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Abstract:
There are a great many controls manufactured for radiant heating with floor panels. these controls have
a price range from $22.20 for a 110-volt room thermostat controlling the circulator pump to $257.00
for an indoor-outdoor control that mixes return water with the "boiler water to give a water temperature
to the panel that varies with outdoor tenpera-tune. For this thesis, a study was made and test conducted
to determine if expensive controls are necessary and to determine which controls give the best results.

From the test results the following conclusions were made: 1. None of the controls tested are
satisfactory for radiant heat with floor panels.

2. The simple bimetal type 110-volt thermostat Controlling the Circulator gives as good results as any
of the other control systems tested and it is the least expensive system. 
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. ABSOm#

Shere are a  great many controls manufactured for radiant .heat- 
iag with floor panelso Shsse controls have a price range from $32.20 for 
a 110-volt room .thermostat controlling the circulator pump to $35?.,00' for 
an- ln#or-ont#ocr control, that mi êa. return water with the holler water 
to give a water t emperature to the panel that varies .with outdoor tempera­
ture. %r this thesis, a study was made and test conducted to .determine 
i f  s#en siye controls, are necessary and to determine Which controls,give 
the host results.

from the test results the following conclusions were made:

Io lone .of the controls tested -.are satisfactory, for radiant heat . 
with floor panels.

2. fhe simple himetel type 110-volt thermostat controlling the 
circulator .gives as good results as. any of the other control 

. systems tested, and i f  As # e  least expensive system.
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Intgoduetioa

Chapter I coasiets o f  the following tooiesi 

Soom thermostat#

' " .. Selayo

Immersion thermostats 

Sas TalWa 

S afe ty  S e n tro is  

later Talyes

lhntrols Used with Tankless Bomestie Water Heaters

The controls described Snder- these topics represent » cross- 

section of the types ayailable at the present time= The descriptions 

are based on information provided by the mannfaotnrers .and visual in= 

SpeetioH of the controls=

Special indoor-outdoor controls that vary heat Input to the 

system depending on outdoor temperature are described in Qhapier II as 

complete systems=
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Room Therm ostats 

Low-Volta g s  Room Therm ostat

The fu n c tio n  o f a  room th e rm o sta t i s  to m a in ta in  the  a i r  in  a  

room a t  a  d e s ir e d  tem p era tu re . By low -vo ltage  th e rm o s ta t, i t  i s  meant 

th a t  th e  th e rm o sta t e n e rg ize s  a  re la y  which 

in  tu rn  c lo se s  s u i ta b le  c o n ta c ts  to  s a t i s ­

f a c t o r i l y  handle  the  f u l l  lo ad  o f the  c i r ­

c u i t .  A ty p ic a l  example o f  th i s  type o f 

c o n tro l i s  shown in  F igure  I .

The prim ary c o n tro l elem ent con­

s i s t s  o f  a  b im e ta l (A ). As th e  room ap­

p roaches th e  d e s ire d  tem peratu re  the  b im e ta l 

moves in  th e  d ir e c t io n  shown and the  e l e c t r i ­

c a l  c o n ta c ts  a re  broken.

The tem peratu re  a t  which th e  con­

t r o l  b reak s  th e  c o n ta c ts  i s  a d ju s te d  by con­

t r o l l i n g  the  d is ta n c e  th e  b im eta l i s  from the  f ix e d  c o n ta c ts  (B ). T his 

i s  accom plished by the  cam arrangem ent (C ).

W ith the  sim ple room th e rm o sta t d esc rib ed , th e re  would be a  

c o n s id e ra b le  la g  and overrun  o f room tem p era tu re . This i s  because th e  

b im e ta l w i l l  n o t reach  th e  tem peratu re  a t  which i t  i s  s e t  u n t i l  th e  room 

has a lre a d y  become warm. The same e f f e c t  occurs upon c o o lin g . The room 

becomes coo l b e fo re  th e  b im e ta l. To overcome t h i s  d i f f i c u l t y ,  le a d in g  

c o n tro l  m anufactu rers  in c lu d e  a h e a t a n t ic ip a t in g  f e a tu r e .  This c o n s is ts  

o f a  r e s is ta n c e  (D) in  s e r ie s  w ith  th e  c o n ta c ts . Then when th e  c o n ta c ts

Penn Low-Voltage 
Therm ostat 

F igure I
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oreftteg b e #  whigh causes the himefcsl to break the co n ta cts  two Ot w r e  '' 

degrees b efore the Worn temperature i s  up to th e d esired  I e v e le By 1 . 

doihg- th is*  the overrm  e f f e c t  i s  p a r t ia l ly  compensated .for, . Since th e  •
. , . 'f- ; ■ :

hlm etal i s  then a t  a  h igh er temperature than., the room, i t  co o ls  add

010368 the contacts before the room temperature drops appreciably,' therc- 
by eliminating some Iagb- "

Another desirable feature o f the control illustrated Is the 

small permanent magnet (B), this, gives snap, action to the Contacts both 

°a make and break, thereby prolonging their l i f e ,  .

3?he differential of a control i f  the--difference between the 

point at which the Contacts open ana -close. It i*  adjusted by the. 

movable contact (B ) .,  W f adjustment usually hap,a range of from.W  to 

S0S1 differenfiaio

MnneanOliarE on cyw ell' fh r e e 4 fir e  low -T oitace W rm oatat

■ W s  control differs from the thermostat already described in 

that the heating, element (a) in .figure a i s  not in  series with the con­

tacts, Instead i t  i f  in  parallel with contacts. (B), By using this 

arrangement, when the thermostat is  calling for heat and the contacts are 

closed the heating resistor i s  shunted so that i t  does not supply heat, 

As the room approaches the desired temperature,'contact (B) opens f ir s t . ,  

f hen this contact Opens -current flows through the heating, .element and 

adds, heat until ,contact (B) i s  broken, She system is  then shut down.

the advantage claimed for this type of control is  that at the
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s t a r t  o f  th e  cy c le  the  re s is ta n c e  elem ent has 

no e f f e c t  and th e  h e a tin g  system th a t  i t  i s  

c o n t r o l l in g  w i l l  he on u n t i l  the  g en era ted  

h e a t i s  beg inn ing  to  be f e l t  throughout th e  

e n c lo su re . Then the  c o n ta c t (B) opens and the  

r e s is ta n c e  elem ent (A) adds h ea t and sh u ts  the  

system down. T his e lim in a te s  some la g  and 

overrun  as  w ell a s  a llow ing  a  lo n g e r cy c le  in  

severe  w eather.

110-V olt (L ine V oltage) Therm ostat

The 1 1 0 -v o lt th e rm o sta t c o n tro ls  the  

c i r c u i t  d i r e c t l y  w ith  th e  c o n ta c ts  in  the  

th e rm o s ta t w ith in  the  c u rre n t l im i t s  o f  th e  

c o n tro l .

A b im eta l type i s  shown in  F ig u re  3 . The o p e ra tio n  o f t h i s  con­

t r o l  i s  the  same as th a t  in  F igu re  I .  By comparing th e  two f ig u r e s ,  i t  

may be seen  th a t  th e  1 1 0 -v o lt the rm o sta t has h e a v ie r  c o n ta c ts  and th e re ­

fo re  a  co rre sp o n d in g ly  h e a v ie r  b im e ta l. This added w eight o f  p a r t s  tends 

to  make the  1 1 0 -v o lt th e rm o sta t le s s  s e n s i t iv e  than  the  low -vo ltage  

th e rm o s ta t.

M inneapolis-H oneyw ell 
Three-W ire Low-Voltage 

Therm ostat 
F igure  2

A nother type o f 1 1 0 -v o lt th e rm o sta t i s  shown in  F igure  4 . This 

c o n tro l i s  a c tu a te d  by a  bellow s in s te a d  o f  a  b im e ta l. The bellow s con­

ta in s  a  l im ite d  charge o f l iq u id  and v ap o r. The charge i s  such th a t  th e  

p re s s u re  e x e r te d  in  th e  bellow s fo r  any tem peratu re  th a t  the  c o n tro l w i l l

%

o
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Penn 110-V olt 
Therm ostat 

F igure  3

P e rfe x  110-V olt 
Therm ostat 

F igure  4



tiperste. styaight-liae iunetion, Iiethyl ehlofide |@ a typical.' suh- . 

stance used' fox* this.

Sy limited charge i t  i$ meant that Htnid and v̂ p or exist 'In . 

the bellows at a ll  times<, Ag. the temperature ■ increases, mere H fU ii will- 

vaporize and r i l l  • cause a pressor© increase correspoMing to the satura-',

tioh pressure fpr 'that- particular temperature. ■
I

- ®ais force:exerted by the bellows i s  then balanced by a spring*
. . . I • . ..

. %e temperature at which the control Cpirates M adjusted by ,increasing
i

the spring tension to' raise the temperature, and decreasing. IM ■ ,spring
. k

tension to. lower the temperature. '!Shibfltype of control, Ifke the hi-
Imetal type, has aa inherent differential,, A minimm .differential o f -W  

may be obtained, by careful selection offspring and ballots,

Mercoid. thermostat

tIhis control (figure 0  consists of a bimetal (A), a permanent 

magnet (B) .and-a mercury switch (Q). - ■ It ..may be. seen from figure 6 that 

when tha thermostat'is -calling, for- heal the-'magnet ***** to-the.' 

,glass d##rKhg a f the mercury. ##&&& 'cad#s the. -armature' {k} 

move '-toward the magnet, - Ihe electrode -.(I), - then ',enters the m #c#y p ool'.' - 

Cf) and Completes 'the circuit. '■ Because of # 0 'light force required, to - 

make contact, th is type Of' control i s  very. Behsitive0

ffenual Ihermosnitch

Ihis Control Is of unusual design. Its action i s  derived from 

the difference in  expansion of the outside shell (A), S-gmre 7, and the .
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M ercoid Low-Voltage 
Ih e rn o a ta t 
F igu re  5

*****. * w,.i ioiirf HOtn us siovii tos*jn
lU*H*Mtu.-n Si* I IU u i t f i v m  N e  I

I U M t U t M t t  I ' ■ S f m j e r * !  m m  i n  M V i t " '  • " I f f  ’/ / " *  '  l y ‘ 
.  I *  r r n t a i R  . 1  » • I *  I k f  m r t t  u i ,  I m f r a b U / r i t r , . '

•i r i  t f i i  ■ c j 'm - u m r r  t  * m u f i u *  v I "  t u t  *>*1' '*«1  |* a i <  * < 1
. I  I - l t i n f . i t  I  i u t p n f t  f-W I t i t  I t  " >

O ^  I l * !  f lf  m a . * * '  '  i i  ; I I i  X n  ’ - 1 •• U f l M i e r f
• /  o r  u< I f u n  i i  F f t r r  r  I •»* I i r f f  Af l t " i  S r  a -UiA f t  w i

M ercoid Switch Used in  
Merc o id  Therm ostat 

F igure  6
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n ic k e l iro n  s t r u t s  o f  low expansion c o e f f ic ie n t  (B ). When the tem peratu re  

r i s e s ,  the  o u ts id e  s h e l l  expands. T his p la c e s  te n s io n  on the  s t r u t s  (B) 

which cau ses  them to  move a p a r t and 

b reak  the  c o n ta c ts .  The tem peratu re  

a t  which the  c o n ta c ts  w i l l  open i s  ad­

ju s te d  by th e  s leev e  (C ). Turning t h i s  

s lee v e  clockw ise w il l  in c re a se  the te n ­

s io n  on th e  s t r u t s  and low er th e  tem­

p e ra tu re  a t  which th e  c o n tro l w il l  

o p e ra te .

Thrush B adiant Heat Therm ostat

T his th e rm o s ta t. F igure 8, 

i s  a c tu a te d  by a  bellow s in s id e  the 

p r o te c t iv e  cover. In  a d d i t io n  to th e  

room tem peratu re  a c tu a tin g  the  bellow s, 

th e re  i s  a  c a p i l l a r y  tube from the 

bellow s to  a  remote b u lb . T h is bulb 

i s  fa s te n e d  to  a  re tu rn  w ater l in e  from Fenwal Thermoswitch 
F igu re  7'

th e  room. When the  room tem peratu re

i s  below th e  s e t t in g  o f  the  the rm o sta t the  c o n ta c ts  a re  c lo sed  and the  

c i r c u la to r  w i l l  run  u n t i l  th e  room reach es  the  d e s ir e d  tem p era tu re . Then 

th e  bellow s a c tu a te d  by th e  room tem peratu re  w i l l  b reak  the  c o n ta c ts  and 

sh u t down the  system . However, as soon a s  the  w ater tem peratu re  drops 

in  the  r e tu r n  l in e  th e  r e tu r n  w ater bu lb  w i l l  ag ain  s t a r t  the  c i r c u la to r
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fig. 8. Th rush  radiant heat t h e r m o s t a t
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Tm$ll the water1 reaches the in itia l Iemperature0 fine® the- return, water
- V' ■ ■ ■ , ■ ■ : ■ "< I;;,..'

temperature depends m  the ra te -Qf cooling Q f  the slab- whieh #  ^

penife' on the outdoor temp eraW e b this control IQ supposed to m a in ta ln a  /
'  1 ' '  ' '

water temperature la  the slab proportional to the outdoor temperature» ■

the Sarcptherm Shermoray9 figure 9» is  designed, fo sense radiant 

heat change as. well as air temperature. It consists of a dull black , 

sphere containing a charged bellows (A) that operates a switch (B)„ A 

heating element (G) Is designed to maintain a SOW1 temperature, within 

the sphere, when comfort conditions are met. When the combined .effect of 

radiation- and a ir  temperature- on the outside of the sphere cause the 

temperature' inside, the sphere to drop below- 8 0 #  the switch operates the  

heating system to pro#de mere beat.

fbia control is  .also' manufactured in. a flush-type mountings ,

D sr-B iah t th e rm o s ta t

A OomiBQn type of day-night thermostat is  shown in Sigure Io= 

fh is-consists of a bimetal thermostat similar to those already described 

with a Separate night set-back heater (A), fhe electric clock on the 

thermostat closes a switch (B) at the time set on the night dial. Shis 

causes current to flow through the night set-back heater.

She amount of heat added by the night set-back heater can be 

adjusted by the set-baok indicator (O). fMs indicator mores a slide 

across a resistance in -series with the set-back heater, .and it  may be

I
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FATER

CALIBRATED DIAL

FIG. 9  5ARCQTHERM lHERMORAY THERMOSTAT
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Figtire 10
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.■': 4Kp:l'her t f . # 4 .  # * # # &  @A •• $#' '$%".'
• V- : . . i:' •: '/, .

fM W tp a f  ;C?)»' 'W *  th #  sroaga* #  ••
• .  •’ "  < •». •: >• ■ '• ■ ' : ' ' '

■ • . ; , / ' '  ■ • ,
m%%$ip'e&§fr (!B) ■ <m& &£ #a& W :; ^

coa  ̂act-s w Sl be olose&c

Another igrp.e of #igbt set-baoM the#o$t6t consists a# two 

separate bimetal thefiao State and & eXoefc-ojserate  ̂ switch. She day tern- 

perature la  act bn one thermostat and the night temperature on the other 

and the oloefc-operatad w itch  # # #  the circuit from one to the other 

according to i t s  dial' settings. Ihe adiran|ages of thin oyer a .single 

thermostat with & heating element are noeitiye action, the night thermo= 

st'at may be set for' any temp era tore and heat from the clock motor w ill 

not affect the thermostats since they are separate from the clock Swfteh0

The advantages claimed for a night set-back: device # »  h m l . 

savings because -of the lowered night temperature and more comfort##' 

conditions at .night.

Belays , •■ ■

■ A relay 4s 'necessary In controlling circulators and other Ho= 

volt, heating system components when a low-voltage thermostat %# used.

Bro=Wire. Belav

A diagram of th is device .1* shown in figttr® 11» line voltage 

i s  reduced by the transformer (B) to. the low voltage,, usually 24 volts.
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FIG. 11 2 WIRE RELAY



fg f t he  thermostat Circuits $he thermostat contacts are connected across
•■ • '-"0O ' " - / " ' . . ' .

&a-*er&M with the amS-ay.-eotl ■ When, the mom theripetaS'v 

is. c a l i ia | .heat', the '**$***# am Cioeed- hy the M)#gr. the dhad, ' •

thermostat TatihS'= In the average residence 'this is  Bnlihely0, Howeirer0 '

thermostat' is  rated at IlQ volts, a transformer is  hot needed Ih this 

circnitp;- -the relay co il (A) i s  in  series-with-the thermostat contacts. 

(2 ) • '  ifhen these Contacts are closed the re la y  closes the heavier'.con-. ' 

tacts - -CS) which carry the -full^load. earrehto

control the load a #  auxilliary contacts (Q)0 As Oesqrihed under thermo­

stats, a  three-wire thermostat has Contacts "between (S) and (if), and (B) 

and (W) o from figure 13 $t Cati he seen that both sets of contacts must 

Ie--Cloied to energise the relay. However, -when, contacts,(W) .and (B) ari; 

open to #er#se.- the thermostat heater,, the- relay w ill remain closed Be­

ca u se  of the auxilliary contacts (Q ). Then when (R) and (W) open the . 

relay -will open both contacts (A) and (Q) -

IlQ-Tolt Relay

la then cohnected directly.across the- HG-volt line, (Li ) anc

110-volt thermostat a require a relay when the load exceeds'the

in cases Where large circulating pumps are employed, a'relay is  tely  

often used..: A diagram of this relay i s  shown in figure IBd ■ Sinde the

Ihree-fire .'Relay

Ihe three-wire low-voltage thermostat requires a three-wire ' ■ 

relay to control the circulating, phmp end burner, figure IS.

. , # # .  'roloy has two' sets, o f contacts* heavy contacts (a) to



- 2 1 -

F ig . IZ LINE VOLTAGE RELAY

I
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LOAD

FIG. 13 THREE WIRE RELAY



IsmeTBian Thermostats
S to e ta l  Srraa

M  toaeraton thermostat (Figure 14) is  Usefi for controlling the
• •

a mechanical W toto She Wiperature Mjusiiaent is  mafie hr setting the . 

distance through, which the. helix has to rotate to trip the switch; the •' 

,greater this distance, the higher the water temperature= # t o  control | s  

constructed in either line-roltaga or lo:w-voltage„ the usual differential 

i s  l&Pft a closer differential results In. too short a burner operation 

for most boilers=

Hydraulic. !SyoQ ■ .

Immersion thermostats' are also built to .operate hydraulieallr- 

with a: ltoited Oharge Wb' operating os a. hsllows or on . a bourdon tube,. 

Figure 15= .When the boiler water temperature- increases? the pressure in 

the bourdon tube increases= this tends to straighten the, tube which in 

turn trips' a mercury switch or opens the contacts of a. mechanical switch.

water temperature -of.a hot-water boiler= ■ i t  consists of a heltoE^:-S^ V  

metal; th a i'ie  protected by a well and lmmereed in the watep'passagh W',- V'""'"" 
the .boiler=.-'" When the, water reaches the se t,temperature the helit 

metal trip s a mercury switch and breaks contact or opens the contacts'ef

Automatic gas waives a»s - r e # # # - #  turn, the ■ gas on- and off to

the 'burner - as required by the demand of the heating system=
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B im etal Type Immersion Therm ostat 
F igu re  14

Bourdon Tube Immersion Therm ostat 
F ig u re  15
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Solenoid Qpŝ &t'ad
i, L Ti ; • - ri .v r.j.. “1 L 'I 1 M U'j/IWf,'

1

Biaohragc ,S-OOPated

Another Ayoe #  ,##' Telve .ig- -diaghr^m-operaAe-d-o■ W 'ehewi |h

figure  17. When heat i s  required,, the 6olenoid=operated or magnetically".' 

operated three-way w ire  hle^ds gas to the diaphragm and the pressure ' 

opens the main TalTe. then the solenoid, eircnit iss opened, the three- 

say Talte hleevi.s gas |TW the. diaphragm chamber into the- furnace and the 

w in  TalTC Closes.

Hydraalicallr .-Operated

S e a t  ,Motor op erated  -

The heat-motor-operated gas Telye is  shoun in figure 1$. ■ The 

bimetal strip (A) i s  heated by a heating element. This causes the: M- . 

metal to curl 1Spward and open the TalTe0 4 magnet and armature impart a . 

Snap action to the Talve. When, the valra i s  partially  open, i f  pushes ■■ 

against an additional spring force, ib is  d e la y s  the .full opening ;of the 

TalTe and prevents flash or sudden explosive ignition and Shut-off -of the

Another type of gas valve i s  h yd rau lica lly -op erated . A heater

.element heats a liquid vapor f i l le d  bulb which causes the bellows or 

diaphragm to sapaad and open the valve. Wheh the c irc u it to the heater is  

opened,.'the-bulb cools and the yaiye olcses.
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SOLENOID

•VALVE DISC

FIG.16 SO LENOID-OPERATED GAS VALVE
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K^VENT TO FURNACE

3 WAY VALVE

DIAPHRAM

FIG. 17 DIAPHRAM-OPERATED GAS VALVE



H eat-M otor-O perated  Gas Valve 

F igure  18



boAier. Another ddeirahle feature -of th is gas valve Is the hydrahllealij- 

1 # #  .W-*.- ^ lea' the whter; tssmeratigs#- of the h o llw  heeoraes:' t0e": 

high the hellows operating against a& adJxisMng .spring meves a lever arm /'■'

that raeehanically closes the. valve. ■
' . . ■ . . ' ' . . . /  "'. .;■ .

J; - %y' o# the gas valves deesrlhed # #  he ehtalsed w l#  a .wah##--'' 

devise W eperhte the $a ewe ef

'BweW.0 .hniess they have & iteehwieel IiNki the W is r  # #  he '

# #  # #  %#WUkfd $hie Zieeeesitatee W eh  e f  the iw # '# # # '* .

power failureo Ihen eleetrieal power i s  VefPEiedfj the- controls w ill 'again 

,return, to. autowatio operation.- . . . . .

Safety Gontrole

In gas turner control it. is  necessary to prevent, the gas Valve 

frcm. opening i f  the p ilo t light Should go out. .Othervise9 the holler 

furnace would f i l l ,  with gas and ms. esplosion W ard would W s to '•

fo a#00#iish, th is  & switch that -will open i f  the p ilo t f IaHjtS 

should go out i f  used, d VhetCh of this device ,is Shown p i figure 19.. ' 

She thermocouple in the p ilo t flame provides, enough voltage to. hold the' 

armature against the magnet as .shown... If -the p ilot goes OUt9 the thermo­

couple w ill cool and the armature w ill he released from the. magnet. %e 

switch w ill then he opened by the lever system shown, and the circuit to 

the gas valve broken. . Before the system can' he put hack into operation 

the safety p ilo t switch must he manually reset. & similar control 

usuaily scunted at the p ilo t w ill reset automatically. however* * manual.
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SWITGH

Tl-ERMOf CUr LE 
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FIG. 19 SAFETY PILOT SWITCH



•T9Mi:ha$ ts, w # W w A # At-#11 &&'- "' ■■■•

i f  # m * a .  .■ • . ” . ■•; -

* .'. #  9S5f#fer <?#•'&

W t  i f  W 4"4»# # #  b. 'Wewoetxpie A# W  pliot 'W. a#mWK'':.

o f ..Ws"'if;:;|bai. #&-W e V '# W  'vaAw i f  m m  ■ r‘

valve, 9in,ea #  is  not an; operating control, iW lif e  Is  lpn$er -mi . -

there is  le ss  ehanee of I te  failing.

eontrelUng' the operation of m  Oil, burner a ■ safety.'switoh 

in # e  # a #  ip  aeOeesa^r. -Shis switch. **#%#&* operation • i f  .

# # '  §aa Is not #  the ■ -desired' levels fee reason for this

Se that i f  the homer should fall, to IgaMe and the furnace ip wam» fee 

furnace would become fe l l  Of1P il  vapor; then i f  fee burner operated a 

second time and ignited*' an explosion feuld result fetch would damage .fee 

boiler. '

.fe ls control ISi Illustrated In figure SO. ■ In the starting 

position switoh (A) is  dosed, fe is  allows current to flow through a

heating element in fee blmetd-bpereted swifeh Switch <t$), a# ©on- 

W ted-In series wife fee m in  ttfhW- (0 *  fhfee i s  a t-irra leg required 

for fee heater to open.switch (B). I f  fee flue- temperature reaches a ■ 

norm! value- before fe is  time Iagnes» & helix  bimetal, in  fed flue will 

open switch (A) o #  the burner w ill remain In .operation until fee room 

thermostat o f immersion thermostat opens the relay (0) „ Zn ease of 

burner failure* the.helix w ill not open, switch. (A) and the bimetal switch
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Stack Switch 
F igure  20

S toker Timer 
F igure 21



viU .-Spea W reatey W aep wiU $h# Mem tm U l #  1#

^sattel-Iy m$e%0 4 dodging period of five mitittfres i s  necessary before # e

twiidiSi/'to'ay 1?e r&mU ;

Stoker Sflmef

■ When a W l e f i s  stoker-fired a stoker control i s  necessary " - ''

(figitee BI) o 4 stoker has to operate at Intervals even though heat is
1

not Peguired0 otherwise the fire  would go out,

Shis i s  accomplished hy ah aUxilliary -switch (A) that is  con- 

trolled hy a cam (H) driven from a clock motor, $his switch i s  in 

parallel, with the room thermostat so that i t  closes the main stoker 'motor 

relay (0) whenever the contacts- are -closed, We earn may he- adjusted to 

operate the stoker from l  to "IS minutes duration every so to 60 minutes,

• We period of operation i s  adjusted to meet the burning chef* 

aeteristics of the fuel^

Water Valves

Motor-Operated Valve:
" •  ' ■

W is valve is  operated by a reversible electric motor that id-

controlled' hy -an outdocr-indoor controller or a room thermostat, . i t  may , 

have a lim it switch to start the circulator -when the valve i-s fu lly  

opened or the circulator may he operated separately, We valve must he 

fu lly  opened or closed before It w ill reverse so i t  w ill not modulate., . - 

I t -W widely used where, a soned-control system Is wanted=



.,Soleaold-OpegatQa Valira ''

- 1M s 'tal^e has the SamO applications as the motoa-dperated .- 

valve, - The Vplye is  opened and closed, hy a. solenoid instead of a re- ' 

Versible ■ motor and it  .does, not incorporate a switch to . Operate the;.clrcn-.%-''

" V

Heat-Motor Valve

' the heat-motor valve i s  operated W  -either an electrically  . 

heated liqnid^filled bellows or an electrically heated bimetal„ then. 

W rent 1# supplied to the heating element the .valve, W ll slowly open.

The heating to Open and .cooling to close requires about four minuteS0 

Because of this slow operating time* the valve will tend to modulate to 

meet, the demand,-' I f  it- .ip ,controlled by .,a heat ,anticipating yoom .thermo- ■■ 

■ Stat0 i t  w ill assume- a partially open position. Its applications # e  - 

the same as the other.water valves..

Controls Hsed With,Tankless, or Hireqt Domestic Water Heaters'

A tankless domestic Wat# heater consists of a co il of tube; 

submerged in 'the belief water. Bomestic water flows through th is'co ll 

where St- i s  continuously' heated, W l- eliminates the. need for a- .storage 

tank:.

It is  hot economical- to size a boiler to handle both the heat- 

lug load and the, domestic water load at the same time; therefore,,' the 

circulation to the heating panel Is  stopped during; the short periods when 

domestic water i s  drawn.



Yiiiih a. iaDkless domestic water heated the to iler  water must he ' 

ffiaiutaihed at a te% #atw e #  #  least thi# #t@# i:s, wch, •■•,.

too hot for panel heating I t  m&% he hlended with return water to supply ■■

the heating oiroui-ts,

heverse-AOtlag Immersion thermostat

Immersion thermostats are made- with contacts that open eh,a 

temperature-' drop. With this control wired in series with the Circu­

lating pump i t  w ill shut o ff  the circulator to proride fu ll  Io iler -Capâ  . 

city for domestic hot water when, the holler water -temperature drops helow 

the control setting, usually ISO0F= fhe reverse-acting immersion thermo-

p W  W  th* advantage that Se so* to turn o ff the circulator'&*

W  Vslue in- a wide range.

Thermostatic Mow-Gheck , Valve

This Valve Will stop the circulation to the heating -panel to 

provide fu ll  Cap'acit^'f# dom estlch# wattr when the holler water *#%" - 

perature drops helow IW0F. ' ' ■

A thermostatic element (figure SB) opens'the valve., at IBS6F and 

c loses i t  at 177°?. There i s  a  hole in the valve disc to allow a small 

,flow at a l l  times SO the thermostat Will sense the temperature with, the' 

valve closed. '

Thermostatic Three-WaV Valve-

:#&% vslve- i$  ussd'to hlW ' return water with the .hoilir'water
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So give constant panel supply water at any temperature between Ild0F and 

IBO0Ii when f  be bailer water temperature' i  s above these valu.es0 

flgiire- 20 i t  .may be seen Sfeat the valve i e  controlled fey a lWS#-@fee#@& ■ 

tfeerm ost& tic 'Oieiaenti IB w t Sfeo w W .  tomperatnre i s  too . fees
V1 „ • i: - . . j: * ■"■ h- V:

expand sad close the boiler Snpply6 I f  Sfeo 'felended water OeGomesi Soo' r'; 

ooolj Sfee feellows pressure i s  reduced and Sfee valve openso -Wdefe 'steady :/ 

return water conditions th is valve -will assume a partially open position 

to maintain $ constant "blended temperature with very l i t t l e  hunting.



Ohapte '̂JI

ialiioductioa ,

. ̂ IiapteaP .$$, ezplalas the •mtis'e wn%mt- Bystsm0 M H m  .diagrams; ■ 

are given for the. eystems aisoussed and piping dlagrsma are -sdoW where.

. Bdceeaary..

, , ■ Previously control havê  been Olaasified as |c  their '

motivating force= These olaesificafions arcs •.
I j

I .  ELeofric • •' . ' - • •

2 o Hydraulic 

Mechanical .

■4o .Beetfphis 

S. fneumatiC'

.Sinoe SSPf pypfeme used fSP forsed hot "water heated flow  @l#s 

involve a  Odmhinatipn of these ClassifiOations5 #  seems more practical - 

to Classify control systems according to their function. This would 

leave two main classifications and various sub-classifications as follows^

I . inapor control#

(a) Intermittent circulation

(I) Continuous circulation

Ce) Sanklesa domestic hot water- from the boiler

II. JMoor-oufdoor controls:

Cb) Boiler burner -control .



=iSS"= ■

(c) Obntrol o f the length and frequency of cycle 

o f the heating system

' PuenmsMe- controls hays not heea considered since they employ 

Compressed Mf- !md '&#$■ not- deemed practical. ;foy residences, except f 6$  

large in s t a i l# lo # -  where multiple Bones are nsedc ’ ■ . --



imOOB STSWS

Imtaraitteat Siicctilatioa

IiOTr-Toltage

Sere are several circuits that may be used for this system.

S e  two most conanoh are shorn ia, figure 24 and, Hgure 25.

In, the ease of the circuit shown in figure S4 the thermostat 

■closes the relay contacts, $h$e Starts the circulator and the Mrner0 ' 

%en the boiler water 1$ up to the desired temperature the immersion 

thermostat w ill open the 'burner elnouit and the burner w ill .'Shut o ff o r #  

thou# the'circulator i s  s t i l l  .running, %e safety eontrol (safetf. p ilot 

for.gas 'burners or etaCk switches-for o il  burners), w ill open-'the-burner ' 

circu it:in  case o f r ilo t  failure on gas-fired boilers or ignition failure 

on o il-fired  boilers. In th is system the burner, cannot operate without 

the thermostat, calling for heat. Whis feature is  advantageous In that th& 

burner w ill not cycle just to, .supply radiation, end stack losses from the . 

boiler,

, .. the circuit Shown in  figure 25 differs from that in  Hgure 24 

In that ■ the transformer primary is  directly across the lin e, lith;this- ' 

arrangement 0. the immersion, thermostat controls the burner operation 

whether- the thermostat'1# calling for heat or hot. %e room temperaturo- 

i s  maintained by .the thermostat controlling the circulating pump=- 

system,' is  used, with large boilers or where, tankless hot water is  desired. 

With ta # le ss  domestic hot water, .an .immersion, thermostat that opens con­

tacts on a temperature drop may be used, . .



T H E R M O S T A T

CIRC UL AT OR TRANSFORMER

RELAY LINE SWITCH

IMMERSION
THERMOSTAT

BU RNER S A F E T Y  CONTROL

I
H

LOW V O L T A G E  C O N T R O L  CI RCUI T  I N T E R MI T T E N T  C I R C U L A T I O N

FIG. 2 4



B U R N E R S A F E T Y  C O N T R O L I M M E R S I O N  T H E R M O S T A T

L O W V O L T A G E  I N T E R M I T T E N T  C I R C U L A T I O N  

I M M E R S I O N  T H E R M O S T A T  C O N T R O L S  B O I L E R  T E M P E R A T U R E

FIG. 2 5



IlO-Voit {Line Tolteae)

IMs circuit i s  show in. ,figure 2S„. f)ie i lO -# lt  thermostat ■ ■ 

harries, the .fhil loud, .cur,rent., .When.the hm -'reached the.

settlug, o f  -the thermostat the c ircu it.,#  open. to: the e ir w ia t#  #& Mrner 

4WWi.®._ 4 b. in the lew # i# g e ' system .the .circuit may he .arrmged -th - 

keep the boiler up to temperature ,,at a ll  times* -.SPhih system i s  shorn 

In % #re 87.

Gont I mucus Qirculntion

'hm^Voltage

in this system' the eiroMator Mhs .contlimouely and. the thermo­

stat hOntrol# the humer., .'&om figure '28  | t  'han- he 'seen/that, the ' # # # -  

' -.stnt, closes-'the reley.hOntacts which -conneet. the hwner circuit across 

the lin e. Ihe IwmersiQn thermostat w ill lim it the boiler water tempera?= 

ture by opening the hnrner .circuit. $%-#.'sys&em -pannet he need with 

tankless domestic hot water from # #  holier elhce' a tanklW  water heater' 

requires that'fh®'.boiler he up #  lWW at .all times=

110-Volt

This circuit is. shown in figure 29. _ $he 110-yolt thermostat' 

controls the burner circuit. #nce the immersion thermostat #  Sn series'- 

With the thermostat St acts 48 a h i^ i,temperature lim it. The circulator 

is  directly across the line, so i t  .will run, ccntlnncusly. #  Sn the- ***, 

,-tinuous circulation low-yoltage. CircaSt6 -this CsnnQt- be used when & 

tankless domestic hot water heater .is desired.



THERMO ST AT C I R C UL AT O R

Line switch

TR AN SFO RME R NOTE O M IT  TR A N S FO R M E R  IF 
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N O T E  I M M E R S I O N  T H E R M O S T A T
W IT H C O N T A C T S  THAT O P E N  

, ON T E M P E R A T U R E  DROP USED
\  WITH D I R E C T  D O M E S T I C  WATER  

\  H E A T E R  WH EN T H E R M O S T A T I C  
\  FLOW C H E C K  V A L V E  IS  N O T  U S E D .LINE S W IT C H

T H E R M O S T A T

C IR C U L A T O R
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I M M E R S I O N
T H E R M O S T A T

S A F E T Y
C O N T R O L

M O  V OL T  I N T E R M I T T E N T  C I R C U L A T I O N  
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LINE S w iTCh

THERMOS TAT

C I R C U L A T O R

TRANSFORMER

JM M EEliliN- THERMOSTATS A F E  T i  C Q H l Q Q LBURNER

FJGl28 LOW VOLTAGE CONTlNUOUS ClRCULATTON



THERMOSTAT
IMMERSION

THE TA!
tJAfinr.
60NJL&0L

NOTE' uMi:  TRiNSf-CNl- EP IR
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SAfETy CCNTh Ol t> bU-> NEN
ARL n OV ClT-

ftl‘PW£R_

FIG. 29 HO VOLT CONTINUOUS CIRCULATION
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Tankleas Direct Domestic Hot-Water Circuit*

Tahen thi# i s  desired, the c ircu it a shown in Figure 25 or 

Figure 27 may be used since the boiler must be maintained at a tempera­

ture of at lea st 175°F.

Since a floor panel requires a moderate water temperature, a 

by-pass must be used to mix return water with the boiler water to give 

the proper srqpply-water temperature. Either a manual valve in the by­

pass or a thermostatic three-way valve may be used to control the supply 

water tenperature. The manual valve i s  satisfactory although the thermo­

s ta t ic  valve gives easier adjustment. Both o f these piping arrangements 

are shown in Figure 30. The thermostatic flow check or reverse-acting 

immersion thermostat prevents the heating system from lowering the boiler  

water below 175°F, thus assuring constant domestic hot water.

INDOOB-OUTjDOOB CIRCUITS

Sarcotherm Indoor-Outdoor Modulating Nixing Valve

The Sarcotherm modulating mixing valve is  shown in Figure 31. 

This valve i s  designed to modulate the panel water tenperature in order 

to maintain a constant room tenperature. I t  i s  thou^it that a sudden r ise  

or drop in outdoor tenperature would cause a wide fluctuation in room 

tenperature because of the mass of a concrete slab.

The valve i s  actuated by the combined supply water thermostatic 

element (T) and valve operator bellows. The pressure exerted in these 

bellows is  controlled by the outside bulb (D) and the auxllliary  bulb (Q) 

as well as the supply water thermostatic element. The water from the



THERMOSTATIC THPEE AAY 
VALVE MAY BE USEDlN PLACE 
OF GATE VALVES TOCONTROL 
BYPASS.

THERMOSTATIC CHEQK valve
/  OMlT IF REVERSE ACTING 

i m m e r s i o n  t h e r m o s t a t  
i s  USED.

supply

gate  valves  t o  c o n t r o l
6 V-PAS8 .

RETURN

FIG. 30 BOILER CONNECTIONS WlTH M aNKLESS WATER HEATER

v
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W l s r  ^nteys the valve S i (I)  where i t  i s  mi iced with retura, water frqm : ■ 

•the -eirmlat^y' Shteyim^ &t # ) . .  .We./teaiper&tw#. #  water- dê ..

pends oa the pdeltieh # f  # e  v&3.ve,diie hetweea pq#s- Cl) .aad,'j(i).-0 She 

p osition  of th is  Valve i s  controlled hy the Mended water acting on the .

■ inside '.the # % # a w e  m  -We 'Wiside-

--el#ent/.#& t'W '-## '##$% # #■ W#>hriliW 3r WW. ■ .$he..adjhs##i';# ) '■ 

- # # # #  $%&- water - Wiepeyaiwe to- th® -penst=•' #^W nin@  We- ntirltd W t- 

# # #  more pressure oa the thermostatic element 0 )  and reduces the. water 

temperaWe= Au BdditWhW fin e  i s  given I v  adjusting .Ws

■zunount o f current that w il l  flow through We heating element (K) Wound

SM- ^ W i l l i a r y 'WW» - I h is  i s  a s o w i i s h e d  W -a- v a r ia h l#  v ssi-sW S ® ’ Sh-■ - 

•series; with ths heater. Ih is  .anWlliary 1Wlh hestsr %sy also 'hs Used for  

-ssntrol purposes u i #  #  room thew ostat, or  Wssmorsv- radiant .hsel. Warms=’-

Stat. With, th is  control i t  is , customary- to have the. Gircmlatc,r â irectly  

asW ss Wa line, tp. ^ive- oonMnuous -'SirWlhtidh;-- A tppioal.. piping -.diagram- 

'.fsh th is  W h tw i 1# shorn in.'%gure,'"08. . .

White-Kogers Indoor-Outdoor Wrner • Control

W ia control. shown in figure Sg0 -adjusts the boiler  water Wm= ■ 

perature according to outdoor temperature. I t  Consiste o f a liquid= ' 

f i l l e d  indoor bulb, sa p illa fg  and bellows^ and. a l iq u id -f il le d  outdoor 

WiW capillary  and W ilows connected by an.adjustable leverage system... 

% e-indosr W l  i s  placed Sn- We -supply water from: W W hoiIef'and We # # -  

door Wlb i s  eraosod to outdoor a ir  temperature.



AIR VENT

Supply  -

circulator
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FIG.32 BOILER PIPING FOR SARCOTHERM MIXING VALVE



INDOOR BULB OUTDOOR BULB

FIG.33> WHITE ROGERS INDOOR-OUTDOOR BURNER CQNTRQL



Whea W  to iler  t^ypemlmre Caches the desired s&ttigg, .

ik® I iW d  %n %he. indoor &u%. ̂ sddw .|.d # m  W  ###& . #&$&, &#

.cgmeatsd $* ####* aM%K;***kt..:;wr\4;t*aaaL #  & ,#%P a#.

• -t'te- X iW i lb;# # . # $ # # »  % #  ^XMyea .# #

,o%i the W td h  and atay$s the. W aey.. %e MWW" *111 *#Wk8.9& % t #  Igbit 

X iip ii Ir, the . W # r  W t  # # # #  M pgh  %&. Sgeiaf $ p m  # #  . # # # . ' '  %# 

t o l le r  watM; fgr M d # # #  te # e W # ;d  iy p \ ie „ a d p # e d

t y  mev&ag <&* W  AdjaWeMe. w #  W t& ef # # ,  a% n#*;#.

i e  :We W to b o .  '.ie-yibg.ite- p it» t  W #  .#%###» # '  .g$feS ;ths #$«.

dder teXld## a^maaf- larfemr W  a# * d W e e i*  W doer ts^eraW d' 

MXX W s e  ie sa  moveme# o f the l e w  at # e  switch and a  smaller increase 

id- to i le r  water te% eraW e w ill  Xe aieded' #  open the sw itch .' I t  the 

Pivot point i s  sieved Xttrther away # #  the switch,, a higher holler  water

tgmpWMre # #  % aim# W***? tW W W *  *%H #sn lt.-' #%»»* &&' .*̂ w&

$3w@ M W a di##rw W - # ; #  .--

fIhe 'fhitt^Segere indeor-ptdoer -eestrcX eperstee the XnshWi .and 

the immersion thermostat acts as a ho ller  water temperature Ximit0 Ihe

roOjn thermostat is  set abqv© the- room air temp.eratnrs obtained with, the 

Indoor-Otttdeor control and i t  acts as a- lim it P d  shuts the. Mrcaiator'. ofX 

i f  the fflpm heComes. too Warmi heoausf of XntetnM.. changes-pp as-P  1Ih-

oyeased # * W  .ef peopXe ô em̂ Mng, the'
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the Length Stnd greaueac^ a t .

Cycle of the Se&tfA# ,System 

miadWalc Madttflow

■ffrsj Mlazte^oiis-HOEtejwell Sleetaoaics Moduflow eoataol system 

(Sigttae. £5) uses■electaiaal resistances as temperature sensing, elements. ■ . 

I t  has a resistance room thermostat, immersion thermoeta t» W # o r  thermo­

stat and hyeiero Changes in these elemente w e detected hy m  amplifier : 

and rainy # a t  turns the heat: sowee on and off, th is  amplifier and 

relay i s  constracted in. one Vnlt and #  Se failed  a '.relay ^amplifier0

. . A, drei'In entdenr temperature haneee a ienering. ef''fe#etaade . ■
Sn'the outdoor #e#d#%a$ which can## the heat, .source to start- unless 

the room temperature is  aha# the o o n t# l point. Rh* operation, of the 

heat-source', nans.es a r ise  In temperature, of the return- -water to the panel 

PMch raisps the resist woe of the immersion thermostat until f t  halanoes 

Plth the drop in  resistance of the outdoor thermostat., Rhe room thermo- 

st.at 'modifies the. action of the outdoor anticipator' and immersion thermo­

stat to cneate for Internal load Changes.. %e cycler contains: m  

■.electric, heater a# m i l  as a  resistance-.. -When the -heat, source operates, _ .: 

the cycler heats and . Weatuaily; cancels -out the original resistance change, 

shutting o f f  the heat Source and removing the heater' voltage from the 

Cycler., ihe cycler- then, cools and the cycle i s  repeated, Rhe heavier 

■the load requirements, the hotter the- cycler #11  have to hecome to hal- 

©nce the reslctanc#. Ihls Increases the length of cycle and since the .: 

-Cycler resistance P ill  cool faster at the higher temperature „ the frequency
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FIG. 35  MINNEAPOLIS HONEYWELL ELECTRONIC MODUFLOW



p:f. i s  inpreased= She yesistaac© ehasige i s  jlelepts^. %*'.. ■■'

?elay m p lif ie r  m d  when the. .signal, becomes gpg&t enough, a relay ■ closes, ' 

switching 0a  the heat- sow ce .ani.^.cle^.he&^ey. .

figure 36 i s  a schematic.diagram of.the- electronic Circuit0 ■

She. immersion -thermostat, outdoor, thermostat9.oyGler .and room thermostat ' ■ 

,& # # # *  in a W^g» a s o f  # 4 ,

•at TQPf the bridge i s  halsnced and.,the. voltage from ground at (B) i s  zero. 

A, Change in  resistance o f w  thermostat ..can#s a, voltage, at (K) 0 .% ■■ 

i llu s tr a te  th is , assume that the outdoor, temperature drops = Shis, causes 

. .a.decrease in resistance a t the outdoor anticipator with, a-corresponding 

increase in  current tWnugh the a ir w t . ( P # .  With no change in  ^  

sistance- from (I)  to (C) the. Voltage -drop, across, (BO), would be greater 

^hen the vplfagc 4rog ffom (4) .to (P). Ehis results in a positive # it# g o  

Ct (K) with r e j e c t  to ground when the plate, voltage o f 'SM ISSIT, tube | e ' 

p o s itiv e o Ufhen t h is . condition e f l s t s  the tube w ill pa## .enough.current 

.tp. pull in the current sensitive relay,and. start, the heat source, there 

i s  enough inertia Sn the relay, so-that i t  w ill remain in- during, the nega­

tive half cycle. . .

• -I the bridge is  .brought out o f  balance by an ■ inereaee of - re- 

si.stance due to a rise in outdoof•; temperature or. room temperature, -the 

■.•r.ei.cy. will, not -puli' Sn=,. %. Sliustfat#. th is ,a s  sops ,that" the outdoor: t#^.

=58=

perature increases. - Shis, causes, sn increase -in resistance with a corres­

ponding decrease in current through (OBD)0 . fhe v o lta g e  drop from (K) is  

negative when the plate -voltage of the. 12W? tube is  positive or 180° out
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a t  39bas@d ■ WJicier these Qm&iMQ&s the tuhe '.will hot p a ss . '©no.ugh, .Cti r̂ent
f

te1 • th«. rsla^-is ahd ,the..’heat eotms will, hot operate-

. . . . .  . .

%Qm. OOMWl oonsiate o f1 Mp. W  om more.

controlled heating c ir c u its , S h is .is  done to account for differences in  

occxtoancy, as in a factory where comfort i s  to he maintained in both 

o ff ic e s  and shop; differences in exposure,, as in a  large dwelling where 

the son may warm the south side o f the dwelling while the north, eide w ill  

.remain,oooif M fferencee In water temperature, required .for heat transfer 

from the water to  the .surrounding space-

?cr resident radiant floor panelf e-.. font control ..has :W  appli-? 

catiOMf ' Sn large dwellings where d ifferent exposures, e s is t  .and ,Injanyi. ■ 

dwelling where thick floor  coverings are used in Conjunction with hare 

floors or th in  flo o r  coverings ,A Anexaiaple.of th is  . i s  where linoleum i s  

used in some rooms with carpeting in  others, f h i f , requires d ifferen t' . 

water temperature#.,in. order to phtain the'.same surface temperature Of 'the 

.Iineieoa a #  rags= . . . . .

. '#  fhows .a piping diagram fo r  ̂a  two-acne control-/. M  • '

many cones may he .added as needed. With th is  system' the 'water temperature 

to each zone may be adjusted by adjusting # e  amount o f  return water by­

passed. . figure 38 ’shows a. low-voltage control c ircu it for a two-zone 

control. $he immersion thermostat controls the .boiler water temperature ■ 

with th is c ir cu it , figure 39 i s  a l in e  voltage, control circuit, for zone

I f i i a s s e n f I e o .  1 9 5 1 . m m ®  .HEAfIIie BESISH ABB fB S fI lto .



To ZONE Z

GATE VALVES

FIG. 37 BOILER PIPING FQP ZONE CONTROL
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r e l a y

Fr-. 38 LOW VOLTAGE ZQStE CONTROL
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GQmml..- of these■ c ircu its  Hiay' be ^sett with &■ taolciesg

watey: heatefi . '. .• •■ . • ■■ ,

' . Indoo^butador GQHLtyaif ##*  m  the @arcoth#rm' MoWLatifg Mi&- 

yi&f® °r  ' i i w ' h S Q l  ̂msbtyohie' m m tfkw . may ha, uie4 m  

***? aahtfpia.. • A met-alati;h§. #WA#-.**Aw *# .IhstfUea tn  the pi$%m I®. •• 

:ehGh sone.similar to the piping phom in Figure 5?2 &'

sin g le" thn?i>" $h$ dmthiae htulh - i f  pliiaoeS; .in the gggnpaqye m*¥^&s8£&& -‘ """" 

to W  zone the mining valve $.$ controlling. If m  IilecsirGMe BeaMJpw. .

I f  isped for eagh %n@, the immersion thermostats are placed in the return 

lines from- each' sene and the relay amplifier cycles the. circulator as 

shown with the optional connections: of Ilgore 85."

the Biite-Bogers harner.eontrol may also he used * # #  con- 

h?Ql. When this is  done the immersion thermostat controls the tome? and 

the Ihite-Bogers control for each gone operates a water valve that re- 

places the gats valve that i s  shown in the retnm line Sn Signrs 8?„
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GOIWIi ©3SSS

In tro d u c tio n  •

■' $he following munvi*ad'&xreys donated controls or other heating

equipment for these tests: ■ . • ,
" ' ■ ■ - ’" • ■ • ’ '

'imeylean. W ih k r

IilQaual6. Inc0 ' . , , . ■

lercoid Corporation

.MiaaeapolId-iiHoneyvfeli Segal at or Company.

■ Pena. Goatroie6'. %m°

Perfex .Corporation 

Sarcotherm Controls* lag. ' ■

W liy a n i fdly© Md SngihM fihg #mpany. , 1

Zaco Heaters, Ince

Zhrush Company ■ ■ ■ x;

Zhese co n tro ls  a  good sec tio n  o f  those man#=

faetu red  a t th e  present tim e.

Zestg ■more conducted in the Hatilaht- Heating Laboratory, the  

residence of David Wessel anti WfOfth Chapole
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Bxypose

Ihe pyjrpoae of these tests -was to determine the so®| ssMs-

mgr##* av&lihme .for ta&pm heated wtd<f#e8 *#b  Meei?'
panels.

Control Cost and Powey Beouirement feats

Proeednre

4n average- obtained from the power- consumption of five circu­

lating pumps used for residence hot water heating was found with a 

Cenerhl Ileeferic Sype # 9  Wafetmefeer0 $h# pump was arranged ip. a closed 

circuit fen series with a flsehey-ienfeer flow meter and a gate valve to. 

Control the flow as shown in figure 40. %r comparison the power con­

sumption afe 10 gpm. was used. Shis is  eq.uivaXenfe fee. IOO0OOO Bfeu per hour 

•which, i s  adequate for most residences. She power Consumption of relays 

was estimated afe 5. watts. -Ifhe additional power required for the indoor- 

outdoor controls was Obtained from the manufacturer. .Iromi data of the- ' 

on-and-off period of the circulating pump installed, la  the Bavid f.essel 

residence a ''Conservative value for the power required, for lnfeermifefeenfe 

circulafeion i s  half of the continuous value.

All prices were taken from manufacturers? catalog l i s t  prices. - 

Where more than one manufacturer made the Conferol6 an average price was, 

used. - f he-' price, Of thermosfe-afes, varied only #  cents and the, price of 

relays. $1.00. , Where was no difference, in price between thermostats with 

heat anticipation and, these without.
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FIG. 40 CIRCULATOR TEST
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$w?mp contYoXs ay© not inelMid 1% the prices since they are. 

usually furnished with the hollers for residences=

Hesults of control cost and power requirement are tabulated in

$ahle t o

' . - - I I ' .
Qohtro-I. .Qqst.fand Power Bequirement

•' 'i
(Power requirements based on Id which requires an.ayeyag© qf ls s  watts)

‘ I . . ,v ; • , .*
■ ‘ dost of SCtitiated 

. Qentrol Wtem : ’ ., 'Sontrol . Installation .
t '4#*%

how=.?oltage .
i n t e r m i t t e n t .  $22=60 115=00
.Circulation.,

. . .  ■ , '  . 1

'fotal
.Scot:.

$87=60

Power . 
Requirement 

watts

%

.low^fqltage .
Oontinncusl 

.. Circulation'.:

Intermittent.
Circisslion..

• ' -V

110-.?o#..;,;. 
Gdnti&itous :; 
Circulation/'

' ■-■ :,v.

8a#Cot.M#"':wlth 

Coatiqndus; circulation

Chite-Hogers
Indoor-Outdqo ?
Continuous' ■ Circulation.

22=60 15=00 87=60 - 198

12=20 • 10=00 22=20 6$ ■

12=20 10.00 32 0 20 ' 188 I;:
: ■ ■ • ' ..-V-.- v v ;

• 91=SQ . x. 15=00 i 105=60 . .
■ •■, :: ■ 

• ■ .. .Wi;.Vr-'V';'

282=00 . , 25=00 . 357=00 14&/ ' '/--x
: ; *.'■*•*:*

■ -O

80=60 15=00 105=60 138.. V



in tha. ;Badiaat • , .

Test Ar^angsaeat ' ... .

# e  ^Sdisat Heating LalDqratolT -was. aonstrueted from..two; •

' traiie.rSo figure 41. The front trailer houses the boilers, the holler 

piping and the main control board, fignra 42. The rear trailer UpntaW ' 

a radiant floor panel and the .room thermostats.

. The radiant floor' panel that t W l iw  heat fon the # #  '# 011#  

■4b oonetraoted of -4 Ihohes of eqngfete l/^ inoh  oopper W n  0 h # #  

oolls at .2 inohbs; d#fh .

BlnOe this laboratory is  used for class demonstration as well 

.as- tests* i t  was desirable to arrange the piping and .wiring so that a 

change from one control system to another ban be' effected by .electrical 

switches, and magnaily-operatea gate ralm s.

figdre 43 i s  the piping diagram, for the laboratory. With 

waive I  open and ta ltos 3, 9, 4 and § 'closed, the o|rohlat|on, w ill hf-pass 

the mixing valves and supply water directly 'from the boiler .for testing ■ 

Indoor controls, the Whlte=Sogers indoor-outdoor burner control and the- 

linneapoliS-Honeywell Blectronic .Modnflow-O With valves B and '4 Open and 

valves I , 9 and B closed the Sarcotherm modulating mixing valve t i l l  

supply blended water to the panel. -With valves 3 -and 6 open #& valves 

I., #  and 4- closed, the- Taco, manual mixing- valve w ill supply blended water; 

#  the panel. ' .. , , . . -

Ml Drawing Io. 340. i s  the wiring diagram for the laboratory. 

-Switch I OonneOts the Safdotherm to the. lin e. Switch 3 changes from the
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R adiant H eating  L ab ora to ry  

F ig u re  41

Main C ontro l Board

F ig u r e  42
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Standard- to B id  Tojp DoiW c Swifceh A $ l m m  the Bhlfce- 

. MogerS' Dunte?' eoafc^ol i#  ser ies wifch.the # 1 1 #  Mrnari.-cirmifcs0 ....

Wfcoh 4 changes from low Yoltage ;fcd; 110-volfc room thermostats. Sflfceh 3  

c loses the c ircu it Defcweea I  and M on the three-wire # 1 #  so th a t.i t  ■

. may De-1.heed as h two-wire ,relay. ■ Switch $- connects either, th e  Minneepolis- 

Soneywell fchree#ire noem, thermostat ,or; the.liectronic' Wodhfldw control.

M  the relay. . Switch ? places the. D oiley controls d irectly  across, the 

l in e  or fchrou#. the relay= W itch $ places the circulator d irectly  

across the lin e  for continuous circu lation . :

^ifch th is  IaDoratory wiring .and piping arrangement.* any. o f  the 

control c ir c u its  .shown i n -Iigdrec 24. through W  may De ,obtained.

Procedure

•The room temperature In the panel te s t  room of the Madleufc 

Meating MaDoratcry was recorded with a 'IonDcrc %n#c,g resistance type • 

temperature recorder. Becord was made on 24-hour circular charts. The 

. oufcdfor temperature recorded r ith  -Apic Mifce Model .#W recording 

thermometer' -on a 24-hour chart. %e femparature.. sensing DulD was io th ted  

on the, north end of th e  BadiahtMoating MaDcrafcofy0

A ll o f the Controls tested  were adjusted according to the manu- 

<'faCtuf©re? instructions Defoye testing .

Typical. charts C f indoor -end outdoor .temperatures o f the con- 

tro ts  tested  a s  .shorn y©plotted in  Migurea #  to 64 InclUsiye»
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_ ouidoor I empebatube

6 p m  8
TIME OF DAY

PENN LOW VOLTAGE HEAT ANTICIPATING ROOM THERMOSTAT
INTERMITTENT CIRCULATION

FIG. 4 4
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TffV P F R  A

-DOQ ^ T E M P E R A T U R E

4 P M 6
TIME OF DAY

MERCOID low voltage room thermostat 
INTERMITTENT CIRCULATION

FIG. 4 5
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ItiimiflBiaKiIil

EMPERATi

8PM IO
TIME OF DAY

WHITE ROGERS LOW VOLTAGE HEAT ANTICIPATING THERMOSTAT
INTERMITTENT CIRCULATION

FIG. 4 6
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EMPtRATUREOUTCOOR

IO am 12
TIME OF DAY

MINNEAPOLIS-HONEYWELL THREE-WIRE THERMOSTAT
INTERMITTENT CIRCULATION

4
FIG. 47
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TEM 3ERA' 'URE_

TDCK KTTE MPETIATDT r

H 20

0PM 10
TIME OF DAY

PENN LOW VOLTAGE THERMOSTAT CONTROLLING BURNER 
CONTINUOUS CIRCULATION

FIG. 4 8
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OUTDOOR jTEMPERATlURE

10 12 2 
TIME OF DAY

2PM 4

PENN MO VOLT HEAT ANTICIPATING THERMOSTAT
INTERMITTENT CIRCULATION

FIG. 4 9
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OUTDOOR TEMPERATURE

6PM 8
TIME OF DAY

PERFEX HO VOLT B E L L O W S  ACTUATED THERMOSTAT
I N T E R M I T T E N T  CI RCULATI ON

FIG, 5 0
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' iOON TEMF EHAT ORE

2PM 4
TIME OF DAY

THRUSH RADIANT HEAT THERMOSTAT
INTERMITTENT CIRCULATION

FIG. 51
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OUTCOOR

4PM 6 8 10 12 2 4  b d iu  i

TIME OF DAY
MlNNEAPOLIS-HONEYWELL ELECTRONIC MODUFLOW

FIG. 5 2
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TER 5LRA 'URE-'

OUTDOOR TEM3ERA'

2 PM 4
TIME OF DAY

WHITE-ROGERS INDOOR-OUTDOOR CONTROL

FIG. 5 3
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QUTJ)QOR TEMPERATURE

IOPM 12 2 4  6 8 10 12 2 4  b

TIME OF DAY
S A R C O T HERM VALVE WITH THERMORAY THERMOSTAT

FIG. 5 4
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from these charts i t  may "be seen that there i s  no significant 

difference among the controls tested except the Perfex bellows-operated 

thermostat. This thermostat i s  a heavy-duty line-voltage type and "be­

cause of i t s  thermal lag, hunting resulted as shown in figure 50.

A comparison between figure 44 and figure 48 shows that there 

i s  no difference in control with intermittent or continuous circulation.

A ll of the other charte show a temperature r ise  o f from 4 de­

grees to 6 degrees occurring In the afternoon.

JDisoussiOB

Although the outdoor temperature rose when the indoor tempera­

ture want up in  the afternoon for a l l  o f the te s ts  conducted in the 

Radiant Heating Laboratory, the room temperature r ise  occurred either  

s lig h tly  before or simultaneous to the outdoor r ise . This would indi­

cate that the radiation from the afternoon sun was upsetting the control 

rather than outdoor temperature, further indication of th is  i s  given in 

figure 45 and figure 47. In the test in figure 45 the second afternoon 

was overcast and the room temperature only rose 2 degrees compared to 4 

degrees for the previous bright afternoon, figure 47 shows a 3-degree 

afternoon room temperature r ise  with a rapid drop in outdoor temperature.

from experience with actual radiant heated residences, a 

morning temperature r ise  was noticeable. Since the Badiant Heating 

Laboratory i s  shielded from morning sun by Byon Laboratory, the te s ts  did 

not show th is  morning r ise , for that reason i t  was decided to repeat 

part of the te s ts  in the Weasel residence and in the Danforth Chapel.
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CondTiotad In the Residence of DaTid Weasel and the lfanforth Chapel 

Description

The Weasel residence faces south with the liv in g  room where the 

te s ts  were conducted at the front. The south wall of the liv in g  room is  

a window wall of Thermopane. The floor i s  constructed o f 4 inches of con­

crete with 3 /8 -inch copper tubing at an 8 -inch spacing buried 2 inches 

deep in the concrete.^

The Danforth Chapel faces east and the east wall i s  a Thermo­

pane window w all. The floor i s  constructed of 4 inches o f concrete with

i / 2-inch copper tubing at an average spacing of 9 inches buried 2 inches
o

deep in the concrete."

Test Procedure

The room temperature was recorded on a 24-hour chart with a 

Brown Slectronlk potentiometer type recorder. The temperature sensing 

element was a 30-gage iron constantan thermocouple. This ligh t gage 

thermostat wire was used to give rapid response. The measuring junction 

was placed so that i t  would not receive direct sun rays. The outdoor tem­

perature was recorded with an Auto Lite recording thermometer mounted on 

the north wall of Byon Laboratory. Intermittent circu lation  was used for 

a l l  of the indoor control te s ts . Continuous circulation was used with the 

Sarcotherm valve as recommended by the manufacturer. The Sarcotherm te s ts  

were run in the Danforth Chapel, a l l  others at the ’Vessel residence.

1Classen, Leo. 1951. RADIANT HBATINC DBSICN AND TESTING.
8H orpsoah l, L. C. 1950. RADIANT HEATING INSTALLATIONS IN MONTANA.



- 8 7 -

Begult^

figure* 55 throu^i 59 show typical charts o f the controls 

tested  for sunny cLaye.

All of the controls tested at the Wessel residence show a tem­

perature riae in the morning from IO degrees to 12 degrees.

tfche Sarcotherm valve with the Thcmcray thermostat test in  

Danforth Chapel shows a 16-degree r ise  in the early morning. The abrupt

drop starting at 10 a.m., figure 59, was caused by workmen opening the 

doors.

from both the Wessel testa and the Chspel te s ts , i t  may be seen 

that the room temperature r ise  occurs before there i s  a r ise  in outdoor 

temperature. This indicates that the radiation from the sun i s  & major 

factor in control of the room temperature.
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PENN LOW VOLTAGE THERMOSTAT

FIG. 5 5
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DOOK TENPEFWTUREl

I O am Iz
TIME OF DAY

DETROIT LUBRICATOR ROOM THERMOSTAT 
HO VOLT NO HEAT ANTICIPATION

FIG. 56
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Coacltisioas

(' lo of W  controls tested # #  satisfactory for radiant heating ‘ •■

# #  floor panels since a lO-degree. to 16-degree IespefaW c rise ■ 

occurs 'la  the early morningo

%0- A  simple bimetal operated IlG=Trolt room thermostat with W eW tteh t "

' circulation Sc as go|d as any of the controls tested since it'has. the

. lowest cost and powei eonstinption and i t  giyes equal results=
• ' " - { '  ’ '  '  . .

■bisenssioa.

% elim lW e # o  temperature rise occurring, on bright mornings 

a control f s  heeded to turn the heating system o ff well before sunrise= . 

th is  control must n&# present an brcessiye drop in. teaperaWe. oh Cloudy 

days, dome people hare complained, about a  chilling effect f e l l  after # $  

#& has set= fh is  Could b# eliminated by a control that would Start the. .

system., before WWt=

Ibaling' controls should be readily adjusted, by the.
' V

who: -,may;hard. I l l t ^  ’.knowledge of their operatioh.. %# indoor-outfer ' 

conlrols: oh'.the market today require careful adjustment and this' adjUsi-' • 

ment i s  d ifficu lt to make= # eh  with temperature recorders to.' give a 

visual record, i t  look as long as I  hours to adjust the Electronic Modu=,' 

flow COhtrcl and 5 "days |o  adjust the .Garcctherm mixing value= ■

■, A 'Control i f  now being developed Sn the Mechanical. .Engineering v:
' . ' . ' ' ■ ' ''' V ;

department that w ill eliminate the moraihg IemperaWe rise* maintain ''W , 

proper .daytime IemperaWe0 eliminate hay early evening chilling effect" 

and be readily adjusted by anyone.
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