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slab. To mamtain a given upward heat flow after a floor DESIGN OF PANEL HEATIN YSTEMS
covering has been added, the temperature of the hesting B TING.SYS
medium must be increased. Data on the thermal resistance Design Steps

- of common floar coverings are given in Table 4, and the
application of the dats is illustrated in Ezample 2.

‘Where covered and bare floor panels exist on the same
system, it is necessary to maintain the water temperature
high enough to satisfy the covered panels, and balance the
system by throttling the flow to the bare slabs. When posaib

Panel design requires specification of the followmg panel
area, size and location of the heating elements in the panel,
insulation on the reverse side and edge of the panel, required
input to panel, and tmnpexamre of the heating elements.

p ized as follows:

1tmdwmbhtod1vxdsthemveredmdbaxepamhmto
separate rones.

Panef Heat Losses

Hest transferred from the upper surface of ceiling parels,
ﬂ:ebscksurimofwnﬂpane!s,theundemdeofﬂoorpands
or the edges of any panel is considered a panel heat loss.
Panel heat losses are part of the building hest loss if the heat
is transferred outeide of the building, If the heat is transferred
to another heated space, the panel loss is a source of heat
for the space and is not a part of the building heat loss, In
exf.her cese, the magnitude of the panel loss should be deter-

mined.
Pmelhaatlossmthespaoew(s\dethemmshouldbe
kept to a by i ion. Panel heat loss to
heated spaces may require reduction by insulation if the
umunt of heat trangferred is excessive or if objectionsbie

will be developed. For le, a floor panel
may overheat the basement below and a ceiling panel may
cause the temperature of a floor surface above it to be too
high for comfort.

The heat loss from most panels can be calculated by using
the coefficients given in Chapter 9, Heat Transmission
Coefficients of Building Materials. These coefficients should
not be used to determine the downward heat loss from panels
built on grade because the heat flow from them is not uni-
form 1¢-11. 3t The heat loss from panels built on grade can be
estimated from Fig. 17.

1. Calculats the hourly rate of beat loss for each room.
2. Determire the available area for panels in each room.
3. Calculate the required unit panel output.

4. Determine the required panel surface temperature.

5,

. Select the means of heating t.he panel and the size and
location of the heating elements.

Belect the insulation for the reverse side and edge of the
panel.

-~

a

which are A, i or

8. De ine the other
developed.

9. Design the system for heating the panels in accordance
with conventional practice.

In the steps outlined for design, the effect of each assump-

tion or choice on comfort shoudd be considered carefully.’

Tests are now being made at the ASHRAE Research Lab-
oratory to identify and measure the factors which contribute
to comfort and to establish decign les. Until
thﬁ ;a:glts are available the following general rules may be
follos

1. Place panels near the cold areas where the heat losses
oceur.

2. Do not use high temperature ceiling panels in very low
ceilinga.

3. Keep floor

at or below ded limits.

. Determine the panel heat loss and the required input to
the panel. e P .

Panel Heating

Warm Water Panefs

This section contai implified dure for the thermal
design of wa(er-heated pa.nels for use in residences and
are based primarily on

the experimental data obtamed at the ASHRAE Research
Laboratory. This work bas been reported in a series of
research papers which are listed in the references and bibliog-

mphy at the end of this chapter.

A panel d by these d will maintain the
desired room air for the sel d outdoor con-
ditions. Room air bempemture m the selected cntenon of
comfort. The design in
which the area-weighted ture of heated

surfaces of walls, glm and ﬂoor or ceiling does not differ
greatly from room air temperature. Room-scale tests, which
gimulated various conditions of construction and outdoar
tempemmm, have shown that this near-equality of the two
normally p
mr s are applicable within the foll ing range:

Qutdoor design conditions: Temperatures as low as —30 F.

Room air temperature: 70 to 76 F.

Air changes: No more than two air changes per bour.

Room dimensions: Rooms hnvmg normal proportions; ceiling
beight between 7 and 12 ft.

Room construction: Aoy type of wall construction and any
amount of area. (Both, however, have an effect upon
comfort.) Conventional interior finishes and furnishings.

Design Examples —

In the design examples which follow use is made of the letter
symbols shown in the table Let&-,r Symbals for Examplea of
Design Methods.

Letter Symbols for Examples of Design Methods

A, = panel area, square feet.

C, = coefficient of heat transfer from the upper surface of
the concrete slab which forms the ceiling panel to air
above panel at point & , Btu per (hour) (squam foot)
(Fahrenheit degree
panel surface and air).

Cs = coefficient of heat transfer from lower surface of con-
crete slsb to air below the panel at point ¢ , Btu per
(hour) (square foot) (Fahrenheit degree temperature
difference between panel surface and air).

€y = coeffici of d rd and heat loss of
exposed slab Btu per (hour) (linear foot of exposed
slab ) (Fahrenheit degree diff be-

tween concrete surl'm and outdoor air).

P = length of exposed edge of slab, feet.

gs = downward heat flow from panel, Btu per (hour)
{sguare foot).

gs» = apportioned downward and edgewise heat flow from
panel, Btu per (hour) (square foot).

¢ = upward heat flow from panel, Btu per (hour) (square
foot).

Te = total thermsl resist of panel to d d heat
flow, (Fahrenheit degree) (hour) (square foot) per

. Btu.

e = thermal resistance of mst-enal between the under-
sido of the concrete slab and the ceiling sarface be-
low, (Fabrenheit degree) (hour) (square foot) per
Btu.
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15, = th 1 rest of bare panel to dowa-
ward heat flow, (Fabrenheit) (hour) (5quare foot) per
Biu.

7. = total thermal resistance of panel to upward heat flow
(Funenhut degree) (hour) (square foot) per Bt.u
= of ficor covering, (Fah
degres) (hour) (square foot) per Btu.
ru. = thermal resistance of bare concrete siab to upward
beat flow, (Fabrenbeit degree) (hour) (square foot)

Tae

per Btu.
t« = design room air temperature, Fn.hrenhext.
b = d design air e,

& = air temperature above or below panel at point to
which U, €\, or Cy is taken, Fahrenheit.

& = inlet water temperature, Fahrenheit.

& = gutlet water temperature, Fahrenheit.

fmy = mean water temperature, Fahrenheit.

boax = i water isaible for a given
construction, Fahrenheit.

teww = design mean water temperature (selected for each
zone), Fahrenheit.

t, = panel surface temperature, (exposed surface) Fahren-
heit.

& = surface
heit.

U = overall coefficient of heat transfer for the given con-
struction between room air and the point & , Btu per
(hour) (square foot) (Fahrenheit degree P
difference).

alab, Fahren-

of top of

Procedure for Plaster Ceiling Panels®

The procedure for designing a plaster ceiling panel will be
illustrated by Ezample 1.

Ezample I : Three rooms, A, B, and C, are to have a common
water supply tem rature; that is, they represent a single
goze. They are to d at 72 F sir ture when
the outdoor air temperature is zero F. The ceilings of rooms
A and B have floors above them with the space heated to 72 F
and an air-to-air U value of 0.25 Btu per (br) (sq ft) (F deg).
‘The ceiling of room C has insulation in the joist spaces and an
uninsulated attic space with a combined U value of 0.05 from
room C to outdoor air.

Step 1. Heat Loss

Calculate the heat loss of each room by methods outlined
in Chapter 12, Heating Load, but do not include any heat losq
through the area covered by the panel.

Room dimensions and calculated beat losses are as follows:

Ro DiMENSIONS Heat Loss

ou Feet Btu per hour
Room A 11x12x8 6300
.Room B x12x8§ 2500
Room C 15x21x8 8000

Siep 2. Required Panel Output

Divide the beat loss of esch room by the maximum ceiling
ares in the room which can be used as a heating panel. The
result is the minimum heat output per square foot of Pane!
that will satisfy the requirements of the room. The panel that
requires the highest output per square foot will- generally
control the dem% because the temperature of the fluid io
the system must be high enough to produce the required out-




