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PANEL HEATING

Panel Heating has come well tn the front during the past
few years., The Hoffman Hot WVater Controlled Heat Series 90 is
well adapted for use on such systems. In fact it is now being
used for controlling many such installations, and with a marked
degree of success,

You are, of course, familiar with the Hoffman Hot Water
Controlled Heat Series 90, but nevertheless it may not be amiss
to go through the various parts in a general way, before dis-
cussing their application to nanel heating.

The system consists of five major parts, namely--

1

The Hoffman Temnerature Controller, of which there are
four hasic models, C-93, C-98, C-97 and C~99,

o
!

The Hoffman Circulating Pipe, which hypasses the boiler,

L
i

The Hoffman Control Valve, of which there are two types,
The heat motor operated valve (D-2) is used on smaller
systems, that is unp to and including 2". For sizes of
2~1/2" and larger, a motor operated valve is used,

E
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The Hoffman Union with Orifice is a calibrated orifice,
and balances the circuits through the boiler and the
Hoffman circulating pipe. It is so0 sized that two
times as much water flows through the boiler as flows
through the circulating pipe, when the control valve is
wide open, The size of the orifice devends only on the
resistance of flow through the control valve, and since
every control valve has a definite orifice to go with
it, it need not be specified separately.

The Hoffman Circulator comes in all sizes from 1" to 3"
inclusive, Except for special cases, they are furnished
in the sagme size as the control valve, On systems larger
than 3" a larger pump than the one which we regularly
handle must be used, At times an Economy pump will fit
into the picture, or one of the larger types of B&G cir-
culators, such as the belt driven model, or the Universal
Pumnp,
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SERTES 90 APPLIED TO PANEL HEATING:

All of the standard parts are used when the Series 90 is
applied to panel heating.

Temperature Controller: The brains of the Series 90 system
is of course the Temperature Controller. It is the function of
the Hoffman Temperature Controller to sunply water to the heating
system at the temperature demanded by the outdoor temperature exist-
ing at the moment., In order, however, to set it properly so that
it may perform this function in a satisfactory manner, 1t 1s neces-
sary that the deslgner of the panel heating system teil us what
water temperature he desires at several outdoor temperatures. As
a rule, the water temperature of panel heating systems 1s expressed
as a mean temperature - that 1s the average between the supply and
return, We must, therefore also know for what temperature drop
(difference between supply and return) the system was designed when
operating at the lowest outdoor temperature (design temperature].
The following 1s the information necessary:-

l - Room air temmerature,
2 - Design temperature (lowest outdoor).
3 - Mean water temperature at design temperature,
4 - Mean water temperature at outdoor temperature of +40F
or some other definite but relatively high temperature.
5 - Maximum temperature drop for which the system was designed,

From this information the controller can be set at the factory
and we can guarantee that 1t will supply the correct water tempera-
ture for any outdoor temperature, provided of course the informa-
tion transmitted to us was correct,

Sometimes a designer will calculate a system based on a pub-
1ished empirical formula and cannot give the information in the
ahove shape, In that case, the following informatlion i1s necessary
so we can make a falrly accurate calculation of the water tempera-
ture for different outdoor temperatures:

1 - Describe the nanel. Does the system conslist of a floor,
a ceiling or a wall type panel? 1In case 1t 1s a combina-
tion of several, describe each panel separately.

2 ~ Size and spacing of the pipe in each panel.

3 - The calculated output of each panel in Btu per sq.ft.
per hour,

4 - The deslgn temperature (lowest outdoor temperature),

5 - The room alr temperature to be maintained.

(O3
|

Maximum temperature dron hetween supply and return,
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In addition to the information necessary to set the Hoffman
Temperature Controller, we must also have the mechanical speci-
ficatlions for this instrument, There are four hasic models of
the controller, namely-- C-93, C-98, C-97 and C-99,

The C-23 and C=98 are used when the system employs a heat
motor operated valve, and thls should never be used on installa-
tions over 2", The two controllers differ from each other inas-
much as the C-93 is built to handle 115V a.c,, whereas the C-98
iz bullt to handle 220V a.c.

The C-97 and C-99 are again similar but are designed to
function with a motor onerated valve, and this is used on all
installations of 2-1/2" and larger, They differ from each other
only inasmuch as the C-97 1s huilt for 115V a,.c., and the C-99
is for 220V a,c.

There are six varlatlons of each of these four basic models,
These variatlons consist only 1in difference of construction and
length of the cavillary tubing leading from the controller to the
water bulb and the outdoor bulh, There are six such variations
as shown on the attached tahle, viz.,

Both cavillaries plain, 25 ft. each.
Both capillaries plain, 50 ft., each.

Both capillaries plain, one leading to the outdoor bulb
50 feet in length and the one leading to the water

bulb 25 feet in length,

The other three variations use these same lengths, but the
capillaries are surrounded by a protecting armor,

Some engineers and architects specify that the capillary
tubing must be protected., It is not good practice to remove
the bellows, capillary and the bulb assembly from the control
box and pull it through a conduit, therefore we suggest that
where a protection is specified, that one of our models having

armored caplllary be used,

You will note from the table*that the 'model parts list"
designates which of these varicus capillary assemhlies 1s to be
used in the controller, Our standard assemblies are C=-93-A2
C-98-B2, C-97-C3 and C-99-D2, 1In other words, the plain canillary,
25 ft, long, to each bulb is our standard equipment and should be

specified whenever possible,

When you order a 115V controller for a smaller size (not
over 2") and desire to have a perfectly standard instrument with 25
ft., vplain capillary to each hulb, please specify a Model C-93-A2,
If your customer desires to have, for example, an instrument
equipped with 50 ft. of armored capillary to the outdoor bulb,

* gae page 6.
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and 25 ft. armored capillary to the water hulb for a 1-1/2" valve,
thgscogtroller to operate on 220V a,c.,, then specify a Model
C-95-H9.

Control Valve: In addition to specifying the model of the
temperature controller, you must of course specify the size of
the Control Valve. The size of the valve is usually specified
by the designer of the heating system, and is the same size as
his return piping into the boiler, The union and orifice need
not be specified, since it is included with the Control Valve.

Circulator: Ordinarily the size of the circulator is also
the same as the return niping, and therefore the same size as
the valve, 1In Panel Heatlng, however, the resistance of all the
piping including that of the panel coils may be so high that this
same size circulator will not be large enough. In addition to
that, a vanel heating system 1s frequently designed for only a
10° temperature drop between supply and return. Thils, in itself,
means that the circulator must handle twice the amoun% of water
as in an ordinary radiator system designed for the usual 20°
drop. You should polnt this out to your customer, and have him
tell you how much water he 1s going to pump and against what re-
sistance, To ald you in the selection of the proper circulator
size, I am attachling a chart showing the capacity of our various

size circulators.
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On this chart, the resistance of our control valve has al-
ready been subtracted, and that, therefore, need cause you no
worries, You will note that on the chart, part of the lines are
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solid, and part of them are dotted. The solid curves show the
usual range in an ordinary radiator system for which each size
circulator is used. In a Panel Heating System, however, you
may use the dotted portion of the various curves, For example -
for delivering 70 gpm a 2-1/2" circulator would usually be used
In an ordinary radiator system, and this size would deliver this
quantity of water against practically a % ft. head. Substitut-
ing, however, a 3" circulator we find from the chart that this
size circulator delivers 70 gpm against practically a 10 ft.
head, If your customer cannot give you information regarding
the quantity of water and the resistance against which it must
be pumped, you can calculate it from the data given on Chapter
1% of the ASH&VE Guide 1945, It is of course necessary that
you have a piping layout of the job and know the temperature
drop between supply and return, and the total Btu output of the
system under maximum conditions. If you need any help in work-
ing this out, I shall be glad to have you get in touch with me,

I fully realize that this dissertation may not be as clear
as 1t should be, If there are any points which are not clear to
you, I shall be very glad indeed to have you drop me a line, and
I wlll see 1f I can help you, Also, if you have any informatlion
on new systems, new uses for our temperature controller, or any-
thing which you think would be of Engineering value, pass it

along.
Ferdinand Jeh%e.

Director of Englneering.
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_HOFFMAN TEMPERATURE CONTROLLER,
Basiec Models and Theilr Variations

Rasic| Model| Voltage Capillary Switenh| Valve and
Model] Parts Trans-
List former.
C-93 | A-2 115 a.c, | Outside 25 ft. e~ 5
Water 25 ft, % _—
C-93 | A-3 | 115 a.c. | Outside 50 ft. < |7 38y
Water 50 ft, [~ o Qe
c-93 | a-6 115 a.c. | Outside 25 ft,armored| o b S 7%
Water 25 ft,armored| 3K L5 e Ed
C=93 | A-7 115 a.e, | Ovtside 50 ft.armored| A& ONE ¢&
Water 50 ft.,armored| o o L E & B
C-93 | A-9 [ 115 a.c, | Outside 50 ft.armored| Hwh | =~ %4 EE
Water 25 ft.,armored| 5§ Lo E @
c-93 | A~10 | 115 a.c. | Outside 50 ft. BASA e a0
Water 25 f't. TARD L
C-98 | B=2 220 a,c., | Outside 25 ft. E~ o u o
Water 265 ft, Rt T 83
c-98 B-3 220 a.,c, | Outside 50 ft. < o m oA
Water 50 ft, z Aw « 08
C=-98 | B-6 220 a.c. | Outside 25 ft.armored| &9 L5585
Water 25 ft.armored S & CWME o
c-98 | B-7 220 a,c. | Outside 50 ft.,armored = R
Water 50 ft.armored| 39 SRS s 3
c-98 | B-9 220 a.c, | Outside 50 ft.armored a0 PHE P
Water 295 ft.armored| 5.5 S'é gl ay
c-98 | B-10 | 220 a,c. | Outside 50 ft, © MM E D S
Viater 25 ft.
c-97 | c-2 | 115 a.c, | Outside 25 ft, 5
Water 25 f't. T b
c-97 | C-3 115 a.c, | Outside 50 ft. < t BB
Water 50 ft. gkoam
C-97 | C-6 115 a,c, | Outside 25 ft.armored o E O 0=
Water 25 ft.,armored | ~ g =gad
C-97 | C-7 115 a.c. | Outside 50 ft.armored| £ & Mo o
Water 50 ft.,armored ° o e .
c-97 | C-9 115 a,.c. | Outside 50 ft,armored| = G -
Water 25 ft.armored| R Tow YL
c-97 | C-10 115 a.c. | Outside 50 ft. a2 2oL
Water 25 ft. @
Q
C= D=2 220 a.c. | Outside 25 ft. C~ S
79 Water 25 ft. e A
C-99 | D-3 | 220 a.c. | Outside 50 ft. D L8
Water 50 ft. 850w
C-99 | D-6 220 a,c, | Outside 25 ft.armored B P
’ Water 25 ft,armored| &P =0 9
C-99 D=7 220 a.c. | Outside 50 ft.armored n?ﬁ wag " @
Water 50 ft.armored Jurff o g
c-99 | D-9 220 a,c, | Outside 50 ft.armored| %9 AN
Viater 25 ft.,armored .0 o o @ o)
c-99 | D-10 | 220 a.c. gx;}::z%de 395 iijé SR 2otw
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CALCULATIONS FOR PANEL HEATING

The business of the Hoffman Specialty Company is the man-
ufacturing ol heating specialties, whiech includes hot water
heating control apparatus useful in controlling panel heating.
The company does not design heating installations, You may,
however, be called upon to give advice or may want to design
one yourself, so I am passing on to you these few notes which
I trust may be helpful,

Panel Heating is new and many engineers have their own
ideas on how such a system should be calculated and designed.
Although what I shall outline here is based upon published in-
formation, some will disagree with me. All I can say is "make
the best of it',

The ASH&VE now differentiates between Panel Heating and
Radilant Heating. By Radiant Heating they mean "high tempera-
ture radiant heat", 1In this system a high temperature panel is
used, which radiates heat directly to the object or person to
be heated, and in this case the surrounding air temperature is
not heated., Such installations are used mainly for more or less
temporary purposes, as for example a hospital bed in the outdoors;
or may be a school room in the open air.

Panel Heating involves both radiation and convection. Panels
may in fact be considered as huge radiators working at compara-
tively low temperatures, It is this kind of heating in which
you will be principally interested and with which this bulletin
will deal, In order to make the calculation as simple as is
possible, I am sacrificing some technical accuracy,

HEAT LOSS CAILCULATIONS:

Calculate the heat loss of the house the same as you would
for any other heating system., Any method which you have used and
which has proved successful in figuring an ordinary steam system
or hot water system is quite all right. You may use Chapter 2 in
Mr, Gillett's Notes on Heating, or follow the instructions given
in Chapter 6 in the ASH&VE Guide, 1945, The two are practically
identical, In these calculations, it is safe to assume the room
temperature as 70F., In rase the owner desires a higher room tem-
perature or it is found that a lower room temperature is livable
due to the radiant effect of the panel system, an adjustment of

water temperature can always be made,

Copyright by Hoffman Specialty Company 1946
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PANEL TOCATION:

A heating panel can elther be put into the floor, the ceil-
ing or the walls, Structural reasons stould decide the best loca-
tlon. The celling panel has some advantages, particularly since it
can be run at a higher output than a floor or 2 wali vanel, 4 floor
vanel, on the other hand, 1s probahly the cheapest econstruction, and
the ceiling the most expensive, At times it may be necessary to
combine several of these vpanels, It 1s not always possible to get
a sufflclent amount of heat output from a floor panel, and in that
case this must be augmented by a panel in the wall or one in the
ceiling, or a certain amount of standing radiation has at times
been used in connection with the panels,

CAICULATION OF PANEL SIZE:

After the heat loss has been caleculated, 1f should he divided
by the largest size panel avallable in the room to be heated, and
that will give the output per sqguare foot of panel. The output of
the panel depends of course on 1its surface temperature, and the re-
lation of thls temperature to the alr temperature and the tempera-
ture of the surrounding walls. A floor panel should never be run
over 85F surface temperature. A wall panel may be run as high as
100F maximum, while the permlssible celllng temmeratures vary bet-
ween 105F and 130F, depending on the eceiling helght. For ordinary
dwellinga, it is wise to hold the ceiling panel temperature to 115F,

CHART 1 shows the output of floor, wall and ceiling panels
for different surface temperatures, Thls output includes that
given off by radiation, convection and conduction, In making the
calculations, the room air temperature was assumed to be 70F while
the average temperature of all walls to which the panel must radi-
ate was assumed at 68%. Since the maximum floor panel temperature
i1s 85F, we see from CHART 1 that the maximum output of a Floor panel
1s about 30 Btu ver square foot, A wall, if 1t is not to run over
100F maximum, can emlt S50 Btu per sguare foot, whereas a celiling
panel run at the maximum of 115F can put out 76 Btu pz2r sauare foot,
Not all of this output, however, 1is useful, In the case of a floor
vanel, a certaln amount of heat will travel downwards and that is
lost if the panel i1s directly on the ground, In the ceillng, of
course, the loss will extend uowards, which may or may not go into
an occunied room, In the case of an exterior wall, thers will be
a certain loss to the outside, whereas an Interior wall will be
from room to room, and therefore can be recovered,

This loss, during heating up in a floor panel, mzy reach 30%,
Since, however, tliis heating up process occurs only about once a
year, T belleve if an average loss of 15% were taken, 1t would be
sufficient, The loss in an upstalrs celling and an exterior wall
may safely be assumed as 20%,

£oT¥Red
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total area of 300 square feet., 7000 divided by 300 is \equal to
23.3 Btu per square foot ver hour. This represents onlk the keat
to be actually supplied to the room, and does not raepresgnt the.
entire output including the loss of the floor panel, It \is there-
fore only 85% of what the panel must actually put out. The entire
output of the panel equals 23,3 divided by gS which equals 274
Btu per hour per square foot, ‘

If the floor 1s covered or there are heavy draperies on the
wall, an additional allowance must be made, Published Informa-
tion seems to indicate that if the floor is covered with a thin
rad and a carpet, water temperatures should be increased 40F, This
might be expressed a8 a 50% reduction in output., Linoleum does
not have as much effect, but nevertheless, a 20F increase in water
temperature 1s recommended Heavy draperies might affect wall
panels about as much as carpeting does on a floor, Floor cover-

toTdged
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Having decided on the output per square foot per hour of
the panel, CHART 2 can be consulted, Thils gives the oufput of
panels of various constructlions, that is, made of various size
iron pipe, spaced at various distances and supplied with water
at various mean temperatures. From that a selectlion can be made
based on the cheapest and otherwlse most deslrable pipe size and
spacing, Ordinarily the installations so far made, do not seem
to go below 3/4" nor ahove 1-1/2",

Bear in mind that CHART 2 shows the entire output and in-
cludes the losses mentioned above, TFor a floor panel your cal=-
culated heat loss should he taken as 85%, and for an exterior
wall and an upstair ceiling as 80%. Supposing that you figured
a total loss of 7000 Btu per hour for a certain room and that
this heat will have to be supplied by a floor panel having a
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ings, etc. should be taken into consideration when the system
is first designed, otherwise the other panels in the house may
present conslderable dlfflculty when in operation if the tem=-
perature of the covered floor panel is stepped up, The exact
effect of all of these things still seems open to some argument,
Time and experience will straighten thls out, and in the mean-
time the best estimate possible should be ma&e and the system
provided with suitable adjustmerts.

CHART 2 1is for iron pipe, although I see no reason why it
could not be applied to copper tubing for the same actual size,
It should not he used however for panels constructed out of very
small copper tublng, I hope that the various copper companies
will shortly publish some information on the use of this kind of
tubing. As soon as this is available, I shall pass 1t along to
you. Please note that CHART 2 is bhased on mean water tempera-
tures which 1s the average of the supply and the return water
temperatures,

In making the selection of proper pipe size and spacing, we
must also bear in mind the water temperature which must be sup-
plied with these sizes, TIf the water temperature for maximum
conditions 1is taken at a low temmerature, control becomes dif-
ficult, If assumed too high, the generai results may be some-
what erratfc, 3Supposing we are talking of a floor panel whose
total output must be 30 Btu per hour per sguare foot of area. Ve
will find from CHART 2 that this might be made of 3/4" pipe,spaced
on 9" centers, and this would call for a maximum water temperature
of approximately 94F. Svonosing further, that your design tem-
perature i1s ~10F and your room temperature 70F (a temperature dif-
ference of BOF) then when there is a temperature difference of 40F,
namely 30F outside temperature, the panel must supply one-half
that amount of heat, or 15 Btu per square foot per hour, CHART 2
tells us that at this output a water temperature of 82F will be
required, In other words, a difference of 12F water temperature
must take care of an outdoor temperature difference of 40F, That
would call for pretty much of a micrometer form of control, '

Supposing we had selected 3/4" pipe, spaced 24" apart. Con-.
sulting CHART 2, we see that that would call for a mean water tem-
perature of 133F, At half-output, that is an outdoor temperature
of 30F, this would call for a mean water temperature of 102F, that
is a difference of 307, The control would therefore be two and
one-half times as accurate as when the control would be used on
the first examnle, I would suggest that you design your floor
panels so that a mean water temperature of say between 120 and
140F for maximum output is used. For ceiling and wall tempera-
tures, a higher mean water temperature is permissible, provided
of course the installatlon does not consist of a mixture of floor

and these other panels,
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USE_OF SEVERAL PANELS TN HOUSE:

If several nanels in different rooms are necessary to produce
the heating of the entire house, then find out which one must have
the highest output per square foot, regardless of whether it be
floor, ceiling or wall, and that one will determine the water tem-
perature which must be used for the entire system. Since our con-
trol can furnish only one water temperature, all the other panels
must be designed for using the same water temperature,

Supposing the dining room is the hardest room to heat. That
then will determine what water temperature to use., All the other
rooms will have to use this same temperature, and must, therefore,
be designed to give a lesser output per square foot than the din-
ing room panel, by the proper selection of pipe sizes and spacing

from CHART 2,

While 1t i1s at times necessary to combine a small wall or ceil-
ing panel with a floor panel hecause none of the surfaces would in
themselves present area enough for supplying the required amount of
heat, yet it 1s not good practice, for the present at least, to com-
bine panels of these various locations in a single system, It would
not, for example, be well to put a floor panel in the 1lving room, a
ceiiing panel in the dining room and wall panels in the bedrooms. An
exception to this general rule might be where downstalrs rooms are
equipped with ceiling panels and the bedrooms, just above, equipped
with floor panels. In case it is necessary to combine various kinds
of panels, then bear in mind that the one which requires the highest
mean water temperature determines the water temperature for all the

others,

COMBINING PANEL AND STANDING RADIATION:

As pointed out previously in this dissertation, at times it
may be necessary to combine some standing radiation with a panel,
Particularly is this true in such rooms as vestibules, and the like,
where a sufficient panel area is not obtainable. Care must be ex-
ercised in an installation of this type, however, that the standing
radiation be made of the proper size to give the correct output per
square foot per hour with the water temperature available, To aid
you 1in the proper selection of a radiator size, CHART 3 is inclu-
ded, This shows the heat emission of standing radiation for dif-
ferent mean water temperatures, It 1s plotted frem information con=-
tained on page 243 of the 1945 ASH&VE Guide,

Suppose that you use 130F mean water temperature for the floor
panels in the house, then the radiator must be fed with exactly the
same water temperature, Consulting CHART 3, we find that for the
mean water temperature of 130F, standing raéiation will emit 77 Btu
per square foot per hour, and the radiator must he made of suffi-
cient size so its output will take care of the deficiency which it

must supply.

foTHged
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MEAN WATER TEMPERATURE AND TEMPERATURE DROP:

I have used the term 'mean water temperature" throughout
this discussion., By that is meant, of course, the average be-
tween supply temperature and return temperature. In an ordin-
ary heagting system, the temperature drop (the difference be-
tween supply and return temperature) is usually set at 20F, In
the case of panel heating, however, a 10° drop 1s usually used,
The reason for this is that in the case of a long panel and a
20F drop, one end would be at a considerably lower temperature
than the other, and the output per square foot at the low end
would naturally be less than at the high end,
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CIRCULATOR SIZE:

Bulletin No. 1, covers the determination of the circulator
size and I would suggest that you refer to that when vou caleulate
systems of this descriptlion. Bear in mind that pipe friction in a
panel heating system may be greater than in an ordinary heating
system, and the fact that only a 10° drop is allowed means that
the circulator must pump twice the amount of water than in an or-
dinary radiator forced hot water system.

STRUCTURAL SUGGESTIONS:

It is difficult at this time to go very thoroughly into the
subject of the construction of the panels, If continucus colls
are used they carn be hent on the job., Connections between dif-
ferent lengths of pipes and their headers are usuvally made by
welding, You will probably find that most of the contractors who
have installed panel heating will have some particular method whichk
they have learned and naturally prefer to use, It 1s important,
however, that the panel, when it 1s in place on a floor or celling,
should be level so as not to provide spaces in which air might '
gather. This brings up the point of air venting, By all means
an alr vent should be placed at every high point, or at least one
on each panel, so that the system may be freed from air, Usually
these vents take the form of some manually operated cock or valve.

We have developed an automatic vent for hot water lines which
will be useful for this purpose. It 1is known as our #79 Alr Vent
for Hot Water Lines, and we hope that before long we can be in pro-

duetion on it.

One thing in the layout and construction of the system is of
very grest importance. Each panel should be .provided with a sep-
arate return, run either to the basement or to the Utllity Room so
that square headed coclts can he put in each panel and the water {low
adjusted and thereby the output of each panel regulated, If it can
be done, it would not be bad to also run a separate supply tc each
panal, iikewise from some centrally located place like the Utllity

Room or the basement.

In compiling the information contained in this bulletin, I

have made frequent use of the excellent work done by Dr,F,E.Glesecke,

and which appeared in the Journal for Heatlng Piping & Alr Condi-
tioning, December 1940, as well as of the articles which appeared
in the Plumbing & Heating Busiress, I also referred to the ex-
cellent work published by the A.M.Byers Company.

Y

Ferdinand Jehle
Director of kngineering.

£oTHR<
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STRUCTURAL DETAILS OF HEATING PANELS

So far two Engineering News bulletins have been issued
on panel heating. No. 1 had only to do with the application
of our series 90 control for this type heating, No. 2
contained the fundamental calculations for panel heating,
Included in No, 2 were several paragraphs under the general
heading of "Structural Suggestions'", It 1s this phase of
the subject which I want to dwell on at a little greater
length in this hulletin, but I should again like to point out
that the Hoffman Specialty Company is not engaged in design-
ing complete systems, but in furnishing controls. After all
the calculations have been made, there still remains the
important task of designing the piplng sc¢ that it will meet
the structural requirements.

A panel heating system 1s a "tailor-made™ system. It
must be "tailored" to certain physical dimensions and it must
be "taillored" for the proper heat output under the installation
conditions, It 1s therefore possible to give only the
fundamentals and general outlines of design. Many illustrations
could be given of installations in buildings, but these would
agaln serve only as suggestions for new installations,

VARIOUS ARRANGEMENTS OF PANEL PIPING:

There are several ways of arranging the heating pnlpes
in the panel, All of them possess certaln advantages and
certain disadvantages over the others,

Sinuous Coil:

In this system the entire panel area is covered hy one
continuous coill bent so that 1t passes back and forth. This
is sometimes referred to as a continuous coil, a sinuous coil,
or a serpentine coil, The hot water 1is supplied at one end
of this coll and passes to the return piring at the other end.
There is only one path for the water. The chief advantage of
a structure of this kind 1is that it is relatively cheap, There
are the fewest welds to make, but of course a great number of

bends,

Copyright by Hoffman Specialty Company 1946
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The disadvantage of this kind of a structure is that as
relatively small piping 1s used, the frictional resistance
offered to the water flowing through it is high, and a pump
capable of working against a greater head pressure is necessary.
Although this has not been generally discussed in the literature,
high water velocity usually also results with this kind of
construction, and if this reaches too high a figure (over 4 ft,
per second), it may become noisy.

The temperature drop too is of rather great importance,
If the temperature drop is high through the coil, then one end of
the coll will operate at a lower temperature and, therefore, at
less Btu output than the other end, It is well for this reason
to design a system of this description on only a 10° drop; thsat
is, a 10° difference bhetween supply and return temverature. Figure
1l is a sketech of a coil of sinuous design.
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Parallel, Grid, or Header Tvre Coills:

In this type of construction a surply pipe is run down
one side of the room and a return on the other, and the panel
piring consists of a series of rather short pipes, each one
connected to the supply and the return, The advantage of this
construction lies chiefly in the fact that it offers a very low
frictional resistance to the water flow and the pump size need
not be so large, Velocities are also lower and 1t might there-
fore make for quietness.

With the proper selection of the location of supply and
return, it is possible to utilize a higher temperature drop in
the water without the disadvantage of giving the two ends of
the panel too great a difference in heat output., The dis-
advantage of this construction of a panel lies in its greater
cost and the greater chance for getting leakage., There are
many more welded joints, which bring up the cost and also
increase the chance for leakarge,
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Mr. Bradfield, and made out of copper,

Page 3.

Figure 2 shows the usual design of a header type
coil, while Figure 3 is a modification suggested by

You will note that

both supply and return are in the center of the room and
temperature drop is not so Important, since the average
temperature of any cne of the coils is constant.
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Combination Sinucus and Parallel Coils:

Where a panel 1s extremely large, a combination of
both the ahove described constructions is usually used,
The panel might be divided say Into three parts, each
covered by a sinuous coil and the three coils connected
together in parallel,
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The followinpg sketchbes indicate four of the many
®ipure 4 showes three sinous ccils

ways this could he done.

in parallel,.
the return down the other,
Figure 5 shows a sinuous coll with a return on
In realiity thece are

large room.
each end and a supply In the widdle.

The supply runs down one slde c¢f the room and

This could easily he used in a
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two sinuous colls in parallel., Figure 6 shows a little different
arrangement. A return runs down each side of the room and a
supply main down the center, BSeveral sinuous coils can be put
between the supply and either return. :
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Figure 7 shows a method of running the colls which might
he very useful for a floor or ceiling coil in a room with two
exposures, It shows a supply running down each of the exposed
sides, and a return in the middle, You will note that the
sinuous coil is so arranged that the temperature of the water
decreases toward the center of the room. This leaves the
higher temperature water and, therefcre, the somewhat higher
panel temperature along the edges or the exposed sides of the
room, It mezns a higher average panel output but leaves the
higher temnsrature at the place where it is least likely to
produce discorfcrt, and this may be of particular importance In
a Tloor pan=1, It is possible to space the colls closer together
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on the supply end as shown, and thus exaggerate this
effect, In such an arrangement it 1is vossible to use
a somewhat higher temperature drop.

COIL BENDING:

It can be seen at a glance, in any system except
the parallel system, that pipe bending is one of the major
prohlems in installing a panel heating system, A, M.
Byers Company has published the following information:

Pipe *Minimum Diameter of Bend
Size Center to Center
1/2" 2.8u

3/4n 3.5'n

in 4. 3"

1-1/4n 5,.5"

1-1/2n 7,01

21 . 11.0"

*These are for cold bending on the job,

You will note that the center-to-center distance,
which can be produced by cold bending, is in every case
less than the center-to-center spacing called for in
Chart 2 of Engineering News No. 2. These bends can be
made on the job cold with the proper tools,

ATR VENTING:

In a complicated system of piping, such as a panel
coil, it is very important to provide means for freeing
the system of air while filling, and to also provide means
of ridding the system of ailr during operation; or in other
words, avoiding air pockets, It 1s at times advantageous
to install the expansion tank where it will also serve as
an air accumulator at the highest point, say in the attie.
Frequently the attic of a modern home is not easily
accessible and in that case a vent pipe shorld be run from
the expansion tank to the basement, or utility room, and
provided with a valve so that the air can be eliminated
from this point,

The vent pipe above mentioned should be attached
to aprroximately the middle of the expansion tank, Standard
expansion tanks do not come with a tapping 2t this point,.
Both the tappings with which they come equipped are on the
bottom. It is, therefore, necessary to do a little more
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"talloring", Filgure 8 shows a method which is frequently used
for similar purposes, A tube extending 1nto the tank is, of
course, subjected to rusting and a brass or copper huhe would
be deslrable, Figure 9 shows another possitle method of
accomplishing this; namely, by welding a small flange to the
center of one of the heads of the tank. This should not
present any particular difficulty hecause a welder will have
to be on the job anyway.
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It should be borne 1in mind, however, that when the
system 1s again deaerated, water will flow from the alr drain
for the first few seconds if the 1installation is made as suggested.
At points where there is dangér of thé accumulziion of air in the
piping, a Hoffman #79 Air Vent should be placed. It is well,
however, to connect the outlet of the #79 to a drain, unless the
Installation 1s 1in the basement, where a certain amount of
condensation of water vapnr will not hurt.

DRATNAGE OF THE SYSTEM:

As 1n any other hot water heating system, provision
must be made so that the entirs system can be drained of water
to prevent freezing, in case the house remalns unoccupled for
some length of time in the winter, This means that not only
the supply and return plping must be properiy sloped and free
of pockets, but all of the panel coils must be 50 arranged that
they will drain, Sometimes compressed alr is used to blow a
system free of water and if this 1s contemplated, provision
should be made for the attachment of an air hose at the proper
points. Even this, however, will not guarantee absolute freedom
of water 1f there are any pockets 1In the pliping.

In the laying of the coll, the diffzrent types requlre
different attention, A4 sinuous coll should he laid abhsolutely
level in the direction of the colls, but sloping slightly toward
the raturn, If the sinuous coll would be laid with the axis of
the separate pipes inclined, the unit could not drain. The
header tyve coil, it would seem, were less susceptible to slight
slopes. It should be laid with a definite, although not very
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great slope from the supvply header towards the return
header, In the case of panels using combinations of
these two constructions, each type requires separate
consideration, Each sinuous portion of the combination
tust he leveled in the direction of the separate pipe
coils hut sloping from supply towards return, This
hecomes an easier problem if the combination is
constructed similar te that shown in Figure 7; that is,
with the coil pipes parallel te the supprly and return
header.

Anti-freeze solutinns have heen used in some
installations, but the vprover kind are quite expensive
and at the present at least, rather difficult to obtain,

PANEL CONSTRUCTICN:

REINFORCING

After the nature of the coil has heen decided upon,
that is, sinuous, header, or any combination of the two
the details embodying it in the panel must be considere&.
Such structural details, of course, depend first of all
upon whether the coil is to bhe installed in the floor,
the ceiling, or the walls,

In order to insure that the coll can be sloped as
desired, it 1s well to fasten it to three structural
membars, such as shown in Figure 10. This structural
memher may be a plece of pipe, an angle, or a channel of
sufficient size, A 2" 1light angle or channel, T believe,
is the most desirable, although a plece of pipe is
probably the most convenient and, if made of a pipe
size the same as the coils, usually possesses sufficient
stiffness, The coil should be fastened to the supporting
menbers elther with strips or spot-welded. The entire
panel construction can then be laid on the slab and
carefully leveled or gilven just enough slope for drainage.

ANANANA ”
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L, CHANNEL OR FASTEN
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Heating Panel in Floor:

The floor panel construction has been most frequently
used, especially where the house has no basement ani the
first floor is a concrete slab.

Coils in Concrete Slab: In a construction of this
kind, the pipes of the panel can either be placed in the
slab 1itself, or on a sand or gravel fill immediately below
the slab, If the former construction is used, the pipes
should be placed towards the bottom of the slab, and the
top of the pipes should be at least a pipe diameter bhelow
th'e surface,

/CONCRETE CONCRETE
INSULATION

Fia. 1l Frta.12 Fig.13

Figure 11 shows a construetion with the coil laid
upon the sand, gravel or limestone fill and the cement poured
over it, Filgure 12 shows the coll imbedded in the £ill, that
is either sand, gravel,or limestone, and then the slab poured,
Figure 13 shows an installation in whiech a layer of roofing
paper 1s placed on the fill (sand, gravel, or limestone), the
vipe coils are placed on the roofing paper, ani the cement slab
then poured in the usuzl manner,

Otrer variations involving the use of different kinds of
insulation can he used. It shonld be pointed out, however, that
cinders should never be used where they come in contact with pilpe.
Cinders econtain a certain amount of sulphur which may form
sulphurous acild ani corrode the pipes very badly.

Installation Under Wooden Floor with Basement or on Second
Floor: This refers to the installation of floocr heating coils
under a wooden floor, either in a second story room or in a first
floor room over a hasement, The coll structure is placed directly
on the joists, the coil plping running 2t right angles to the
joists., Sleevers or stringers are then nailed at suitable
intervals to support the floor, These stringers must of necessity
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be thicker than the coll structure, and I would suggest
that they be of such thickness that approximately 1/2"

of space remains between coll and floor. The reinforecing
members (see Figure 10) should be so spaced that they

fall between the jolsts. A sheet of insulating board is
then fastened to the bottom of the jolst and additional
insulation is placed in the space between this insulating
board ani the co1l, Aluminum foill may successfully be
used for this purpose. Figure 14 shows a constructions of

this desecription,
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If the installation of a floor hzazting nanel is
planned when the house is designed, it would be possitle
to notech the jolsts instead of using sleepers, Needless
to say, allowances must be made for these notches so that
the joists will have sufflecient strength to support the
required loading. In this case “the coils are run in the
space hetween the Joists and notches aras made only for
eross-ovsrs The use of sleeper or stringers seem to
be the praferred construction.

There are, no doubt, other forms of construction
which may occur to you and which may serve the purpose
equally well as those mentioned.

Not many installations of colls under a wooden
floor have bheen made, and the guestion has been raised in
the published literature as to the possible warpage of
£loors which the heat may cause., It would certainly be
advisatle to use well dried lumber for the flooring. It
has also heen sugzested that the floorlng be laid ouvt for

a few days »efore nalling down,
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Heating Panel in Ceiling:

There are several constructions used for celling panels:

Under Concrete Floor: If the room above has a concrete
slab for a floor, then of course the hezting coil can he
Installed on the bettom of the concrete form, and when the
concrete is poured, part of the pipe will be surrounded by
concrete, Thilis i1s very similar to a concrete fleoor construction,
The plaster coats are then applied to the pipes.

Under Wooden Fliloor: If the building has the more standard
residential constructicn, that is & wood floor for the second
story, the coil can be fastened to the hottom of the second floor
joists, The metal lath is thern nailed to the jnisis covering the
entire lower surface of the pilpes., The plaster coats are applied
in the usual way. Insulation is placed on top of the colls, that is
between upstairs floor and coll, Such a construction iIs shown in
Figure 15
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As in the case ¢of the {locr coils, the ceiling ccils too
ehionld be fas*tened te a rigld support, such as angle, channel,
or plpe, similar to that shown in Figure 1C, and fthen the entire
assembly raiced to the ceiling and fastened in vlace, Careful
pesitioning to obtaein proper dralinage 1s necessary.

Heating Papel in Walls:

Judging by the literature, less 1s known ahout heating
panels in the walls than about those in ceilings and floors, After
Prof. Hutchinsen completes Lis work at Purdue in the experimental
house, which has panels loca*ed in all of these locations (floor,
ceiling and walls) much more can be said on this subject,
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The chilef use of a wall panel seems to be to augment
the heat output of a floor panel. Figure 1A shows a
suitable construction, The coil structure 1s fastened to
the studding and the space between the coil and the sheath-
ing 1s filled with insulating material, Metal lath may te
placed over the colls and the plastering applied as usual.
If the panel is to cover only a portion of the wall, then
of course the rest of the studding must be furred out so
there willl be no offset in the wall,
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tigure 17 is a diagrammatic sketch of an installation
if a sinuous coil is used; and Flgure 18 1f & header coil is
vsed. In a sinuous coil the individuzl coils should run
horizontal or drainage Iis not pos=sible, A header type
construction can be used either way, but the preferable
constructicn is to run the headers in a horizontal plane. 1In
either case an air vent, our #79, shouvld be installed. This
is particularly Imrortant since the coil structure is in a
vertical plane, In the return a square-head cock shouvld be
rlaced so tnat the amount of water flowing through the coil
can be regvlated,
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LOCATION OF SQUARE-HEAD CCCKS FOR ADJUSTING
HEAT CUTPUT OF DIFFERENT PANELS:

It would be very difficult, indeed, to figure the
panels with such aczuracy that each room would be provided
with exactly the correct amount of heat. Some form of
adjustment 1s therefore necessary and the method usually
used in an ordinary hot water system, namely, placing
square-head cocks in the return liines, can be effectively
used., Just why the cocks should be placed in the return line
I do not know, and I see no reason why they cannot be put
into the supply pining, if that is more convenient.

It would be well to locate all the cocks 1in the hase-
ment or the utility room. This is not always rossible and
it is at timerc necessary that they bve located close to the
vanel, 1In that case a location must be picked which can be
reached without too much difficulty. If the installation is
in a single-story house with ceiling vaneles, they may be
placed so they will be accessible from the attic. At times
the head room in a modern attic 1s so small that such an



P28R103

Eng, News 2 Pape 13

installsticn is not rossible. Ir that case they should
be placed so they can be reached by removing a plate from
the ceiiing, WNaturally, such a plate should be put in a
closet, or behina a built-in bhcookease, or in some other
inconsgicuous place,

Globe, gate or needle valves should not be used for
this purvose. Sauare-head cocks are more leak-proof and
tampering with them 1is less likely to ocecur.
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BOILER AND PIPING:

The hoiler and piping are in the main no different
from the boiler and v»iping for any hot water installation
vsing cur system, I thought it wise, however, fto include
a sketch to refresh your memory. It appears as Figure 19.
You will note that where we ordinarily put the expansion
tank, I have indicated one of our 79's., This presupposes
that an expansion tank is used in the attie. In certain
installations, it might bte advantageous to use an expansion
tank at this point instead of at the high point, Your
judgment will have to gulde you in this matter.
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TESTING THE SYSTEM:

After all the plping 1is 1n »nlace and just before it 1is
covered, a test should be made of the system. This test
should consist of subjectling the piping system (not the boiler)
to a hydrostatic pressure of at least 125 pounds per square inch
for a period of elght hours, If there are any leaks or
Imperfections appearing, these shall be remedied arnd the test
repeated. Tt 1s well to have the owner or his revresentative
present during such final test period,

CONTROLS #

The Heating ani Ventilating, Air Conditloning Guide,
1945, puhlished by The American Society of Heating and
Ventilating Engineers makes this statement on Page 772:

*"The heat emitted by hot water pipes imhedded in
the plaster of the ceilling and walls or 1n the
concrete bhase of a floor, can be effectively
controlled by an instrument desiegned to modulate
the temperature of the water circulating in the
system according tec the outside conditicns, Metal
ranéls which can bhe inetalled in the ceiling or
side walls, may be elther controlled by an
instrument respecnsive to outside weather conditions
or by a specially deslgned 1Instrument responsive to
both air temperature and radlation., Any purely on or
off contrel system is not recommended for panel heating."

If this paragraph said - ", . . . . to modulate the
temperature of water contlnuously circulating in the system",
then it would accurately describe our system of control,
Undeoubtedly they do mean continuous circulation, since the last
sentence does not reccmmend an on and off system for confroliing
panel heating,

In thls same description of control for panel heating, the
Gulde also mentions a control instrument 4in the room in connection
wilth the outdoor control. This room instrument 1is so constructed
that it is affeeted by the radiant energy. I feel that such an
inside instrument in addition to the outdoor contrel 1s not
necessary if the panel is properly designed. My belief is borne
out by the fact that we have many installations controlled by
the outdoor temperature only, whilch have given great success.
Trese installations are not in any one particular location, but
scattered throughout the country, and I believe represent the
true cross-sectlon cf how such installiatlons may he expected fo

perform.

The first Engineering News described the application of
our controls to panzl heating and it specified the information
which we should have in order to set a control properly at the
factory. The series 90 temperature controller controls the

*Underscoring by me
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supply water temperature with respect to the outdoor
temperature,and it must te known what water temperature
the designer wants at two outdoor temperatures, If the
designer does not know this, then 1f he will give us the
information descriptive of the panel, which is asked for
on Page 2 of Engineering News No., 1, the temperatures can
be calculated,

GENERAL NOTES:

I fully reallze that mary more constructions are
possible than T have shown. The information which formed
the basis of thils dissertation on coll construction, has
been gleaned from the published literature, with the vossinle
exception of Figure 7.

A1l of the sketches and their descriptlons are hased
on the use of iron vnipes, as was Engineering News No. 2,
for the simole reason that there has heen published much
more information on the use of this kind of piping than there
has on coprer., It does not mean that we are siding with the
iron plpe industry. During the last few months there has
appeared in Heating and Ventllating, some excellent material
by Mr. Vanderwell of the Chase Brass and Copper Company.
After more of thils type of panel construction has apveared
in the literature and I have had time to digest it, I shall
i1ssue another bulletin, ‘

el Al

Ferdinand Jehle
Directer of Engilneering
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CAICULATIONS FOR PANEL HEATING
Supplementing those given in Engineering News No, 2

In Engineering News No, 2, Figure 1, I showed the output of
floor, wall and ceiling panels, I pointed out that the maximum
permissible temperature of a floor panel was 85°%F, of a wall panel
100°F, and of a ceiling panel from 105°F to 130°, depending on the
height, but ordinarily a ceiling panel should not be run over 115°F,
The maximum outputs of these various panels according to these
figures, therefore, are floor 30 Btu's per sqg.ft. per hour, wall 59
Btu's per sq.ft. per nour, and ceiling 76 Btu's per sq.ft. per hour,
It was also pointed out that these outputs were based on an air
temperature of 70° and an average wall temperature (MRT) of 68°F,

The above results were based upon what seemed to me average
conditions, One sees, however, in the published literature, outputs
which exceed the flgures above given by a considerable amount, and
under certain conditions a reasonable increase is possible, It is
the object of this News Letter to acquaint you with the conditions
under which the outvuts of these various panels may be inereased
over the amounts origirally given you. If the mean surface temper-
ature (MRT) of the unheated surfaces, is lower than 68°F, the output
of a panel will be inecreased. ¥Figures 1, 2 and 3 show the outvut of
floor, wall and ceiling panels respectively, at different panel
temperatures for different average surface temperatures (RT).

The problem now is to get the correct inside surface temper-
ature of all the surfaces, such as walls, glass, floors, in fact all
except the panel itself, Any interior wall can be assumed to be the
same as the air temperature, usually 70°F., The temperature of the
exposed surfaces, which includes the exterior wall and glass, depends
on the outdoor temperature, the inside air temperature, and the over-
all coefficlent of heat transmission., The over-all coefflcient of
heat transmission is usually known as the "U" factor and is readily
available for different floor, wall and celling constructions in the
ASH&VE Guide, The inside air temperature may be taken to be 70°F.

The chart in Figure 4 enables you to find the inside surface
temperature of the exposed walls, ceiling, floor and glass, if the
outdoor temperature and the over-all coefficient of heat transmission
are known. Naturally, one is only interested in outdoor design
temperature and not any other outdoor temperature. The chart in
Figure 4 is based on an inside air temperature of 70°F.

Copyright by Hoffman Specialty Company 1946
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It is true that the temperature, read either from chart
in this News Letter or from a similar chart in the ASH&VE Guilde,
is not absolutely correct, but 1t should enable you to calculate
a panel which is suffieclently close to meet requirements, so that
1t can be adjusted with the usual cocks placed in the circulits for
this purpose.

Many articles have been published which aim to solve this
problem with much greater accuracy than 1s here outlined, I doubt,
however, whether all of the informatlion necessary to make these
calculations is easily obtained or 1s accurate enough to warrant
these more tedious methods, 5o that you may become more familiar
with the use of these charts, I shall use them in an example,
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EXAMPLE

Figure 5 1s a schematlic sketch of a room to be heated by
celling panel, You will note it 1s 24' x 25! and has an 8' °
ceiling, Two of the walls are interior walls and two of them
exterior. The exterior walls have a total of 90 sq. ft. of glass.
Summing up, the known data are these:

Panel location . . . . . . Celling

Ceiling height . . . . . . 8 ft.

Qutside design temperature Minus 10°F

Inside air temperature , , 70°F

Alr changes .« « + v « + o 1l per hour

Floor construction . . . Concrete slab directly on
the ground (no basement)

GlaSS . « o o o « ¢ o o« o Slngle thickness

Outside walls . . . . . . Frame with plaster,
no insulation
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Heat loss coefficients of over-all heat transmission (U)
are as follows: :
Floor (Ue) ¢ o v o v v 4o . » 0,10
Glass (Ug) o « o« .« v . o o« 1.13
Outside walls (Ug) . . . . o 0.33

A wall with rather high heat loss was plcked because it
better i1llustrates our problem,

Heat Loss Calculatlons:

The heat loss 1is determined as follows:

Heat loss from floor . . . . 25 x 24 x 80

x 0,10 = 4800 Btu per hr
Heat loss from glass . . . ., = 90 x 80 x 1,13 = 8136 = n
Heat loss from outside walls = (49 x 8 - 90)

x 80 x 0.33 =7973 " o w
Heat loss from air changes =1 x 4800 x

0.075 x 0.241

% 80 = 6240 " " "
Total heat loss 27849 1 noon

We shall take the entire celling area for the heating panel,
The area of the ceiling panel 1s 600 sq. ft. and, therefore, output

per sq. ft., = 2%842
00

= 46,4

Mean Wall Temperatures:

We must now turn to the chart in Figure 4. From this we can
determine the inside temperatures of the walls, floor, and glass
in our room, We will use only the llne marked minus 10, because
that 1s our outdoor design temperature. The followlng table
glves the surface temperatures as read from the chart:

Floor:

Uf - & & @ w® o 9 @ s . e 8 Oolo
65.0

Therefore surface temperature

Outside Wall:

Ug o« » » o e oo o e e oo =0.33

Therefore surface temperature 54,0
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Glags:
Ug L] » - . * . . L - * L4 [ ] . = 1013
Therefore surface temperature = 16.5

Inside Walls

Ui . . . . . - . . . . . * . s = O
Therefore surface temperature = 70,

In figuring the average surface temperature (MRT), we must
know the area of the surface for each temperature. Various parts
of our room have the followlng areas:

Outside wall area (less glass) = 49 x 8 - 90 = 302 sq. ft.
Glass ATe& . + & & o« s o = s s « s s &+ o 4« = 90 "M "
Floor 8T€a + 4 + v ¢ o s « & » = 24 X 25 =600 " N
Inside wall . . . . + + + « o« =(24 + 25)

x 8 =392 w

The average mean surface temperature (MRT) is found by
multiplying the area of each surface by its temperature and dividing
the sum of these products by the sum of the areas:

Outside walls . ., . . . = 302 x 54,0 = 16308
Glass o« « & o = o 4 » o =90 x 16,5 = 1485
FIOOT &« v v ¢« o o o » « =600 x 65.0 = 39000
Inside walls . . . . . . =_392 x 70,0 = 27440
Total 1384 (surface) 84233
ilean surface temperature (MRT) . . . = §%§

60.8 (say 61)

Consulting Figure 3, we find that a celling panel having an
output of 46.4 Btu per sq. ft.,and operating in a room in which
the average surface temperature of the unheated walls (MRT) is 61°F,
must be run at a surface temperature of approximately 95°F. Consult-
ing Chart 1 in Englneering News No, 2, we find it would take a ceiling
panel of 100° to glve the same output, because in that case the MRT

was taken at 68°F,

toT¥ged
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The only things that remain to be figured now are the
coils and spacing for the panel. In Engineering News No, 2
on Page 3, I pointed out that part of the heat of the panel
represents a loss to the other side, and I suggest that for
our purvose we can assume an upstalirs' celling as having a
20% loss. The 46.4 Btu per sq, ft. which we arrived at
represents, of course, the useful output and therefore only
80%. A calculation shows that

Total output of celling panel 46,4
80

58.0 Btu per hour.

Consulting chart 2, Englneering News No, 2, we find
qulte a varilety of combinations of pipe sizes, spacling, and
water temperatures which would give us that result. We do
not want to plek too low a water temperature, as control
then becomes difficult, and I would suggest that in thils we
figure on using a water temperature 1n the neighbornhood of
130°F, We find that 3/4" pipe, spaced on 12" centers, would
call for 130°F water and that should glve us the desired
results,

I hope the above information will be useful but I
should like to leave this word of caution with you - don't
lncrease the output of the panels beyond that shown on the
charts, or the occupants will not be comfortable,

Ferdinand Jehle
Director of Englneering



