WD 03/ 052327 PCT/ GB02/ 05771 -1 A HEATI NG APPLI ANCE The present invention
relates to a heating appliance. In particular, the invention relates to 5
a donestiwoasmbiaed heat and power (DCHP) unit. Such DCHPPamv¢E2bewie been
proposed which incorporate a Stirling engine connected to an alternator
to generate electricity. The heat 10 prqQduced by the engi ne whi ch"woul d
otherwi se be wasted is used to heat water feeding the donestic water and

central heating systens, and t2§é§%&é§%¥2§§25§§§§;valuable product of
the' DCHP system It has been favourabl e econom cs 15
are achieved for the unit when the Stirling engine/alternator is sized to

generate approximately 1kWof, electricit t this leve however, only
appr oxi mat el y 5kW b€ heBe St | 1 BESRE 58 d’é%%a%ﬁ choid h%ﬁ{sjs?%nti ally bel ow a

typi cal donesihgl heatel 0ath opar2fchNaexcess Dhivadkldn|nebates to supply the
remai ni ng heat, so that the DCHP unjt can_ co eEg %{ectively with the
current 2peci?itAedhlor CAFHRRLt FRAbotFerPO%E 55 %% efhtary gas burner

is required. The present invention ains to provide a thermally efficient

operation of the Stirling engi ne and s Ienentar¥ dbu%ggﬁ. 30 According to
the present invent?BrRt HeflB TRIEH BRIV RHBRYFE cObihed heat and power

assenbly conpréskparacStarbingl engi segand eomatetetieadean wherein the
Stirling enging is arranged to be heated by.a first bHrn r fed with
combust i bl e gaLteFRRt3S %s%ﬁ%??a?%r?%%?tﬁﬁﬁb€¥5|ngh%n &haust gas duct
10 produced by the engine which would otherwise be
wasted is used to heat water feeding the domestic
water and central heating systems, and the;efore
becomes a valuable product of the'DCHP'system. It
has been shown that the most favourable ‘economics
15 are achieved for the unit when the Stirling
engine/alternator is sized to generate approximately
1kW of electricity. . At this level, however, only
approximateiy 5kW of heat will be provided, which is
substantially below a typical domestic heat load of

20 in excess of 20kW.

In order to supply the remaining heat, so that
the DCHP unit can compete effectively with the
current spécification of a domestic ‘boiler, a

25 supplementary gas burner is required. The present
invention aims to provide a thermally efficient
operation of the Stirling engine and supplementary

burner.

30 According to the present invention there is
provided a domestic combined heat and power assembly
comprising a Stirling engine and a water heater
wherein the Stirling engine is arranged to be heated
by a first burner fed with combustible gas, the-

35 assembly further comprising an exhaust gas duct



WO 03/ 052327 PCT/ GB02/ 05771 -2 passing fromthe Stirling engine in contact
wth a conbustible gas inlet into the first burner to preheat the
conmbust i bWwe ogas23ent ering the first burner and subsequent IPgTHGRIR/05%T er
which is 5 additionally heated by the water heater. Thus, heat fromthe
exhaust is initially recovered into thg_inconing air/gas mxture to the
burner which has the effect of reducing“the fuel to 10 be burned and

i ncreasing conbustion_tenmperature.. ., which increases the rat heat
transfer to RS9 TNy %i%%%e%qwrbv%%n%%% e"?]fﬁéiogency of the
system This @drustiigies gdd cihheas iowd ool Bdrst doworer degree i s then used
to heat the*water ich 15 is al heat ed the s I ary water
heater, ther era\fggu %gc?%u%%rﬁalgaﬁp?ﬂbgﬁ%hnﬁ rtleer fire{o?n he
suppl enent ar ypuaier dredtaibsduanmcredsmt wafds offeidy is obtained if the
20 syst is arranged to Bfat t ter wi.th the  exhaust gas upstream of
t he wat heﬁ‘{élﬁ:ll‘?ﬂaafs@b %%%@Pﬁ?m‘? a2 HE for  exanple, be an
el ectric heater, but,is nost 25 preferably a supplenmentary burner.
Preferably the systemis arr ed so that_ the . exh t and gas fromthe
suppl enentary bur net¥S 1 (?ﬁfaa%%?%i%é% esa}}%%snh% o:Lrlsgelr?th%lya%%ze gi ven up heat
30 to the watescarskddei roosrbi e di rsd oneiang | i wfgangetkitwre heattiidhe wat er
upstream of the exhaust s. Wth ch an-arr e t r-will
receive rel YVEY ¥ 1'gral'éladse %eateiﬁeo% e rc%%‘g?lnrg%n@?? e@%i’\ﬂéa(g t he
conmpongrt s ofpd heuosdiaredl 5t dssas hay ec @b lad t syt giveretuprgone heat to the
water. The Vw%ﬁ?ch increases the rate of heat transfer to the

Stirling engine and hence improves the efficiency of

the system. This exhaust gas which has now" cooled

to some degree is then used to heat the water which

15 is also heated by the supplementaryAwater heater,
thereby reducing the thermal input required from the

supplementary water heater.

An increase in efficiency is obtained if the
20 system is arranged to heat the water with the

exhaust gas upstream of the water heater.

The supplementary water heaterymay, for
example, be an electric heater, but 'is most

25 preferably a supplementary burner.

Preferably the system is arranged so that the
exhaust gas and gas from the supplementary burner
form a combined stream once they have given up heat

30 to the water and the combined stream is arranged to
heat the water upstream of the exhaust gas. With
such an arrangement, the water will receive
relatively low grade heat from the combined stream,
as the components of the combined stream have

35 already given up some heat to the water. The water



WO 03/ 052327 PCT/ @B02/ 05771 -3 will then subsequently receive relatively
hi gher grade heat directly fromthe exhaust gas and from the

suppl emenwerog/omseher. Such an arrangenent is thermally efPCralBmmins775
Preferably the systemfurther conprises a Stirling engine cool er arranged
to heat the water upstream of the exhaggt gas heating. This not only

serves to pronmote the heating of the water, but also 10 hel ps to maintain
the required tenperature differential across the.Stirlir gi ne.
AIternativeIlef¥e£$ﬂ9eﬁPP8ﬂqHﬁ9gg% HeFFhed ﬁgiggﬁ%%%gdhgghggerating a
donesti c conbynede hrattaddredbl pofeomassenbkiausbnpassand §uppl yi ng heat
froma first_burner to a Stirling enging, exchangi om an exhaust
gas strean1Ieﬁg?n@u?ﬂieg?Pﬁﬁrﬁgbugﬂafhe §Ffﬁ A g%ﬁ%ﬁgﬁghBué i bl e gas
feeding the theshablyneffiandnsubsequently exchanging heat from 20 the
exhaust gassing fromthe first burner with water, and further heating the

preheated water in a water heater. The burner gases heating the head. of
the 25 Stirling enpregeaaplyyypheakyytah AuothdrldOOCrisss the gases fl ow

around the he eat is transferred__int he h r a d the

t enper at ur e ogg%ﬁglnaagggngngo 8ra?55%%8§§0§9 ﬁﬁégggggsg?Fggsfer heat to

t he i ncom ng fipettabm oifxtheeexhfushegesi Be30ing.f ufhher nhéabnitgcovery, the

exhaust gases flowi n into the, Stirli ngi-n I en pi |y have a

t enper at ure of &¥Gin OGBﬁEPO%ﬁetgseé%ﬁ?g?ﬁvggt?%% gggggéng%déE?é a novel
10 helps to maintain the required temperature

differential across the Stirling engine.

Alternatively, the invention may bef&efined as
a method of operating a domestic combined heat and
15 power assembly, comprising supplying heat from a
first burner to a Stirling engine, exchanging heat
from an exhaust gas stream leaving the Stirling
engine with a flow of combustible gas feeding the
first burner, and subsequently exchanging heat from
20 the exhaust passing from the first burner with
water, and further heating the preheated water in a

water heater.

The burner gases heating the head of the
25 Stirling engine are typically at around 1400°C. As
the gases flow around the head, heat is transferred
into the heater head, and the temperaturé of the
gases falls to around 800°C. The gases transfer
heat to the incoming fuel/air mixture. If there is
30 no further heat recovery, the exhaust gases flowing
into the Stirling engine flue then typically have a

temperature of around 600°C.

The present invention also extends to a novel

35 design of heating arrangement to transfer heat into



35 design of heating arrangenent to transfer heat into WO 03/052327

PCT/ (B02/ 05771 -4 the water. The requirenents for this are that it is
conpact awo esmbte to transfer heat fromat |east two sPCFOB2i0n0 t he
wat er at maxi numefficiency. 5 According to a further aspect of the present
invention there is provided a heating arrangenent for heating a fluid, the

arrangement conprising a housing; a duct within the housing towards its

outer periphery and helically wound about _.a central _axj 0. pof . t he housi ng
to convey thetPEuVAteFom The FEALEreRAtDHf FPhet HoTsThY %%aé RAER

second end of
the housing; @omsaep! gA@Ntar xobar der tranéher hoest ngradj ateheéasd the second
end and surrounded bgathe,duct to: transfer heat to hg.flg'd ina first

portion of thEWRuEEreams 15760t FRe Yo eﬁo?tgﬁgxf?Bﬂ13ﬁ£%x 8rFAl heat source,

the inlet being configured to direct the hot gas radially outwardly onto
a second_portion of the duct_ closer ,to the first_-end of ousi ng t han
is the Pirst port%ﬁﬁoﬁgl?ﬂetﬂu%t.HEEh%ﬁcﬂsgﬁcér?gnggﬁeﬁfgggngarticuIarly
conmpact as thevedppbenentaeyibupneriaad anhebtting gasahgemeah external

source are w thin the, duct roygh, which the fluid| : d. Further,
t he supplenenf%?yhﬁﬁtﬁﬁgn%r%gﬂﬁg?nrg? 3F§a39?%ﬁ%§dc?%§figgé g? heat to

different parhsusingheahehieakigheh. tHbusoushry Bowandeneéns cahebe set up
arranged (o BUBAVARETAFTY BRLUBRLLH HPHBCOF-PHE ago) FoRL RS
suppl enept ar yobutRer hangdihetbotogasyf than £heid from the first
end of the housing to a second end of the housing; a
supplementary burner in the housing adjacent to the
second end and surrounded by the duct tofgransfer
heat to the fluid in a first portion of the duct; an
15 outlet for hot gas from an external heat sourcé, the
inlet being configured to direct the hot gas
radially outwardly onto a second portion of the duct
closer to the first end of the housing than is the
first portion of the duct.
20
Such an arrangement is particularly compact as
the supplementary burner and inlet for gas from an
external source are within the duct through which
the fluid is conveyed. Further, the supplementary
25 burner and inlet are arranged to transfer heat to
different parts of the helical duct. Thgs, the
arrangement can be set up to be particularly

thermally efficient.

.30 Preferably the inlet is arranged to
substantially Erevent mixing of the gas from the
supplementary burner and the hot gas from the
external heat source at least until both have passed
through the helically wound duct. Thus the streams

35 are substantially prevented from mixing prior to



external heat source at l|least until both have passed through the helically
wound duct. Thus the streans 35 are substantially prevented from m xi ng
prior to W08 B32327 PCT/ GB02/ 05771 -5 reachi ng the ductPCarGRiiostyia nore
efficient heat transfer. Once the exhaust gas and hot gas fromthe 5
external source have passed through the helically wound duct, they may
then sinply be discharged either separé%ély or as a conbi ned stream
However, preferably, the two streans are formed into a conpined stream
once they haveea@hifal thegiveh epsubingne ekt eHLimecmticES2hnd the

combi ned stregmjsrepassed around a third portion of the duct closer to

the first end than is the second portion of the duct. Thus, the cool fluid
in the helically wound duct which enters the first end of t he housi ng 15

initially enCOU“te@ﬁcéhtﬁefékﬁéh¥€|§a§09hdcﬁabl?§§ esbheaneand i s preheat ed
by this stream before being heated b romthe extﬁgnal heat

source ahd thstgERalrsAVERS %ﬁﬁ%lEﬁﬁﬁ?ﬁr§h59Fﬂ%rth?0hﬁ$%ﬁ6 ¥ sone m xing

of the gas frQghﬁﬁeduéHPp%ﬁ@?”ﬁ@&YtHéﬁn§£m?ﬂ9 bheqhetngagelirom t he
external heat source is tolerable as a smn anount of n1X|n%vmnII have

relatively |ieifkesfsererahetReCr odéral FORRARPHGSBF BHe fIHANAYSTt is

preferabl e to,-2b-pLBI I S@h@UE\l@onb%i:@ﬁm@SaﬁHCboﬁﬁe@Oﬁﬁtbl g. Therefore,
preferably, a seal is provided to grevent ng?gi gas fromthe

suppl enent ar ycpupheedapbrEAB ORGE %@YfP%ﬁ?tﬁ%lE HaP+¥GUrER radially
inwardlyg of thRedHELt 88 the duct, and the combined stream is

passed around a third portion of the duct closer to
the first end than is the second portion Qﬁ the
duct. Thus, the cool fluid in-the;heliCéIly wound
duct which enters the first end of the housing

15 initially encounters this relatively cool combined
stream and is preheated by this stream before being
heated by the gas from the external heat source and

the gas from the supplementary burner.

20 Although some mixing of the gas from the
supplementary burner and the hot gas from the
external heat source is tolerable as a small amount
of mixing will have relatively little effect on the
overall heéting of the fluid, it is preferable to

25 minimise such mixing as much as possible.

Therefore, preferably, a seal is providéq to prevent
mixing of gas from the supplementary burner and the
hot gas from the external source radially inwardly
of the duct.

30

In order to maximise the heat transfer to the
duct, the duct is preferably arranged such that each
coil of the duct is flattened in the direction of
the central axis so that, in cross section, its

35 radial dimension exceeds its axial dimension. Also,



In order to maxi mse the heat transfer to the duct, the duct is preferably
arranged such that each <coil of the duct is flattened in the direction of
t he cent r&b 0053250 that, in cross section, its 35 radi al pdiTraBuiosTT1exceeds
its axial dinmension. Also, WO 03/052327 PCT/ GB02/ 05771 -6 preferably,

adj acent coils of the duct are closely _adjacent to or abut one another.
This ensures that the hot gas has to 5§§s through a relatively long and
narr ow passageway between adjacent cojls of the 5 duct whjch kes for

ef ficient heRrehHRI By aifﬁﬂ%cefa%c?%jo%f?]gu%?i%?ﬁ sa%ﬁho%o? XD 94/ 16272,
An exanpl e ofadficddwvend i@n abht sew Heotigescr itieds widures etlesice to the
acconpanying 10 drawings, in which: Fig. is a sche i c, di agram show ng
the |ayout of& Boh s32%5thas ity RERSF niéh]g%‘-g]%rﬁ li%fﬁjg‘?rgéyijsqrégschenati c

di agr am showi gy ther rdyeak s e da ¢ asONce St i ddi Agerengtael sysfemhe Fig. 3 is a
cross-section_through a heati nig aréfn(gﬁrrent' nd_20 F%eq. 4 ,fs. an end vi ew
of the a?rang@ntWiorch ke TRt Ghfeheitash $5°8 9. ™ 2onpri ses a
25 Stirling epgitnecdntpguhi€tomens sisowupphiesl oy/Be2Drirner 14. The heat is
transferred to the head by a systemof fins 3 as disclosed in our earlier
co- pending application no. 0020012 and exits through a flue. 30 The
arrangenment in Fi gan lef@fp e Vo ethdedtiesntdbon will now be

described with reference to the accompanying

10 drawings, in which:

Fig. 1 is a schematic diagram showing the

layout of a first Stirling engine‘Systém; 

15 Fig. 2 is a schematic diagram showing the

layout of a second Stirling engine system;

Fig. 3 is a cross-section through a heating

arrangement; and

20
Fig. 4 is an end view of the arrangement of
Fig. 3.
The afrangement shown in Fig. 1 comprises a
25 Stirling engine 1 to which heat is supplied by a
purner 14. The heat is transferred to the head by a
system of fins 3 as disclosed in our earlier co-
pending application no. 0020012 and exits through a
flue.
30

The arrangement in Fig. 1 has a water heater 15
which is arranged to heat a water stream 16 by
virtue of a supplementary burner 17. Exhaust gases
are expelled through flue 18.

35



which is arranged to heat a water stream 16 by virtue ofa supplenentary
burner 17. Exhaust gases are expelled through flue 18. 35 WD 03/052327
PCT/ GB02/WBA3052327 A comon gas supply line 19 is provi de@CrazBo2lost/m t he
first 14 and supplenentary 17 burners. This gas flowis controlled by a
single multi- functional valve 20. The Pur ner controls 5 controlling
ignition and flane detection of the blrner may be incorporated into a

mul ti-functional controller. Gas in the nulti,-functi,ogn% alve 20 enters
a mixing chanber ifh AMEGDFADISWRAGHht M Irhris ATP VI d%/?rs m xed with an

air stream 23,0kG, dida/en oy a1 4 adhd Higiasnerwh @i i Mpdaiers s- now suppl i ed
to a splitter valve 23 in which one %%24 ' | eads tl&eta._first bur ner
outl et 25 andid sehd R ned el [ THE et At TVeamount of flow to
each outlet imnoomdol ledky 20 f| ahyauemed’ odritetolis rotatable about an
axis 28. The position of the flap valve 27 i1l be set t he appli ance
control %r, a?ﬂi""qrsOl]cFrri‘I/e]rEIPotJtcPfgtarb%sﬁeJﬁnEﬁl,a,\enftoerc%ﬁh'p?%?%b? a servo 20
not or. Al t er Nt} nd Pedi Indd By e d e oliavindeit i-afureet orsdngl e i nt ake
fan 60, by such a splitter_ valve 23, d t%*en each ]:i r_ str coul d

i ncorporate PMALIUnctFdhat? VIS &P TOME P aclr St ey meter the

gas mxture tgheaeh burnerng Thhan2dr ard agentsdn ief showmtiurFi g. 2. The
fuel/air mxture fed to the S,tirljn%aewp_gci ne 1 flo arou%% a cowing 29

encl osi ng t hé @it &} rabfgehe Mzl WS- hetit & Hedt e BY the hot gas

10 driven by a fan.

The gas and air mixture is.now supplied to a

splitter valve 23 in which one.inlet 24 Ieads to a
first burner outlet 25 and a second burner outlet

15 26. The relative amount of flow to each outlet is
controlled by a flap valve 27 which is rotatable
about an axis 28. The position of the flap valve 27
will be set_by the appliance controller, and is
driven to that position, for example, by a servo

20 motor. Alternatively the air flow could be divided
after a single intake fan 60, by such a splitter
valve 23, and then each air stream could incorporate
a multi-functional valve/controller to accurately
meter the das mixture to each burner. This

25 arrangement is shown in Fig. 2.

The fuel/air mixture fed to the Stirling engine
1 flows around a cowling 29 enclosing the burner
arrangement and is hence heated by the hot gas

30 stream leaving the burner. The exhaust gas which

has given up some of its heat to the incoming
mixture leaves the cowling through manifold 30 and
enters the water heater 15 where it comes into
contact with the water stream 16 (which has already

35 been heated to some extent in the Stirling engine



30 stream | eaving the burner. The exhaust gas which has given up sonme of

its heat to the incomng mxture |eaves the cowing through manifold 30

and ent ewe oBlos23pmt er heater 15 where it conmes into cont cT/GBozlost7he wat er
stream 16 (which has already 35 been heated to sone extent in the Stirling
engi ne WO 03/ 052327 PCT/ GB02/ 05771 cooler 31) so as to further preheat the
wat er stream 16 upstream of the suppl en®ntary burner 17. The supplenmentary
burner 17 is fired to provide suppl emantatreé‘[eheating to the water stream 16

if 5 requiredoohitr edhawst agas o domttes mueeaiuths wBreq &&@ he wat er
heater 15 w tlh% SIS 938 [SPP1 e tSuRPrimRary burmer 17 through
ea

flue 18. The Ing arrangenent i'S shown in nore detajl 10 in Figs. 3 and
4 and conpri serplenenipiemirgy i dire? &% REReheat er 15. The wat er

heater 15 hag, g, 06n6{ally Hddigl iRl ROURItG: 3% Midnh 186 i n - axi s 40. The
suppl ement ary rner' 1771s positioned on the axis 40 so as to fire

radi al | b out weaiiireds \Bereshaystd 9af FHRP (1he et RHRGT 15 from the
ri ght hand Silde%\x}gsh';ékgé it thedaf t1 hand sive anmunst agamtefoduct 41
ngl e

VWhich is a si elical tube (which may be nade up .of a nunber of
connect ed 20 HeyrsmB)eR@IURE ArBUHE T e SRR 1 d< the outer
peri phery of the cylindrical housing 39. Each individual coil of the water

duct 41 is flattened in the axial direction. Adjacent coi l‘f ar.ejsposi tioned
closely adjacent tThemeanthALrHEeRAYE gt FNERIUGYeiHet Such t hat

Ihe PEAE" SRR RSN capimebuending Lavergery e mede of
burner 17 and water heater 15. The water heater 15
has a generally cylindrical housing 39 witb a main
axis 40. The supplementary burner 17 is”positioned
on the axis 40 so as to fire radially outwardly.

15

Water is fed through the water heater 15 from

the right hand side of Fig. 3 to the left hand side
around a wafer duct 41 which is a single helical
tube (which may be made up of a number of connected

20 segments) wound around the axis 40 toWards the outer
periphery of the cylindrical housing 39. Each
individual coil of the water duct 41 is flattened in
the axial direction. Adjacent coils are positioned
closely adjacent to one another, but are not sealed

25 together such that hot gas can pass between adjacent
coils. Extending towards the middle of the heater
15 is an inlet 42 for the exhaust gas from the
Stirling engine. The inlet leads to a circular
chamber 43 defined between two circular plates

30 44,45, the latter of which is an opening for the
inlet 42. Annular brackets 46 bridge the gap
between the edge of the plates 44,45 and the water
duct 41 to ensure that all the exhaust gas from
chamber 43 passes through the coils of the water

35 duct 41. Towards the second end from the chamber 43



Stirling engine. The inlet leads to a circular chanber 43 defined between
two circular plates 30 44,45, the latter of which is an opening for the

i nl et 42. wanabme7 brackets 46 bridge the gap between thePedgeBofos17he

pl ates 44,45 and the water duct 41 to ensure that all the exhaust gas from
chanber 43 passes through the coils of the water 35 duct 41. Towards the
second end fromthe chanber 43 WO 03/ 052327 PCT/ GB02/05771 9 is a

suppl ement ary burner chanber 47 into which the supplenenhar ? rner 17
fires. The suppl eneHPRAMepLAKEr RBERSTt RBABAPACENt 1BSP ¥ ES%a 5? t he

second end. g Egm@ﬁgﬁtég9 blukskrend EEQ@EEheTﬁEaBprlé&ehﬁaay di schar ge
chanmber 48 wi th-an outl et 49, There is also an outlet 50 for condensate
produced due Pernhs hra§E thefpreiarePtngPile bPYEKAS FPRaf®SPRfe of heat
10 recovery. IRhg. operation of the water.. heater 15 is as follows. Water
flows through the water 'duct 41 from the first end to the second end
around adhelical 15 path. The supplenentary burner 17 fires into chanber

47 and exhaust gastephbens @hel #hekt42nandropagnes chanbeehasbes 43. These
two hot streans pass radially through gaps bitmegg adjacent ,coils in the
wat er duct 41digcbagaeoghembgindBaiiERafBePu51S4nd 720 m=a*Conbi ned

stream This %%18} nedogtneamsihenr thawenback pheaughd Beewaberhaduct 41
e

adj acent to t irst end as indicated by arrow_52. Theokn%%ning water is
i

t her ef or e i ni bitahl pEkégieachy nekigecoibithed fdrPdamtags further
tovards;phe secendeeqd

The operation of the water heater 15 is as
follows. Water flows through the water duct 41 from
the first end to the second end around a helical

15 (path. The éupplementary burner 17 fires into
chamber 47 and exhaust gas enters at inlet 42 and
passes into chamber 43. These two hot streams pass
radially thfough gaps between adjacent coils in the
water duct 41 into an outer annular chamber 51 and

20 form a combined stream. This combined stream then
flows back through the water duct 41 adjacent to the
first end as indicated by arrow 52. The incoming
water is therefore initially heated by this combined
stream. Aé it flows further towards the second end

25 it encounters the Stirling engine exhaust gas from
the chamber 43 and is heated further. Finally, it
encounters the hot gas from the supplementary burner

17 to provide a third stage heating.

30 By providing this three stage heating
arrangement, efficient heating of the water is
provided. Further, as can be appreciated from Fig.
2, the afrangement in which this three stage heating
is provided is particularly compact resulting in .

35 cost and space saving.



25 it encounters the Stirling engi ne exhaust gas from the chanber 43 and
is heated further. Finally, it encounters the hot gas fromthe

suppl emrenwerog/omseher 17 to provide a third stage heati ngPCIGHR/O0pT7OVI di ng
this three stage heating arrangenent, efficient heating of the water is
provi ded. Further, as can be appreciated fromFig. 2, the arrangenent in
which this three stage heating 1is prdV“Béd is particularly conpact
resulting in 35 cost and space saving. WO 03/052327 PCT/ GB02/ 05771 -10-
CLAIMS 1. A d&RM3 c conbi ned heat and power system conprising a Stirling
engine and a water heater, 5 wherein the Stirling engine is arranged to be
heated by a first burner fed with a conbustible gas, the assenbly further
conpri si ng anl exhadstonpst Hackompiad et Re RS T riYH®ngi ne in cont act

with a combusiibl e gas é”é@iriﬁ? dhei dd rsid barpere  ond or gheat
conbusti bl e gas entering the.first burner, and subsequ ntll%/ heat wat er
whi ch i s> addi wherain yeheeat bel By t BRIIRR kS HREFAIeS TA RS s &cording to

claim1, whergjn thersdosysientds A fangecohivudieshls hgasptetiewi th the
exhaust gas upstream of the water heater. 3. stem acgor ding'to claiml

A's
or claim 2, W@Wtﬁ@%@@%l%ﬁ&n%%re%‘gﬁ 935 2%4%tond 20 burner.

4. A system 319§§)§91i1@9ff&nc‘ﬂ:1@é NSt 2r By Senyhigs eim codleasyskerhis arranged so
t hat the exhaust gas and gas fromthe sgggl nentgég burn@r forma conbi ned
25 stream oncecnipiest Habe g% enLPt nbako tbhe bt hat PUERT +°

10 preheat combustible gas entering the.first burner,
and subsequently heat water which is additionally

heated by the water heater.

2. A system according to claim 1, wherein the
15 system is arranged to heat the water with the

exhaust gas upstream of the water heater.

3. A systém according’ to claim 1 or claim 2,
wherein the supplementary water heater is a second

20 burner.

4. A system according to claims 2 and 3, wherein
the system is arranged so that the exhaust gas and
gas from tﬁe supplementary burner form a combined
25 .  stream once they have given up heat to the water and
the combined stream is arranged to heat‘the water

upstream of the exhaust gas.

5. A system according to any one of the preceding
30 claims, further comprising a Stirling engine cooler
arranged to heat the water upstream of the exhaust

gas heating.

6. A method of operating a domestic combined heat

35 and power assembly, comprising supplying heat from a



the conbined streamis arranged to heat the water wupstream of the exhaust
gas. 5. A system according to any one of the preceding 30 clains, further
conpri si Nyoa38Ei3et i ng engi ne cool er arranged to heat thePaatGBO20pEHr eam of
t he exhaust gas heating. 6. A nethod of operating a donestic conbi ned heat
35 and power assenbly, conprising supp%g'pg heat froma WO 03/052327

PCT/ (B02/ 05771 -11 first burner to a rling engi ne, exchangi ng heat

from an exhaust gas stream | eavin he Stirling engine. wt fl ow of
conbusti bl e ghsrfleddtit ST he® ?i#%?ri&H?mﬁ?gb%%’s éﬁ%ﬁé&%&yﬁ%g%hanging heat
from5 the exppystapasshagstrgastserdamsiedbuimertive tdtinbimg, and further
heating the preheated, water jn a _water heater. 7, i rrangenent
for heating a®¥tRe, vihe alﬁi%Yr%Eg% SEéhé%i ?%gf%@ﬁ%%@?ﬁ%? a duct
within the hpusingoteMer dsahd Ssabéequeet lphexyhangihel heat | fromound about

a central axis of the housing.to conve the flui m first end of
the hous?ng tBha S¥BRYAHY %ﬂﬂgb?gtﬁﬁoﬁdﬁg?n + tg%%ﬁ %ﬁe%%gﬁy burner in 15
the housing agheseptah@ Fhetsecondaeimgatide sueheaneddwyerhéndact to
transfer heat to the fluid in a first portion of the duct; an inlet for

hot gas frontah®Bxk8?h&F- heat source, the inlet being configured to direct
the hot gas radially outwardly 20 onto a second portion of the duct closer

e oo ol B Fe B B A b By b bR E D, chptre ot .
substanipal | yaprengshent comprising a housing; a duct within the
housing towards its outer periphery and helically
wound about a central axis of the housing Fo convey
the fluid from the first end of the housing'to a
second end of the housing; a supplementary burner in
15 the housing adjacent to the second end and
surrounded by the duct to transfer heat to the fluid
in a first portion of the duct; an inlet for hot gas
from an external heat source, the inlet being
configured to direct the hot gas radially outwardly
20 onto a second portion of the duct closer to the
first end of the housing than is the first portion

of the duct.

8. An arféngement according to claim 7, wherein
25 the inlet is arranged to substantially prevent
mixing of the gas from the supplementary:burner and
the hot gas from the external heat source at least
until both have passed through the helically wound
duct.
30
9. An arrangement according to claim 7 or claim 8,
wherein the two streams are formed into a combined
stream once they have initially given up some heat
to the duct, and the combined stream is passed

35 around a third portion of the duct closer to the



m xi ng of the gas fromthe supplenentary burner and the hot gas fromthe
external heat source at least wuntil both have passed through the helically
wound duwD.03882397 An arrangenent according to claim7 or PCTaiBm@®s5771wher ei n
the two streans are formed into a conbined streamonce they have initially
gi ven up sone heat to the duct, and the, conbined streamis passed 35
around a third portion of the duct closet"to the WO 03/ 052327

PCT/ GB02/ 05771 -12 first end than is the second pOf 11f 0 811 1Ehe duct. 10.

An arrangenenfl%%‘éo?fb‘iinbh%% tF ab i 85 PRT PP &L OB provi ded to prevent
m xing of gas fromthe 5 supplenentary burner and the hot gas fromthe

external sour ce radially inwardly of the du t according
to any one ofl@f ai®s airr%%g‘féen%%?%‘i’ﬁdje%%ht?:oﬂ‘l b?whew%%ggfgggflattened

in 10 the digegtipa L@fo{rb@egeﬂér fetXh S ISDxiﬂi]@.tofl gnasrﬁssm tketion, its
radi al di nension exceeds its axial dinension, AN arfangement accor di ng
to any ohe ofSePRiemertaiy byragr pdrehf Ié‘a]:a%%%t E%l | s of the duct are

closely adj aceptetRadrsalidte 0ORgd QDL Pefinwa 2l 250 f 3Bhe 38uct .
11. An arrangement according to any one of claims 7
to 10, wherein each coil of the duct is flattened in
10 the direction of the central axis so that, in cross

section, its radial dimension exceeds its axial

dimension.

12. An arrangement according to any oneé of claims 7
15 to 11, wherein adjacent coils of the duct are

closely adjacent to or abut one another.

20,

25
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