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Follow (he procedure for slab-on-grade construction, Step 9. 

Step 10. Total Panel Output
Follow the procedure for slab-on-grade construction, Step 10, 

substituting heat flow downward (&} for the apportioned down­
ward and edgewise heat flow ($««).

Step 11. Fluid Circuit
Follow the procedure for slab-on-grade construction, Step 11. 

Step It. Boiler Size
Follow the procedure for slab-on-grade construction, Step 12.

Installation Details and Accessories
The dPKtgn of the two-pipe, direct return forced circulation 

system which is used in a panel heating system is described 
generally in Chapter 28, Hot Water Heating Systems. In 
addition to the usual valves, a balancing valve should be 
installed in. the supply or return connection of each panel in 
order to permit the heat output of the panel to be balanced 
with other panels in the same sone.

While all piping should be designed to minimise trapping 
of air or water, few'panel heating systems can be installed 
to be completely free of air traps. For that reason, panel 
heating systems cannot usually be filled by flooding nor 
drained by gravity alone. The system can be filled and the 
air removed if the system is flushed with a sufficient flow of 
water. To empty the system a flow of compressed gas is used 
to assist gravity drainage of the water. Provisions for both 
flushing and blowing should be included in the piping. De­
vices for the collection and venting of the gases that will 
appear during operation should also be provided.

Controls
Automatic controls for panel heating differ somewhat 

from those described for convective heating because of the 
thermal inertia characteristics of the panel heating surface 
and the increase in the mean radiant temperature within 
the space under increasing loads for panel heating. However, 
many of the control principles for hot water heating systems 
described in Chapter 28 will also apply to panel heating. (See 
also Chapter 43.)

Panels such as concrete slabs have large heat storage 
capacity and continue to emit heat long after the room 
thermostat has shut off the supply of heating medium. In 
addition, there is a considerable time lag between thermostat 
demand and heat delivery to the space due to the large part 
of the heat which must first be stored in the thermally heavy 
radiant surface. This inertia will cause uncomfortable varia­
tions in space conditions unless controls for detecting load 
changes as early as possible are provided.

In general, the temperature of the heating medium supplied 
to tiie panel surface should be varied in accordance with 
outdoor temperature but precautions must be taken to 
prevent the introduction of excessively hot water which 
might damage the panels in the event of control failure. A 
manual boiler bypass or other means of reducing the water 
temperature may be necessary to prevent too rapid drying 
out of new panels (see section. Embedded Piping for Ceiling 
Panels, in this chapter). -

Due to the increase in MRT (mean radiant temperature) 
within a panel-heated space which necessarily takes place os 
the heating load increases, the air temperature under such 
conditions, theoretically, should be lowered in the order of 1 
or 2 degrees to maintain comfort. In ordinary structures with

uuiiuu! mfilt»«*faon loads the luQtmvd reduction in air tem­
perature is small and, consequently, a conventional room 
thermostat may be used.

In panel heating systems, lowered night temperatures will 
produce unsatisfactory results with heavy panels such as 
concrete floors. These panels cannot respond to either quick 
increase or decrease in heating demand within the relatively 
short time required, with the result that there will be a very 
slow reduction of space temperature at night and a cor­
respondingly slow pickup in the morning. Panels of light 
weight construction, such as plaster or metal failing* and 
walls, may respond to changes in demand with sufficient 
rapidity to obtain moderately satisfactory results from 
lowered night temperatures. However, very little fuel saving 
can be expected even with the light panels «n1a«i the lowered 
temperature is maintained for long periods. If reduced non­
occupancy temperatures are employed, some means of 
providing a higber-than-normal rate of heat input for rapid 
warm-up is necessary, or a long warmup period should be 
provided, as explained in Chapter 28.

Warm Air Panels
The first three steps in the design of warm air panels are 

the same as those outlined for warm water panels and the 
same performance curves' can be used. The balance of the 
design can be determined from the data in the Chapter on 
Forced Warm Air Systems and Manual 7-A of the National - 
Warm Air Heating and Air Conditioning Association.

Electric Panels
Electric panel heating systems can be designed by using 

part of the procedure for warm water panels as a guide. See 
also Chapter 17, Electric Heating.

Step 1. Heat Loss
Follow the procedure for warm water panels, Step 1.

Step t. Required Panel Output
Follow the procedure for warm water panels, Step 2.

Step 5. Panel Surface Temperature
Follow the procedure for warm water panels, Step 3.

Step 4■ Panel Heat Lost
Determine the heat loss from the panel, using the panel sur­

face temperature found in Step 3 and the factors in Chapter 9, 
Heat Transmission Coefficients of Building Materials.
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