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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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KBSTRAGE |

There are a great many eonbiols nanufaghured for raiient henf-
mg with floor penels. These econtvels have a price range from $22.20 for
a 110=vglh room thermostat goutrolling the cireulajor pump 4o $257.00 fop
en indm%auﬁ@aur gontrel thal mixes return water with the beiler waher
to ‘give o wabter temperaturs to the panel thak vavies with oubdopr tempers-
fure. Tor this thesis, a study was made and tesh gonduched ko dstermine
if ewpensive tontrfols are nedegsery and to determine whisth controls. give
the best rasultm o

Fat-cm the te%b resu:!.ts the following eaneiuaions were made:r

1. R’qne of the conbrols beshed ave snbisfactory for redisnt heds
m’en floor panelsu

2o ":Ehe simpla binetel fype Ll0-wvelt thsrméséa’ﬁ émﬁrolliné the
¢irculador gives as good resulds as any of the other conbrol
_pystems fested and 4% is the least expensive system.
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Snapter 1
o CONTROL. SYSTR COMPONENTS
.injb{rg‘ 'dugﬁiajn '
) Chapter I consiets of the following tﬁﬁe}‘sz’ .

Room Thermosbats : o
Relays

‘Immersion Thermostats

Gas Valven

Safety Controls

Water Valves \

Gontirels Used with ?aukmeés Domestic Water H&&ﬁiﬁfﬁ-. :

| The contfols deseribed under these tepics represent a cross-
sesbion of the types available a:h "i;fxe'pré'séﬁt:'timao The descriphions
are based on informa‘bim @rovmsd ’ay ’fzhe manufagturers and visnsl in-
gpection of the sgmtmti.su ' )
Spegial indaeruouﬁdw?’ f@oni‘;z‘als '%iaét vary heat inpub to the

gysten depending o"'iz. éﬂﬁdéar'terépex’a;ﬁre abe described in Chapher II as

complete systems,
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Room Thermostats
Low-Voltags Room Thermostat

The function of a room thermostat is to maintain the air in a
room at a desired temperature. By low-voltage thermostat, it is meant
that the thermostat energizes a relay which
in turn closes suitable contacts to satis-
factorily handle the full load of the cir-
cuit. A typical example of this type of
control is shown in Figure 1.

The primary control element con-
sists of a bimetal (A). As the room ap-
proaches the desired temperature the bimetal
moves in the direction shown and the electri-
cal contacts are broken.

Penn Low-Voltage

The temperature at which the con- Thermostat

Figure |1
trol breaks the contacts is adjusted by con-
trolling the distance the bimetal is from the fixed contacts (B). This
is accomplished by the cam arrangement (C).

With the simple room thermostat described, there would be a
considerable lag and overrun of room temperature. This is because the
bimetal will not reach the temperature at which it is set until the room
has already become warm. The same effect occurs upon cooling. The room
becomes cool before the bimetal. To overcome this difficulty, leading

control manufacturers include a heat anticipating feature. This consists

of a resistance (D) in series with the contacts. Then when the contacts



sre d:msad thara is e earrent flowing through bhe resistanse wim., . ﬂ:‘hi‘v
cre&tea he&% which causss the bimeﬁal 6 brezk the conbacts twe ar mre a8
ﬁegrees befaré the room jemperature is np “fo the aesixed Tevel, ;B:}r )
dolng i;hm,; the overrun effech ig parti,ally compensated for, Sinee the
‘bimgtal is . ’shen g% & higher :i;emperaﬁuw than Yhe room, it cosls ané,
¢l¢ses the comaci;;s before the mam ﬁemperama dropd apprea,iably., trheres-:?"
by slininabing some Lags o ) )

Another desiieble foature of the control iliustrated is the
'sma:l.i ﬁemanent magne% {E) This gives snap achion 1‘39 ﬁhe éanﬁaeﬁs both
on make and break,, thexoby pmlnngmg the;r 1ife. e

The diffezventi,al oi' # control is i;he differsnge betwesn é;,he
puina a.ﬁ vhich ’fahss contaets apen Aud elmmo . .;t.- i a&,jpm%gd by the-
mwable‘ contact (F}., This aﬁju_gi;mgn’; usually heg & range of from 198 bo
5°F differentisl, o |

innespolis-Honeywell Phroe-Wire Low-Veltage Thermostat
- This contpel differs from the thermoskat already deseribed in
that the hesting element (4) 3n Figure 2 i& néb in series with the cone
tagts. Instead 1% I8 18 pavellel with aa#ﬁﬁci@i&”ﬁs)a By usidg this
arrangement, vwhen the thermesiad is &a’.iliﬂg for heat and the conbischs are
closed the heating vesistor is shunted so $hat ib dogs not supply heat.
4% the room spproaches ‘ﬁhe‘ desired temperature, gonbact (B) opens Tirs.
When thts dontact Gpans cirrent flews through the hesting slement and
adds. heai‘: wntil gontact (6) is broken. Phe system is then 'ﬁhu’ﬁ' dmmg‘
The advanbage claimed for this type of conirol is thay. ab fi;hé
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start of the cycle the resistance element has
no effect and the heating system that it is .07
controlling will he on until the generated
heat is beginning to be felt throughout the
enclosure. Then the contact (B) opens and the
resistance element (A) adds heat and shuts the
system down. This eliminates some lag and

overrun as well as allowing a longer cycle in

severe weather.

110-Volt (Line Voltage) Thermostat
The 110-volt thermostat controls the

circuit directly with the contacts in the
Minneapolis-Honeywell

thermostat within the current limits of the Three-Wire Low-Voltage
Thermostat
control. Figure 2

A bimetal type is shown in Figure 3. The operation of this con-
trol is the same as that in Figure |I. By comparing the two figures, it
may be seen that the 110-volt thermostat has heavier contacts and there-
fore a correspondingly heavier bimetal. This added weight of parts tends
to make the 110-volt thermostat less sensitive than the low-voltage
thermostat.

Another type of 110-volt thermostat is shown in Figure 4. This
control is actuated by a bellows instead of a bimetal. The bellows con-
tains a limited charge of liquid and vapor. The charge is such that the

pressure exerted in the bellows for any temperature that the control will

%
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Penn 110-Volt Perfex 110-Volt
Thermostat Thermostat

Figure 3 Figure 4



R =11- SRR
opsrate isa straight-line funotion. Hebhyl ehlorids 1s & typlosh sube
s%azwe used for. thig, ’ ' SR

%y limitea sharge it i8 meant Hhat 11@m& and v or emst in
the ballowg«at 81l times. &g the bemperabure ilngreases, more :Liquiel svii'l;
Vapamze ana, will eause 2 pmssnm :maz»easa corregponding %o the satur;an |
tian ;pressum fox thab. partienlst tamperaﬁure, ' o

s foree exerted by the bal%,ows is then helanced by a springo
. The ’aempwaﬁum % whigh he. contrel m;geratas iﬁa adjusted by mwaaaing '
ﬁhe :anring tengion Yo raise the uamperaﬁure end degreasing the. spring
tension o lower the Senperature. ‘}Bhiséwpe of sontrol, like the bi=-
mabal type, Yias an inherent differemia% A mimm differential of 19y

may be obi;ained by eareful aelectiaxz af spring a:acl bellows.

ﬁti'cai& I‘hemo ba
| This con‘&rol (Figore 5} consists of a bimetal (A), a pemanent
magneﬁ gB) Snd. 5 meveury swlbch. {G). . It may be seen from Figure 6 ‘-m_;af:‘ |
when me: ﬁhgzzmwﬁa'tris aplling fop Head *thésma@&é% Hoves ':al‘sase’ to- the "
ggla:as ¢avc~:ring of the mrwry gwitehs  This ‘wauges bhe armEiore (A) iﬁc ', '
we ﬁawarﬁ “the magnm; The olettrads (331) -bzmzz emera the memhm mal
(F} ami v:o:n;ple‘b&a ‘the plreuit. - Becavse of iﬂm mgm; :Mme m«mm& ta .

maka f:g:xtac: thn.a ype of donbrel 18 very sensitive,

Penw: Thermoswi-&e _ ‘
‘L’his eantrcl ig of unusua.l dasigna Its action iz derived frem
tha differenee in e:q:ansipm of the Quﬁsiia shell (A), Figare 7, and tha :




Mercoid Low-Voltage
Ilhernoatat
Figure 5

Eaiaiaiaia e V.VAN | ioiirf HOMN us siovii Tos*jn
IU*H*Mtu-n Si* 1 IUuitfivm Ne |
I UMtUtMtt  I© mSfmjer*! mm in MVt o UIFE 7t gyt
. I * rntaiR 1 » + I* Ikfmrttui, | mfrabU/ ritr, "
dritfiiom ocjm-umrr ot * mufiur v It tut *>*1 *d [*ai< *<1
N 1= Itinfliit | iutpnft fW 1 tit I o>
onII*L fifma* i1 Ll X n '-1e UfIMierf
</ or u<ifun @i Fftrr rl e* lirff Af  It"i Sra-UiAftwi

Mercoid Switch Used in
Mercoid Thermostat
Figure 6
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nickel iron struts of low expansion coefficient (B). When the temperature
rises, the outside shell expands. This places tension on the struts (B)
which causes them to move apart and
break the contacts. The temperature
at which the contacts will open is ad-
justed by the sleeve (C). Turning this
sleeve clockwise will increase the ten-
sion on the struts and lower the tem-
perature at which the control will

operate.

Thrush Badiant Heat Thermostat

This thermostat. Figure 8,
is actuated by a bellows inside the
protective cover. In addition to the
room temperature actuating the bellows,
there is a capillary tube from the
bellows to a remote bulb. This bulb
is fastened to a return water line from Fenwal Thermoswitch

Figure 7

the room. When the room temperature
is below the setting of the thermostat the contacts are closed and the
circulator will run until the room reaches the desired temperature. Then
the bellows actuated by the room temperature will break the contacts and

shut down the system. However, as soon as the water temperature drops

in the return line the return water bulb will again start the circulator



CALIBRATED DIAL

fig. 8. Thrush radiant heat thermostat
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un@il ‘Zzhe watar raaahes the initial '%emperatureo $‘ima the fétﬁﬁk"xvéﬁ

penﬁa an 'i;he mmaooxv ﬁémperaﬁure, thia eontrdl is suppoaaa to main%ain a

waﬁer temnerawre ;m the sla“o pmportmnal ‘&ze the outdoor temperawreo L

ﬁ‘he Sarcm;hem Thermoray, Figare 9, is &egigned, to ssnse raé.ia:;t

heat chenge as well as air tempersburs. It consiste of a aull black .
sphere combaining a charged bellows (A) that operates a switch (B). ‘
heating glement (6) is designed ’ee. maintain s 809F tempeyature within

the sphiere when gomfort con&itiqns are meb. Whén the combined effeat o;ﬁ‘
rad;lamon azz,d air temperature on the oubside of the sphere canse the
rﬁempeammr@. inside the sphere %o drop below BOOF the swich pperates ;i%iié’f
heading system %o provide more heab, .

‘&’hm gontrol is also mamf‘aameﬁ. in. & flush-type maunﬁmgo o

=Night i%férm‘ stab

& gommsn type of fey-night thermostat is shown in Ti.gure m,
This consists of a bimaﬁal thermostat similar to those already described .
with a separsbe night set-back heater (A}, The electiric clock on the g
thermostat .aic':)\s,aa a switch (B) at the time sed on the night disl, This
causes current o flow through the night sej-back heatez*.. “ |

The amount of heat added by tha night sel-back henter can be ,
adjusted by the set-back indicator (C). Whis indicafor moves a slide

agroge o resistance in series with the set-bagk heater, and it may be
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FATER

CALIBRATED DIAL

FIG 9 5ARCQTHERM IHERMORAY THERMOSTAT
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Figtire 10
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aﬁausize;i fax* 0%, 5% or 109F set-bosk. The swﬂ;&s@ {B) will be ﬁ:.psjsa';iaﬁg ”:::,?s
the efting on the dey diel.and the thermosted WLl yetarn So nowmal .

L

mpc%i*aﬁixam 3 An’;’s‘%‘her .fé&wra of . the parbienlar gonbrel i:n,mm-awa fm am:';_ )

i‘mqu?my inﬁmaﬁw D). ‘Buis varies the apound of esisbance: m the

heaﬁ: ezmiaipawr résietange (B) and sdjusts the length of cyolée 'bhaﬂ ﬁha

contacks will be tlosed.

Mnother typs of night set-beck thermaéﬁ'gs consists of tmo
sepémi;e bi‘née‘tsi thermostaks gnd & elaciiwaﬁam%m}. ewiteh,  The &éy’ %mwl
pem‘&w’a ig geb an one taawmosf;a*i: and %}le night: ﬁempemwra on bhe ovhar
and the ¢3.aelc-oneratas1 gwitoh ahi.fi;s the mrwﬂ% fram ane o ‘she other
apeording %o ibs disl setbtings. ‘i‘hcé a&wmn@sages 6F thig ever amgle

ﬁherx;‘astaﬁ with a hsa‘izmg slemgn} are pu si*ﬁiva aﬂﬁi.an,, fne night i;hermoa_'

abab ma.y be seh for any temperabire and heab ffom ‘the c*lock mo,‘bw mll

nob afx acw‘; Hhe ﬁhemosm‘ba s:nde %ha;r are separabe from the gloek swzwahg

The amranﬁagas qla:.med for & nighﬁ smabam devige afe fue}.
avmg# heammes uf the 1owemc‘t night emperaﬁure and more eamfowable

tonditions ai .nmg_h’so,

Relays
& peley %s"ﬁex:.éésia;m im controliing eirculators ead other 110-

volt heabimg system components shen » low-volbage thermosted is used.

Poo-Wire Reley
A dlagven of this device is shown in Figave 1). Line voltage

18 redused by the transformer (B) $o the low volisge, wusually 24 wolts,.
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fcai'"%?ie '#Iiérmosta% ¢ircuit. The thermostat contasts are conneated aamsg"

(’22 whizh is in series with the relay coil (€). When the Toom thermcss a:ﬁés

is eallfmg ;&‘w hesk. the - wonbacks (4). are elosed by the relay. ‘311'3
ig ’Whan ﬁsenneeﬁsd girently agross the 110-<volh Iine, (%) ana {Lg

3.3.G-=vo1%. ﬁhemaszats z'equire a z-elay when the loacl ezcaesis ‘s:he
ﬁh@mwt% ra@inge In the avazmge rea:zdenae i;his is unlikawo howfavar,
| in aasas whwa Mmge mmzlating wmoa are amplwsd a we}.ag s very ; '
a;fi:eu nseﬁ.. A diagram of this relay is aho*-m in F;.gu;'e 126 Sinde %Z}ﬁe
thermostal is rated a6 110 volts, & transformer is nod meaea in “ﬁhis
ai‘r@uﬁ;{; i‘ha relay coil (4) is Ju series with the thermosiab aaﬂtééts‘
(. &’*Ihen i;hese conbachs are closed the veley closss the hwviw t;anw-‘ .
P ﬁamza (Ii) whmh capry the full-los8. current. - |

Three»ﬁire Rel X

&he ﬁhrae«wire law-vveuage thermesi:a.t »eguiz-ae a 'bmvewwiz'a |
:relay im aanﬁ;’ol 'khe airmﬁamng p'amp an& bmar, B‘igara 1&*

‘fhm relay has bwe se%s of mmaai;s, hesmr aon‘baew (A} ﬁa
ﬁonﬁral the 10ad ana auxilliary aontacts {G)o As deﬁ&}i’lbed unde:a thérman ‘
s&a’as, & ﬁhrea=wa.;*e thez‘meaifaﬁ hasg eentacw 'be%weea {R} and (W), an& €B)
angd, (W) B’rom Figure 13 it con be seen that both seﬁs oﬁ aanﬁae.ts mus'ﬁ
e a‘wﬁeé %v:s energize $he relay. However, when; ogubacts (V) and (B} am
' gpen. %o g;ig;*g;ze; the thernostat heater, the relsy will zemalu eih‘aseﬁ b"em
eanse 'of"éhei euxilliary conbeets {(€). Then when {B) aed (W) opeu iﬂw ‘

. :velay will epen both dontachs (A) snd {€).
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Fig.1Z LINE VOLTAGE RELAY
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LOAD

FIG. 13 THREE WIRE RELAY
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An inmersion marmastas; {Migure 24} ig vised for acmﬁ*'ell%ng ﬁha N
mﬁez‘ i;emnara’uure 8% .8 hot-watey Yoiler. . T4 consisks of a nﬂi*qal bi-a ‘

ﬂsﬁal théﬂ% Jzﬂ pmvaaﬁaﬁ b.'v 8 well and immewgaa in the water _passage

,ﬁha bmz.er., When the muﬁr rmaczhm the sed *sammmﬁnre the heli¢a1 ’t?:.-a
metal. ﬁmps a mercmy swa‘.toh and hraaks pontast v opens the cantar:ﬁs &f
a mechan&-cal fwitchs The ﬁa'nper&%swe adjustnent is made by se%ing the .
disbance vhrough which fhe hells hav to Totate to beip the gibebi the -
Ersaber 'ﬁhia dishancs, the lu,gher fhis wmar témyez’a’tmea Thig e@g%;ml ,ﬁ.s
eanshma’t,eﬁ fm ¢l ther line-vulbage or lw-»valtaaeo The ussal ﬁifféranﬁial
is 15433‘* & clww ﬁiffareﬁtial results i.n foo short a ‘buzrner a}geratian

for megh bellers.

Hydravlie Byoe

":!;mmersiaiz thepmostaby are also Built fo .operabs hydrsulicelly
with a B.imi%d eharg.e ulb operabing on a bellows o on.a ‘bowﬁm mbau
Figura 1B, k‘ihem. the bm}.w wa*i;ez- bemperatars inoreases, *bha gr%sm‘e .t}
the baurden btube :mcreaseso This bends $o shraigbten the tube Whmh, in

tarn $7ips a mercuyy switch or opers the conbtacts of a wechanieal switch.

Sutgmobic gas valves avp required o turn Yhe gag on and off Yo

the Dupter as regqaived by the demand of the hasting sysbhen.
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Bimetal Type Immersion Thermostat
Figure 14

Bourdon Tube Immersion Thermostat
Figure 15



w@B

_ 'i‘he most commw ﬂs:;me of gezs valve is the selénwidmayéraﬁﬁﬁ
s}umn ai,ag;ramatic:aliy in E'igwa 15‘ &*Ihen the wlemm is emr{gmea, the

va.l,ve ciisc is. lifte& fmra i%s sea‘m ‘.'l?he velvs cl»'}ses by gravitfyo -

i , &z&gstﬁ@fé Byoe of gas velve is ‘bﬁﬁ-&i=é§£ragm~@paraﬁwﬁ@-_ 28 shwum
Figuye 1‘#.. Then 'he‘at is réqnix'eﬁ;. é;'he aoﬂmenéi&;apéméé& o magnéﬁie‘éimaj
epesrated three-wsy vealve bleeﬁs gas to the éiaphragm am the ‘mxiessﬁre :
openi the mign valveo ‘i?hén he %16319 1&. mrem,ﬁ 15 bpene&,, t,he threan
ﬁray valve blesds gm ﬁrm the ﬁiaﬁhmgm ﬁham‘ber inty f$he fumdae and tha
_zaai,n ‘Vamw mlaﬁaso |

B &jmﬂiwﬂ - Operated

Another type of gas valve is hﬁawmniaally-operateaa A& heater
elemen-b heats & Liguid vapor £i11led buld which causes the "bellews or
dla:u:hragm o ezg:aad_ an& ¢pan $he valve.,' When the gimuit {w ﬁhe haa:&er is
qurwa,, tha "ml’la ¢a¢ns .md tlw "i‘alv*e uiasezs,

E

Aeed

; Mobor Opexated -

| The heat-mokor-operated gas yalyve is shown fu Figure 1894- ’Ehe:
bimedal striv (A) is heaﬁad by a hea%:‘mg element. Thig caupes ’Bhe'h:',n .
nedal %o s:url u;pward a:mi apen, ‘kha 'sralveu -& magnet and armamre impari:
azmp ac:ticm o '?:he va}.veo W}:zen, the vawe is ;parﬁwlly opei, 3% pushes .
| 'against an a&aii;mnal s;grmg :E‘oreéo ﬁ?hia ﬁelays the fnll apaning Qf izhe

valve and preVenta :i‘lash or sudden explosive i@iticn and mt=off oi‘ the
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SOLENOID

*VALVE DISC

FIG.16 SOLENOID-OPERATED GAS VALVE
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KAVENT TO FURNACE

3 WAY VALVE

DIAPHRAM

FIG. 17 DIAPHRAM-OPERATED GAS VALVE



Heat-Motor-Operated Gas Valve

Figure 18



buxzregu ' Anathgm desirable f‘eaﬁure of fhisg gos valve is the h@*draumm’ w~
nperateﬁ. 11'«1% {/B)s When the water. tﬁmeraﬁm*e of the ba;glcar becomes %ge g
'b,ia;n the bel‘!,ows operabing againgt en aﬁ.j 13bing szxriag moves o }.eve‘* awm

-bh,aﬁ mechanicamy closes the walve.

.&ny ‘of %he ,gaa valveﬁ uesﬁribeé, can he ob'ﬁamed with B meq::ham"
csal hr:am«:}pen &evma %o apﬁmte the( ?aume;a in nasa a:f pmer faﬂurer., -

chexrém mlass i;}wv nave a mewhanmal limi% feea.%uma tha bailer musr% bea

s&mﬁ &am mamually. Thig neaeﬂgiﬁaws mﬂa%am« Waﬁdh di‘ Hhe um‘&-‘ndwimg
pomer fai"nre. fen eleebriont power is msumeﬁ, the. ae:mﬁmls Will agam

wa*mz o au*aamamc epeas'atﬁ.m.

Bafety Conbrols

;-'n gan burner Bontrel it is hegsasary %o pﬁevént the e w%eiive
frem opening if the pﬂé‘t Light ghould so é:ﬁ% Qtherrise, the by 1131‘
furnsee would £ill with g;as :»md an explesiqzx ha?am would. a;;ﬁai:o

To &ﬁéﬁmpiish. this & ﬁwmzz}x that will opsn if. the p@ria% flems
should, 26 oub 45 meed. A sketéh of this device is shown fn Migure 19..
The whexfm&cqw;l;e in -ﬁshéz»im; ﬂmé,'pmzi@es gnoungh voltess o, mm the
armature ageinst the magnet ss shawn 1 %he pilet goes onb, bhe Fhermo~
ceupie‘ will aba'-i and, the armature Wwill he released from ¥hg magnel. 'ﬁ«iﬁa ‘
awitah wz.ﬁ.l ‘éshén be apened by the 1avar sysf:em phown and the girduit bo
the gas qa..ve brokezt, ZBei‘ora the syshem c:an be pmi; ’oaok‘ into apez'a'smz
the sefely ni&a% ‘swiloh must Be manua?.lv ragei; & sinilar condrol

mma.ll:? mamf.ba@ a% the pi,m:k with veseh am%.@mafsé@émilyo Howavar, B manual




SWITGH

TI-ERMOfCUr LE
z HOt jur,CTION

GAS LINE

FIG. 19 SAFETY PILOT SWITCH



| G RS
-mséﬁ-haq rz‘m‘e' sdvantege ¥bat 1f gomstiing is out of ox‘ﬁ@ % L ?’e h
ae{sma@ nd paTreeted bafare wmﬁiw is *’é%m% - S ) .

. ,&mther typa of safety pilet . cmsistﬂ e selevold gaﬁ valve
that 48 J:a.em apsri with v thémmovouple in the pilot fleme The aa“’a‘lﬁa@“{”‘

of . this 18, fhat the safety. pilet Talve 14 sdpazate From bhe ﬂpe@ax&m, L
-mlvea $irwe 1% is not an spewsiing. canwol, i%s life is longer anfi 8

Me‘*é 18 less chanea of its £ailing.

M&&n

v mzztms ung the @pe?amm of &n ¢il Iapner o e afeﬁ:; o iimh
in the stabk is nma%a&y, {E’h;.,a, guitoh prévenhs bumer npeﬁamm&;;g-;m@_
five gas empovature is mof ab the desired level. The vemsan for this |
ig thet 47 the burser should fail $6 dznids end the furnscs is werm, the
\iﬁ;mwé wenld begome full ofViodl vaper: then Lf ﬁhé Tuzner sperated a |
second #ime and ignited, an explesion ¥ould esult which would damess the
boiler, ' . - '

This control im 1ilushrated in Figure 20, In the starting

position switoh (A) is olosed. This nllows current fo Flow Yarough a
heating éleﬁéﬂ in the bimetal-bperahed swileh (B). Swifch (8) is con-
neoted in gérias with the vadn velay. {6). Theve 4% o time lag sequived
for the heater to qpen switeh (B). If the flue bemperaturs reathes s
novmal valug before this time lapses, & helix bimebsl in ¢he flue will
apen switeh (4) and the bummer wil} vemain fn operabion wa¥il bhe voum
thermostat op imme*'sz.m thermostat opans the yelay (8). In - §f :

burnep ;gaimuzza,' the. helix will nob gpen Swiseh (A) and Fhe bimetal ew:.ta’aa"
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Stack Switch
Figure 20

Stoker Timer
Figure 21



el

'Wiii-‘?;ézﬁen ‘tha"i’é,iay eirculy and-. the burner will ghut down unﬁl ifﬁ‘ i's- :
manually reseﬁo & cooling period of five minubtes is ueexessm*y befnre ;‘;ha
awﬂmh may bwe resed.

- Stoker Pimes

Whan z boller ig stoker-fired a stoker condrol is necessaz*y
(Figure Bl) & spoker has to opefate ab 1ntamals even though heai -i.g,-\ |
neb mguiwe&o otherwise the fire would go oul. |

C&hia is acﬁamplishe& by an auxilliary switeh (A) $hal :is Bon=
trolled by a cam (B) driven fmm a clock motoy. This switoh is m
paranel with $he room thermestat so thay 4t closes the main s%oker maﬁqz‘
rolay (0) whenever fhe vontasts ave closed. The dem may be adawiw@ to
@psﬁratgza ’éhe 'sisake:ﬁ from 1 o 15 minutes duration svery 0 to 60 'mimi;éao

‘E‘he period of operabion is adjusted o meet the Imrning cher-
aaté;xisﬁics ¢f the fuels

_ ‘I‘hia valve is aperaﬁef}. by s reversible elecirig motor tha&. ia
anzm“alled, ‘b;sr at pubdoor-indeosr gontrolley gr o Yoom thermestst. W may
—— mm ewiteh %o sbart the ofrulstor when the valve i fully
openeé. or tlie airculator mey be operated sepayately. The valve must bo
m‘lx opened ox closed befors 4 will reyerse so it will mot moduladé.

It is widely uped where z zoned-control system is wanted.




r— — L e, — Ll | -

‘ii?.l'x'is -¥alve has the samé applicnbions ag the mq?’ﬁoxaﬁpera%‘téé”
.vai've., ’I‘he yolvs i opened and closed. by 2 solenoid instesd of a. re«» . ‘

?ersible maﬁor ‘2nd 1% does not invorporste a swiich e eperate the' cirm» H

_laﬁbr pwnp

3@&%‘3‘7’: oz Gﬂ?ém

3 The heat-mpyor valve is ag\eraﬁéa by .either an aleatrgpaiﬁr' o
heated Liquidefilled bellows or an eleckfléally heated bimetal. f%fheg.
'Wreﬂt is supplied o the heating element the .valve will ﬁlﬁﬁiy a'pem
The hea,‘i-.ing ‘66 open and cooling to Gloge requires sbout four minubes,
Becanse of phis slow operaking Bime, the yalve will fend %o mcﬂvlate m
mest the demand. If it 4s controlled by .2 hest antinipsative .,mom ‘%hamgel .

- gbab, LY wii_l‘ assume & partislly opes position. Ibs appiicmiam ave -

the. saﬁa_ as the other waker valyves.

Domestic Water Hontors

A ‘peniless domestic waber hesber consisbs of a coil of -@:b,e_;
submerged in the boiler water. Domestic water flows Yarough ﬁhw:ﬁaﬂ'
where it is contiongusly hoated. This sliminates the nged for é.éﬁqragg

It is hot sconomicsl fo size a boiler o hemdle both the hesb-
ing loed and the domestic water load ab the some time; iﬁhex:‘a‘.f@zfé‘;f "bihé o
eirculabion o the heating panel is atmed during the. shork mﬂqé_-g wheh

domestic water is drawn.




=3B |
Vith & ﬁankl'ess &omesi;i‘c; watsr heater the boiler water must ﬁ@ :
maimaima a‘h a bempeisture of b least 176°PF, Since this wakel is mucah
too hot fﬁ‘&" panel heating it must be blended with refurn wader io S‘ﬁ;@ply :
the henfing eiyoudts.

Beverse-Adting Imnersion Thermostab

Tnmersion éh@xm’r#'s#a&ﬁ are made with conbachs bhay open i.é_:ft,aé " |
’qemi;eratnzta; drop. With this control wired in séries with fhe ¢lreu-
Lating pump 14 will shub off the circulabor %o provide full Boiler copem
eity Sor .&qﬁesﬂb hot water when the beller waber temperature drops belaw
the contyol setting, usually 1800F, The reverse-scting jmmersion khermo-
wtub Has the ad,véma‘_ga that % nay e seb to bura off the g:;tmﬂatg?y af

any wvalue in a wide yange.

| Thermostatic Mlov-Oheok Vaive
This velve will stop the virculation to the heating panel to

provide i‘u’z‘,l capaei%y fcz' aames%ia hg’ﬁ Wakem mhm i;he 'bm,lgzﬁ watw fom= -
:pera’éws &rapﬁ below 17*?%‘

| A ahemps*}samc elemeniz (E‘igm*e 32) apéns ﬁhe valve a'zs 183%‘ aml
cle;seg s.t a’tﬁ l’??“ﬁ'o There is é. hol@ in 'ﬁha valw &13@ g alluw & smali
flow at all timeﬁ £ the themesta% will aense tha tempe?a‘mwe wwh the

“yalve ¢losed.’

' its valve §8 wded %o Blend veturn vaber with the hoflér vaber
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CAP GASKI(T

SPRING
SPIDER
ELEMENT

gasket

thermostatic
element

Plate S25

Thermostatic Plow-Check Valve
Pigure 22

Thermostatic Three-Way Valve
Figure 23*



%0 g:we aonﬁﬁant ;aanal supply water ab any lomperatore ‘baﬂm@en LE@QF an&
15993? when ﬁha boiler water temperaturs ia ahava thaess valnas, Ea‘@m

Figum 2’3: iﬁ may be aseen thal the wvalye Ip controlled by a me&ahwga

thermcsstaﬁm Glements Then the watew tomporature is oo hot the hs‘,!,lmmﬁ*

ﬁXpaﬂé and élwse the hmilar suppl;r, If the hlendea wazer beqmmes rao

aoal, the bel:.ows pressure is reausea and the vaLVe qpens,, ﬂnder sﬁead;sr

rﬁmm water nemiit ong thi 5 valva mll assune & gartially npan pqsitian

'66 mwximain B cmnsamt %:1@:1%& ﬁemperﬁtum rith very 1,’:1:1;}.6 hmting,
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Chapber 11
GONFROL - BIRGUITE,

E}hapter Ix expla*ms the entive wonk mz sygtemo Wamng diagrsms'

a:n'e givem fm? ﬁhe sysﬁams &iﬁmssed and, *aipmg siwgmma are: qhown wh:are
.necmsary, : |
L - T’reviouslv gontrol syszems nave heen a&aasmfmeei as f:c; tha:w
motivating famaa .‘I&?hg%sa slagsifications. Bag
o ko Hestrie .
-2 Bydrewlie

3. Meghanyoal

4o m%tﬁmnm

5. Fnemabic

Simze noab sysﬁama n.saai fw foma& hcﬁ; waﬁar heahed ﬂow sla’@s
':invcme a aam‘binaﬁan of these classzfiﬁaﬁime,, ;:a seema maz'e ;:;paptﬂ.eal
.’ao classify cem:ml systems aacoz-a&ng b0 ﬁhezr func‘hion., ‘i‘his waul&
| 1¢ave two. medn ﬁlassifiza%mnﬁ and varimm mb»clasaifmatiom ag :E‘aliaws*
- e Inﬂ,ﬁoz* camralsz I ' ' ' |
; La) Imamiﬂmm aimulatwn ‘
(b) %nﬁiwmm cirevla?;icn
4 (e) "ﬂankiass domesbio hat waﬁsr from the beiler
IX. Tndoorwoupdoor tontrols:
{5). Modulating nising velves

£{b) Botler busner gontrol




Li

3G
() Gontrol of ths length and frequency of eyele
of the heating syshem
- Pogumpblic contrels bhave not been considersd minge 't;hay éﬁzﬁmy

donpronsdd air pud apg not deewed prachicel. for residenues éxcept f@‘

large installations where mltiple dones are used. |




A0
TNDOOR CONTROL SYSTRIMS

Intermittent Circulation

Thera are several @irmii'ba that may ba uged for this sys%emc
mha b m&si: goumen are ghown in Figure 24 and Figurs 28, '

In %he case of Yhe ¢iroult shown in Figure 24 the %hermastat
closes tha x-ela;v contaets. This starbs the cireunlator and the Burnez

o

_ Whén the bniler water is up Ho the desirad temperature $he immarﬁiqn
ﬁhmmsﬁag ;3:»11 open the burner ¢ircuit and the burner il shud off even
thouéh the sivedistor fe sti1l muaning. Thé safeby conbwol (safeby pilet
for gai burneis or shack switches for oil burtigrs) #ill open the bu:mer B
ciréu;iﬁ::ia"cms_e of pilet ;faim:é ot gas-fired boilers or ignitien i..‘éé-mi?@
o, p.iipfigréd bollers. lu this system the burner cunnot gporabe withouth
the 'ziharniga;%@, galling £or heat. This featurs is advantageony :;1.‘!;'_ that viish@'
burper wil}li"mﬁ eydle fust Yo supply radiation and shack losses gsam.iﬁ.?‘a@qz
boiler. ' , |

' , “he eiveuit shown in, :&‘igure 25 A§ffers from thab fm ﬁ’igure 24
in thaii the tranafawmem primary is dfvectly dcross the nma Wi‘ah 'bhm '
arraﬂgemenho 'Ehé immersiqn %hermsi‘:&t éau‘&z-olg $he burner aparatién
whether thé thsrmaabsfc i8 calling for heal o wot. The Toom %semyeratum -
is maimained By the thermnsﬁat conbrolling the cireulabing pump fﬁma ,
system is uged with large boilers or where tankless hot water is des%i*eﬁ.s
With i;aukié'sjs :iémésﬁie hot water; ‘.anu,immsx&‘gi}o;!;,_théifmqs;taﬁ that -a;p!e'hé aéi}%

Yacts e,;i 2 pemperature drop may be used.




THERMOSTAT

CIRCULATOR

BURNER

LOW VOLTAGE CONTROL

RELAY

TRANSFORMER

SAFETY CONTROL

CIRCUIT

FIG. 24

INTERMITTENT

LINE SWITCH

IMMERSION
THERMOSTAT

CIRCULATION



BURNER SAFETY CONTROL IMMERSION THERMOSTAT

LOW VOLTAGE INTERMITTENT CIRCULATION
IMMERSION THERMOSTAT CONTROLS BOILER TEMPERATURE

FIG. 25



bl L,

110-Volt (size Voltess) - | |

 Tags oivcuid is shown in Figupe 26, The 110-yolt thermostat - R
gerries the full load eurrent. When the room hes weached the. i‘?emmmﬁ@z@
setting. of ‘bthe thermostat the ¢ireult is open to the cizculatos :a:,aci. burney
Q@mfi"?""‘q A in the low yollage syshem the girowld may be avrebged b5
keép the bollez up fo tempevatuve sf all vines. - Tuss aystem 1 N
in Pigage 27. ‘ S .

| In this system he glronlator ruis continuously and the Fhagito
shab controls he burner. From Fizure 28 4% can be ween hak the theymo-
" ghab e‘msé%-‘#:hé Peley .gontacts which counech the burner cirduil acriss
the lineo The mmersian thermoshat will lixait the beiwr wabev tem;garas
%um by apeniag the biyner wiveait. This ﬁyaﬁem aammt, He uged wiﬁh
ﬂaﬁklsssg dameshia not Wabar ﬁmm 'ﬁh@ boiler s:izma a ’taﬁmeas wa%:far haa%x':
mgu.ims thah the Boiler be vp w 1‘?5"@’ e 211 Yimes.

110-Volt ) N | |
:@h,ié_.;;imui?a is shown in gi‘%a 29. The 11 Oem‘? Enmdikeh -
eontrols the burner ¢ireuit. Sines ‘*;hig' tnmdrsion thewmgstat is i % series
with the thermostet it agbe as & high temperature linit. The gizeulator
i irectly soross the 14he 0 14 mill yen contimwusly. e fu $he con-
-.-iz‘inuéus- ‘:tsi;‘.,mula‘dian &anggmﬁagg elrouid, 'ﬁhﬁ, & penngh Be useé, whgn &

Sankless Aomestic hM; water kﬁa@;@: .;;é ﬂaaé,zvea,




THERMOSTAT CIRCULATOR

Line switch

TRANSFORMER NOTE OMIT TRANSFORMER IF
IMMERSION THERMOSTAT,
SAFETY CONTROL, 8 BURNER
ARE 110 VOLT.

BURNER SAFETY CONTROL IMMERSION THERMOSTAT

ITOVOLT intermittent circulation

FIG. 26



NOTE IMMERSION THERMOSTAT
WITH CONTACTS THAT OPEN

, ON TEMPERATURE DROP USED

\ WITH DIRECT DOMESTIC WATER

\ HEATER WHEN THERMOSTATIC

LINE SWITCH \ FLOW CHECK VALVE IS NOT USED.

THERMOSTAT

CIRCULATOR

IMMERSION SAFETY BURNER

THERMOSTAT CONTROL

MO VOLT INTERMITTENT CIRCULATION
IMMERSION THERMOSTAT CONTROLS BOILER TEMPERATURE

FIG. 27

_9V-



LINE SwiTCh

THERMOS TAT

CIRCULATOR

TRANSFORMER

BURNER SAFE Ti CQHIQQL JMMEEIiliN- THERMOSTAT

FG28 LONVALTAGE CONTINUOUS CIROULATTON



IMVERSION gAfinr.

THERMOSTAT THE TA! 60NJL&OL 1 PWER

NOTE' uMi: TRiNSf-CNI- EP IR

IMMERSION THERVCSTAY.
SAfETYy CCNThOI t>bU-> NEN

ARL nOV CITF

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

Tahen thi# is desired, the circuita shown in Figure 25 or
Figure 27 may be used since the boiler must be maintained at a tempera-
ture of at least 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 srgpply-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 is satisfactory although the thermo-
static valve gives easier adjustment. Both of 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.

INDOCB-QUTJDOB  CIRCUITS

Sarcotherm Indoor-Outdoor Modulating Nixing Valve

The Sarcotherm modulating mixing valve is shown in Figure 31.
This valve is designed to modulate the panel water tenperature in order
to maintain a constant room tenperature. It is thou”it that a sudden rise
or drop in outdoor tenperature would cause a wide fluctuation in room
tenperature because of the mass of a concrete slab.

The valve is 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 USEDIN PLACE

OF GATE VALVES TOCONTROL
BYPASS.

THERMOSTATIC CHEQK valve
/  OMIT IF REVERSE ACTING
supply immersion thermostat

is USED.

gate valves to control

6 V-PASS .

RETURN

AHG 30 BOILER CONNECTIONS WTHM aNKLESS WATER HEATER
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Sarcotherm Indoor-Outdoor Modulating Mixing Valve

Figure 31
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"bailer entors the valw {1y whssm 4% 1% wized with reburn Wmar f‘mm . A'
the c;.rmla’mr exxtermg &% (53) %ua -temparamm of '-ﬁha mi#ecl waber 'd_e,s-,-(.
p-bndts on i,he pngltiam gu the v&lve 6,1é§ hsﬁween pqrﬁ« (1) and. (2) ’@h'e.
pasiﬁion cf t«hiﬁ mlve is adﬂ‘kz’t)lléti by ?;he Tﬁeﬂﬁﬁd mmez* adﬁing gn. tha .
-'i.n&ifiﬁ i%heamq:a;mt« -amm;am,, . fkh,eg .vaz;tc},@ax«a %empemtm mz -z;he mzﬁsiﬁe .
.-a&@rﬁ@ﬁ “bnds the. h"ea‘é ’ssaﬁépas’siaé&*ﬁe' %h%s' ammﬁ.lzaz%y Bulh. . sme ad;jua‘i}zma‘iﬁ (K)
»m&;m‘tﬁ ‘uha waiser &semperature i;a the pemig Qs.gmening; thﬁ mz'le& mrﬁ
pu%g more pressum .q,n» the. themoﬁ%a,dzw xekwm# {®) :an.da raﬁu«:ﬁfﬁ f;ha. wa‘i?e,r
':iéﬁipéféme; An, 'éadiﬁ'aﬁal'ﬁne adénéﬁméﬁ% ¥s given by adjusting vhe
:ammmﬁ a;f c.urx‘enﬁ bha&: "gezill flcsw th:c*qugh ‘{;ha hﬁa%mg; elemenﬁ (EI) amum%
the mﬁliwry ?mme Wn:ta ia a&camplishe& ’%y & verighle resi&%ame m
pepies with the heaiser-o Tnis mmmm "Bulh hester may algo be wssd fw‘
control parposes with 5 rasm themosbal, or Thernoray vadient heah é‘?;g'ira_nnee
gtob. With Yhis contrel it is enstomary fo. have the. oivoulator divectly
asvoss the Lize 'ﬁr_p. give ponblyvous e:irmlati@n & typleal. :‘gip;;i.#é i pgran

-,.gmz’ ihm fontrek is shtam in, Rigure B2, )

wn ﬁe—ﬁ “_ers =‘Tnﬁoez’=~6u‘§db¢ffﬁur '?‘G&E;z”éi
o ?his conﬁml, shown in I!‘igura 330 a&jﬁsﬁs the boiler wa‘i;ér isema g
yeraimre aamrding ‘bu am‘;&aar tempemturea &‘. @ansisim of & ligman :
:fxllaa indﬂpx* ’bu:Lb., z:.apiuaw an& bellows,, ami 2 1iquiﬁ=ﬁlleﬁ mﬂdqor
bulb, r;apillam a:z& B$11GWS @énﬁeatﬁs& by an. adgusta‘ble leevemga awtam., _ '-
%e indaw bul‘b ié p:temaa in the mpply water i‘r@m ‘ﬁha ‘beiﬁ;e&* an& iﬂ’lﬂ auta

&fmr bu;l‘b is emmsea te ouﬁ&oor a:.r temperatuwe




AIR VENT

SARCOTHERM MIXING VALVE

Supply

STRAINER

circulator

FIG.32 BOILER PIPING FOR SARCOTHERM MIXING VALVE



INDOOR BULB OUTDOOR BULB

FIG33> WHTE ROGERS INDOOR-OUTDOOR BURNER CONTRQL
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When the baller water femperature redches the degired satting,:
the liquid in the. ind,oax ‘bm‘b expanidsy éneugh ta open tha ﬁwitg}z w}zich e
| canuacte& in fserz.es wiish *ahe buz»nm& If there is 2 rlmza in cmtéem“ 'ﬁm»
‘ }gtax'awre, -Yhe. liﬁmd m bhe gsuﬁ&aar bu;‘b Lontracts’ ,and rélie«ma ﬁhe f@rce
(o the switeh and storks the burser. The bugner will remain os mzt:& ﬁhqa
lic;uﬁ.& in the Andsor bulb expands enpugh Yo. ageln gpey the mi%ahg ﬁ?he
boliler wateér temperature yise for an Gubddor temperaturs dvep: is m;u%ea
by maving ﬁze pivnt point-of the adjustsable levey furthep ﬁmm m' closay.
6 a}m switaho Yoving the pivot w;’mﬁ; tlosger o the ﬁt’“ﬂb}z &ives the pn%
door *bellows & .“icszz,gar iever wrm sa i:ha%: & change . i ﬁuﬁdmx* temnaraﬁure
vill ceuse 18:3:5%@?@9% of ‘the lever s} the gwiteh and & smaller inerease
in b.é,ii!,—e'x’} ﬁiai‘:@i*: 'tlﬁmp‘emimfé wiﬁ be ﬁééi;ei' T open the Wﬁ@he . I:f’ Yhe
Pivot point is uoved further away from’ Uhe sviteh, a higher vollet mator
\ tamperaﬁure fﬁl‘ -} giveﬁ anﬁdwr ﬁempera,ﬁure will resalt, mg@m-:é%'ﬁhpws:
‘ ‘th‘% uﬁm wﬁrmg &iagmm i‘ax‘ &his mm‘aﬁ@lo o ‘ B

iﬁha Whi ﬁe»ﬁbgara indow«mtéemr ﬁxmi:ml apszéatas ﬂm ‘bm*nar and
$he - imméwsmn thermstat #ets as a boiley waﬁax* tenperature - lz,mi’ag @he |
room thermo si;a% is set sbove the ¥oom aiv tamnemimre obtaineel wi*bh tha
in&aar*uutdmz* wnwel and it ams as & limiﬁ and shubs thg r,;izeum tesxs ef;f

if the ;ﬂmm becomes. oo wapm ‘begeuse of im;ema;. changes. gudh as- an 5.;1« ‘

axﬁasaﬁ m\mbe::f o pﬁwm agoupying. %h& Foptte




line SWITCH

thermostat relay
white ROGERS
INDCOR-OUTOOOR
CIRCULATOR transformer CONTROL
f
BURNER SAFETY control IMMERSION

THERMOSTAT

FIG. 34 WIRING DIAGRAM FOR WHITE ROGFRS INDCQR-OuTDQOR CONTROL



Gyele of the Heating Systenm

Mignesvolis-Heneywell Hlectronic Meduflow

‘The Minneapelis-Honsywsll lectronic Hoduflow gonbrol aystam

(Pigure. b’5) uses plectricsl resistances 48 temperabure semsing elemén%a, ‘
I has 5 Tesistance rogm thermosbat, immersion Yhermosdal,; ﬁutdﬁsr therme‘n
s#aﬁ and gyeler. Chounges in thops elsments asre detected by = amplifmr i |
and relay ,iaha'& turng the heat scurce on and off. Phis amplifiey and
:mla;.y is wmﬁm%ea in one wnit and it iz galled o zelay ample:iam : “ T

: " &, dms in oubdood %empem'bm‘a gauges b lowering of x*assiaizmr:a
in %b,a ;mt;lob:r ﬁhamusﬁaﬁ which gandes the heat sotrge %o shart unless
the room temperatire is sboye the conhrdl point. Wis operatidn of the
heat aaurés- aauess & rise in '%empem’mm of thé et water 4o the panel
which raﬂ.sas the resistance af $he immersion iahemasﬁaiz unbil 1% balancas
with the drop in pesistance of Yho cubdpor thermoshet. The room therme-
shab w@,ﬁga the action of the gubdoor anticipator sad immersion fthermo-
*st.aﬁ 6 ‘compénsabe for infernal load ghanges, The oygler 'GQM&MS“_ an
-:&1@&@&&'%&#% as well a8 & Pesistands. When 4he heat SONPCE Qpemﬁas;"
the aymar maw aod. wa%uaiw cangels out the originel rasiaﬁmne ahangeu
shukting am‘ i hea‘i; goures and remoying the heater voltege from the N
ey«.elar. e c;yaler Yhon gools and the ¢ycle is yepeated. The heavirar |
$he load, rsguiremanﬁs, $he hotter the eycler will have $o begome 5o }:al-
ange th‘a, rosistance. Yile inoreases the lensth of oydle and singe ,t;:a

'¢yﬁiax'-r¢;§i'étanga will ¢ocl faster ab the higher temperature, $he ﬁ?é@uehcy




VA AV —
IMMERSION THERMOSTAT

----- \W VV\A —eeeeen

outdoor thermostat

RELAY ROOM THERMOSTAT
AMPLIFIER

RELAY

(optional}

HO VOLT LINE

HO VOLT
------- LINE

OP TION AL CONNECTIONS
USED without RELAY

FIG. 35 MINNEAPOLIS HONEYWELL ELECTRONIC MODUFLOW



~58= O
oF. '-.‘#hé,_‘ ‘e:yaia is increaséd. The resistance chenge 15 detectsd by “ﬁh'é"
relay. gm;pln,ﬁez' aud when the signal becomes gmat snough & velksy. closﬁs, ,
switching on thé heat gource and gycler hester.
- Figurs Z6 is = schematic diagram of the electwonie aizréuiﬁa :
The immepsion Yhermostat, oupdeor. thermostas,. gyeler and room %hexunw’e &t
areé arranged in o bridge eireuit as shown, . With all of the %nefmcsﬁats
at 9% the bridge is balanued end. the. volbage from ground o (I%) w epx'm
&, Qhangs in resim‘;ama of any themmostad amses a yoltage a:is iR)
illmixraﬁe ﬁhm, aggune that the ouldoor tampez-atura zhrepso “%hig aaugag
: .a decreasa in resistande at the oubdoor anbieipater with & Sorresponding
. increase in .smz'«:ema Yhwough the cireuis (LRD). With no chawge in ve-
-shstange from (R) .:i:g..(_ﬂ)- the yoliagge Arop- acvoss, {R2). would be. grea%&s‘é-
than i:he valﬁage drop from (B) %o {B} This results in & naﬁiﬂva 7ok tage
a% (R) w:.th respect o ground when the plabe yolbags of he . 1231‘57 *Imbe is’
psiti?so‘ When this. condition exists the fubs will pass enotgh. cmem |
iza ;pul" in the gurrent sensidive relay and shart the heab ammseo ”here
ig enm,gh inerfin in the relay so- that i% will remain in during the “1egap
tiva half eyele. 4
. If %he bridgs is .brbugﬁi?,@m of balence by afi-intrease. ax’re-
‘ sm%.a.nqe due %o A rige in gutdoor &&xﬁpemmm of. paom temperaiure, the
-xglay. will not pull in. T llungtrate this, ‘agmine Shat the qutdoor: tem-»
peratm*a inereasaao. This gamses an incresss 4n resis'aam:e with & aqrresa :
ponding aecreaae in curfent through (CRD).. . The valtagﬁ dzaop .e‘..x’am, (R) ig
negative when the plate voltage of the 128N7 %ube is positive or 3;8‘.(9‘:‘7i oub
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of phase, - ‘{mder these. conditions the 4ibe will not pass enough. mrmm

to pull- the relay in and .the. hea’sr golrGe m:m no¥ opamte,

ZONE B@KT&DL A )
Zone cc:zztml aonsisﬂ;s of sewing up two or mare anividnally

ﬂnatrelled hea?;ing cirenits. This is done %o account far differences in

. oeCupancy, as in a faetery where aomfcrt is to be mam'bainad :Ln boﬁh

effices and shop; diffaraneas :m axgesumo as in & large ﬂwelling where

‘pemain, aaomz differeawa m mtw 'aemperamm reqnired fw: mat transfar
*fx'am tha Wa;‘%zex' $o %he surrcundizxg apaaeo N L | |
For resident z*adianﬁ ﬂaom pa.uelm zane sontrol has E appli-a
cationss o large &wellings where difierenﬂ empasures exis‘is anéi in a&y
dvelling where $hick floor. coverimgs are used ia ponjunction with bare
: fc‘l&ws or thin ;Elder- -eoverihgsajﬁ An exampié of vﬁ,hi.s i-s where 1in¢1‘eum ia
usaa in some Tooms with marpetiﬁg in atherso This requires differam*,
- water ‘hemperaﬁur@s in order 1o ebtain {;he same surface %amperaﬁure of i:he
limoleun a.ml Tags. - a o
Figire 37 shows & ;sipmg dianﬂmm fm‘ & ﬁwn=a¢ne pontrols As
mam zcmes may b added as neededo Wit‘h this sys\‘iemv the waw tampézéa%uré
.'iao eac:h zem may be. d&gusx‘;ed b;r aﬂjus“bing; tshﬁ amaum; af re%m:m water ‘by-a
passeé,. Fie;uw 58 _ghows & low-voltage cantrol circmt fat’ 4 twe=zana |
aamsrol., Thé mmeminn themustat gontrals the bomler waﬂex- %emparaﬁure

wiﬁh this circui%., E‘;gura 39 iz a line volwge cqm‘;:ml eireuit fqr znne

.

1massen, I:ea., 19510 m:mm mm:xm} m*.smx Am) fmsmm.
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{:ﬁﬁﬁml., Bithey of these. givouils mey be used wilth a Vankloess donietic
waber hentear, .

maowamtdﬁw aantmls gueh a . ﬁl‘m 5arcoﬁham maula%ing mmw

ing ’i?ai’ve or blm Mimah}mlimﬁbneyvmll mactmmm iid:oduﬁw may "aa mea aa

mne ca-m:mis, . A. maulamng mmng «’mwa &a ins}mllm ,’m x,he piglhb m

' eaeh ZONS | ﬁimilar tg tha ni;;ing arrmgemmﬁ .;hmm in Iﬁ’igur»s B2 fc:n::'

o the ZENE ighe mimnn- va:Lw is cmma?»lmgo I;t‘ an | laaﬁmnim Modufiow |

is used fmr‘ eagh; zzme,, the immersien ﬁhemm%ats are placec‘l in the r@‘&um
'lﬁ.nas from eaah apne a.x;d gbe relay amrlicﬁ'ier eyolés the. cg,rcmla,tc:r a8
shown with 'hha apmoml canneatwm* ef Figuxa 55 - ’ _ ‘
f?ha Wixiﬁaaﬁsgera bumer eanﬁml m;ay a?so 'be nseé. & & zemfa eoh«e
trol. When i'-his 15 done the immersim themoﬁ%sd: c:ant.mm the burmr and
the "?hite—ﬁegesrs eam;rccl for each wone oparates a waber valve ﬁhx.ﬁ; o

' places ‘the ga‘tﬁ valfre hhat is shmm 16 the retum line in Figurs 37.
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Chapber 111
SCIWTRCL TBRlS
Inbroduction
The following mpwuiscturers dometed controls or pbhep Ah‘sa;t_ing_
equipmant Tor these r.es'hsn . : : : - G
Amermam Eﬂe‘xmﬁw .am swnéami E&am%m ﬁamamﬁian
Zﬁ‘amval Inco
Horcoid Corporstion
,}&ignneapﬁiiéaﬁoneywﬁm Bsgulebor Company
- Pemn f;:xmﬁ-rals; Tng.
Perfex %z@oi‘&.ﬁiﬂﬁ
ﬁ«:ﬁw’ﬁhﬁm ﬁaﬁim}.s, Ing.
‘Sullwan Volve aud Fegineering ﬁqzq@my
‘ &”aco ﬁee«%w*sg Im,
ﬂ?hmﬂh' ﬁsﬁmpaﬂy .
Phese cmﬁmls x‘ﬁ'ﬁ,’é‘&s\e&ﬁ 8 good emse«-sect ioh of those iﬁaﬂﬁe
fat‘hureﬁ 8% tha présent time, |
Pests were conducted in the Redfont Beating Leboxatory, the
mﬁiﬁagga of l?a%rié. Wz&s§é§i ond }}éngéi*ﬂg Chapel..




wbf

The purpose of these fests was to deyermine the mosk sebie-

Pagtory ¢omtrol sysbem aveilable for radient heabed residences with floor

P az.lelSQ

An awrag?e- o‘bt’aﬁ.nea from %he power consunpbicn of five ,cimﬁ;-
1a‘b§,ng pumps used for residence hot water hesting was found with &
ﬁemral Iﬁileatric Type APY Watimeter. The pump was aa:range& in & ﬁlasaa. |
eireid i,n.. péries with s Flschey-Povter flow mehex' and a gate valv,e o
gontrel "lgﬁe flov as shown in Figure 40. ¥or comparison the pawaﬁf Gon=
slmpi?:ié;g‘ at 10 gom was nsed, Thig is eguivalent %o 100,000 Btu per hour
-whiah, is adeguate for mosd residences. The pawer conspumpbion of ;‘*é:lém
was eebimated ab 5 wabbs. The éﬂ&iﬁi‘pnal power veguired for the ;ﬁ@qax«
cubdoor contrals was obtained from the nsnufacturer. From dsta of the
on-and=off peviod of the d@gmm@g pump instelled in the David ‘vw,sa_gaaif'
resia.éme a conservative value for the power required for in.ﬁgrmﬁf%en& |
circu.iatian is helf of the conbimuous value. | 4

o #11 prices wers taken from memufagturers’ patalos List priﬁeso
Where uore. ‘iahan one manufaciurer ma&a the eontrol, an average pz*iae weg
useé, @ha p:-:we of thermpstats varied only 40 gengs and the grica aﬁ‘
m:i!ays ﬁ»l 00. . There was ne differente in prics het.waen %hemesta% wii;h

heat anticipatian and. those wibhoud,




FOR FILLING

FISCKES PORTER
FLOW METER

GATEVALVE

V.Y
CIRCULATOR

FIG 40 CIRCULATOR TEST
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Burner conbrols are ney ineluded in the prices aince they ave
usually furnighed with the boilers for resi&enceso
‘Reswlts of contrel caai; axxd pcme:c reqmremen% ax‘a %abulated m
Tabie 1. - |

¥
¢ Table I

A TR e

Qamml Gos“e ?“and. Fower Remirement

(Power requiremanﬂs ba,sed on 3.6: gom vhich requirés en average of 133 walits)
o R - Gos qf | 'Eéﬁima;%eﬁ' ’EM;&I. o ?uﬁe? .
.. Gontzel System & ﬁmwgl : ;ma‘isamsmim . Bogt:.  Regquiremeny

Gast wakbe
IAGWJW}»%Q&Q - Sl ey e -; ' s T, , .o P " o
Intemmittont. $22.60 élﬁaﬁ)@ . 87,60 21
,_Q;rculai‘éigz’;.,' e e

Lop-Yolbegs . ., P e S
Cotitinugus | 22,60 15,00 37,60 . 138

_.,Ga.raulatiaz;:_j_ S ) . |
WosToll . .
Intépimitbeny. 12.20 10.00 22,20 ' 86
Girmmioxx , . SN S :
lmavm T L S AT
Em’ﬂiﬁﬁwﬁ 12.20 10,00 . R2.20 388 -
Girculﬁﬁiﬁn . Lo , oL - . .o

Minneapoliﬁ%}meywev . 91.50 . .. 15.00 - : 108.50 - o]
.1‘*32!.@::*1;E . _ ' g

Sai‘dathsm :wwh |
TheFmorey ' . 282,00 . 85,00 25%7.00 148 oy
&omtimcmﬁs Gimula&mn S

Whmesﬁogers 4 _ ‘ . SR
Fnddar=-0utdoor 80,60 15,00 106, 60 138.. ,
Gcminuous ﬂwaula%im}, ‘ C L e




Be e

Togte Gonduebed in the Redisnt Hesbing Leboratery -
Test Arrancement '

The Radiznd Heating Luboratory was consbructed from. ‘W‘a;‘ :
'traillers; ' ﬁigu’re. 41; The front trailer hcmaes ﬁhe boilers, the 'ﬁe‘ilex*

piping azad the nain control baard. F.igure 42,' The rear “;31;’3%16,.1' genta;ng»~-

le ra&iam; :Elam‘ panel tha‘h sx@pplies haaﬁ for "ﬁhﬁ :?eax“ a?ailw
r},ss u@m’ﬁmted m’;‘ 4 izmhas nf wmm%\e w#.-;:h ljz-inch mp;pe;* mbe s@tmus
mils a% 2 inehﬁs d,épi:h

' sinee thig labaratoxw is usa@ for cﬁlass demansaratim an we'&,l
a8 ﬁ&sts, it was desizable to arrange. the piping and wir&ng 8o Bhab a
change ,f;rom one contrel sysbem %o snobher san ‘be effectold by eleetricai
svitches mnd memslly-operated gaté valves. | | ‘
| | Pigire 43 is the piping dtagran for the laboratory. mm |
valm 1 apea, and Vatwsas 2, %, % a,né 5 aﬁ-oaﬁé ’x“,he eixculation wilﬁ. ’by=uass
i:he m&xing valvea and supply waber directly from the 'bQil&i’ far teﬁt.’mg
indsor conbrols, fhe Whit-e«»ﬁagers indoa‘;ﬁ-auﬁdan? burner confrol and the
Minnaapolismﬁqnewell Electronic Moduflow. Wmh Vaives 2 aml 4 gpsn a:ad
va.m:a 19 3 ami B glosed the Sarcotherm medulebing mzxing valve 12:5,11
su;_)ply blanﬁe& water to ﬁhe paxxal, With valrvas 3 an& B gpen aad valves
21,, 2 pod 4 alc;sad;a e '.L'a.ce manual mi;aing valw Wi 5upp1y meme& waﬁw
w izhb jgxamal. . , .
R lllmwi,ng Hoo 540 ig the wiring dlagram far the lﬁara%wya
Swiﬁnh 1 connedts the Sarcobheim ho the Lins. Swibtch 2 chauges from the




Radiant Heating Laboratory

Figure 41

Main Control Board

Figure 42
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LINE



=T~ , P

dmopican Standerd to the Gold Top boilew. Switch B places the Whike-
. Bogers burdier control i seriss with the boilsr burner cirewits, .. |
Sw%el} 4 changes From low yoltage b0 110-volt room thermoshabs. ' Switeh 5
closes the cirenty between B and R on the three-wire yelay so that fiss_ '-
. ,ma’;sr be nzed 28 & tm‘)«‘wiﬁée relay. Switch B connests eithep the Minneenam%
Eemwau thz-evaewim room. ﬁhemustav 0% the E:&.acﬁ«mnf;e Koduflow mmfiﬁml
4o the ralay. ﬁwﬁ;ch 7. placzes the. ‘bailw dontrole direshly across im;sa
_ 111:@ pe thmug‘n th@ re:.aye 5witeh 8 pk a::es ‘the. eimula‘ksw é,i:cea%

aarose the lige for continmuons oirvewlation. .. . _

Wi-&h this 1abemtory wiritg and piping arraugemenm azsy of the

m@m’% cirenits showp in Rigures 24 throush 36 mgy be obtained. |

Brocedure
The m&‘m ﬁerﬁpm?aﬂﬁre " in “the pa;iesi ‘bgst voom of the Radiang ,
“Heabing Laboratory was vecorded with & Doxbers Dyaslog wesistence type
temperature. x*écaﬁe#‘o Record mas mac'l'e' on: Boehour pirculsr chorbs. T‘%ie
.awdamr tempm*amm Was z‘acaﬁ’&ad wf;l”ah an Am&a Liﬁe Mmdel 3&() raeeréing
’ehememete:e o1 & aéahou;z‘ ah;ax‘ﬁ, ‘l’hs temparatum sensing bula Waﬁ meunted
'an ‘ﬁhé nor!m end ci’ i;hﬁ Ra@iam T-Iaai;ing Lzzbura‘heryo
o All of tlne z:;nism‘l.a ﬁés{zed wsm aﬁgahﬁe& atmwdiug %o, the panue

e'faﬁmws' inmme%ions ‘bwfaz'e tes‘bmga

Pypical ahar*as of indoor and ouldoor temperatures of the .éms

trols tested as shown replotbed in Figures 44 to B4 inelusive.




74-

_ouidoor | empebatube

6 pm 8
TIME OF DAY

PENN LOW VOLTAGE HEAT ANTICIPATING ROOM THERMOSTAT
INTERMITTENT CIRCULATION

FIG. 44
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TffV PFRA

-DOQ"TEMPERATURE

4PM 6
TIME OF DAY

MERCOID low voltage room thermostat
INTERMITTENT CIRCULATION

FIG. 45
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ItiimifiBiakKilil

EMPERATI

8PM 10
TIME OF DAY

WHITE ROGERS LOW VOLTAGE HEAT ANTICIPATING THERMOSTAT
INTERMITTENT CIRCULATION

FIG. 46
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OUTCOOR EMPtRATURE

|I0am 12
TIVE OF DAY

MINNEAPOLIS-HONEYWELL THREE-WIRE THERMOSTAT
INTERMITTENT CIRCULATION

FIG. 47



20
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TEM 3ERA''"URE_

TDCOKKTTEMPETIATDT r

OPM 10
TIME OF DAY

PENN LOW VOLTAGE THERMOSTAT CONTROLLING BURNER
CONTINUOUS CIRCULATION

FIG 48
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OUTDOOR JTEMPERATIURE

2PM 4 10 12 2
TIME OF DAY

PENN MO VOLT HEAT ANTICIPATING THERMOSTAT
INTERMITTENT CIRCULATION

FIG. 49
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OUTDOOR TEMPERATURE

6PM 8
TIME OF DAY

PERFEX HO VOLT BELLOWS ACTUATED THERMOSTAT
INTERMITTENT CIRCULATION

FIG, 50
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"IOON TEVFBHATORE

2PM 4
TIME OF DAY

THRUSH RADIANT HEAT THERMOSTAT
INTERMITTENT CIRCULATION

FIG 51
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OUTCOCOR

4PM 6 8 10 12 2 4 b d iu i
TIME CF DAY

MINNEAPOLIS-HONEYWELL ELECTRONIC MODUFLOW

FIG. 52
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TER5LRA "URE-'

OUTDOOR TEMS3ERA'

2PM 4
TIME OF DAY

WHITE-ROGERS INDOOR-OUTDOOR CONTROL

FIG. 53
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QUTJ)QOR TEMPERATURE

IOPM 12 2 4 6 8 10 12 2 4 b

TIME OF DAY
SARCOTHERM VALVE WITH THERMORAY THERMOSTAT

FIG. 54
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from these charts it may 't® seen that there is no significant
difference among the controls tested except the Perfex bellows-operated
thermostat. This thermostat is a heavy-duty line-voltage type and 'te
cause of its thermal lag, hunting resulted as shown in figure 50.
A comparison between figure 44 and figure 48 shows that there
is no difference in control with intermittent or continuous circulation.
All of the other charte show a temperature rise of 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 all of the tests conducted in the
Radiant Heating Laboratory, the room temperature rise occurred either
slightly before or simultaneous to the outdoor rise. This would indi-
cate that the radiation from the afternoon sun was upsetting the control
rather than outdoor temperature, further indication of this is 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 rise with a rapid drop in outdoor temperature.

from experience with actual radiant heated residences, a
morning temperature rise was noticeable. Since the Badiant Heating
Laboratory is shielded from morning sun by Byon Laboratory, the tests did
not show this morning rise, for that reason it was decided to repeat

part of the tests in the Weasel residence and in the Danforth Chapel.
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CondTiotad In the Residence of DaTid Weasel and the Ifanforth Chapel

Description

The Weasel residence faces south with the living room where the
tests were conducted at the front. The south wall of the living room is
a window wall of Thermopane. The floor is constructed of 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 is a Thermo-
pane window wall. The floor is constructed of 4 inches of concrete with
i/2-inch copper tubing at an average spacing of 9 inches buried 2 inches

deep in the concrete.'Q

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 light gage
thermostat wire was used to give rapid response. The measuring junction
was placed so that it 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 circulation was used for
all of the indoor control tests. Continuous circulation was used with the
Sarcotherm valve as recommended by the manufacturer. The Sarcotherm tests

were run in the Danforth Chapel, all others at the Vessel residence.

1Classen, Leo. 1951. RADIANT HBATINC DBSICN AND TESTING.
8Horpsoahl, L. C. 1950. RADIANT HEATING INSTALLATIONS IN MONTANA
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Begulth

figure* 55 throu”i 59 show typical charts of the controls
tested for sunny clLaye.

All of the controls tested at the Wessel residence show a tem-
perature riae in the morning from 10 degrees to 12 degrees.

tide Sarcotherm valve with the Thcmcray thermostat test in
Danforth Chapel shows a 16-degree rise 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 tests, it may be seen
that the room temperature rise occurs before there is a rise in outdoor
temperature. This indicates that the radiation from the sun is &major

factor in control of the room temperature.
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i. None of ¥he controls tgsted gre satigfactory for radiant hea:i;ing :
with flovr panéls singe & i0-degree o 15#-@9323@ Yemperatnre rige
" gegury in the early morning. _
2. A simple bimetal apem‘éed 110-volt woom thermistat with inﬁermiﬁi:enfz
‘ uirm}.atian g an &oéd as any of the controls tested since ﬁ has, ﬁhe.

, ‘1owesh coad an& powa:t' gongunption and it zives equsl resultao

stmzssian

Ro sliminate the temperabure rise wmri@g on bright mofnings
& conbprol i# needed Yo $irn ¥he heabing system off well befors -sunriﬁes-
‘a?hig ggn*am-‘l msh algd prevent an excessive drop in température op clowdy
dajﬁc Bome people have complained sbdut a chilling effect felt éﬁé;‘ %hé
son has sé’ita This Gould bé elimmattepl by & gontrol that would. s%arf; ﬁha ,.
symam b@f@m ﬁmma‘ko

Eﬁaﬁing commls shoul& be veadily adjusted by the Mquggﬁams
w?m ma;sr have Aibtle kmovledge of their operabion. The mé.oar«zmt&wr
mnﬁmis cm the maxke} todey require careful a&jusﬂment and w‘;hz,s adjusi;-»
men w ﬁi;é‘f:r.culi'r to meke. Even with ’semperafaura recorders do g&w 8 )
visual remmi,, i% %ook as long a¢ & hours Yo adjust the ?Slee-&rcmc ma&up
ﬂw t::antx'ql and 5'deys 4o adjush the Sarcothern mixing velve. 1l i

s A goatrol 18 Bow being devéloped in the Meghanical Emgineemng

lﬂapammen‘b ﬁhak w;tll aziminate ﬁha morning -zwztgpexatura iae, maﬁmmn ﬁhe
p:'opexﬂ dayﬁime bemperature, e!;é,mina% pay early avazzing chilling efi‘ea‘&
and be readily adjusted by anyone.
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