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1 Bur ner  Assenbl i es This i nvention
relates to burner assenblies and in particul ar, but not exclusively,
to burner ag@uglebdaes for delivering heat to a rotaryp o7iesidp O
ot her rotary heat 5 . receiver. It is enphasized however that the .
I nvention extends to burner assenblies for general use; and
particularly to radi an plaque burners witTh | ow NOx em ssi ons.
A rotary heat punp is described in U S. Patent 10 5,009,085, and further
devel opnents are described in ouBurner Agsgmbliesi | nternational Patent
Application No. WD 97/ 14924, the contents of which are incorporated
herein by reference. In U S Patent 5,009,085 a putative burner
geonetry is ropased [n whic burner_receives and air, and is
s T e i th rEHnaRvERkaess relaler o, poSih  S3ngpn) g, 2ha An
conbustion i ) yat abx AR f ' e . eat
cont ai ned | na?ﬁgpégﬁ%ﬁgt ?Jé% %?%dl%}étés e'sl']h};e)' hlge%?]!J Gffied ﬁ%?ﬁhoerﬁa '?%e% from
t he stationagylplregiws head ngese afotaiy heat pudbady dthéedrptaie ldad he
heat punp generator. Hot flue 20 gas fromthe burner flows over the
out er subf acrectiver. It gdmeremphasized hkoweverxpbat edthe ainvertinr ar
slot. In the region of the slot, heat transfer to the generator_plate
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but have fo e burner hcy 1s relatively Tow, around
60% to suchemisgidmsextent that jeopardi ses the prospects of a

comercially
A 1rotary heat pump is described in U.S. Patent

10 5,009,085, and further developments are described in our
published International Patent Application No.WO 97/14924,
the contents of which are incorporated herein by reference.
In U.S. Patent 5,009,085 a putative burner geometry is
proposed in which a burner receives gas and air and is

15 fitted wiﬁh radiant plaques which emit the energy of
combustion in approximately equal amounts of radiant heat
and. heat contained in the combustion products. The heat
energy omitted from the stationary plaques impinges on the
rotary dished plate of the heat pump generator. Hot flue

20 gas from the burner flows over the outer surface of the
generator and then is expelled via an annular slot. In the
region of the slot, heat transfer to the generator plate is
primarily by forced convection.

We have built and tested burner assemblies similar to
’ 25 those described in U.S. Patent 5,009,085 but have found that
the burner efficiency is relatively low, around 60%, to such

an extent that jecopardises the prospects of a commercially
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2 vi abl e heat punp. Two further problens were encountered
in attenpting to foll ow the teachings of .U S. Patent 5,009, 085;
firstly the apparent need to provide a gap of precisely defined 5

t hi ckness WLBW8T  he rotating generator surface and t hePCT/GBY#ZI4le,
housing, and secondly the need to provide a sati sfactory
support for the burner housing whpch is cantil evered to reach
over the convexly di shed generator surface. 10 A further design
objective in #iis i nvention is to provi de a burner assenbly which
provi des sYtRPLEeRE2h R IRyt which does not have unacceptably

nigh levels OfuoNdfrcner USkANGer e LaLBLION 0 NOXLD, conbustion i s

a conpl ex process 1 nv he reaction o

15 ‘speci egoliéWi Bhéheedthiifys of U SENBRedeNs ,3F8UBEsOT eNXr 1y, the f OF MEM
depends upon the tenperature conditions in the flanme andyt%e

resi dence apparefntt heeedadid nprepddecsaatgipe b glphrecisell/enper shal €s.
Al t hough sone fuels contain significant quantities of 20 nitrogen-bearing
conpouRds, thiGRpess PgEwepBagher grotqoing genemsdort iswrfadee draletlse i n

nat ural ga re_ve | ow and s thie predom nant source of nitrogen for
NOx f or mat ﬁ%%nlelé t% using. co?ﬂ%sﬁ?ﬁ?"ﬁﬁry. the” need Ther ePEP¥IRNA al | y

Foni mor o N EERES Ty BB S B eor i ine, PBEREG B
thermal NOgantiNé¥ered to reach over the convexly dished generator
surface.

10 A further design objective in this invention is to
provide a burner assembly which provides sufficient heat but
which does not have unacceptably high 1levels of NOx
emissions. The formation of.NOx in combustion is a complex
procesé involving the reaction of oxygen, nitrogen and other

15 species within the flame. In general the amount of NOx
formed depends upon the temperature conditions in the flame
and the residence time of the reacting species at the high
temperatures.

Although some fuels contain significant quantities of

20 nitrogen-bearing compounds, which can lead to NOx
production, the levels in natural gas are very low and so
the predominant source of nitrogen for NOx formation is the
combustion air.

There are generally recognised to be two mechanisms for

25 NOx formation. These are known as Fenimore NOx (F-NOx) or
prompt NOx and Zeldovich NOx (2-NOx) or thermal NOx. F-NOx
is formed very rapidly in a flame, but in a fully bre-mixed

flame will only be significant at sub-stoichiometric



i S formd very rapidly in a flanme, but in a fully pre-m xed flame wl|l

only be significant at sub-stoichionetric WO 98/ 08027

PCT/ GB97/ 02141 3 condi tions. Z-NOx
i s strongl wéodisesat ure dependent and is formed | at @erigBeiseaarf | ane.
In a fully pre-m xed | ean conmbustion Z-NOx is the predom nant -
mechani smand is the reason why nost NOx reduction strategies
concentrate on the 5 time and tenperature dependence of this nechani sm
However, the Z-NOx tenperature dependency is only strong at flane

t enper at ure eomdlitics, algowexabsust G HdrperaturedRepBREEnP ! A1 43S
flames contain tenperature conditions above 2000[err]C In | ean

conbusti on, fdmwmexkydehern itrhetler £1aGe.wi | Incant Enlikyt precminxdox leayond t he
ftame (i.e. when the conbustion reactions are conplete) if the
t enper at ur esCpRustion Nk ckputhe predominant Fmerhapismnprddisadihent

pl ague burners_are i.ncreasingly . bei sed in _gas appliances because
of their goo’ﬁe?md’g\%mofg Bgﬁdr?%wtr\k&“ cﬁ%#&@éﬁﬁst’ges?nggﬁﬁ £ &M Sni ¢
radiant gl aGline and dpRZGEFICaFBSndSndLbE MDA dilBAMTLRhamber cl osed by
a ceram c plaque which may be porous or provided wth an array

of apertures. IHOWgReY, al théeB-NOXH neempepataié idedeMdency isli Tnilpct
nodes (although the transition is not a sharp one). 20 At |ower heat

i nputs the bekreng Al f Hbame skpwperatiine epnditionsambaves ghcute L6H0PEr y

short, close tp the pl i ue surf%ie. At higher heat inputs_the flane
t enper at ur e MY PPShe BlEGgi9Rs Elamed, containg hewpsatire TRuditdons

tenperature [y, DeJd&s. - 1n 1e£HecBM£HS£i£§,S@h8 E&yBSniankﬂ% Lkrne

node.
10 will continue to form NOx beyond the flame (i.e. when the

combustion reactions are complete) if the temperatures are
high enough.
Fully pre-mixed radiant p;aque burners are increasingly

being used in gas appliances because of their good turndown -

15 and low NOx characteristics. In a ceramic radiant plaque
burner, the gas is fed into a plenum chamber closed by a
ceramic plaque which may be porous or provided with an array
of apertures. In general these burners operate in two
distinct modes (although the transition is not a sharp one}.

20 At lower heat inputs the burner surface radiates strongly
and the flame is very short, close to the plagque surface.
At higher heat inputs the flame temperature and flame length -
increase and the plague surface temperature may be lower -
the burner is said to be in blue flame mode.

25 When not in blue flame mode, ceramic radiant plague
burners have inherently low NOx characteristics because the
flames are very short and temperatures are low as heat is

dissipated from the flame by the radiating surface 1In most



T 25 ' When not in blue flanme node, ceram ¢ radiant plaque bur ners
have inherently | ow NOx charact ertistshes HRas flames are very

e
- short and tenperatures are | ow as Dm,’Ulﬂ uﬁ]ﬁem&gsi pated fromthe flane by
t he radi aty ace I n nost
applicati o‘k@%ﬁant pl agues only

_ 4
ery | ow ROYCBITZY o\ 6| 5 at

relatively nodest thermal |oadings (<300kw nferr]). | ncr easi ng
t hroughput results in |longer flanes, higher |ocal flame tenperatures
and increasing NOx em ssions as the 5 burner goes towards the blue flane

condi tion. verthel ess, .. ven in _hlue flane npde the emi ssi ons
from cer ani P lcatt’?"éi(?i gﬁfllBP‘équ%q‘b% %'g‘ys CERrAEEalit F .Y%’Wér'\'%("hé’ﬁx
Fempor at ur & st o e e br T ony ey orfang | tadlin ) TS ung
that, surprimirgisindyhdeaghpinresdltsneh longex é&%ﬁl@ﬁ', YhigheWilgkad ceramc
pl ague burner is generally encl osed, with a significant anmount of

heat bei ng Flatet t@mperatupes k andonint¢keagiziosios i sdieonscased ther f ace,

t he NOx em ssions for a%en heat output_can be significantly 15
reduced® t hRUERSHOEPRS EPYRELS [t DduenBemiccsidifdonr dNeverthaliegfer heat

O Phl o Or el vER WS Pl g mbBY  cne pox | enfEERGR Nk LGRS oPeC!

of this invention, there Ts pr ovi arn

radi ant pl affiant plBEGLEE cAR YRS sH5APESELNMI Y NiRke? BRES &bdverfithased
chanber or 20 a generally confined volune ‘and directing radiant heat to a

heat recei wetalneduxners, becaudly tthes plaggenenillwehddve f @lachet hat it
i s possible to raise the limting heat throughput of a given burner
temperature reduction and flame shortening effect.

10 —- We have found that, surprisingly, by designing a burner
assembly in which a -ceramic plague burner is generally:
enclosed, with a significant amount of heat being radiated-
back from the enclosure and the heated surface, the Nix '
emissions for a given heat output can be significantly

15 reduced thus allowing either reduced NOx emissions or a
higher heat output for a given threshold of NOx.

Accordingly, in one aspect of this invention, there is
provided a burner assembly comprising a radiant plaque
burner means disposed within a generally enclosed chamber or

20 a generally confined volume and directing radiant heat to a-
heat receiving means.

By this arrangement, we have found that it is possible
to raise the limiting heat throughput of a giwven burner
before the NOx reaches a set limit. We have found that

25 enclosing the burner tends to raise the temperature of the
radiant plaque thereby increasing reaction rates and tending
to shorten the flame length. We also found that this

feature can reduce flame temperature, thereby again reducing
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‘before the NOx reaches a set limt. W have found that 25 enclosing t he
burner tends to raise the terrperatThﬁéh@fHatSIBeenReplacedadl ant plaque thereby

:increasing reaction rates and tendi rten the flame | ength.
we al so fouighdghgert Nis featur Iarre t enppepayMzZIdher eby
agai n reducing urt er

enef|t of shortening flane

| ength is that it allows the radlant pl ague burner neans to be

| ocat ed closer to the heat-receivifg neans wi thout causing flane

i mpi ngenent. In a conventional arrangenent, without the 5 substantial
amount of bagkgr adhaEhQE‘hei- NSedd AE LMl dehin flaﬂ\@eﬁteﬁétﬂn? s Sepdde

di stance at which flanme 1 npi ngenent occurs is greater ane

| Mpi ngement gguRAloWwse rhThtsdiat plagué eBakhens meanbe wduame hgdecatesul ting
i i unaccept ably high Co em ssion levels. 10 In a preferred
enbodi nent otlekes itovdile dreat-heedddving medngy nvitthouwaccawsingr Elapsenched,
reduci ng NOx em ssion | evel s, but the conbustion reactions are
alteady conpiBPEEIEmENt. ot IR &oFPRYERE QNA: cAFFRARFIMRR Ty kD %n%he

In a preferre

conti nuous %g@gﬂg{é‘f”&moéﬂ ; €6ﬁgl£§§$%i%@gor{rea€ﬁe %‘]Za“)mle 8?2‘%#16 bUI’ ner

acé ~extending peri pher
means. greattsf andbl o the V@iétﬂ%rﬂzfetae Qhﬁ@?xerfﬁé}ﬁlé Ok mp 8hfeh@! -
recei vi ng surface return a significant conponent of the radi ant heat
devel oped byoeseufls bis npreameans, Flhseebypingéhatt chiseiso theccenlbest itn
tenperature of the plaque. The tenperature of the plaque is
preferably oveacwbopertq Geamrenshedpr seenbibliyg in unaceepsabdgopssh | @ By

rai sing the tgggg{g%L{evégs}he pl aque

10 In a preferred embodiment of this invention, the NOx
forming reactions are quenched, reducing NOx emission
levels, but the combustion reactions are already completed
at a shorter distance from the burner means.

In a preferred embodiment, said heat receiving means

15 comprises a continuous surface extending beyond the
periphery of the burner means.

Preferably, the walls of the chamber and/or said heat-
receiving surface return a significant component of the
radiant heat developed by said burner means, thereby further

20 to increase the temperature of the plagque. The temperature
of the plaque is preferably over 700°C and more preferably
around 1000°C. By raising the temperature of the plaque
gsurface above conventional levels, e.g. by return of the
back-radiation, combustion reaction rates are increased,

25 thexreby tending to reduce the flame length and delaying the
onset of flame lift.

Another advantage of increasing the temperature of the'

plague is that it may be increased to the levels activate
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surface ‘above conventional levels, e.g. by return of the
back-radi ation, combustion reagfii Hletifal BSn RéghackdICr eased, 25 thereby

. tending to reduce the flanme | engtiinl [ t he onset of flame
lift. Anot her advant agi Eﬂ l i the tenperature of the
pl aque is MOMBOR? uy be increas s to acti /EfEEBITNIA
6

one or nore catalysts in the plaque to stabilise the flane - and
reduce NOx levels. Thus in a preferredgenbodi nent, the pl aque nmay
i ncorporate ohe or nore catalysts such as pl ati num pal |l adi um
al um na. 5 Certain avail abl e planes already contain a substanti al

quantity of ®RRURFNRCTEnERAERLYRES R the Riemiente sielijdise the fhpammerties
as it is no cl. L N.ih ryal eratin t enper at ur.es. In
such an arrtaaﬁée%%%‘??éﬁléx Eluérvr)leelgqi sq‘ggﬁvé?t%op%%feﬁfeﬁrg) °%11H‘8n§urf'%%e por es.
are hot enoggiqle i} AkRoipbRhkbi Cone oACHHIE WHLLJdS AN |g00th is
short enoug%b aﬁg cl os% oq:gnough tonet he° pl ague }t,%%tlb%%ta ilsiﬁgg‘d %€ t he
catalytic platantunpnpaladildi,t iadumihle forward velocity of the fuel/air

m xture nust be high enough and this thermal conductivity of 15 the

pl aque Fust be | Gareadbugivaidabls planght abvekdy contain a Bubfetaabigl the
inner walls of said e clgsed charﬁ)er have a rel atively high

reflectivit fUaREFBY Bhi 3SFHRY, © ough RA%HPT d ten RRFEIPLRe CaRBLYELIGT

possi bility of operating the burner 1n ane node,
preferred t gefperatereés.

In such an arrangement, the burner is converted so that

10 the surface pores are hot enough to initiate catalytic
action while the flame length is short enough and close
enough to the plaque to be stabilised by the catalytic
action. In addition, the forward velocity of the fuel/air
mixture must be high enough and this thermal conductivity of

15 the plague must be low encugh to avoid light back.

Preferably, the inner walls of said enclosed chamber -
have a relatively high reflectivity and/or emissivity
(thereby to enhance the amount of re-radiated absorbed
heat) .

20 Although we do not exclude the possibility of operating
the burner in blue flame mode, it is preferred to operate it
in short flame mode, to minimise or reduce NOx emissions.

The radiant plaqﬁe burner means preferably comprises a
ceramic fibre plaque element. The elements may have an

25 array of bores defining flame outlets or the element may
have a porous structure, e.g. a mat, through which the
combustion mixture passes.

Preferably, the outer surface of the plague element of
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“in"short 'flane node, to mininise or feduce NOX emssions. The

radi ant pl ague burner neans pref e'l’ftidfﬂhyetgm,iﬁ "§ g ceramc fibre

- pl ague el ement . The el enments rray”,,mﬁm e%acrray of bores defining
flame outle ﬁ{lsﬁﬁe el ement may U!F
t hr ough whi Ig@ e conmbusti on n X M :

Us Struct péeficesmeirad mat,
Preferably, the
outer surface of the plaque el enent of
7 t he radi ant plaque burner is tedured or patterned, e.g.
with a corrugated, undul ating or tessellated surface, thereby to

enhance absorptio C | afi ngd_t rai.se_the surface

t enper at ure. ﬁé tﬁ?@’iﬁ,ﬁ*f@%a{"ﬁo@e‘?aﬁs Qg&gg:\!%%l 8§e3,a%§ﬁan§ rt Fe9usual
increase of flap Lenperahyh€ed, undMildtinBCr 8gsefedsdt iRyt

reduced, so reducing the ¢ pro%luctior% %f NOx at aroun%. Oégﬁ)lfa gfr[ err].
Al t hough a wiulerelygeocobnhante tdlssmrpidn of paskibh@iation ard thereby

preferably in the range of fromO0.01 to 0.5 kWcnferr] per 10 unit
surface area %¥186 &86c SUERACE deaMpsraizend nitkRygcwey, flame 1lift Fan this

| evel of heat, thyqughput, f.or a pical, . net hane/air m xture, the

vol ume.f 1w 5 Jedrvass grs BPePh‘%x“sual IRFF R ?ﬂélﬁ%ﬁwaﬁarﬁn the
range of frop.Q.,0 rrs LN r vwani.er o] 0 el r I n per
cnjerr] unitmslgzr gg%cz"aeraesaedoy&& lh[g%qﬁlg?arl?% ir%ed%'}:fey’a(r;gu%%%g%gé#ﬁg]
nerr]/mn pgyrodticeibh of NOx at ardiDIoliosd kwgcaBot her aspect of this

I nvention there is provi ded a burner assenbly conprising a radi ant

pl ague bur nél cheongbh anwideecrangendl heak athnmgliparceriiss poisspbided in

sufficiently clqose proximity t o&%ai d radi ant_pl ague burner_ 20 nmeans to
return a sigritf *€aRfeES it &St RARFE Rarfr ey 01 to 0.5 kW/cm? per

10 unit surface area of plaque, and ideally around 0.1 kW/cm2.
For this 1level of heat throughput, for a typical
methane/air mixture, the volume flow rate of gas/air pre-mix
through the plagque may be in the range of from 0.00017
m?/min per cm? to 0.0085 m?/min per cm? unit surface area of

15 plaque and ideally around 0.0017 m3/min pexr cm?.

According to another aspect of this invention there is
provided a burner assembly comprising a radiant plaque
burner means and one or more radiative elements disposed
insufficiently close proximity to said radiant plague burner

20 means to return a significant component of the radiant heat
developed by said burner means, thereby further to increase
the temperature of the plagque with a consequent increase in
the rates of the combustion reactions and shortening of the
flame. The radiative elements may conveniently comprise the

25 walls of the burner chamber, and/or inserts of suitable
material such as ceramic material positioned in favour of.
the burner means. Also where the burner is designed to

deliver heat to a heat-receiving surface, the surface itself
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-

dével opéd by said burner neans, thereby furthe o] increasé t he

tenmperature of the plaque w thT?'SSIE&&BEIB&HTRe'IﬂgJ ease in the rates of

t he conbusti on reactions and sh - flame. The radi ative

el ements nmay conveni ently conpri mﬂm’,ﬂuw’uml | s of the burner chanber,
and/ or i nYSBEBY syitabie mat er al as ceram cPGHEE}03}41
positioned in favour of the burner neans. . Also where the burnrer is
designed to deliver heat to a heag-receiving surface, the surface
itself ) 8 may provide a
significant conponent of back-radiation. | ndeed, the fl ane-shortening
effect may™a¥I EEF‘{W%U?negrlgnlflcaﬁéan@"ﬁ@%‘%oﬁt ikaral chdiatiom. t he heat

recei vi ng- ZH&%%‘gFeeFPSmfl%g%r'gggrw%:‘g%?i#%ﬁ%gt t“{?l{’;t e'-{?éﬂﬁ he back-radi ation

enitted TR PHTRAT ¢ h s

i nvention, mehfseto be pdsitibakhdedoge FetHoth O hReL RIS A" 81 pl aque
burner to reduce?c}t he NOx em gsi ons t eér)eoé%{,%emr%}cgﬁgégﬂp%q%g%é%ausi ng a
si gni fi canthepeppnéntreisime yerdi sutthent tHeVpagpedalyactbd ederdwr ner
means to be returned to said radi ant plaque burner, t hereby further
to i ncBeastheref¥@mperature of the plaque, with a consequent increase

in the rates of_the reactions and shortening of the flane.

i
| n anot her aspe%??mf 'Orggtﬁfl\}::ﬁ’ggf’f?ﬁhﬁ?:oﬁ%%t Phi& inysntiggenths g or a
rotary heafisﬁ%%%cf% mBEREL S&E rt\:g)err%ttq[}% radidid! Sé%l%%u_@?é?}%ggrftor

rotation -abo a rotation axis a dgflnlng a |V|ng°surface
for receiviegubeathd NIR emissisabdtherést, aasEim|obmptdsdsbUARSIngSSENDI Y

i ncl udi ng one or nore radi ant burner devices spaced from and directed
t owar ds signif.icant component of the radiant heat developed by said
10 burner means to be returned to said radiant plaque burner,
thereby further to increase the temperature of the plaque,
with a consequent increase in the rates of the combustion
- reactions and shortening of the flame.
In another aspect, this invention provides a burner
15 assembly for a rotary heat pump which comprises a rotary
- housing mounted for rotation about a rotation axis and
defining a heat-receiving surface for receiving heat from
said burner assembly, said burner assembly including one or
more radiant burner devices spaced from and directed towards
20 said heat-receiving surface, and a cowl means disposed
around said burner device or devices, and projecting towards
said heat-receiving surface to define a generally enclosed
combustion chamber and thereafter extending closely spaced
from said surface to define a narrow gap through which
25 burner efflux may pass, wherein said cowl means is
constrained against rotation with said housing.
In this arrangement, the generally enclosed combustion

chamber provides significant back radiation of heat onto the
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d heat-receiving surface, and a cow _freans di sposed ar ound
ner device or devices, ang.p&RkLigGE BEE RE .ds sai d

ceiving surface to.défine a osed -conmbust i on
and Jhsdaadst € extending cl WMHMH - frompepicgemendrace to

define a. narrow:-gap through which fflux my pass, wherein
said cow .neans " is constrai ned against rotation with said housing.
“In this arrangenent, the generally enclofed conbustion chanber
provi des significant back radiation of heat onto the
9 radi gafqRNtNShrde¥ 88vidd!l t RREFRESmokES DHE NSErAsS YIS is
preferably configured so that, with typical operating burner exhaust

rates, and rgimifieradlyr adefigirdd@chehist pwiith @ypical soperatsimgbyraser getic
| am nar boundary | ayer is established 5 at arelatively small distance
from t he heatexhas@itvirares, andirfotationflsoraees ofandecrheat tpempeas

recei ving surface i'sS not si, nllf icantly affected with substanti al

vari ations i Furprisipgly energetic lamipagy HAFY LR¥CEO sRtaRdirhedudes a
cou "o T 0, LT AR OO SckPlhont A b LGl

ot her heat resis ri-al” such as gl ass ;
cow el enent JurfaRde aRd wacueatf orahdfed NN ehe | KA RceivingsieEake Wool

fibres. The cowl neans preferably includes a reinforcing nenber
15 for bei ngs abat sabdyi Simgitdy abfsated Wt Bgbsoantishafdriations ifhe
| i ke attached thereto. The reinforcing nmenber may conprise a central
stub or shaf ttheo@@Pen from whi ch proj ect a plurality of generally
radi al reinforci ng el emegis, ich .

réferably, e cowl means includes a cowl element

10 formed of a mineral wool, ceramic fibre material, or other
‘heat resistant material such as glass. Preferably, said
cowl element is made by vacuum-forming from a slurry of
mineral wool fibres.

The cowl means preferably includes a reinforcing member

15  for being rotatably coupled to said housing, or a shaft or
the like attached thereto. The reinforcing member may
‘comprise a central stub or shaft portion from which project
a plurality of generally radial reinforcing element is,
which extent towards said heat-receiving surface. The

20 reinforcing member and elements are preferably made 'of
metal.

Preferably, the or each burner device is attached to
and supported by said cowl means, conveniently between
adjacent reinforcing elements, and preferably not directly

25 attéched thereto.

Preferably the periphery of the cowl means terminates
adjacent a surface of the housing which extends generally

axially, thereby defining an annular outlet whereby the
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W t'owards said heat-recer ving surface The rei nforcing 20 nenber and
¥Nts are preferably made of: *iret-al .. "Preferably, the or each
er device is attachéd to and supported by said cow neans,

con

i ent ]y between - adj acent rer nforcing el enents, ably not
directly X”’Qf"?'ached t her et o. Preferably the '%J?‘f%ﬂ/@%‘é{ of the
cowl neans term nates adj acent a ?} rface of the housing which extends
general |y axially, thereby defini é an annul ar outl et whereby the
WO 98/08027 - PCT/ GB97/ 02141
10 bur pernet f é £l ex haiehastd tWith SUkbGibdtangliadxakhalorBRBERént .

This feature avoids conditions favouring a reverse flow of ext er nal

(cold) air This fertyme r%W’g%ﬁp conditions fpveluringl §, revedseallow afap
extends for at Ieaf third ang preferab%%zqabout a half of the radial -
di mensi on of*t hfec‘&fw altrhdsltﬁrﬁ fdPAZE AN ended gap and a conpact
conmbustion cha h a Pr ef er abl y the

, : ef’g%’éblﬁg apged Qgggo{: @a&e enes dys a’§< ey F§7 )

i nner walls of e co ans exten a 3§e|

surroung thehiadla':lr& preEbaeBly 1o S¥ad s 8¢ @l Mﬁ%@r adm¥éhEEol’o ﬁev' ces.

Preferably, the average axial spacing Dierr] of the front surface of

t he radi antthe cogdvi cchwy peovidindram tdhedmednggapr aade 0f coéhgadeat -
receiving surface i s between about 30% and 70% of the radi al di mensi on
Derr] of tﬁ@“‘h‘é%%l%qtiqwrsutlt‘:&cénbﬁn?ﬁ@ Prgkaradipggiogevi ce.  Again
these features plribute o a conpact nbusti.on chanber vi di ng
si gni fi-cant am)u?t %’t‘ab@a’dk-the ianesi Wil s of “the’"Cowl | AEEE ?i’é%$'§ﬁs of

rotary heatgé’HQPaijf)?q*mj.w,n diodely to surround the radiant surface

10 of said radiant burner device or devices. Preferably, the
average axial spacing D, of the front surface of the radiant
devj._ce or devices from the facing surface of the heat-
receiving surface is between about 30% and 70% of the radial
dimension D; of the heat emitting surface of the burner

15 device. Again these features contribute to a compact
combustion chamber providing significant amounts of back--
radiation.

In the designs of rotary heat pump described in U.S.
Patent No. 5,009,085 and published Internationa. Patent

20 Application No. WO 97/14924, the heat applied by the burner
assembly to the generator is transferred by spraying a
stream of working fluid over the inner surface of the
generator. If for any reason this flow should be
interrupted the generator surface will quickly overheat with

25 potentially disastrous consequences. Another possible
system malfunction is if the igniter for the radiant burner
devices fails to Loperate properly, as the burnexr will then

be discharging a potentially explosive mixture.
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generator is transferred by spraying a stream of working fluid over
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flow shoul interrupted the generator surface wll quickly -
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have found thad ﬂﬁlé RO B gkgby_gmau@gcan opti cal sensor to detect
nodul ati on of the radiation conditions wi thin the combusti on chamber
to detersine one Wwe lawe found pussti bit dal posetbbasto use an opicicwddi ngly,
I n anot her aspect, this invention provides 10 a burner assenbly

conpri si ng aﬁ%ﬁﬁﬁﬁns??or@%ﬁbéﬁmqﬂ(ﬂq}dﬁ%gﬁ theblﬁar@facr%@é’ns‘:‘f’éﬁ“ﬂt%’&um ng
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agai nst é}%éfﬁl' ‘éi'fttﬁ’xc%i‘bﬁsmt ary housing for detecting radiation in
15 said cHa processor means responsive to the

anpl i tude of or m&dx&tﬂr@lyof isaimbuheireabpdct aditald dRveation provides

Ve

10 a burner assembly comprising a combustion chamber including
burner means for producing radiant heat, a rotary housing
defining a heat-receiving surface for receiving heat from
said chamber, and a sensor means constrained against
rotation with said rotary housing for detecting radiation in-

15 said chamber, . and processor means responsive to the
amplitude of or modulation of said detected radiation to
monitor operation of said assembly.

The optical sensor and processor means may respond to
modulation arising from a number of effects. Thus, in one

20 embodiment, the heat-receiving surface may have one or more
tab elements projecting therefrom and formed of a fusible
material or secured to the heat receiving surface by a
fusible material and disposed such that, on rotation of said
housing, the burner means radiation is modulated by said tab

25 means. In this arrangement the processor means may detect

. the change in modulation caused by detachment of said tab
elements if the temperature of said receiving surface

exceeds the melting temperature of the fusible material.



r*operation of said assenbly. The optical sensor and
W’ neans nmay respond to nmodul.ation arising froma nunber of
ef f ect™ Thus, : .t he heat-receiving surface may have

one or—hore .. ‘tat ecting therefromand formed of. a fusible
mat eri al = WO: eceiving surface by a PCHE?ﬁ@PBﬁe

mat eri al - di'spased s on rotation of said housi ng, the
~burner neans radiation is nodul ated byl2aid tab 25 neans. |In this
arrangenent thhe processor neans may det ect t he change in nodul ation

caused by dACAIRHL & mdd di3thay comBiBIPY SadiadiN®d UBHHAU #1840l sal d

receiving surface ™ - exceec mel'ting tenperature usi bl e

material. gelected to provide a required melting tempeldature. Whereusible
material nmay conprise a solder of conposition selected to provide a

requi red nethe riourreemponedans cindudes an  igrhid dyurelememtanshenclgndésran
igniter element, the igniter tab el ements and optical sensor may be
di sposed suedb tekaments and QPtiseloReBros MY | B dsPerathsudhdhatoecessor

“ | ooks f the cor di dul at i in . th t put_si | .of th
opt | cal S serfbASHHRtRE: By SO 19 Bolh L GbE BFETSTFdh 1005 §Pri he

i gni ter ”E'm_aéoiﬂféép&m%e%méaroxprﬁy | DS outpu@ngBﬁéii B @hel e

heat -recei ving surface. The optical sensor and”processor are
preferably edtsical serndRys abide therdbiyembhitofs Obbtecargddy Usiieralt ilohe

radi ation present in the conbustion chanber whet her said burner neans
is alight. of the igniter means as well as checking for previous
| ~ overheating of the heat-receiving surface.

10 The optical sensor and processor are preferably also
'operablé to determine from the amplitude of the radiation
present in the combustion chamber whether said burner means
"is alight.

As noted above, in the enclosed burner design developed

15° ‘ for the heat pump, the NOx levels are significantly lower
“than those in conventional plaque burners. The requirement

to reduce or minimise NOx emissions is of course a generail
requirement for all burners and not simply those intended
for delivering heat to a rotary surface. The invention

20 'therefore extends to a general form of radiant plagque burner
"with reduced NOx emissions. '

Whilst the invention has been described above, it
extends to any inventive combination or subcombination of
the features set out above or in the following description.

25 The invention may be performed in various ways and, by

way of example only, an embodiment and various modifications
thereof will now be described by reference to the

accompanying drawings, in which:-

e - = R R



" As noted above, in the enclosed burner design devel oped 15 for the heat
punp, the NOx levels are significantly | ower than those in

: conventional plaque burners. The requirenent to reduce or mnimse NOX
eni ssi ons i gygdgnsRyr’ se a general requirement for all jewFessmzand not
simply those i ntended for delivering heat to a rotary surface. -The

I nvention 20 therefore extends to a gfgeral form of radiant pl ague

bur ner wi th reduced NOx em ssions. Whi | st the invention has
been descri bed above, it extends to any inventive conbination or
subconbi nati on of Figure t he ifscaturesrtsicfalouteabbor oriewn dhie £ obueneng
description. 25 The invention may be perforned in various ways and,
by way assespdyplferofeyivesisabaerbete thrl seneraremmsyiritacat Péna
threreof will nqQw be. described by.reference to the acconpanyi ng

drawi ngs, in THRAZY, heat’ bumB, gy oo) 08007

PCT/GBQ7/02141 . Figure 2 is an end view on th 1ﬁ?er 8urface.oEiEH£e lis
a vertical section View of a burner assenbly tor delivering heat to

t he geners;t omusiekracewafl, a rotary heat punp, and Figure 2
Is an end view on the inner surface of the 5 burner cow . The
burner assenbly d&ber ibevhdérer aspembhy entteatrtibed herer dei dintdwaled otdhe

heat -recei ving end of a heat Bu such . . as described in our
publ i shed | RI&Viisei BRAC CPatBRt heat-reggiyingignsh afo2 Weag7pempoguchyt as

desori bed belgw 44i6r:40.q PifCi BLES YrhiEndsS! $helBNaPSoll] ' 38deh Mre
gener al app i Cat ] ons.
Application No. WO 97/14924, but as described below, the
10 principles of the design may be utilised in more genéral
applications. |
Referring to the drawings, the heat pump comprises a.
rotary housing 10 mounted on a shaft 12 for rotation about
a rotational axis A. The convexly curved, stepped; surface
15 of the rotary heat pump housing shown in the Figure defines
a primary generator/condenser region 14, an intermediate
generator region 16 and a solution heat exchanger region 18.
In operation, the major proportion of the heat developed is
absorbed by the primary generator/condenser region 14,
20 although useful proportions are alsc absorbed by the
secondary generator 16 and the solution heat exchanger 18
regions.
The burner assembly 20 consists of a number (typicallyl
4) of gas burners 22 utilising ceramic radiant plaques 24,
25 arranged around the axial shaft 12 of the machine. The
. burners are mounted in a fixed mineral wool fibre cowl 26,

which is located concentrically with the shaft 12 and

extends radially ocutwards to enclose regions 14, 16 and 18



Referri ng to the drawings, the heat punp conprises a rotary housing

10 nmounted on a shaft 12 for rotation about a rotational axis A The
convexly curved, stepped, surface 15 of the rotary heat punp housing
shown in t | e defines a primary generator/condenser region 14,
an interrre‘gﬁaw generator region 16 and a sol ut i on Ff& nger
regi on 18. In operation, the major proportion of the heat devel oped
S absorbed by the prinmary gener¥ or/condenser region 14, 20

al though wuseful proportions are also absorbed by the secondary
generat or Idr aié Hagesatuli ROy _ exchanger 18 regi ons.

The burner assenbly 20 consists of a nunber (typically 4) of gas
burners 22 util imhengbaenéers c 22adafdt ddchiuasridged 220 akiag0ethey ognd the
axi al shaft 12 of the machine. The burners are mounted in a fixed

m neral wodstonfdusitd opovthader 28 whi drons dbcohedpramaent Igen@rhyowi t h t he
shaft 12 and extends radially outwards to enclose regions 14, 16 and
18 surfags d4/.ogey are supplied with a fully pre-mixed air

PCT/ GB

/0 . o 14 of, the, generator
housi ngs.? @l gas MRS ARS: $953 B8 DY B ARP: 8o 50 te&eFitFécF‘Et Bgﬁ :
combust i on iR e?.éméﬁtf§@nioégtéci1ﬁrprtih@'2%mgggﬂgﬁOéhamber. surface 14.

They are supplied with a fully pre-mxed air and gas m xture and
i gnited by neanshef cewle2@dts deslighed to fit subbalg ©beaimNiged@rhesated in
t he conbusti on chanber. The cowWl 26 is designed to fit closely to

t he gener atshape, sughgfdats ehe t ippmbuiss icontrrsadusit pgeducis ggesesdpassed

t hrough a g{row gap_32 bet ween Ehﬁ stationary cow 26 and _10 the
rotating JeHGRSOA TBEFPHCESD 32 Retyegn the siahjiogary cowl 26 and

10 the rotating generator surface. In this partic¢ular
embodiment, the narrow gap 32 extends for approximately half

the inner radial dimension of the cowl 26.
To protect the generator surface 14 from overheating,
an optical sensor system 34 is emplcyed together with metal

15 tabs 36 soldered to the generator surface.
The gas burners 22 are designed to operate in a short
flame mode such that the surfaces of the radiant plaques 24
are very hot (typically 1000°C) and produce a high level of
infra-red radiation. The rotation of the housing 10
20 relative to the cowl 26 means that a laminar boundary layer
of gas is established in a very small radius. Although this
limits the effectiveness of the heat transfer by convection
from the impinging hot gases, because the natural gas
products of combustion are largely transparent, the heat
25 transfer by infra-red radiation is substantially unimpaired.
By operating the burner in a short flame mode, NOx formation
is kept to low levels. The configuration of the burners 22

is such that they receive a significant amount of back-
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enbodi ment, the narrow gap 32 extends for approxi mately hal f
radi al di nension of the cow 26.
: 14 from overheati ng, an optical sensor system 34 is enpl oyed together
woesnsbADs 36 sol dered to the generator surfacepcr/Gremidl
gas burners 22 are designed to operate in a short
that the surfaces of the radi ant plaques_24
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fibre cowl 26, which formthe remai nder of the conbustion chanber
28. Thi s has negstdhsctand a fafrthesr chointening pphgbbesvilfames t efpésat ure, -

(conpared with 5 firing the burner in the o eq%s This rise in
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the local flame conditions exceed the 2-NOx threshold
temperature (about 1600°C). Thus the illustrated embodiment
of burner assembly is capable of operation with very low NOx
levels at higher thermal loadings. Significant increases in
NOx formation will occur only when the flame temperature
exceeds 1600°C.-

The higher plaque surface temperature means tl_'l.at the
plagque material must be a very gocod thermal insulator to
prevent soak back of heat, which can lead to premature
ignition (light-back) and so ceramic fibre plaques have been
selected. 1In this particular example, the ceramic fibre
plaques used are those sold under Tennaglo by Morgan
Ceramic. These have the properties outlined above and
further incorporate substantial amounts of alumina which we
believe may provide a catalytic stabilising effect at the
exceptionally high plagque temperatures at which this
embodiment of burner operates. Alternatively, other
catalysts such as platinum or palladium may be deposited on

the plaques to reduce NOx,

t he i nner
To protect the generator surface

fl ame node such
are very hot (typically.

I atlon ?rom



hi'gher I'evel before the flame length grows to a point where 10 the |ocal
flame conditions exceed the Z-NOx threshold t enper at ure (about
1600[err] C). Thus the illustrated enbodi nent of burner assenbly is
capabl e of ogeration with very | ow NOX | evel s at hi gher ther mal

| oadi ngs. Tcant increases in NOx formati on wPCRSRER TN y when

the flame tenperature 15 exceeds 1600C The hi gher pl aque
surface tenperature nmeans that the 16 pl aque material nust be a very
good thermal insulator to prevent soak back of heat, which can |ead
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amount s of ateirgxpesed ¢t whe verybeigkwenperatureisdénatbat edpitistion
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conmponent s g®feddus ow the phffiidmaterial, atRextpopedveat ihe deidkikigdh
tenperatures in the conbustion chanber 28. This m ni mses heat

| osses by ctwhfich iaan lemdsiosdaghtabfok) cand apraiongiogs bbirheryl bfe.
| i ght - back due to oveéhea%i, ng of the burner structure, and r%duces t he
stresses on the %l BYEENSRt BEPSFLtT R L Hr EORBETHGF 19 ckEnghat the

10 acoustic properties of the cowl material substantially
reduce burner noise, which can be a problem with this type
of burner when mounted in a metal burner housing.

The narrow gap 32 between the inner surface of cowl 26
and the generator 14 is designed to promote high shear

15 forces and convective heat transfer between the combustion
product gases and the surfaces. The narrow gap 32 also
substantially reduces skewing of the gas flow due to
buoyancy.

In order to optimise the heat recovery process, it is

20 important to prevent cool air being entrained into the space
between the cowl 26 and the generator 14 at the outer end of
the gap 32 which can occur as a result of back circulation
of the gas flow. Accordingly, in this embodiment the cowl
terminates adjacent a surface of the heat pump housing 10

25 which ensures that the flow at the cowl exit is
substantially parallel to the axis A, thereby reducing or
minimizing the radial velocity component.

It is important to ensure that the cowl is assembled



!%l ch can lead to light-back) and prolonging burner life. A
further benefit of this construction is that the 10 acoustic properties

.of the cow nmaterial substantially reduce burner noise, which can be
a probl em Wiy odbtiosy t YPE of burner when nmounted in a werggsyhezidaier
housi ng. . The narrow gap 32 between the inner surface of cow. 26
and the generator 14 is designed to prog& e high shear 15 forces and
convective heat. transfer between the conmbustion - product gases and the
surf aces. The narrow gap 32 al so substantially reduces skew ng of
the gas flowsdoR that eccénoybeity between thd ncewllezé t andpthei setdhe heat
recovery process, it is 20 inportant to prevent cool air being entrained
into the spab@uSlng HetigeaHnind sedw agceeprntticijohaam ad se4rasuihelmut er
end of 32, whi ch gan.occur as a result of back circulation

of the gas f#’ Gk %EE’B?H?W% i A€hi s enbodi nent the cowl t er m nat es
adj acent a surfacgnogr\ﬂletge %aﬂ'é@ é}l%l.é%l ﬂg Eoreggsé?%'bg}xeﬁ@ﬁurf :t hat

the flow at the Bst& paral el e axis

A, therely regH6-P8n® to enslt8i NEHdLg t-.lhae gadiali yela@ﬁhtfhceggeen%
It is inportant to ensure that the cowW is assenbled

98/ 08027 reasonably precise tolerances. ThECEheB9Z260284formed from

17 such that eccentricity between the cowl 26 and the rotary
housing 10 i 8 high fepgragyrectomral woplcaatarial r (uipilamto ceramigrk
ent rai nment

STV 1A PRI ARSI RS AL SNt A
of minexal wool fibres. We have found that this method
10 allows the cowl shape to be formed to a sufficiently close
tolerance to provide the gap size and concentricity
required.

To maintain the cowl concentricity when assembled on
the shaft 12, the cowl is formed around the machined -metal
15 hub 38 which is attached to perforated sheet metal arms 40
which radiate from the hub. The hub/arm arrangement is
located accurately on the vacuum forming tool, prior to
immersing the tool into a bath of mineral wool fibre slurry.
The entire assembly is then removed from the bath, taken off
20 the tool and dried. To prevent distortion during the drying
process, a metal shape (not shown) which corresponds
accurately to the corresponding surfaces of the heat pump
housing 10 is inserted as a drying former. The finished
cowl is then mounted concentrically by locating the hub to

25 the machine shaft by means of suitable bearings 42.
‘ In operation one of the burners 22 operates as a pilot
oi ignition burner. The hot surface igniter element 28 is

sited in front of this burner, which alsc has a £flame



wedagonably precise tolerances. The cow 26 is forned from a high
< tenperature mneral wool material (simlar to ceramc fibre) using a

“™vacuum form ng process froma suitable slurry of m neral wool fibres.
We have found that this method 10 allows the cow shape to be fornmed to a
suf fi ci ent P 180822 tol erance to provide the gap si zﬂﬁﬁmm
concentricity required. To maintain the cow concentricity
when assenbl ed on the shaft 12, ti% cow is fornmed around the

machi ned netal” = 15 hub 38 which is attached to perforated sheet netal arns

40 whi eliraft atckienchBEoRl 1 aneberdblly 2557 35EARIMBAUCHIY 4n hg the

-.located accurately on the vacuum formng tool, prior

tool into afeehb of andecbbsavand théd I ajud 2. (see FIGBre&Nt)[e gspeably is
then renoved fromthe bath, taken off 20 the tool and dried. To prevent

di storti on gheragaréenematfj partspespesed to mdtealcogbagsipnochanibewm,) whi ch
corresponds accura;el to the corres ondin§$surfaces of the heat punp

housi ng 10 PR PAddrigRalseartpymrpat opheFtTode 3} nideally havimgyat s t hen
nount ed .con i y 0, i n e hub tag t he machine shaft by
means o suﬁ?ggﬁegééng%%%é4§§g_5&¥é%%e areﬁncgpégﬁt?8ﬁ38ﬁee%?cYﬁ%£%prners
22 operates;igSraqlik8d. Bot®lof Qfﬁéé@'hl@’%hteghgiﬂﬁérsFﬁ;:@ﬁ |G ter

el enent 28 is sited in front of this burner, which alse has a flane
WO 98/ 08027cowl wall or in suitable conduits runnbld /DN tAé burner

18 ‘current rectification flame sensor 29 sited directly in front
of and cl os82t anghehe| REABIPLY-see Figure 2). Since there are no netal

parts exposed toph e, SIS 0N, IAUREL the ol IR 2L 2 Lt

10 off the pilot burner and this is achieved provided there is
sufficient space between the cowl and the generator in front
of the ribs 44 which separate the burners 22.
Modulation of the burner throughput can be achieved
either by switching burners on and off, or by varying the
15 flow to the burners using an air valve or a variable speed
blower. The air/gas ratio must be maintained close to a
constant value and this can be achieved in conventional
manner using a servo-regulating gas valve controlled by the
combustion air pressure.
20 Referring now to the optical sensor 34, this has been
~ designed to provide a safety lock-out feature on the burner
under certain conditions indicating malfunction of the
burner and/or the heat pump. One of the most critical
malfunctions is a lack of a flow of working fluid over the
25 inner surface of the generator 14. In this event, the
generator face temperature will rise and unless the burner
is switched off in time, potentially destructive damage

could occur to the heat pump. The device 34 uses an optical



Wt four times the surface area of the sensor el ectrode, i's
tred. Both of these are nounted either through the cowl wall or
itabl e conduits running through the burner 22 and the pl aque 24.

=2 - sten1rﬁﬂuhbg§,that the other burners cross-light 10 pEfEpdinspi | ot
burner and this iIs achieved provided there is sufficient space between

the cowl and the generator in front of the ribs 44 which separate the
burners 22. . ~Modul ation of the Bdrner t hroughput can be achi eved
either by switching burners on and off, or by varying the 15 flowto the
burners usi ngsémsdi 144,akb\ehoss & vlictalliedepesshnected tenar borddil atkgas
rati o nust be mmintai ned close to a constant value and this can be
achi eved i n cbighit igtridle 46 teanhselates ndhe sphovedieds afirng gmetnemeve
controlled by the conbustion air pressure. . 20 Referring now to
the optical sEPFRATHMTaS s TR bight d9vid9ndd &8 Joshtes 4nsar eddyadck- out
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surface of the generator 14. In this event, the generator face
t enperat ure wsénsaor S& atidllubé exx iMaeedubpetradiation S{bawht SAefa ofdd iandt | e,
potentially destructive damage coul d occur to the heat punp. The
devi ce 34 usevisiblgtliight) in the combuabigg/ chamyer. The metal tabs 36
PCT/ GB97/ 02141 19 sensoy . 44, such as
a phot odi ode, 28D AASEES; 5ot ArneTatore face by imaangy@fde a@ldsy WdbPat e

the phOtOdiOqgﬁkﬁgﬁ}EfEéﬁﬁgrature, in this particular example, of around

10 300°C. As the rotary heat pump housing rotates relative to
the stationary cowl, the tabs 36 will interrupt the light .
path as they pass in front of the end of the sensing bore
48, The sensor can therefore be used to generate a pulsed-
signal to a control circuit. If the generator face

15. ‘overheats, the solder will melt, causing the tabs 36 to fall..
off thus altering the modulation to the pulsed signal. The.
control circuit may then close the main gas valve and shut
off the burner.

On start up, the light generated by the hot surface

20 igniter is sufficient to activate the sensor. The control
circuit will then know that the machine is rotating, with
tabs in place, and will allow the burner ignition to
proceed.

The optical sensing system may be responsive to other

25 machine parameters, such as pressure, ' temperature, £luid

° concentration, etc., by suitable design of the tabs, or
providing an alternative sensor or sensing element which

detects a condition and causes a distinctive modulation of



: per atures. The light guide 46 is located in a radial bore 48 in

=1t he“cowl 26 which extends into the pil ot 5 conbustion chanber 28. When

a‘ihgrgurner is alight, the sensor 34 will be activated by radiation
(both infra-red and visible light) in the conbustion chanber. The

netal tabsWEPBM802?7 50 soldered to the generator face by RFE¥ERITEM4Y sol der
anple, of around 10
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300[err]C. As the rotary heat punp hou&Png rotates rel
stationary cow, the tabs 36 will interrupt the |ight

pass in fropheOk;LAe 6gh Pl RGeS -es%g Qgr.esfléﬁgr 4&1%

therefore be used”to generat'e a puls

ative to

t he

path as they

The sensor

ENLThe P

an
Sircuit.

I f the gengeasettidfCerorl 2xampibeat §i_tﬁ@€apqt§ﬁrp will nmelt, causing the

tabs 36 to fall off thus altering the nmodulation to the pul sed signal.
The control circuit may then close the main gas val ve and shut
off the burner. On start up, the light generated by the hot

surface 20 igniter is sufficient to activate the sen

circuit will then know that the machine is rotating, with

pl ace, and will allow the burner ignition to proc

sor. The control

eed.

tabs in

The

optical sensing system nmay be responsive to other 25 nmachine paraneters,

such as pressure, tenperature, fluid concentration, etc., by suitable
design of the tabs, or providing an alternative sensor or sensing

el ement whi ch detects a condition and causes a distinctive nodul ation

of WD 98/ 08027 '

PCT/ GB97/ 02141 20 t he signal seen by the

sensor 44. Al so, the sensor may be



Te-setti n'g, for exanple a bi-netal strip. WO 98/ 08027
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"CLAI M5 1. A burner assenbly conprising a radiant plaque burner

means di sposwbssesézrn a general ly encl osed chanber or a Hﬁ/ﬁ“ly
confined volune and directing radiant heat to a 5 heat recerving fneans.
2. A burner assenbly according to daipml, wherein the wal | s of f{he
chanber and/or said heat-receiving surfate return a significant
conponent of the radi ant heat devel oped by said reby
further to increase the 10 tenperatgLRIR$ the pl aqum',m“![mrﬂmmﬂﬂner
assenbly according to Caim1l or Claim2, wher ei n* sac . rsecel ving
means conprises a contlnuous surface ext endi ng beyond the periphery of
sai d pl aque bur ner 15 4. A burner gssenbly acc d| ng to any
of the precédi ng® Pur faraué}f’ss%mlP&rYeﬁ?“m’FéSilﬁ'ﬁeP vaadianss Riagpes gd
chanber have, v g th | 5.
A bur ner asse 1"Isy &é%écgé%%gs%%hg%ygof gt%[:)"rl d“?ﬂ,fge%r &I{%ﬁ%ﬁ/ Whér ei n

t he radi ant g&:@i&qmurd&fflm@an%mmr la$@s cﬁre@:QJ.n%e‘raHh.ﬁnf:' Héstphaque

el enent . . A'burner assenbly according to aimb5, wherein the
el enent %as m::arxrea.ysmrhnlgomeanslefl ning flame outlets. 7. A burner
assenbly according to Caimb5, wherein the el ement has a porous

structure t rough HEEE RERIRRINst3eRPTAMY ft Geimadseyherein the

walls of the chamber and/or said heat-receiving surface
return a significant component of the radiant heat developed
- by said burner means, thereby further to increase the
10 temperature of the plaque.
3. A burner assembly according to Claim 1 or Claim 2,
wherein said heat receiving means comprises a continuous
surface exteriding beyond the periphery of said plaque burner
means.
15 4. A burner assembly according to any of the preceding
claims wherein the inner walls of said enclosed chamber have
a relatively high reflectivity and/or emissivity.
5. A burner assembly according to any of the preceding
claims, wherein the radiant plaque burner means comprises a
20 ceramic fibre plague element.
6. A burner assembly according to Claim 5, wherein the
element has an array of bores defining flame outlets.
- 7. A burner assembly according to Claim 5, wherein the
element has a porous structure through which the combustion
25 mixture passes.
8. Apparatus according to any preceding claim, wherein the

outer surface of the plaque element of the radiant plaque




= Appar atus according to any preceding claim wherein the out er
2  surface of the plaque element™of the radi ant plaque

-_—22 burner is textured or 'ﬁm y .to enhance absorption
of back-radiation and ther ebym“'mmrmmm '- t enperature, 9.
- A'burner Y¥MIY conprising a*radiaht bl atjue burner S%ﬁyfﬁwone or
nore radiative elenents disposed in sufficiently close proximty to
sai d radi ant pl aque burner means2bo return a significant conponent of
t he radi ant heat devel oped by said burner neans, thereby further to
I ncrease t he tenperature of the @'5%236 W th a consequent increase in

10 the r ¥Rt ti Con Fealf §fd sRBRYERY ngtdf emance  f| ane.
10. A nmeth ' radiaot _pl e . [educe t he NOx
em ssi ons %‘?@o‘%ﬁﬁ{mﬁ%hr&gg{mr??ggggggugﬁﬁgtggw% %“lgb%?f%%n?u% onent of
the radi antefigtatdgnel oped by said 15 burner nmeans to be returned to said
radi ant pl ague burner, thereby further to increase the tenperature of
the plaqueg. A buthemn zssewrjyentonmrirsdare d nrdadiantatpkacgpfe tihermeanbust i on
reactions and shortening of the flane. . 11. A burner assenbly for a
r ot ar ySheal®3fp 3% cANE2(PY c HIPFE sEadbatbyar elenesitsy dbapesed din rot ati on
about a %ot.aticin axi s _and def i.gi nE a hegt-rgcei vi ng surface for
recei vi ng AeEhIGY it B REPAVLE¥LFY, S8af gTREI ARy Plaqueduumpgry
| ncl uding gag e JitirAdhaBE ohlE Mot I Withe A6 ene radl MR Hih I T ect ed
t owar ds sal eat-recel ving suUrface, an

developed by said burner means, thereby further to increase

the temperature of the plague with a consequent increase in
10 the rates of the combustion reactions and shortening of the
flame.
10. A method of operating a radiant plaque burner to reduce
‘the NOx emissions thereof ,. which comprises causing a
significant component of the radiant héat developed by said
15 - burner means to be returned to said radiant plaque burner, -
thereby further to increase the temperature of the plaque,
with a consequent increase in the rates of the combustion
reactions and shortening of the flame.
11. A burner assembly for a rotary heat pump which
20 comprises a rotary housing mounted for rotation about a
rotation axis and defining a heat-receiving surface for
receiving heat from said burner assembly, said burner
assembly including one or more radiant burner devices spaced
from and directed towards said heat-receiving surface, and
25 a cowl means disposed around said burner device or devices,
and projecting towards said heat-receiving surface to define
a generally enclosed combustion chamber and thereafter

extending closely spaced from said surface to define a




"25' a coW neans di sposed aroun evice:or devices, and

projecting towards said heat-receiyi defi ne a generally
.encl osed conbusti on chanmber and L“‘i“ﬂ%ﬂﬁ%ﬂ”ﬂdendl ng cl osely spaced
e L {08027

fromsaid sypbaggmes©0 define a PCT/GBY7/02141

PCT/ GB97/ 02141 23 narrow gap through
whi ch burner efflux may pass, wherein 33 said cow neans is constrained
agai nst rotation with said housi ng. 12. A burner assenbly

according to daim1l, wherein said 5 cow neans includes a cow elenent
formed of a mar&eHl dagolthrough cwhigh cPRYRee AEEbEX amay opagehemhpEgin

resi stant nmater.ial such .as gl ass... 13.. A _burner.asse y acgordi ng
to Caim 12, e dorismerne’ i hnbtiainsd 458inghe T6yavAR0MEST APAY 11 om
a slurry of plQgifneral wool fibres. 14. A burner assenbly according
to any of Cainms 1T to 13, wherein said cow neans includes a

rei nforcing menben bakner assémbly aotetdiny wwurll=ith 10 ,saihéreduseagd or a
shaft or the | i ke attached thereto. 15 15. A burner assenbly

accor di ngp t 0 cOwdi means inclhudes eheowl elewméentf dicsimed of bawinsomdr weed, a

central stub or shaft i&c&rtion ) fromwhfnch roject a El urality of
general |y radegpmic fibne,materialy) enPEhefinneRt e ¥eEAGLEBHaMAS®EARY heat -
recei ving sur e 6. A burner assenbly according to Caim 15,
wherein the st'l%% Pgi ﬁ?g?%fng menber and el enments are nade of netal.

17. A burner jassegbbyrfeeoadsefbly &8¥ordind ald w1kl A2]6whereinVBgigi n the
or each burner device is attached to and
: cowl element is made by vacuum-forming from a slurry of
10 mineral wool fibres.
14. A burner assembly according to aﬁy of Claims 11 to 13,
wherein said cowl means includes a reinforcing member for
being rotatably coupled to said housing, or a shaft or the
like attached thereto.
is5 15. A burnér assembly according to Claim 14, wherein the
| reinforecing memberxcomprises a central stub or shaft portion -
from which project a plurality of generally radial
reinforcing elements, which extend towards said heat-
receiving surface.
20 16. A burner assembly according to Claim 15, wherein the
reinforcing member and elements are made of metal.
17. A burner assembly according to any of Claims 11 to 16,
wherein the or each burner device is attached to and
éupported by said ctowl means.
25 18. A burner asgsembly acceording to Claim 17, wherein the or
- each burner device is disposed between adjacent reinforcing
elements.

19. A burner assembly accoxding to any of Claims 11 to 18,



* slpported by said cow neans. Wﬁﬂssenbly according to
Claim 17, wherein the or ch burner deyj I s di sposed between

. .adj acent reinforcing el ene ! m \H‘ﬁur ner assenbly according to
any of Cajns 11 {o 18, X}m“““‘“‘“‘\:( \! ! Y
wher ei n thgop?gf”f’?fkery of the cowl* méans term nates ‘adj acen g eBIMIN ¢ 1 f ace

of the housing which extends generally qui ally, t hereby defining an

annul ar outl et whereby the burner af flux exhausts with a substanti al

axial conponent. 5 20. A burner assenbly according to Caim 19, wherein

sai d nehe & g athee earighelrgr ofit theasdwh nidiin=d tekrmihat eadadjacent

di mensi on of the cow . 21. A burner assenbly according to any of
Clainms 11 t® spriace ofihthei housdnpnmbichakktsends aeneval lyreantalkbi.end

generally 10 axially, .closely to surroynd the radiant, surface of said
r adi ant burh}é?r%@(/iaéteﬁ'&m&e@?c%?mlar °“§’l;i.6tA“'Bﬁ’r"FFé‘F tg‘fs?ﬁﬁf‘ﬁra%g&r‘ﬂ? ng to
any of C ai A piheLeia;t e MS\C}@H | spacing Dlerr] of
the front sur %%%E%f&]bh ats#é) r(% ?éﬁt gg&?;{:e&or eV|t2°es fromthe facing

surfacesof phe ASpubieat -daembliyGdddridang s kehimens pbaneé re 0o s 70% of
t he radi al dinension Derr] of the heat emtting surface of the

bur ner devi nerrow gap3.extdndsmefonssanblyaswcar dimigd cofinyhef dials 11 to
22, further including sensor nmeans for detecting radiation in 20
sai d conbusBiBpneiemirk B’ §9™8cessor means responsive to t he out put

of said Sen§9f tIQ b’IP:“Aetroras%%%%i 3@c8Ld§§§dto any of Claims 11 to 20,

wherein the inner walls of the cowl means extend generally
10 '~ axially, closely to surround the radiant surface of said
radiant burner device or devices.
22. A burner assembly according to any of Claims 11 to 21,
wherein the average axial spacing D, of the front surface of
the radiant device or devices from the facing surface of the -
15 heat-receiving surface is between about 30% and 70% of the °
radial dimension D; of the heat emitcting surface of the -
burner device.
23. A burner assembly according to any of Claims 11 to 22, -
further including sensor means for detecting radiation in
20 said combustion chamber and processor means responsive to .
the output of said sensor to monitor operation of said
assembly.
24. A burner assembly comprising a combustion chamber
including burner means for producing radiant heat, a rotary
25 housing defining a heat-receiving surface for receiving heat -
from said chamber, and a sensor means constrained against
rotation with said rotary housing for detecting radiation in

said chambery, and processor means responsive to the



" assenbl v’ 24. A burner assentrl’y"(:‘ﬁ'rﬁﬁ"lmzonbusti on chanber
i ncl udi ng burner neans for prod me arotary 25 housing
» defining a heat-receiving surfaqgl{lmm ‘mm eat fromsaid

chanber, anqv@”?@&;or means const# aimed a#ai hst” r ot apé-pepywezivrsai d
rotary housing tor detecting radiation in sai d chanber, and processor
means responsive to the 24\0 98/ 08027

PCT/ GB97/ 02141 25 anplitude of or
modul ati on of said detected radiation noni tor operation of said

assenbl y. amplitpde of, 5%, cpodRLafidTy %Ecﬁ?éliinﬁ‘ePSCEf‘él reddafheRefR t he
heat -recelmw ng §u%§gg Eé‘ﬁ Spe, "1?{‘1 rg)s[see‘&bqg el enent s 5 projecting
t her ef r om"Sha F e nma

a fu5| eri al secured to the heat

recei ving ,sur f aCguiphed fé@éé?t'l]:ﬂymécﬁfdfﬁlng to 28Tafh SPPSAtesEsh that, on
rotation of said housing, the burner’ neans radi ation i s nodul ated by

said tab nRaRsreceivinger shyfade dedscteie nusil aidren alaker elieengisd fusible
10 material fuses or begins to fuse. 26. A burner assenbly according
to C & m ZEejsksiegn thgirgfrom apdr farmesarnt | acfudéblenmagarial erenent,

and the igniter, 2‘? tab el enents, D%o tical .sensor are disposed
such L@r‘?&t‘ dohoaERE AFHN TCRYES GHFEQFe ng é‘{%éﬂ(?of“ra& Gﬁgl ng 15
modul ati Ofd) dlBAUP HacH He 0ok NELRLIGR! o CBILES BN ing, thE USEd bY
sai d processor t0 nonitor both correct operation e |gn|ter means
and to chasfnker memw Oradoscideatisndmodulatdd t b headla reswi weagssurf ace.
whereby the detected modulation alters if said fusible
20 material fuses or'begins to fuse.
26. A burner assembly according to Claim 25, wherein said
burner means includes an igniter element, and the igniter,
the tab elements, and the optical sensor are disposed such
that, on actuation of said igniter means, the corresponding
15 modulation in the output signal of the optical sensors may
be used by said processor to monitor both correct operation

of the igniter means and to check for previous overheating .

of the heat-receiving surface.




