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WATER H ELD OF | NVENTI ON The present i nvR#AHAGIS100879
appl i cabl E&gﬁﬁlﬂ id fluid heaters which are heated el ectrically, tanks

therefor, and methods of maintaining and/or providing 5 the fluid at ‘a
predeterm ned tenperature. The present invkntion has particul ar

application to water heaters, and nore particularly water heaters that are
desi gned to provide water substanUWAYEa KMEATER boiling point.

BACKGROUND Vlater heaters of the boiling water type generally have
wat er heat edFIELDVORINVENT mage tank. It is considered that boiling water
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tank, the Wa&@g itid *isaivaféro xtégdawd hdrBUPaﬂrdwaﬂ'F wate? Réaters dhat egeof

control over ea ing o e wat er. he other hand, a relatively
| ar ge hedeslggedIterpromdeana&eﬁubst&nﬁaﬂy ahormaebonlmepmat er will heat

relatively q is desirable by a user of the water heater, but
t he degree OB@*F&)‘(‘BQUU er t he water tenperature is greatly reduced

There has thus beWat%rOHéétbFéJ'o‘Mhaob@iﬁﬁQCwate?dtWet genetamy haweé ewatevf hedted
storage t 8e in heating to and maj nt ai ni
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to be vented or spl ashed out, eat e on
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The present app on see address these difficulties by providing a
30 nunber 15f storagettanksthe water will heatslowly asd:will thus psevide @amntmdeme of

hor il “oons SBaf BRbe g Sebbl G fter, FRF Ipd flr SERALS el e
heating element is used to heat the water, the water will heat relatively quickly
as is desirable by a user of the water heater, but the degree of control over the
water temperature is greatly reduced. There has thus been a difficulty

20 associated with water heaters of the storage type in heating to and maintaining
" - water within the storage tank at or near boiling point, i.e. 100 °C.

Yet a further difficulty exists in that the heating of water beyond bonlmg
point is considered undesirable, not least of which for the reason of safety of
users, so that the action of the water boiling does not cause boiling water to be

25 vented or splashed out of the water heater and onto a user, but also for the
‘reason that the heating of water beyond its boiling point is not considered
energy efficient.
SUMMARY OF INVENTION
The present application seeks to address these dlfficultnes by providing a
30 number of inventions.
' One invention is predicated on the provision of at least a portion of the
water inlet conduit being in thermal contact with at least a portion of the steam
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It has Iwewedzidnd that the arrangenent of the proximty of PCTIAUSAI0ETY

inlet conduit to the condenser facilitates the cooling of the condenser by
t he passage of water through the waegr inlet during filling of the tank
and thus aids in the reduction of heat emtted fromthe water heater
and further reduces the 5 amount of energy used by the water heater to

mai nt ai n tdondeaserd ihhassbeen faund thattheartangementofithe préxiaiity ofithe water.
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bet ween t he congenser and r. nI et, enabl es ttge water in.the 15 water
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trigger tqANRE WatbEstora emwsé@i,gagngé&]ance the sensitivity of the
tenperature sensor to s?eam gi ven by the heating of the water.

Yet anot her i ndtnhasnalse b@?ﬂl ﬁ&ﬂ\{ﬁnﬁgﬁﬁlﬁdﬁ faung: ithah provisign it the a

25 cycl o) st Baihd'Ref o HEiRehére dFofib el foddier Wi i Arold of oo
]E ; l: ?lgﬂ easn :pragurmthatweénrthe mmidernseela%)nsds wsaggnn :jm?r mntb(lﬁse tlger:ﬁtzh iirs the

ol a1 18 Jwadrafiel Jo. Heed qur of ReWater inie), Brximate 3hS:dandanser brothe

Si gni fi canhgiesstdiatisphefe (AHUaRFthaYwale? inlet kaﬁuCépé?ﬁuréf dr ai ni ng of

wat er, that would otherwi se be situated in the inlet 30 conduit proximate
t he condenser tAmether invention resulis Hrom ithe placementsotthestemperature sensing: i n

the provi é?i‘qé:e aas%eﬁéreqimrélxtexpmo'?%qﬁlﬁgarﬂy Wit wifet thd etgPHenser

arrangenen sensi ng
flowing through the water inlet conduit. Th_ls squirt has been _found to relatively

20 rapidly cool the temperature sensing device to below the trigger temperature,
and therefore enhance the sensitivity of the temperature sensor to steam given.
of by the heating of the water. |

Yet another invention is resuitant from the reduction of mass of material
heated by the already heated water in the storage tank during a maintenance

25 cycle. This serves to allow the temperature sensor to reniain abovae its trigger
temperature for a relatively longer period of timef -This fac_ilitat__es a reduction in
energy losses and therefore enable relatively extended cycle times in the
operation of the water heater. Significantly, the mass is reduced by the
reduction or draining of water, that would otherwise be situated in the inlet

30 conduit proximate the condenser tube.

Another invention is considered to resude in the prov:smn of an electromc
sensing element in or near the condenser arrangement. The sensing element is
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sensor hulb or tenperature sensing elenent, but may al so W r

?w tabl e tVB@"&?‘ | ement, for exanple a noi sture sensing el emanfU e

t enperature sensor and |ts control circuit may advant ageously be desi gned

to operatively trigger heating of the wgter in the storage tank when the

element 5 registers heat within the range of 40 to 90 [err]C. Preferably

the tri

anot her - nvehETGAEL 4 Rensor T B GmBkralFf s6nsd plomont, but may"blsg be
el ement wi t hanothensuitablectype obeldmemdom/examws apmoistdre sensimgt elenient. A
condenser arrangenent. - The sensor bul b |$ ref erab desi d,to,cqol a
10 r esul ofte@@pefgttsr@maﬂmtﬁec%t%m bunay ScvastAgeduRy becsesigned to
the vater opefivbly HifgetHedtihg 8P thé WetdF it ¥ig oralid! ek wihthe! ofritt

heater is over tenperature sensor agaln rises above
its trigges tepigtersaheatewithin the range Afid0itor90 0. Mreterably theddggeniemparature
the insul ation q(if t he tegg%ature sensing elenent fromthe condenser

conduit. Thi S $ei&tcLNegh ves to enable 15 the tenmperature sensor to be

nore responsive tStl“eéﬁerbihvbhﬁoﬁ S e rﬁﬁwsmn Sdfeéﬁ‘ el&ﬁ’dniﬁll ﬁ'gg@ﬁtu?bso
reduces conduction | osses to the condenser tube. EVB
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vari-ous i1Q ergsultnof Uelaglsplashed by the wateFlf@twmg ZthrdUghsthaaapertarestmmcawaher
view of the |o ccwcwtr ordance with the pres

i nvention di m bug:not to cool t° ngﬁP"@J“g that JBQ MﬁﬁtQE in the heater is I°é’8'$°élﬁ)dof
the condensepgfypg tﬁ@i&hghfﬁtﬁ@ Sensot B ik n%bé%%%ﬂi%ttglggéf‘fbmperature . hF' gure

4 illustrates, 1n secti thermstor sensor bul
reference to Fi guAmotherainwention hsaalsc providedin thesinsulation of 2be temperaturel

vent 3 is o EeRRIEAESERF i 166 copdafisetRabadt o Yhie nsiitoh, safh § ehdbib™
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has a supp coupled, in operation,
comuni cat esslﬁaﬂh Zhednsulation alsoreducesreanduction Ilgsscstrtba qqndﬁgself tube

PREFERRED EMBODIMENT
' A preferred embodiment of the present invention will now be described
with reference to the accompahying drawings, where: '
20 Figure 1 |Ilustrates a schematic view of a water heater in accordance with
~ the various inventions dlsclosed _
Figure 2 illustrates a schematic view of the logic circuitry utilised in
accordance with the present invention disclosed;
Figure 3 illustrates a more detailed view of the condenser and water inlet
25 conduit arrangements; and
Figure 4 illustrates, in section, the thermistor sensor bulb.
With reference to Figure 1, a water heater is shown having a storage tank
1 in which there is provided a heating element 2 and a vent 3. Coupled to the
~ vent 3 is a condenser arrangement 4 and provided within or near the condenser
30 4 is a temperature sensor 5. .
The water heater also has a supply of water 6 coupled, in operation, to a
valve 7 which communicates with a cold water inlet 8 for filling and refilling of
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tank WiwhogRsghr. The water inlet 8 conmunicates between Vpbpauéswosre and at .
| east partially along condenser 4. The water inlet is connected to one '
end of the storage tank to enable the entry of water to the storage tank.

In the enbodi nent shown, the water #nlet conmunicates with the bottom

of the storage 5 tank and preferably below the tap fitting 9 which is used

"as an -_outihe]E st?ﬁagéle?ﬁledrith wlatfat €Thé walter hgeﬁscﬂmﬂmdrﬁ%dtte? betwegn \?al@?
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found t haembadimemntsshawn, theawateoinlgbcommniunicates iwithsthecbetterh of the tstenage!

| ayer s of ter, each layer havin slightly different tenperature. By
the. pr dbi BB PrateraRy Beiqwi tie ap Tring §vaih s usedcs aniotih rcheated;
wat er canwgfbr from R $tatage i@k, the bottom of the tank and proximte the
heating el enent, and the 15 tenperature of the heated water proxinmate the

“water outl et chhelproyision atthexwaler supplynearone endar naan a2 bottom end. ¢f t o

100[err] & ' ouR onkh vent. 3., cQnde

arrangene e lan*hgn,ablégc}g’gin‘ggiﬁgﬁanéew é“pﬂﬁiﬂéﬁaﬁ e%?‘aw@{q% t he

form of asutsstantialiy teffedting or with ciftibesffecrcon! thw tonfpdratiradof theowatetance
anount of heat, to be 20 di ted or absorbed by the condenser.

with tghe . sSsi pa

It is W rRexima §itﬂpé'ttﬂ'!9'95wm%a9‘8%t\%‘t hout sone:excess steam or over
b ruch onii{Hs 688N 18nd Mt drater Hetod 7S 3ftPad Bt BOIEAREE doyefal®>”
cycl e, a thenmai layers mirwiatesceach liayershavingia slighthtdifferent témperature. By

o e o el f BeCRafS BE ol hecbirtorh 41 48 btk P8Ir5016H] b pam b "
sensor bublovited heabmhedsutibm of the tanicand iproxinizie the heating elérheht) and the

I nsufficient mass (that is copper tube), steamcould exit the condenser.

Cal cul'tR i tempsrature atibe hester water puiximatasthenwatarusiet sashe provided aba
e £ gt St ¥y S0 BLRBET V8 2 L Dot b0 peneh o

Also coupled to the tank vent 3 is a condenser arrangement 4. The
condenser arrangement is provided preferably in the form of a copper tube of a
predetermined length selected in accordance with the amount of heat to be

20 dissipated or absorbed by the condenser. '

It is almost impossible to boil water without some excess steam or over
boiling being produced. In the fil/heat functibn. the condenser tube could be
much shorter and still work very well, but, in the r_naint_enénce cycle, a longer
condenser tube is required. |

25 In the maintenanc.e cycle.'the condenser tube is not water cooled and the
water in the cooling tube -is drained out. Any excess steam that passes the
_sensor buib has to be condensed inside the condenser tube. |f there is |
insuff_it:ient mass (that is copper tdbe), steam could exit the condenser.

Calculation of the mass needed to condense the excess steam in the

30 maintenance cycle, given the heat produced by a 2.4 kW heating element as
~ used in a test wa'te_l_' heater over 2.5 seconds and heat loss of the condenser
tube, is described below: '

t he
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exanple nost p'referred form 1. Tot al povve 40v
) oy izt %ﬁe‘#ﬁ“ﬁg

Ener g t he mai ntenance cycle 2.5 seconds ON 5.
Energy used per hour: Heater OFF TIME 2.5 minutes in an anbi ent
tenperature of 20[err]Cis: 5 2.5 mnutes = 24 cycles per
hour 24 cycles x 5.68 BTU = 136. 32 BTU per hour, thus

136. 32 BTU = 40 o] [ he energy that the
condenser nust cmﬁéﬁsed&%?'ﬁ HS(B" lnameﬁgpreﬁlhréﬂgé arrangenent is thermally
coupled to tHe vvat'l&)talp!bwer24kW@m40b is also preferably provided in the
form of a copper éjbe whi ch rra sol dered or. brazed to the condenser

tube. Cther #ran EYé‘S&F’é"é msnt@nancemplﬂ n2.6recongds ONr= 168 BIUsent
f
i nvention. The COI’EnWét}ﬁert ory%z Hdur® O Heii6F OF ﬁW.’?.Q'lrﬁﬁlglrt m% afifbient

wat er heated with tank. e condenser is era
inclined t& all owtemmmwof\/ZOHB i$;0 gravitate back to the storage t ank

by the ingress of air ffgmuye 1 cond nser 4 and aperture 16 when °
the water in valve 7 .?5 ufﬁsf %60@"@?&1 P% condenser 4 is also
preferably coupl ed 2ecydes x Deg BT 'ﬁs@ﬂZ'B‘FlP?bFﬁo&F RgPhere, and

|

preferably the space n a cover (‘not sh over the water tank.
Vent 10 is al so coupl edﬁ@&ﬂféﬁe@)wgmslml’mfevent that wat er over f | ows

in an error situat re vel sensing
arrangenment 12 \/\hlfJﬂQ&M?g%rgythgp@e ?#@ﬂ%z?ﬂsg?éyq%hﬁ to the storage
tank in whigch sensfiie tondenserardmgement is tirernmallyoootpliedoto tied avdtet linlet 8
predet erm ned upper water |evel of the storage tank and sensor. 13 is

provi ded to MHERJS alse pretasably-pravidad pthe Tormaf.a copper tyke which may be
level is preigaiddrey G’teb?%z‘rﬁ(d"ﬁfttm 'cdnd8hser .h;(?ﬂ'{é‘;'r]eél’ﬁéeriqﬁlmgﬁtst 8k E‘é@%n?@

el enent in the storage t IS preferre ng el ene
covered at withindhe scopei ef the presentdnventior.ofie kueadengen‘semmseto condense

the tank co nc e.water | eve ey, an
b t1 cul ar - prRSHIRNen oif AL iR Water Régtad Rlinin B4 Rbags Tl The fMtanser is
13 and 1545Fu; réﬁﬁéb@'nhﬁchﬁé& tafandw Q!onaengea SWilér 38 gravitdifecBack 1o the $tbrage
enbodi ment el'ectrodés are used ?
tank by the ingress of air from ven 10, via condenser 4 and aperture 16 when
the water in vaive 7 is shut off. One en_d of the condenser 4 is also preferably
coupled to vent 10 which is open to the atmosphers, and preferably the space
within a cover (not shown) over the water tank. Vent 10 is also coupled to a vent
20 11 in the event that water overflows in an error situation.
There is also provided a level sensing arrangement 12 which comprises
a conduit fluidly coupled to the storage tank in which sensor 15 is provided so
as to monitor or detect the predetermined upper water level of the storage tank
and sensor 13 is provided to monitor the lower level of water in the tank. The

25 lower level is preferably determined with reference to the height of the heating
element in the 'storage' tank. It is preferred that the heating element is covered at
least partially with water before heating of water within the tank commences.
The water level can, however, be set to any particular predetermined' height
dependent on the placement of sensors 13 and 15. Further any type of level

30 sensing can be used, but in this embodiment electrodes are used. Coupling 14
is a reference potential coupling to the level sensing conduit, and sensors 15
and 13 are coupled to their respective logic inputs 204, 205 as illustrated in
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15 and 13 are coupled to their respective Ioglc | nputs 204, 205 as
illustr WO 96/12147 g
PCT/A %8&%’7‘37 P%”Aws E I'gure 2.

I n the enbodi ment shown, the water is used to conplete the circuit
electrically between the grounded sensifig conduit 14 and the respective
level ~ sensor 13 or 15. + Qperation of the Water Heater 5 Initial

fFill of SF@W? ! 0 thé eRBAURINt shown, the wafdr 8 Ustid ©/\coplete the tircuft®!
wat er passés via valve 7 and water in er supply to the

bot t om of elegtricallybetween| g gratindedi seqsmg lconduitt t4 and the respective devalhen
I k from an enpty position, senses for water to
é%&r{f%}%‘n this case, this indicates that the tank water is

first fi

erence potential coupling to the level sensing conduit, and sensors

activate

above t heQp@ration ateriieatéhe sensor 13 may be placed any where to
sense mater_level, ' ' s -referably pl aced in water |evel tube 12
out si de? t JEI BERLY:Cont r ol From Initial Fill:
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NR&VERE sensor 13. In this Ease V!Nsefndf&&éé’i‘ﬁit%elﬁﬂk é%?l%%b%@thé

d. The steamrises via vent passi ng sensor

nbeating: elementh Thesersarst? may mjplamd«any where i sense water level,

018 SARIRHT Hiadetr fy weldtISudIduBE 32 autsicilertofipd BRICRSS20° O

| LogitrCorstrol Rronvinitédl Fik: of preferably 75[err]C, the heater

is swiched off and the inlet water valve is energjzed all ow ng

wat er The agtivatian; of: sensar 13 aseAoscribem aboverinengfignsls the logie.

g?Pcdlﬁy 18 clesé h@t&?"ir‘ﬂb?flaﬁesﬁdq bﬁ?}t&ﬁtdrf &g‘@@re& ﬁt*d?%ﬂ%é&‘(er

the” sensor b ter omever

thermistel séveio plmposetunitil heatifg of Ik watepdomnrsices! abl e

As the water approa__ches 100°C, steam is g_eherated._ The steam rises via
vent 3, passing sensor bulb 5. Any steam that is not _abSorbed by the sensor
bulb 5 will bé condensed on the inside. of the condenser tube 4 (having been
cooled by the passage on inlet water) and run back into the storage tank. When
the thermistor 5 reaches its trigger temperature of preferably 75°C, the heater
element is switched off and the inlet water valve is energized allowing cold
water to splash into the condenser tube 4 through aperture 16. This splash is in
the form of a small injection of water flowing over the end of the sensor bulb 5.

~ Most of the inlet water, however is directed to the bottom of the storage tank.

30

The amount of cold water that enters the storage tank is predetermined and
calculated to minimize storage tank water temperature drop. Too much cold
water would drop-the temperature of the water in the tank to an unacceptable
level. The methcd.preferably' used to maintain the water temperature at close to
boiling while adding small amounts of cold water is as follows:
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close to boi i ng whil e addi ng smal | anpbunts of cold water is as
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met hod has been achieved by firstly fitting restrlctors to the water
valve allowng only two litres of water pefZ mnute to pass through the
val ve. This has made the control of the water entering the storage t ank

much easier. The Jgﬁ%ﬁﬂg"% BBER' Ac éﬁhﬁﬁgﬁrﬁﬁqwﬁﬂq %é et? e water

anount of cold wa be 1 nj ecte Sone
end of the swealverallowing oflytwo litres 0k waiterl per miriute to pass@lnrohgh thpmabte nihlsl y

1.5 /2 . Thi t t takes f
Cher mi st or & BABARadR 108 coniiobt & Hater enterifg ihe storage anlt Rumeedpier. The
75[err] C andpietRed IHas iy %dn“ﬂéhlbﬁed'@yadlldwlhg% kmaﬁférﬁbuhf‘bﬁ céiiﬁvhter to

anmount of cold water has entered the storage ta he water inlet valve

will 10 clDsbednjected, semei ofgwbichnisnsplashe toyeréhemdgotm sensonhuth. \hel

Comes into comtarinietNave g 16t drpiButhtey FRYEE2 EE Toikiie AR

The anount opnciledting fr takeat for ahectiermistoe téweaammatakdm m)bwnts triggrer
while in the fill/heat function is disclosed bel ow

consumpt i on Mperatawyol V516 SUrbalsoaNCUREcRR Ibultidejay olrguite ABTbIS el
time amount of. c@ﬁa\@fercﬁh% ehferd Sﬁl%ogl‘?ﬁ?ge tank, the water ml{fg@él% \Rﬂf

2to3mnutes I'ng t eam)un water entering t
storage tH@ kclnlseland theebeatmg elementi will/be=ta-ehergizedn The water will again staxtitoum

anobunt of water’ the inlet va liver is two,l.i

mnute w th- Dl TP uncanav congat faeifiimi Sha ides SomeS g soiact wit Sonsor;
M/sec 695555597—{%&'lﬂhéﬁéohﬁkiﬁi’ed’ﬁlll\/e is open 1.5 (mn) to 2 (max) sec.
33.3 ML x 1.5 sec = 49.9 M. x 2 sec = 66.6 M. max 4

cups per 1 litre a'hevamount of cqldwam that:can ent®o the storage tank at any one time
while in the fill/heat function is disclosed below:
15 1) Power consumption 240v / 2400 w 10 AMP - all models
ii)  Maintenance cycle time
Heater on 2 to 3 seconds
Heater off 2 to 3 minutes
iii) C'alculatihg the amount of cold water entering the storage tank while in
20 the fil’heat function. | |
The maximum amount of water that the inlet valve can deliver is two litres
| per minute with supply pressure being between 2-10 bar |
2000 M. = 33.3 Ml/sec
60 SEC
25 Time the inlet vaive is open 1.5 (min) to 2 (max) secC.
33.3 ML x 1.5sec =49.95 ML min
33.3 ML x2sec=66.6 ML max
4 cups per 1 litre of water '
JoOOML = 250 ML
30 4 cups
- 250 ML percup = 5 squirt cycles per litre
49.95 ML



30 4 cups 250 ML per cup 5 squirt cycles per litre 49.95 ML
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cup of %Br"f’?%é"wat er is drawn, five injections of cold 'wa‘?g?AMde to
the storage tank (1/5 of a cup at a tinme) to refill the tank. Logi-c
Control Grcuit for Fill and Heat Functgon . When the therm stor

reaches its trigger tenperature, the thermstor 5 sensing circuit 202

o o ¢ oI P08, Euf df dling, Fafer [BUrkwr, 158 itjoRGE oF chRP wRRErs magé3B (.1 |
i s si gnalthedtorageutank ¢t/s ohd cuptatra time) to refilk theytaflkt o 3 seconds. The heating

element will be switched on_and the water valve will be switched off.
Anot her i xOGAQIR0 AJISARIJOE A0S RALIIANCHO

Cemoratur e TWERRCING thBFmMGE ToaPHes. € TibBEP taiinkEuig’ Bk bvHhidehy
113 a2 ey gt e s, s
St eam or Gantebia switch ol theheating slement, At the samedime the watetyalbe Hrsiby i ded
during “]? §i%ﬁ%l_ié&t6’ftuﬁmentéﬂ}dﬁ’af&r,céﬁﬁ kﬂﬁh@é\{ 2 to BedEsHUS A tTHe hBafing!

heat er of vi ce versa. ere is also preferably ~ provided a
corr el at ialament wilk be\switohed-0v andithe avatep ualveawill benswitched offt he wat er

i nl et conduit i I s ot r t hat
the filling ofRﬁﬁéefi'ﬁ‘Ee'fs@&f‘#@aﬁﬁr@W@ negide in HﬁY't"Fls‘,i‘egg%%( 32%*?. vel
smal | 1guagt tHatnfétorcderisorsonbecRdated biyestoank tantperaire drathér tis water ‘y
further quantity of water is placed inthe tank and agai.n heated. It is

f ound t ha@mperaiy{ps ﬂ’h@c&%@%&éﬁl’%@ﬂﬁ@f Nﬂh@ﬁ%f"ﬁ%&%@ #anser bulthmin ap 9
as soon e : : +Rf -t : pSial’ der ed
Gosi r abl oohish“there °bRidES A RISIONE hBKHStSF, | The sangdi s drlgfebiy

i nvent i orplaced iinar neanthb condenséehtube’ Sohas te hevheated by the passagevofhin a
rel ati veléeshort period of tine. The.cyclic filling and heating

process i 3@59{9r%9&%99”\!§%@4@mter is drawn fromthe tank by a
user, fighe tankThérel i3 ProfeRIbUN Provideacdirmeg tRé iing’ of 1Re tank! andorrélafidai n to

be heated to the desired tenperature. _
between water in and heater off, and vice versa. There is also preferably
provided a correlation between water vaive off and partial draining of the water
inlet conduit proximate the condenser tube.

It is preferable that the filling of the tank occurs in a cyclic nature, that is, a -

20 relatively small quantity of water is placed in the tank and heated and then a
~ further quantity of water is placed in the tank and again heated. It is found that
this process enables the drawing of heated water from tap 9 as soon as the
water has passed the level of tap 9. This is considered desirable for a user
when the wéter heater unit of the present invention is first turned on, S0 that

25 heated water can be drawn within a relatively short period of time.

The cyclic filling and heating process is also preferably used when water
is drawn from the tank by a user, the tank is to be topped-up and the water in the
tank is again to be heated to the desired temperature. |

Between condenser 4 and water inlet 8 there is provided an aperture 16.

30 This is also illustrated in more detail in figure 3. When the water vaive 7 is
" activated to allow water into the storage tank, a dribble or splash of water

passes through aperture 16 and directly on to sensor 5. This serves to relatively




Bet ween condenser 4 and water inlet 8't"her'e is provided an aperture 16. 30

This is also illustrated in nore detail in figure 3. Wien the water valve 7
i-s activated to allow water into the storage tank, a dri ﬁanh
of water WOIHIWIS tnrough aperture 16 and directly on to Sgﬁiggp?g_ i's
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cool tenperature sensor 5 fromits tenperature at.or above its trigger

terperature Rimeskblyl Cool! 0oAghfitanrE SR8t & fomsRs éiibetdifrd SBPEBOVE M

therm stor can agai n‘be heat passage of steam e condenser as
a resul t triggert iemperatunregoh 750 s to ievlowaintersperature, tsecthat| thenipraperature

Ut rum HeRrBNStor cap,again g, Reglest by, BrsciEh Of el 1o SondRnest dE el
In this mainygianes water ﬁeaﬁ@%a@%ﬁ_sﬁrﬁb@ﬂ abovd)e Oriecthe filfihg rarfd heating eycle
f ter in the storage tank sub

maintain the tenperature o € te stantially at or
near the 5 hasdesulted in avater heingheated ioxwhet i indlicatied|asthe maximum water

0oL or 1] <ot viRVel ine Wik HeRfer dhes Tuc BinABoAdiRe ARIES et 5 passed |
sensor 5 and s tRihARivIeAante CyTiE; Nthe' operatiopcotthe 4vatét heatdrosenvesnto
practice that little if steami,s. vented o

g an t of vent .10.
Phan 1 ho wat RaIREAIR Ehe LBReTERD GhWAlaK 1A 1 SiRrags Jank subsantah;her pegtine
tube wll ge | Sl t4ifpezed to hold the therm stor above
its set ?gﬁpﬁéﬁﬁ%ﬁﬁeﬁmﬁ[@ﬂi&hmg 1zgor)itg'det ermned tine of at | east
two m nut 8@, aft ednshmaiintenance cycle; the water invihiel storage:tank beingdhieated Tpcto

cal cul at ed 2(109°C 8o tedm and this stSRmR eriAd vooh ey pdesd’sanso

has been founghdig comdensyd i ebAdesdrl ar'raiqemaﬂ 4. ltis fodnd in phasticerthatsttlie dh
is resultant fromthe reduction of nmass.of materi al heated by the steam

rising from @y sieamdgyventad ot olvent 10n t he storage tank during a
e oYL WABh b HBE e o0BE oo YalioRETE EYBREYY condenser
e R e TN e H s oA
reduced. Si gieMpeEUre of 75 foka bredetgtmined timeﬂgéﬂ}*ast reiQ GEIEHRS. Giter Which
drai ning of \@h&rind Kalter'Will DeCfdtitatbd agath.S I Therter" tithe {&°caltLiRited at 2 to 3
seconds and the “off” time is calculated at 2 to 3 minutes. The performance of a
_ unit so configured has been found to be very energy efficient. _
20 A further innovation is resultant from the reduction of mass of material
heated by the steam rising from the already heated water in the storage tank
during a maintenance cycle. This reduction of mass serves to reduce energy
losses and therefore enable relatively extended cycle times in the operation of
~the water heater. | |
25 In a preferred form, the total mass of material thermally coupled to the
. condenser arrangement is reduced. Significantly, the mass is reduced by the
reduction or draining of water, that would otherwise be situated _in the inlet
- conduit, from the inlet water conduit.
This reduction or draining serves to reduce the mass to which heat can
30 be lost or dissipated from or around the temperature sensor resulting in the
temperature sensor being kept at a higher temperature, above the heater trigger
temperature. As heat is lost from or around the temperature sensor, the



conduit, fromthe inlet water conduit. This reduction or draining ~
serves to reduce the mass to which heat can 30 be Iost or di ssipated from
or arou enperature sensor resulting in the nsor
bei ng k g’t"‘ﬁ“é hi gher tenperature, above the heater tr| g g‘?ﬁ‘wm
tenperature. As heat is lost fromor around the tenperature sensor, the
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ol ing lempgiidle Kehbof Wifl 4180 1688 HedtCand T Fesfe. iy 1 sehep Wlibg,
t he tank. below the tnggethnperatumamsmgdheatmg ofahagﬁ;tg:m V\:ﬁtaturlfet ge Cure 16

condenser arra wat er | et
and tenper at ur Epgé.gﬁg})phgwsm CEQ%?" "Spwleg\i%eﬂp'l ﬁgg 9 ﬁ@"ﬁ?ﬁ%@nﬁﬁ?"%ﬁ‘ﬁﬁé 4 .
t enper at Ugfig w&pfm& 8tdguthef WﬁhQﬁé%gmﬁre 16, aﬁdlmngesﬁiuﬂm@o% f eant he

extremties of the condenser tube ation neans
pref er dbl be §e|encthatghe rptacement af (thostempormWrofsenlser Shwithinsthe condenser

it oo b O foclaite e Ao oftamYRe” of 1R aNdindst 4 8°DEWRY Aica o

rel ativel Msb&tmmhbam%ﬁef&aw ﬁlicorsgmrﬁmmve A%ﬁ"\ﬁéﬂﬁbfﬁﬁétthéfmisi‘tﬁ'
therm stor and t her m St or provi ded a heat transfer conpound

of suit abnsep@ymed jn Figure 4 vﬂ?@ﬁeﬁh@belpctrnawsmwstaa i% indicated asid &Withr ass
01 2L Lher ket 6956 4k I 10 1GTNTE Sty 202, 2 herdepioviaed e rdliba o'

t he sensor can

t o rettd nsmallemass 2t which is . proxmﬁte thessensing past of ke dheﬂnrstdnuabd the ‘
oper ati ongl | e efficien sensor buI come J nt

cbnt act _viRGRISIOr U e Arbvitlasha hedt transtet SRmnqind of Btabis Tatinn; 2. o

woul d be Pl’é’fé%bl?omé dbAgst 'tﬁ% 23 (9488 oV Bh@b‘r'i‘ghﬁfmhw condubaiver -

Also in the nmai nfenance cycle, the off tine would allow the water 1 n the

st orage tenatetial of suitable quaiﬁyoa}heg;ans p3hessansior buib 28 otherthaai can be
envi ronne'q‘%ﬂe?’gogéj és%ﬁ}eh% Jeaﬁﬁgaf *é?élﬂ’léfewi hgg{m tivity. Too nuch cold

water may al so € rage tank. The size of the
apertur® provi The insullionsofothad senhdwhalbl{s%pdrammaﬂ motee efficient| alfeitie

borweon | HRNSGHRHIB WASTO GATmedEiaeAaFt WP Be FROdBBEST WEs: 1he FRAIGAATIR | | cd
Lo G ooy oF ettty ekl 8o/ 9N R SIS SRy lePpollRO ) e <
t her m st owater. dAlsp lnethevmatntenance cycle, the off time would allow the water in the
storage tank to fall well below 99°C especially in a hot ambient environment,
20 due to the lack of thermistor sensitivity. Too much cold water may aiso enter the
storage tank. o ' ‘

The size of the aperture provided at 16 is-preferabiy a 1/g" diameter hole
placed approximate the mass 21 of the thermistor sensor bulb-23. The aperture
between the water inlet and condenser tubes has been positioned and drilled to

25 a size so as to only allow a relatively small amount of inlet water to dribble onto
the very end of the sensor bulb. This allows the thermistor to drop below its
trigger temperature of 75°C relatively quickly. The bulk of the sensor bulb,
however, may retain its latent heat for the next boil cycle. This retention of latent
heat serves to reduce over bonlmg events. e '

30 it has been found that by allowing too  much cold water to run over the

* sensor bulb, a relatively large amount of stream energy is needed to reheat the

bulb, resulting in over boiling of the water in the storage tank.



£ri gger tenperature of 75[err] Crelatively quickly. The bulk of the sensor

bul b, however, nmay retain its l.atent heat for the next boil cycle Thi s
retention of | at ent heat serves to reduce over boi I [ Ny &) 5/03ﬁ79

It has becNOPHIHA" ¢ hat by allowi ng too rmuch cold water to run over

sensor bulb, a relatively |arge amount of streamenergy.is needed to reheat
t he bul b, resulting in over boiling offithe water in the storage tank.
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of the El ectTHHrts . ““The | ower | evel sensor 13
communi cates Wt hThbdowemmvet csehsor 18i commumnicates \ththdwpowleo rcagtrol aiveuitss

ty, the heat I t bl t b t |  wat
Colches. t he VR e eragestanic s mpty. Jhe esing elment srstasabyeeadiivt he
wat er heater ﬁé,tl?geq ?ﬁtfl%#”@.ﬁbhésﬂhe%%ﬁsensot pget valve is energised and

the storage ta wat er, preferably covering the heating
el ement. \Ben t heWbmrepowemssﬁrshapthcame water haater afier installationsthe water

h aJ b d h h
ener g sed anBi9leVpivRg S pRETRISQ arid e tBEAGE 1efR Vil HF Wind'water, RfktBfably
circuit comygyerHgethe hddting ElehfiitS WREN e Waitér @émés |mléontact witlsl thiehlower
water inlet valve circuit. I N THE MAI NTENANCE

therm stor i8engasi3,ithe wategyalvewillperswitched ofhc Tlh‘éaﬂﬁﬂﬁ‘ge?'ém W'm% E’P

be OFF, and r tenperature, the 15
heating el o nSfErbigeef ahd HeRuPb 1he wieP Wil LSmmedi | RTPPEATIC L

When the y@ter | eThe thermlsmr(mfdwm/cdrﬁ)nmmhtebavltmmemeamr poweroeandral toircuit
trigger terrperature t he E% ng element will be switched OFF, and the water
inlet val ve andth %&'33%'0 ‘@\P"'%"%nal | injection of cool water will run
over the 20 AR MAIN the water will be directed to the

bott om of the therm stor will relatlvelée |ckIy drop
below its trigger Whm‘ptheatharm,lstor is above e trigger temparature cthey

vater boi s, Wil &8 C ahd "inGh TRBY Inctristor s BRgW b e feria caué@ettne
therm st o{5t Reatirig gléjﬁembﬁmebé gﬁmbhgg@q tenperature. This cycle 25 will
repeat until the storagetank is ful _

When the water level is low (below 15) and the thermistor is above its
trigger temperature,the heating element will be switched OFF, and the water
iniet valve will be switched ON, a small injection of cool water will run over the

20 sensor bulb, but most of the water will be directed to the bottom of the storage
" tank. The thermistor will relatively quickly drop below its trigger temperature,
and then the water inlet vaive will be switched OFF and the heating element will
be switched ON. When the water boils, steam will be given off, and this in turn
will cause the thermistor to again go above its trigger temperature. This cycle

25 will repeat until the storage tank is full. -

The top level sensor 15 communicates with the Wat_e'r inlet valve circuit
only. When water coines into contact with the sensor 15, no more water can
enter the storage tank until contact with the sensor 15 is broken, for example by
the drawing of water from outlet 9.

Q6 N




The top | evel sensor 15 communi cates with the water inI et valve circuit
only. V\hen wat er cones |nto cont act with the sensor no nore water can

cxanp! MBS EET I out et 6. E SR,

PCT/ AU95/ 00679  THE | NVENTI ON ARE AS FOLLOWE:

1. Aliquid fluid heater corrprlsmg 12 a fluid inlet
conduit, through which inconmng fluid is adapt ed to pass;
and #mmm : se vapour from
fluid whi duit and the
condenser conduit being in ther mal contact with each ot her

over at | east or(“o,n of their |ength. 2. A fluid
heater asl-cl ai Iyid:heater coMANSING:t he inl'et conduit and the condenser

condui t are arrangeg f@Shfttésiduit, iR &ﬁ%éﬂll‘ﬂt‘ﬁripéaﬁ" Wﬁﬁgﬁsﬁgarpté@%”a'

cont act . 3. A fluld heater asc |nca|m n the
inlet conduit and tpass;anghdenser conduit are each a l-ength of pipe. 4,

Pt tnheater 2> b BolBanbd Gl 2osrdt 19 soPaeTd xhidyr B nidigh, 200
of  thermal contachas beerb heatdd, the Gnlbe Torduitsahtadheedohdenser eBAdGiR
claims 1 to 4, wherein the

being in thermal contact with each other over at least a portion of

their length.

|

2. A fiuid heater as claimed in claim 1, wherein the inlet conduit and the
condenser conduit are arranged substantiélly parallel over the portion of
thermal contact. '

3. A fluid heater as claimed in claim 1 or 2, wherein the inlet conduit and the
condenser conduit are each a length of pipe.

4, A fluid heater as claimed in claim 1, 2 or 3 wherein the inlet conduit and
the condenser conduit are arranged substantially co-axial over the portion of
thermal contact. |

3 A fluid heater as claimed-in any one of claims 1 to 4, wherein the
condenser tube is inclined relative to horizontal.

6. A fluid heater as claimed in any one of claims 1 to 5, wherein the fluid
heater is a water heater. :

7. A fluid heater as claimed in any one of claims 1 to 6, wherein the
condenser conduit is vented to atmosphere. |

This Sheet Has Been Rep!
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condenser tube is inclined relative to hor| zontal . A fluid heater

A Y ?hémﬁlﬂﬂuﬂmﬂﬂmw o S et 0

6, wherei condenser conduit is‘vehtdll t°o at rmsphere
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13 8. A fluid heater as claimed in éBy one of clains 1 to 7, further
conpri si ng an aperture prqvided between the inlet conduit and t he

condenser cgfdui tA fiff hea ;&pﬁbmmeaem c}p‘ima @I@@inﬁ@&ttoerafvjmmompnsmg

relatively small anount of incomng f uirted into the
condenser camaperturﬁeprwsded bratwesntthednm cpnsluutranslt e congenser conduit, the

herm stor . SRR ER A HzB et 8iades a oiifivaly sl alnkLbl S fTRDO4AG, °

to enabl gotbe symted dnto the Wondenser icomduithwhen! fadidcitowsithrdugptise inletr

at |least a portion of the therm stor, and being adapted to sense the
t enperature Qﬁf‘%t ed fluid in the condenser conduit. 10. A fluid
heater as clainmed in any one of clainms 1 to 9, wherein the thermstor is

at least partially covered by a netal case, the case being in thernal

' CO% act w t 9.t he Alfiuidrheater.as claiméd in aAy\mteeof ¢labwe 1 tods; further aomprising a
CcO i nati on;:

heating el elfBRIMistEr. dhe q“@éﬂ%" éﬁ%g’%%é't% ed;[ ﬁntlpecpgqﬁnser conduit 3 456"

enable the small amount of fluid from the inlet conduit to pass over at least a
portion of the thermistor, and being adapted to sense the temperature of heated

fiuid in the condenser conduit.

10. A fluid heater as claimed in any one of claims 1 to 9, Wherein the
thermistor is at least partially covered by a metal case, the case being in thermal
contact with the thermistor.

11. A water heater, comprising in combination:
a water storage tank;
a water heating element for cyclically heating water in the tank;
a water storage tank outlet positioned above the heating element;
a water inlet conduit for providing inlet water to a bottom portion of
the tank; and
a water inlet control means for providing inlet water cyclically and
in relatively small amounts in between heating element cycles.

12. A water heater comprising, in combination:
a water inlet conduit for passing inlet water to the heater and a
condenser conduit;
the condenser conduit being vented to atmosphere; and
an aperture providing fluid communication between the inlet
conduit and the condenser conduit, and for enabling the inlet water
to drain from the inlet conduit proximate the condenser conduit.



a water storage tank outlet positioned above the heating el ement;

a water inlet conduit for providing inlet=yater to a bottom portion of

t he t arke 9grisiq7 A Vﬁf@:’f«g -aNell control mneanspdRiusRErdi Ny
inlet water cyclically 3[ aHis Q"L«E?l,t{r'ED inrelatively small amounts in
~between heating el enent lcycle eHEP L2—A wat er heater conprising, in
conbi nati on: a water infet conduit for passing inlet water
to the heater and a condenser conduit; t he
condenser1i&ondhimethodraf substantially maintaiping keateddwater in a water heaterat a

conaul 1 AtBCErefed HuipSPalite; £RS ARuRE "aRfntiBhg the' stem. of aycticaly
to drain é ﬂ r?}&ith@ﬁd&téd wafofi mat e the condenser conduit.
14 13. substantially nmai ntaining heated water in a water

heat er at a pr edet erm ned tenperature, the nethod conprising the step of

T e el b hetpop IR Qiri ¥ B e, ep ST € dpgR b BBy ¢

heat ed wawater ffor less than1D minute, &nd enérgy is/notcapplietto the heated water for

deser! beqé_ss than 10 minutes. |
AR

15. A water heater as herein described.
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