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(67) ABSTRACT

A building heating systcin with cycling stcani source uscxl for
plurality of radiators is provided. During heating cycle con-
densate is rctaincd in radiators and rcleascd later through
steam supply line. Such condensate and steam Bows ultema-
tion eliminates water hmmnering and justify usage of smaller
dianwtcr tubes and new radiator desi n When air is evacu-
ated, system operates like branched heat pipe with penodic
condensate return. System may include vacuum check valve
on air vent lines and operational procedure to create vacuum
naturally by steam condensing in a closed space after com-
plete air purging from the system Steant/vapor source's cut
oif pressure can be ad)usted to re ulute the vapor's tempem-
nire depending on the outside temperature. Method is pro-
posed for conversion of the existuig ste un heating systems
uito a vapor,'vacuum system with naturally induced vacuum.

Sthelnatie of Isa g» shin»le-lsipe Titpor 3;It utuniieaihta systemnith
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VAPOIVVACUUM IIKATING SYSTKUI

FIELD

[0001] The prese&&ted invenuon relates to methods and
devices lbr heatmg a space using a vapor,'vacu«111 llew&cd

i&ca&i-

lll'y«tell&.

BA(7KOROUND

[0002] Steam-based heanng systems provide simple and
reliable teclmiques for heating ui a wide vanety of urdu atrial,
conimercial, and residential applica«ons; system has mi mov-
ing parts. making for easy to mauitain and giving it a longer
life span.
[0003] Water (as a liquid) heated in a boiler bcconms steam
(a gas), which then rises thr&subd& the pipes and condenses in
radiators, giving off its latent lmat Radiators bcccomc hot and
heat up objects in the room directly as well as the surrounding
air Sreani is delivered under thc Iow prcssure ofup to 2 psig
at 21 0'. in order to improve boiler safety and eiTiciency, also
stcam nt loivcr prcssure moves faster, contain less water and
doesn*t create boiler low water problems. The boiler creates
initial prcssure to overcome pipes I'rict ion

[0004] Traditionally. steam heating radiators are equipp&nl
with normally opened vent valves. When the heating cycle
starts, stem« r uses to raduitors through heanng fines and push
ur out nfl sln&ttuig off vent valises. When the boiler stops.

radiators cool down and vent valves reopen to let air in, as
steam condensation ss ithui a system creates vacuum.
[UUU5] I'emperamre control for steam systems typically
includes a thermo regulator in thc room farthest from the
boiler. Be c mise ofhighest pressure drop in the pipe. this room
is the last one to receive heat, and boiler slmts offv, hen the set
temperature &s achis«&ed. 11&erefore, the moms closest to the
boiler arc overfmated and usually cooled by open windows
wlu le tlie most distant rooms are under heated. Uneven steam
distribution mid building overheating arche inborn problems
of steam heating, especially for single-pipe systems. It was
cstimatcd that fiir every increase of internal temperatures, the
space heating cost i«crea«i«I by 3"is. In conclusion, an ordi-
nary building's overheating of 14'. (avenge 7" F.) corre-
sponds to around 21% more fuel spending
[0006] To dccrcase the systems prcssure drop and achieve
unilbrm simon dis&ribut«m, huge dimnetcrs steel pipes with
thick threaded walls have been employed since thc I" stcam
heaung sYstem In addi&i&m. reduced simmi velocity in these
pipes helps to avoid water hannncring when stmmi and con-
densate are counter llou ing I in I'ortuirately, the usage &if lar e
diamcicr hcavy stccl piping has caused sig&filicant problems

[0007] Steam supply lines should be preheated to a sani-
rated steam temperature before any steam is delivered
mto the radiator, the line should be kept at this tempem-
ture for the duration of the heating cycle. 11&e average
33.3% diflerencc bet&veen tbc boiler's "Ciross'* m«l
"Net" is the heut it takes to bong the system piping up to
the steam temperature. "Net" &s the heat available to the
radiators after the steam has healed the pipes

[0000] The choice of a rndiator is limited to heavy cast
iron types; these mdiators require a long tune to heat up
and continue to emit heat into the room long after set
temperature reached and the hunter &s deactivated

[UUU9] lixpcnsive installation

[0010] High heat loss

[0011] Back in coal boilers tinws. naturafly induced
vacuum systems. &vluch utilized check valves at air vents
exits. were invent&. Wlule system heated up, these check

valves prevented air entry into the system as steam condensed
on he«my metal pipes and created a partial vacimm Ne «tive

pressure svas supplemented to pressure produced ui the boiler,
so the total pressure drop for the system inc&ca«i«I and steam
got into the radish&ra quicker and more evenly In 1912, the
Fddy system advertisement promised 30-40%« of coal pile
economy compared «i thc traditional single-pipe stcam sys-
tern Thcsc Iimt naturally induced vacuum systems worked
fine with a near-constmit supply ofheat from coal but bacmne
obsolete atler thc siv itch tu gas and oil fueled boilers (ras and
od boilers onioff cycling created a problem if any air was not
vented on the first cycle When the boiler shut off«ad vacuum
was formed, tins air expanded. Ii) led the system and impeded
the entrance of the ~apor into radiators. 1he production of
those special air vent valves, which« ere equipped with check
valves. for single-pipe vacuum systems svas discontinued &n

the 19SU'" and the win&le technology of steam heatuig with
uaturnlly induced vacuum u as abmidoned

[0012] In pursuit of ste un flou control utd uniform distri-
buuon, ui 1906 tuo pipe systems were introduced, ivhere
condensatc was returnod into a boiler through separate line.
Such pipes arr uigement allowed placin a control valve on
the steam entrance into the mdiator and balm&ca the pressure
dmp throughout the syswm Two-pipe systems pavcdl the way
liir vapor heatui systems. wluch operated one few ouncesol'ressure(I psi=16 ounces), so steam moved quicker from thc
boiler to the radiators. Steat« pipes were sized large mxiugh to
keep the pressure drop to a nunimum and to produce great
fr&el ecoiioiiiv.

[t)t)13] Vapor heating system pcrfomiancc was impro&md

ii&rthermore when combined with either vacuum pumps,
Webster and Bishop-Babcock-Becker systems or steam
lets, Pmil and Moline systems ilare, air and v,ster vapor
were sucked tlu ough air vent valve on each mad&a&or till steam
lill thc radiators and shut air &cnt ol'f In a system at 10-15

inches ol mercury vam&um, ste un from the boder is sucked
into the radiators by a vacuum instead of pushing air out. For
each radiator d&l'fercnces in pressure drop due io friction in

pipes ue ins&yuficant compmed to total pressure drop. so
steam is distributed thmugh radiators more evenly.

[0014] Modern vapor vacuum heating systems additionally
improved the system elTiciency by controlling vapor's tem-
perature &i&rough the vacuum level in the system this all
depended on the outside temperature.

[0015] Forced air systems entry into the US market shat-
tered thc dominmice of smam (and hot-water) heating. The
superior qunli&y and efliciency of radiant heat i&as sacnliced
for convection heating, all for the sake of a losv er installation
cost. Fcw steam heating systems v;cre installed in inst fifiy
years. Still, many builduigs in the US and abroad are heated
by steam either boilers or district system. Sign&i ticant savings
cmi be achievedi by converting stcam systems into a vacuum
vapor systems. For new high rise buildings steam is often a

valid choice bsccause of the problems associated with long air
ducts (lor forced air systems) and with lugh pressure (for
hvdronic heating systems).

[0016] In 19(&3. Imat pipe technology cmcrgcd. which uti-
I& ze latent heat ofvaporization for heat transfer and cooing in
eitlmr vacuuni or high prcssure. dk7c&t&ls on working liquid.
Tlus approach. aim&i u to steam heating. demonstrated
remarkable density of trmisferred posver and is utilized in
nmny advanced application like NASA spacccmfis, laptops
cooling. etc, lieut pipes are genemlly composed of a tube.
closed off on each end, with fluid in it One end takes in heat
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and the other expels it. The heat enteruig the "hot" end of the
tube boils the hquid wluch turns it into a vapor. The vapor
expands in volume and travels to thc "cold" mid where it

condenses to a liquid and gives up its heat. The fluid is then
returned to the hot end by either gravity or a capillary wick
and stans the process again. Iieet transler is limited by the rate
at which liquid can floe through tlm v;ick, entrainment of
liquid in thc vapor stream and the rate at which evaponstion
can take place without excessive temperature diiferentials in
the evaporator section. These factors restrict the transport
capacity, hmit pipe length and potential usage for a buil sling's

heating. An innovative heating system svas developsxi in
which radiators includes several heat pipes in order to
improve energy transfer into ndiator from circulatin hot
wilier

[0017] Traditionally. copper has been used to make enve-

lope and wick for ivater heat pipes at temperatures below
about 150'. In tlm era of steam heating systems dominance.
soldered copper tube lures uere not un l ized for steam systems
for the reason that oui lti pie rapid heating cycles cause leaks in
joints. Introduced in 1950'", the Stean Mini-Tube Systcllt
employed copper tubin for "two-pipe" steam coil air
blouvr tcvlmology but didn't benefits of vacuuni system
Modern plumbing employs flared, compression aixl pressed
fittings in order to reliably connect copper tubes without
using solder, this technology is barely used bcvausc I'eu

steam systems u ere installed ui the last Iii'ty years and typical
stcalrl licit tillg system i'ctfiiilt is csillvcrslsiil to ilot svil tel.

SUMMARY OI'IILi INVLSNTION

[0018] Proposed is a method ol'preventuigeaterhmmner-
ing in a single-pipe steam heating system by condensate
retention in the radiator during hmitmg cycle and relctmse uito
the boiler ahereard. The technique justifies the usage of
noncormsive lightweight radiators and small diameter nib-
ing.. In an air evacuated system, vapor tcmperaturc can bc
mauitained ui interval from shghtly higher then meltin point
to nbove boiling point Noncorrosive materials would also
help 18 climuinie rust problems

[0019] Also proposed is a nwthod of cycling boiler open-
tion ui order to natunslly induce and nmuitain a vacumn ui n

single-pipe system with periodic condensate return. For this
purpose, air vent/vacumn check valve svt or combined device
is pmvisioned either on each radiator or on the system air vent
line conncctivi to each ndiator. In the first heating cycle, the
boiler is stopped when thermostat's set temperanue is
achieved and the most distant radiator is heated from top to
botkmi The sivond mindi tion is essen tail to van fying that the
system is completely pur ed oi air. In a cooled system sterna

condenses inside mid creates a vacuum, but tlie vacuum check
valves uill not let air in. Theoreucally. system cooling to
90-120'( can create a vacuum as low as 1-2 inches llg.
Vacuum pump can also be utilized fiir cold start of leak tight
system and for converted steam system u ith mutor leaks.

[0020] To takiadvaniagcofa vacuum ui the system, second
and follow ing heaung cycles are carried with negative boiler
mit oiT pressure setting or setting lower then vacuum check
valve cnckuig pressure. Ii required. the air purguig cycle can
be repeated at boiler cut oif pressure setting lugher then
vacuum check valve cracking pressure The system is oper-
ated by autonmtic boiler controller us order to optinuze v ork-

ing pressure/vacmun sequence.

[0021] A universal method is proposed for the conversion
o I'rmisonably light sin le- and two-pipe systems mto a vapor/
vacuum system with a naturally induced vacuum.

I)RIFF DESCRIPTION OF THE DRAWIN(iS

[0022] Thc invennon will be more fully understoixl lrom
the follouiiig detailed descnption taken in con)unction uith
tllC aCCotllpillly'lilg drawings, ill 'SV111Cll:

[0023] FIG 1 illustrates the svhematics ol'in le-pipe
vapor/vacuum system u ith penodic condensate return.
[0024] FI(i 2 illustrates the schematics ol'ingle-pipe
stemn/vapor'vacuum heating system with nanirally uiduced
vacuum and periodic condensate renim.
[0025] FI(i 3 iflustratos die sclmmatics of large single-pipe
sterna/vapor/vacuum hmituig system with natunfly uiduced
vacutun and periodic condensate return.

[0026] FIG. 4 illustrates the basic nadiator design for a

single-pipe systmn with periodic condensate return.

[0027] 11(i. 5 illustntes the schematics of single- and two-

pipe steam heating systems convmted into vapor vncuum
system with natunlly induced vacuum.

[0028] FKi 6 illustrates the schcnmtics ol'large angle- mxl

uvo-pipe steam heating systems converted into a vapor
vacuum system with a naturally induced vacuum.

DL'TAILED DESCRIPTION

[0029] Certmnembodunents u ill now be described inorder
to provide an overall understanding of the principle~ of the
stnicturc, function. mamifactnrc, mxl usv. of thc device~ mid

methods disclosed herein. The features illustrated or
described in connection svith one embodiment may bc com-
bincvl v ith thc limtures of othi:r iunbodunents
[00301 Thc steam/vacuum system of the present invention
can be used in any building and/or dwell us8 as needed. For the
purposm of the descriptions herein, the tern& "building'* will
be used to rs7reseni any home, dwelling, o flice building, mxl

conunercial building, as well as any other type of building as
will be npprcciatcd by onc skilled in thc art.

[0031] In an embodiment, a steam source is provided for
pnxlucing and introducin steam into thc systems dcscribcd
herein. The steam source can be any source knossn in the art
capable ofheating water to produce stcam, including n boiler
system located ivithin the buildin to be heated or cooled,
and/or an external district heating system capable of supply-
ing steam front a location remote to thc building

[0032] A conunon principle of steam heating operation
assumes contuiuous condensate return uito boiler either
tlu ough inlet pipe [sut le pipe system) or sepante hne ftwo-

pipe system). As mentioned previously, a single pipe system
should eiuploy large diameter pipes in order ki avoid ~ster
hammenng and that requirement subsequently ivorsens sys-
tem cflicicncy. comfort. control, etc. Tho problem can be
resolved by penodic condensate reuini from radiators after
heating cycle shown in FIG. 1.

[t)t)33] Actually. the svhole system concept is a branched
'lmat pipe". but tv it bout a tv ick mid therefore. a ri. st oct ion on
length. Wlule steam is entering into the upper section of
rndiator 2, condensate accinnulatcs at the bottom and is

returned into the steam supply lute tluou h condensate floe
control val~e 3 after heating cycle. Either a tloat checl valve,
or a thermostatic valve, or a zero pressure chcvk valve can
control condensate return cycles: bubble ttpt t performance is
not cnicial. Steam delivery can beregulated bye control valve
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4 per radiator base (RI I. I&12, R23) orby a zone control valve
5 (R21. R22) Till: sy'stciii is coniiectcrl to a vacuilm plliiip 6

tluough a vacuum pump control valve 7. More conveniently,
a steam ejector can be utilized instead, ro create an initial
vacuum in the systein. Ibis makes the sysiem self-suflicient
and electncity independent. I'roper pluming pitch directions
8 should be provisioned for condensate retuni inni tlm boiler
by grnvity Such an ammgement facilitates penodic conden-
sate returns only after boiler I stops. Benefits are as follows:

[0034] hot condensate retainuig uiIhe radiator dunng the
heating cycle adds heat into the space to be heated

10035] after the boiler shut off. the vapor from the boiler
continues to deliver heat into the radiators till the
vacuum is formed in a system und equilibnuni is estab-
lished

[0036] additional heat fmm vapor conduit is recovered
by flow of condensate into the boiler

[0037] turbulent vapor flow regime in smaller dimneter
tubes ensures that condensatc droplets still bc carried
into Ihe radiator

[0038] tubes ol'maller diaiuetcrs mm be easily con-
nected with few:er fittings and less leaks

[0039] nist free copper (or thermoplastic) iubing can bc
utilized to trim down boiler nist draining procedure.

[0040] Depmiduig on the outside condiuons, the tempera-
ture of the vapor supp had into the radiators can be ad) usted by
conIrolling the system operating interval in thc vacuum, the
deeper the vacuum the loii er the vapor's temperature. Mod-
em copper plumbing is warranted for many years, so the
system dcpendcncy on the tightncss to leaks and. thcrcliirc,
iiii electricity for vacuum pmnp is limited. Polysulfone type
tubing can be utilized fiir steam conduit and flexiblc Tethm

type tubing for cnd point connections to radmtors. both ther-
moplastics properties exceixI the vacuum heating system

operational paramcten,.
[0041] Tlm described vacuum single-pipe systmn ivhich
has periodic condensate rehirn can be readily conivrted uito
vapor/vacuum system witli naturally induced vacuum by add-

ing, check valve 12 to each radiator air vent 11 Flfi. 2. The
cyclui boiler operatimis uicludc Ihc first heating cycle at a
pressure Iiigher then the checl valves* cracking pressure, the
vacuum formation in a closed cooled system and the I'olluiv-

in boiler operation set to vacuum or pressure befoiv clieck
valves cmcking pressure. The radiator check valve can be
installrxI either bcliirc or aflcr the radiator vent valve Rl I,
R21. R22. and R12. R23. correspondingly. If the vacmun
check valve is installcxI before the radiator air vent valve, the
ur vent valve is not participating in the second and Ihe lol-
lowing heating cycles; so longer trouble free operation time is
expected Tlm radiator vaeuuni check valves stay closed as
lon as the systeni operates under vacuum. Should uny
vacuum check valve fail, the corresponding air vent valve will
std l be on girird Io stop thea(man I'rom exiun the radiator, air
will be sucked in tlu ough the faulty vacuum check val~e after
every heating cycle and Ilm systmn will start to function like
a regular steam heatuig system.

[0042] In v ann iveather, complete system heating cycle. m
order to purge of air and create vacuum. is excessive. Vacumn

pump 6 may bc provisioned liir such conditions. All contml
valves 4 (radiators R11, R12, R23) und zone control valve 5

(radiators R21, R22) should bc open during sysnni purging of
mr.

[0043] In the laboratory setup, a 25 foot long Pi" copper
tube deliverixl stemn from a fii0,000 Btu/lti capacity boiler to

a single 5225 Btui)u capacity radiator without any ivater
hmnmcring problems Aller Ihe boiler shut oif, hot vapor
conuaued to heat the radiator for another 30 muiutes wlu le the
vacuum emerged in the system. For thc same smam load,
eimlosed in PBX tube (cross linked polyethylene) a copper
nibe is 9-12 times less weight, 3-1 times less in cost and lias
a I 5 tinies less heat loss compared to threaded stccl piping
within 2" thick uisulation
[0044] The diagrmn for u large system is shown ui Iii(i. 3.
To protect the system from mdiator vacuiun check valve
fulure/leakage, hnes from each nidmtor air vent 11 me con-
nected ai the system's only vacuum check val~e 22. The on
and off control valve 23 is in sync with the boiler opemtion
and can be used uistead or in addition to the system vacuum
check valve 22 and for routme system pressure leak tests.
Sunilarly. system's air clmck i alve 21 would secure system
against radiators'irvent ~siva failure: fmilty valve can easily
be traced by monitoring the temperature of the lines.

[0045] Due to heat loss in a long supply lines. too much
steall1 iiIay ciilliieiise oil coiiililit walls. Intenncxitate cotiden-
sate drippings into wet return 24 are shown from up feed riser
25 and from a group of upper floor radiators (Rl I, R12,
R3). 26 and 27. correspmulingly, I or radiators R21-R24.
separate condensate return through the line with a tloat check
valve 28 mi mich radiator is slxiwn, during hi:sting cycle
condensate continuously flow s into the boiler wet return 24,
like a standard two-pipe design
[0046] With snmllcr diameter tnbes. lightweight noncorro-
sive panel radiators can be utilized; the basic design is shown
on FI(k 4. The radiator consists of a flat pmiel radiant section
31 and a couvecuou secuon 32. The corrugated plate on the
mdiator*s "room side" provide ngid stnicture and uddit«mal
surface liir radiation. the wall sich: is covered by insulation 34.
Cmss-section A-A illustrates an example of the thai radiating
section. I'ins 33 on con~ection section 32 enhance the heat
extraction I'rom condensate. Steanvvapor delii cry into the
mdiator is controlled manually or automatically by on,'off
control valve 4, depending on the temperature setting in the
baited space These li htwcight mdiators can be inaiiufac-
mred inexpensively in a variety of shapes and sizes mid con-
veniently mounted under the windows or on the walls.
Becmise proposed hglflweight radiators nre lieated and
cooled sivgnificantly quicker, men rooms temperature profile
can bo achieved to improve comfiin and ciwrgy efficiency

[0047] The same combmation of cychng boiler opemtion
and thc vacuum check valve on each nidiator can bc utilize to
convert existing rmisonably leak tight steani heating systems
into vapor heating system w:ith a naturally induced vacuum;
thc better tlm sys~tcin is sealed against leaks, the better the
expected perfomiance improvement. The diagram is shoivn
on VICI. 5 for single- and two-pipe systems radiators R21,
R22 mid Rl1, R12. correspondingly For two-pipe system
condensate is returned into the boiler wet return 24 throuJt
steam traps 41. Piping arrangement table in FICr. 5 explains
the ddferences for each radiator piping. Both single- and
nvo-pipe systems can coexist in a vapor vacuum system. No
change is requircedI for existing piping pitch 8 and I'or stcam/
vapor/condensate Ikiw directions 42, 43.

[0048] Auxiliary vacuum pump 6, connected to the system
tlu ough control valve 7, can be prov& stoned to qiuckly restore
vacuum in retrofitted system before heating cycle. Compared
to kniow n vacuum systems wlmre high capacity vacuuni pump
is on and off during every heaung cycle. vacuum pump 6

operates only fora short time to restore vacuum in the system.
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Then boiler ls cycled at cut off pressure higher then check
val'vcs cllickulg pl'L(sole till thermostat set temperature is
aclneved; air ls completely purged from the system by tlmt
time. Vncuum emerges naturally aficrwards in idle cooling
system. A g«L fueled system u ith milk-volt wmlrol. powered
by pilot flame, Is electricity independent and will maintain the
vacuum without vacuum pump in case of power shortage
[0049] By installing a chcmk valvewith I psi crackingpres-
sure behind each air vent valve, a one lnindred years old
residential single-pipe stean& system with had six rndiators
was converted ulto a vacuum system. In test nuts. the 24 utch
Hg vacuum was produced in 00 minutes after the boiler stop
In the first heating cycle. 22. 19 and I 7 inch I lg vacuunls v ere
retained after 165, 260 and 330 nunutes, correspondingly.
This timing matches boiler day time cycling frequency in a

cold season bul system abihty to hold vacuum ovenupu is not
sufficient; vacuum pump may be enlployed to restore vacuum
ul the u«lr'Bola.

[0050] I'or the conversion of large existing stemn systems
into vapor/vacumn systems with a natum fly induced vacuum,
a single systenl vacuum check (alve 22, n system air vent
valve 21 and a system control valve 23 can be utilized to
improve reliability and leaks demction shown in Flfi. 6

[0051] Vgitl«mt changing the system piping and radiators
arran ament, ate un from the distncl grid can bc utilized
Instead of the boiler. Tile vapor heating system v;ith a natu-
rally induced vacuum can be lntegmted into a district steam
hwulng system In tuo uays.

[0052] Single loop [direct steam usage) Alfter pressure
reduction. distnct steam ls throttled ulto a ~apor heatln
system with a naturally Induced vacuum. The mnount of
stenm is controlled la order to keep the hLa tlag Pfsti u I at
the desired vacuum level.

[0053] Separate loup [indirect stenm usage) A coll v'Ith

high pressure district steam is used inside evaporative
heat cxchangcr to vet going thc vapor hcnting system
with naturully induced vacuum.

[0054] Depending, on Ihc particulnr system specifics, Bn

antomatlc boder controller should provide follouulg func-
tionalitics

(0055] vacuum pump switch on/off to restore a vacuum
in the systmn

[UU56J I" boiler heating cycle at switch off pressure
slightly higlmr then vacnmu clmck valve cracking prcs-
sure

[0057] Iempcraturecontrolofthemostdistantradiatoras
an indlcat«ln of the complete air removal from the sys-
tcnu

[UU50J monitoring the speed of the vacuum fomlatlon in
B svsILOI

[UU59J the second and the follwving heating cycles
operatiwl nt thc boiler cut olf prcssure belolv vacuum
check valves cracking pressure; the uamler is the
lveather outside. the less cut off pressure is utilized and
the lov er ls the steam/vapor temperature

[0060] klw «stet'shill off'device Io prevent boiler over-
hcll

tlagg

[0061] air veni lute temperature monitonn to detect
radiators air vent failure.

[0062] The boiler controller can be integrated ulto the
building control system in order to optunlze operation. One
high power boiler can bc replaced by a set of smaller capacity
boilers fired up alone or ln a gmup to save energy, as well as
allow ease maintenance and emergency repairs.

lglmt is claimed is:

1. A building vapor/vacuum heating system u i th a plurality
of radiators comprising of:

a vapor source
a I'ceder conduit counecung said steam/vapor source to the

radiators
a condensate return conduit on each mdiator connected to

said feeder conduit
a condensate flou: control valve on said condensate return

conduit for retaininc condensate in tlm mdiator during
the heating cycle and releasing condensate after the
heatinvg cycle

a vacuum pump/steam elector to evacuate the system
B thcrtr«ISIBI ul Ih(.'space Io bc hLatcd
a vapor source control unit
a pressure in a system sensing means for generating a

stgatal to n vapor swuce cwttrol umt
whcrchl
an air from the system is evacuated by the vacuum pipe/

slcaul clcctor
a vapor source is switched on and off by the control urut

within preset prcssure/vacuum interval till the tempera-
ture ul the space to be heated Is equal to the thermostat
set temperature

2. A heating system as claimed ln claim I filrther including
per radiator base:

a space to be heated temperature sensinv means for gener-
aung a sigiml indicative ol'diff'crencc bet«(mn thc tem-
perature set tulg uld acuml teinpenlture ul the space to be
heated

a control unit, responsive to the signals generated by said
space to be heated a temperature sensing means for
providing an output stgatal

a vnlve on a feeder cimduit into the radintor in the space ro

be heated acting to slult off ln response to output stpvtal

from control unit
3. A heaullg system as claimed ul c lauu 2, further includ

ulg
a temperanire sensing means for outside tempemture
u hcrcln

ihe vapor source wit in/olfpressure is adjusied depend-
ing on the temperature outside ul order to control the
vapor's tcmperaturc front thc vapor source

4. The vacuum heatulg system of clmm 3

lvhC I'Lul
a conduit flout vapol'oulcc to Iudlatoi's Is mi«fc lmul

noncormslve copper or thermoplasuc tubulg.
5. The vacuum heatulg system of clmnl 4
wherein

a conduit from the vapor source to radiators is enclosed into
coaxial tlmmxlplastic Iubing for mecluuucal mid heat
loss protection.

6 A heating system ol'clmm 4, further including
an air vent valve/vacuum check valve pair on each of said

radl Illo I'

a tenlperature sensing me ms on the I'arthest radiator
wherein
the first heating cycle is carriccd out to purge an air from thc

system at the vapor source cut offpressure setting higher
then the vacuum check valves cracking pres sure and the
vapor source is stopped when the first temperature sens-
ing means signals actual temperature in the space to be
heated is equal to the thermostat set tempemnire, and the
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second temperature sensing means signal steam entenng
into Ihe air vent line of the farthest radiator

the second and the following heating cycles are operated at
thc stcam source's cut offpressure setting to a pressure
below tbe vacuum check valve crdckmg prcssure to
maintain vacuum

if ncceswsry. Bn air purging cycle is rcpcated at thc stenm/
vapor source's cut off pressure higher then the vncuum
check valve cracking pressure

7 The heating systeni of claim 4. I'urther including:
an air vent valves on said radiators
a system air valve/vacuum check valve pair connected to

each msdiator air vent valve
a system contml val~e
a tempemture sensing means of the farthest mdiator
an air vent lute from each radiator mr check valve to said

system*s an air valve/vacuum check valve pair
wherein
the first heatmg cycle is cerned out to purge an air from the

system at the vapor source's cut off pressure setting
higher then the vacuum check valve cracking pressure
and the vapor source is stopped when the lirst tempem-
tuic sensing nlcdns signals aciU'4 tcaIpcratufl.'a thc
spare to be heattnl Is equal to the thermostat set tempera-
ture, and the second temperature smising means signal
steam cntcring uito thc air vent line ol'the Iiarthest radia-

IUI'he

second and the following heating cycles are opemtcd at
thc stcam source's cut ofl'ressure ac/tin pressure
below then the vacuum check valve cmckuig pressure

if necessary, an nir purging cycle is repeated at the stemn
source's cut off pressure lngher then the vacntuu check
valve cracking pressure

g 4 method to induce and cxcrc isa a vncuum in the existing
single- and/or tv o-pipe steam heatuig system 11 i th a plurahty
of radiators comprising of:

11 VBPOI'OI 8'CC

a feeder conduit connectin smd vapor tmurce to the radia-
tors

ui air vent valves on s ud raduitors
a steam tmps on the condensate return lures from radiators
8 vacuum punip/Btcani I'lcctoi'o cvdcUatc tlm svstcni
a system pressure sensor
a thermostat
a vapor source control unit
a pressure in 8 system sensing means for gmiemsting a

signnl to the vapor source*s contnil unit
a temperature sensin me uis ol'he fmthcst radiator
a vacuum check valves are installed on each radiator air

vent linc
wherein
air is partially evacuated from the system by 8 vacumn

pump

the first heating cycle is carried out to completely purge an
'itr Iroiri the svstcn1 Iit the vapor soumc 8 CUI Olt prcssUM
settuig lugher then the vacuum check valve cmtckdng
pressure and the vapor source is stoppvxt wlmn the first
Icinpendnne 8811slilg 81cdlus signals Ihc uctUBI IcnIpcfa
aire in the space to be heated equal to the thermostat set
temperature, mid a the second tcmpemture sensing
means signal stcam cntenng into tbc air vent line ol'thc
farthest radiator

the sccund and tlm following haiti n cycles arc operated at

the steam source's cut off pressure below the vacuum
check valve cracking pressure

If necessary, an air purging cycle is repeated at the steam
source's cut off pressure higher then the vacuum check
valve cracking pressure

9 A method to naturally Induce and exercise the vacuum In

the existing single- and/or tv;o-pipe steani heating system
vvith 8 plurality ol'radiators comprisuig ol'

vtipor source
a feeder conduit connecting said vapor source to the radia-

IOI's

an uir vent valves on said radiators
a stcani trap on the crmdcnsate return lines from tlm msd18-

tors to the boiler
a vacuum pump/steam ejvector

8 tlmnnostat
a vapor source control unit
a pressure in the system smising nwans for generating 8

signal to the vapor source's control miit
a temperanire sensing means of the farthest radiator
a system's air valve/vacuuni check valve pair connected to

each msrbator air vent valve
a system's control valve
wlmrein
air is partially evacuated from the system by vacuum pump/

steam ejector
Ihe first heating cycle is cerned out to completely purge an

mr from the system at the vapor source's cut offpressure
~etting higher then thc vacuum cbcuk valve crdckmg
pressure. and the vapor source Is slopped when the lirsl
tempemiture sensing means signals the actual tempera-
ture in tbe space io be hcaicsl eqmd to thc thermostat sci
temperature. and the second temperature sensing means
signal stcam entering into the air vent line of the fnrtlmst

Iddmtol'hc

second and the following heating cycles are operated at
Ihe vapor source's cut off pressure belo~ the vacuum
check valve cracking pressure

If necessary, an air pury'ng cycle is repeated at the steam
source's cut off pressure higher then the vacuum check
valve crackin pressure.
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