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{, = average panel surface tempersature, Fahrenheit.
tu = average water temperature, Fabrenhsit.
¢ = heat flow to the panel, Btu per (hour) (square foot).

Table 2 shows some typical values for the thermal resist-
ance factors for two types of metal panel ceilings which have
been used in commercial installations. The thermsal resistance
may vary considerably depending on the type of bond
achieved between the tube and the panel. This bond may
vary with time, corrosion between lightly touching surfaces,
and other factors. The actual thermal resistance of any pro-
posed system should ‘be verified by actual test whenever
practicable. Resistance of plaster type panels is given in
Chapter 10.

SUSPENDED PANELS

‘When suspended type ceiling sy are used, metal water-
cooled ceiling panels are frequently fabricated to mount in-
tegral with the remainder of the ceiling. In some cases, metal
pans are made with curved sections to mount against the
cooling pipes which are installed as separate grids. Other

" panels are made to snap into T-bars while pressing against
water grids. Most systems using separate tubes and panels
have s relatively high thermal resistance, and.require ¢hat a
relatively high percentage of the ceiling ares be used for the
panel. The first itlustration in Table 2 shows an aluminum
extrusion into which a copper water tube has been foreed for
permanent thermal bond by fattening the tube. This type of
panel has a Jower thermal remhnoe, and may frequently be
used in sep: ceiling b of its higher overall
performance. This shape of panel has also been fabricated to
mount into T-bar ceiling systems, and has been applied suc-
cessfully around ceiling peripheries to absorb solar grins.
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the space below. In this case, the ceiling slab surface tempera-
ture becomes significant because the panels pick up some heat
from the overhead floor slab by radiation, and to a very much
smaller extent, by convection. This last quantity is roughly
equivalent to convection from a cooled floor panel, and might
be approximated by Equation 9.*

0.041(a2)* 3

e ®

In this case, the At is the difference b
the top of the cooling panel and the mid space of the ceiling.
The tempersture of the ceiling space must be determired by
actual test, since it will vary with different types of panel sys-
tems. A typical temperature pattern in one type of system
is shown [ater in this chapter.
1f lighting fixtures are recessed into the suspended ceiling
space, the top of the fixtures will raise the overhead slab
temperature by radiation and will transfer heat o the ceiling
space by convection. This energy will be absorbed at the top of
the panels by radiation as in Fig. 1 and by convection, gen:
erally in d with Equation 9. The absorbed
by the top of the panel depends on the particular type of sys-
tem. Most manufacturers of specific systems have such
empirical information available. The absorption at the top
of fiat panels rarely exceeds 34 the energy of the lighting sys-
tem, or 50 percent of the transfer from the room to the panel
by convection and normal radiation. Similarly, panels in-
stalled under a roof will absorb additional heat, again de-
pending upon configuration.

WATER COOLED LUMINAIRES

Much of the input energy from a commercial fluorescent
fuminaire can be transferred from the fixture in.the form of
ducted hest originating in the ballast and sockets. Further-

more the long tubes lend themselves to an enclosure which is
t radiation trap, for all wavelengths. Such a con-

When partially paneled ceilings or di t panel sy
are employed, acoustical treatment may be applied to the
remainder of the ceiling area. When such other jons are

made of perforated metal, convection currenta tend to equalize
the temperature of the space above the ceiling with that in

ﬁgummm can also serve as an inverted collecting basin for
convected heat from the tube surfaces. Fig. 1 of Reference 14
shows a cross section end view of such a fixture, whxch way
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able where the air can be drwd by chemical methods rather
than refrj, ion. For such ap dew point
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fig. 9 - . . - Overall Performance of a 6-ft Water-

cooled Lumingire
of solar (IRT) and increased radiation from warm exterior
walls and glass surfaces.
WATER PIPING
.Cor jonal design is ded for panel circuits.
Tv&o P tions should be followed:
locities should be maintained ly high through all

puf: of the circuit to prevent sedmxenu

2. Panel cxxcuna are extremely sensitive % noise. The pacels
can act as sounding ie elocities through piping, fittings,
valves, etc. should kcpt. suﬂiuanﬂy low to avoid any sounds
due to local or pipeline veloci

Because of the large number of joints in the system, the
pipe joining, or brazing techniques should be thoroughly
checked to assure that proper joints are installed. Water

should be idered in any syst where pump
glands are not absolutely tight.
" Temperature drops through panel strings are usually
ded at from 3 to 5 deg, a balance between economics

developed by C. S. Leopoid. Extruded al
form the sides and bottom extensions of the lighting fixtures.
Luminaires of this type have been installed in two large office

buildings. Extensive performance data on one of these sys-
tems under actual operating conditions was reported by W. F.
Spiegel.¢ Fig. 9 shows the overall performance of one of these

units, based on an in-place test. The botf.am curve shows the -

and low tics of

t.he unit as found in a darkened room with the electrical parts

Table 2 ... . Resistance of Panels to Heat Flow
- Thermol Resstancy fo
Heat Flow
{F deg) (kr) {x f2) per Bry
Type of Ponel
Spading—inches 2
3 é 12
TUBE FOA WATER
normal
0.07% { 0.15% —_
ALUMINUM - Hg (N .
MOdUKIM THICKNESS
Tube installed with forced
“mechanical bond
p— 0_61' p—
ALUMINUM PAN
D032 1N, FHICK
§ See Chaster 10, T
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ve. The middle curve sas obtained with the unit
operating in the dark with the ballast feeding remote lamps.

The distance between the middle and lower curves indicates’

the magnitude of direct conducnon The top curve is with
p The d the top and middie
curves represents the (IRT), which is seen to be an almost

constant quantity, even with water at room temperature. -

With this fixture, conduction and (IRT) amounted to over
35 percent of the fixture input, and the heat equivalent of the
lighting input was transferred to the water at an average
water temperature only 10 F deg below the average space
temperature. With a greater temperature difference, higher
performance was obtained.

In applying units of this type, no other pan&l element is
normally required in the mtenor zanes, even in highly lighted
spaces. Air must still be introduced o pick up moi load
and provide 1] ), but the tity will be small as
compared to an all-air system Watz:-«mled luminaires in-
stalled in an exterior zone will pick up an additional amount

of water flow and thermal performance.
Piping should be so arranged that the heat removed by the

{lers of the hyg pic chemical type are usually re-

quired.

TEMPERATURE CONTROLS AND OPERATION

Cooling the panel water cucult.s w:t.h water learing the de-
humidifier is the major i
tion in a panelair system. A second oonsxdemhon is o assure
that the panel water pumps cannot be started until & timed
penod after the main air fans are in operation with cool and
dry air. ancuhrly after extended down periods, as after
weekends, it is imperative to dry out the building space be~
fore starting the panel water system. Such de]ayed starting
action may be obtained lly or with devices.

Panel-air systems require two basic areas of temperature
control: (1) exterior and urder-roof control to compensate for
transmission and solar load, and (2) control of interior zones
to compensate for internal loads.

Panels lend themselves well to control systems which are
scheduled by means of elements which sense solar and weather
changes before these changes affect the space temperature.
‘Window pane thermocouples have been used to schedule water
temperatures in panels under a window ill, and photoelectric
cells can be used to divert cold water into a peripheral ceiling
panel, for example, to pick up the winter solar load on a south
rone. Panel-air systems have also been zoned to provide in-
dividual temperature control in exterior offices, particularly
in applications where there is 8 high lighting load.

The temperature control of the interior air and panel water
supply should not be functions of the outdoor weather. The
normal thermostat drift is usually adequate compensation
for the slightly lower temperatures desirable during winter
weather. This drift should be limited to result in change of
room temperature ranges of not more than 116 F deg. Control
of the interior zones is best accomplished by devices which re-
flect the actual presence of the internal load elements. Fre-
quently used are time clocks and current sensing devices on
lighting feeders. .

B air ities are ly small, it is not advisable
to use volume control in any part of the systers. With the

panel water circuits from the interior of the building can be
utilized to temper the ventilation air introduced into the
building during the winter months. Thus the interior.of the
building can receive cooling from outdoor air wn.hout npemb-

d to supply air of appropriate apparatus
dew point at all times, it is possible to avoid any compromise
on indoor conditions with a panel-air system throughout the
year As with all systzms, the supply air dew point should be

ing the refrigeration system. The req

available cold water for winter south zone coolmg is also meL
The pazel circuits also provide a practical heat source for 8
heat pump where such an application is indicated.

When exterior zone control of individual areas is requmsd ’

" piping can be arranged for 3-way bypass, throttling valve
, action, 3—p1pe systems with zone return diverting valves,
" 4-pipe systems, and other \;

CONDENSATION CONTROL

To minimize the possibility of condensation in s panel-n.u'
system, the water leaving the dehumidifier of the air supply
apparatus should be used to cool water for the panel water
circuit. If the main cooling coil is gix rows or more, the lesving
Air dew point will usually be near the leaving water tempera-
tuxe In addition, the pane) water temperature should be con-
trolled either by mixing with return water or by control
valves around an interchanger. In order to safeguard against
drift in the controls, it is recommended that the panel supply
water temperature be maintained at least 3 deg above the
room dew point temperature. There are also methods avail-

the type of glazing i

d during ext ly cold weather in aceardzmce with
Aled in order to p tng on

the window surfaces.

COMFORT CON!;I‘HONS

Both the mean radiant temperature in a space and the
amount of air motion will influence the feeling of comfort;

‘neither are shown in the normal comfort data. Raber and

Hutchinson'® report that a } deg depression in normal mean
radiant temperature will raise the optimum comfort tem-
perature by approximately % deg. In a full paneled ceiling,
this effect will have considerable significance, but offsetting
this effect is the extremely low terminal air velocity in the
spaces of most panel-air systers. The combined effects-pro-
duce conditions which do not deviate appreciably from the
comfort criteria given in Chapter 8 of the 1961 GuibE Anp
Dats Book. In discreet panel systems, such as those used
with water<cooled luminaires, it has been observed that the
decrease in air motion will depress the optimum summer tem-
perature approximately 1 to 134 F deg. However, it was ob-
served with this type of gystem that the tolerance of individ-




