poured
the pipes were laid approsimately level
and 2 in. ahove the hinished grade 1o
the cenler of the pipe. This lelt ap-
proximately 4% i, of concrete aliove
the greater portion of the piping. When
the slalh was ready for pouring, a tem-
porary  warm  waler conneclion  was
made to the pumps and water at 100 F
was circalated thromgh all pipes while
the concrete was poured, and until it
T lhl‘l["(‘lllp]l]_i‘ sef. This allowed ]li]J-
ing and eonerete to allain an appraxi-
mate overage paint of expansion. The
rather unisoal scheme seems to have
Leen fully justified becanse during the
first twe aperating months no cracks
have been ohserved on the [inished
surface of the concrete flonr slah.




