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Step 9. Design Panel Area

Divide the room heat losa found in Step 1 by the desigd paoel
output found in Step 8. i g

Desien PaneL Area (4,)
Raou Sq ft
A 132 (Unchanged from Svep 2)
B w
C 242

Step 10. Total Panel Output

Add the heat flow upward (g.) to the design panel output
{gs) and mu.lngly by the design | area to abtain the total
-panel output. If the design panel output js different from the

anel output (g) used in Steps 3 and 4, the heat flow upward
¢«) should be redetermined.

Toran
Pangpr Ourror
Roou
wo# ete A etw
Btu/hr
A 15 4.7 ®2 132 7946
B 9.5t 32.5 42.0 n 3234
C 5.5 33.0 38.5 242 317
1 redetermined
Step 11. Fluid Circuil
Design the fluid circuit and roains) for g tem-
perature drop of 10 to 20 lgle"tng th,ewntgrmletmd

outlet of the panel (see Chaptex& Hot Water Heating Sys-

Step 12. Boiler Size
Size the boile: ined in Chapter
& of the. lsgﬁoingmx ‘AND DA‘!‘A Eoox.';ll‘hc net B mung
boiler equal or exceed the tof % tofa.llpa.nc]a
plus any other loads on the boiler. oupd

Procedure for Metal Ceiling Panels®
Follow the procedure for Hot Water Plaster Ceiling Panels,

Procedure for Concrete Ceiling Panels®

Concrete ceiling panels are distinguished from concrete
floor panels in intermediate floors by the position of the tubes
in the concrete slabs (pee Tables 2 and 3). Bot.htypesof
panels have heat outputs in both directi
determined by the thermal and the b
differences in the two directions. The effect of both ¢ outputs
on heating requirements of the spaces and the comfort of the
occupanf.s should always be considered. (See section on

Slab.}

dure for Ce Floor Panels—I
The procedure for hot water plaster ceiling panels cannot
be applied in its entirety to concrete ceiling panels because
some of the eimplifying assumptions regarding the upward
heat flow from plaster panels are not valid for concrete
panels. The necessary modification of the plaster ceiling
panel procedure is as follows:

Step 1. Heat Loss

Follow the procedure for Plaster Ceiling Panels, Step 1.
Step 2. Required Panel Output

Follow the procedure for Plaster Ceiling Pacels, Step 2.
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Table 2..... Thermal Resistance of Concrete Ceiling Panefy

Thortoa) Resictance (F degllsq fy
Panel Coastruction (br) per 81o aleq o

YT

jy osF= ot/ 0 0.5* 100
coven~

op {down | up {down | up |down

Hoat Row Ratlo qu/qu

p‘if

6-in. Concrate Slab—1-n. caver | . Fur| f2 fral ra |re

3.6{ 0.30,0.9) 0.35/0.7] 0.45

34-in. (nom.) nonferrous 9
tul 12 15.1) 0.35{1.1] 0.45/0.9] 0.55

34-in. (nom.) ferrous pipe 9 [2.6 O.ZSlg.'l 0.3010.6] 0.35
or 3{-in. (nom.} nonfer- 12 4.0} 0.30,0.9] 0.40(0.8! 0.50
rous tube

3{-in. (nom.) ferrous pipe 9 2.
or L-in. (nom.) nonferrous | 12 B.
tube 15 |4

1] 0.20/0.6| 0.250.6¢ 0.30
3| 0.20{0.8| 0.350.7] 0.40
§( 0.35(1.0] 0.45/0.8 0.55

l-in. (nom.) ferrous pipe 9 J1.6] 0.20/0.5] 0.25)0.5] 0.25
0.7] 0.30(0.6] 0.35

0.9( 0.40(0.7( 0.45

8-in, Concrete Sloboi-in. Cover

panel Heating

Table 3 ... . Thermal Resistance of Bare
Concrete Floor Panels

Thormal Resistonce {F deglisq fi(sr)/Bt

Spoc-
Pone! Construction| ing Heot Flow Ratio ¢i/qa of Gu/que
in,

34-in. (nom.) nonferrous ’

9 13.6 0.30(1.0{ 0.35/0.8} 0.40

tube . 12 |5.2] 0.35(1.2] 0.45/1.0] 0.55
¥-in. (nfun.) ferrous pipe 9 (2.9 0.2500.9( 0.30/0.8] 0.35
or 34-in. (nom.) non- 12 |4.0] 0.30[1.1} 0.40/0.9[ 0.45

ferrous tube

34-in. (som.) ferrous pipe | 9 f2.2] 0.20l0.8 o‘ao‘;t 0.20
or -in. (nom.) nonferrous | 12 [3.3] 0.30/1.0} 0.35/0.8] 0.40
tube 15 4.3 0.3501.1| 0.400.9| 0.50

l-in. (om.) ferrous pipe 9 {1.7] 0.20/0.7] 0.25/0.7{ 0.25
12 2.7 0.25/0.9] 0.30/0.8] 0.35
18

3.7 0.30(1.0] 0.40(0.9] 0.45

* Aoy ceiling panel alsc acts ae & Soor panel to tho extent of its upward best
Bow. If the upward heat figw iz high xnd the space above iz aceupied, chnck floar
surface temperatire for poribls foot discomfort (see Reltrence 7). Also check
effact on heating requirements of the apmes above. It is not good practice to bave
the major portion of the upper room’s beating requirementa gupplied by the
apward beat fow of & ceiling paned below.

Step 8. Panel Surface Temperature
Follow the procedure for Plaster Ceiling Panels, Step 3.

Step 4. Upward Heat Flow Estimate

a. If the up; r surface of the slab is exposed to form 8
floor, find the !?eeat flow upward from Fig. 16, using the pavel
surface temperature (5) found in Step 3; and the air tempera-
ture of the space above.

b. If the upper surface of the slab is not exposed; use the
equation:

=i~ 1) a0

"¥-in. (pom.) 9 10.47] 0.55]0.40] 0.77/0.39] 0.98)0.38] 1.50
ferrous pipe } 12 10.63) 0.7110.50] 1.07/0.48] 1.44/0.46| 2.36
30}
73

1 3 s 10
d down d down

s, € up |down| op up |down| vp

Siob—2+n. Cover| tue |t Jrm] e Jew] fae | tm )t

3¢-in. (oom.) 9 [0.57{ 0.52(0.46( 0.84/0.43 1.17(0.42} 1.97
nonferrous | 12 [0.73! 0.68/0.58! 1.16/0.54] 1.65/0.51 2.88
tube
$%-in. (nom.) 9 [0.49} 0.42/0.41 0.66{0.39 0.90I .38 1.80
ferrous pipe | 12 10.83! 0.55,0.50} 0.93/0.48| 1.30/0.46; 2.35
or 3-in.

(pom.) non-
ferrous tube
5-in. Concrote

Stab—2.in, Cover]

Y-in. (nom.} 9 10.58] 0.70,0.47| 1.05/0.45] 1.390.43} 2.25
nonferrous | 12 {0.78/ 0.90/0.60! 1.40[0.56| 1.97/0.54 3.21
tube .

13f0.40} 1.78
0.54] 1.23,0.51] 1.63(0.49] 2.61

nonferrous 12 [0.68] 0.78
tube

¥-in. (nom.) 9 0.5} 0. 61(]43 0.87,0.41 1.

Ln. {oom.) | 12 0.59 0.66!0.48 0.98:0.48 1.30{0.45} 2.1}
nonferrous | 15 10.73] 0.83[0.57; 1.2110.54| 1.73/0.51 2.74
tube or l-in. .

{nom.) fer-
TouUS pipe

8tep 6. Upward and Downward Panel Resistance

Follow the procedure for Plaster Panels, Step 5, using Table
to find both resistances (ry, and ri).

. 3'417 8. Mean Water Temperature and Upward Heat Flow

&. Pollow the procedure for Plaster Pasels, Step 6.

: d the heat flow upwal'd from the panel (g.) from Fig.
15 Add to the thermal resistance of the slab to upward heat
flaw (..}, the resistance to heat flow {r..) of any material
belween the upper surface of the slab and the space above to

abtain the resistance (r.) to be used in Fig. 16. The mean
water temperature (tn.) found and the air temperature of the
space above the panel are the other two factors to be used.
Step 7. Design Mean Water Temperature

Select the highest mean water temperature (fwe) 2 the do-
sign mean water temperature {tome).
8tep 8. Design Panel Oulput

Fallow the procedure for Plaster Panels, Step 8.
Step 9. Design Panel Ares

Follow the procedure for Plaster Panels, Step 9
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8tep 10. Total Panel Qutput

Follow the procedure for Plaster Papels, Step 10.
Step 11. Pluid Cireuit

Follow the procedure for Plaster Panels, Step 11,
Step 18, Boiler Size

Follow the procedure for Plaster Panels, Step 12.

Procedure for Plaster Wall Panels

A design gmph bas not been prepaxed for wall panels but
a design can be d using th ions of heat
transfer from walls together with the thermal resistance
properties of plaster ceilings from Table 2. The procedure for
Plaster Ceiling Panels is used as a guide.

8tep 1. Heat Loss

Follow the procedure for Plaster Ceiling Panels, Step 1.
Step 2. Required Panel Output

Follow the procedure for Plaster Ceiling Panels, Step 2.
Step 3. Panel Surface Temperature

Assume a trial pavel surface temperature and determine
the resulting beat output from Figs. 9 and 10 as explained in
the accompanying section of the test. (Additional heat flow
due to the infiliration can be estimated from Fig. 12, if de-
sired.) Assume successive trial parel surface tempenturea
until the temperature is found ai which the combined heat
;mmf:r from the panel equals the output determined in Step

Step 4. Reverse-Side Heat Flow

Follow the procedure for Plaster Ceiling Panels, Stop 4.
Step 5. Ponel Resistancs

Follow the procedure for Plnster Ceiling Panels, Step 5.
Step 6. Mean Water Temperature

For the required panel output found in 8tep 2, the panel
resistance (onnd in Btep 5, and the room air te‘;-irenmm,
calculate the required mean "water temperature as follows:

bow = b + ralgs) a1

Step 7. Design Mean Water Temperature

Follow the procedure for Plaster Ceiling Panels, Step 7.
Step 8. Design Panel Output

From equations, Step 6, and Figa. 9 and 10 ﬁ.nd the panel
:::T,m for design mean water Lome b: ve

Step 8. Deaign Panel Area

Follow the procedure for Plaster Ceiling Pacels, Step 9.
Step 10. Total Panel Oulpu.t

Follow the procedure for Plaster Ceiling Pacels, Step 10.
Step 11. Fluid Circuit

Follow (.hn procedure for Ph.ster Ceiling Panels, Step ll.
Step 12. Bmler Stze .

Follow the procedure for Plaster Ceiling Panels, Step 12:

Procedure for Hot Water Concrete Floor Panels
{Slab-On-Grade)” o
The procedure for designing a concrete floor panel (slab-
on-grade) wi.ll be illustrated by Ezample £.
Ezample 2: Three rooms, A, B, and C, are to have a com-

mon wnter supply tem rature, '.hat is, they represent a
single zone. They are tog: at 72 F




