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A rotary heat pump (10) 0
comprises a vapour genera- 2 T
tor (20), a condenser (24/34),
an evaporator (42) and an ab-
sorber (40) interconnected to - 26 32 4
provide cyclic fluid Row paths 20 2%
for a volatile fluid component 34 B
and an absorbent fluid there-
for. To allow operation of the 1% - 16
pump close to the crystallisa-
tion boundary the pump in-
cludes crystallisation control 2 24 103
means which cause the tem-
perature of the fiuid in the re- :
gion prone to crystallisation 48 '.,.
to be raised when the onset 0
of crystallisation is detected. p
For example the pressure in- 98-
crease upstream of a crystalli- i
sation site may causc warm 5 hi+r4
fiuid o be diverted directly
or indirectly to increase the Ll 72 P, o
é fiuid temperature at the crys-
tallisation site. The specifica-
tion also describes features for : 52 ' 86
controlling the absorbent mix-
ture flow rate; for controlling 56 5
the concentration thereof: for

a scoop for
g::nufnm;g flow onul:“ t'lnwp. gen-
erator face; for pressure relief and extended operation of the pump; to novel heat exchangers; to metal compositions for the heat pump, and
to hydrogen getters for use in heat pumps.
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In operation of conventional heat absorption cycle heat punps, a
working mxture which is rich ina volatile 20 conponent—{whi-ch—mxture
is hereinafter referred to for conveni ence as "M xture R') is heated
i i the generator, under pressure, by high-grade heat such that vapour
of the vol atil e conponent is generated and a working m xture which

is less richwiyodmasma in the volatile conponent is produced PCHGBISEHES -1

m xture is hereinafter referred to for conveni ence as "M xture L").
In known single stage heat punps the aforésaid vapour : WO

97/ 14924 PCT/ GB96/ 02486

2 of the volatile conponent frgg?gﬂﬂ%ﬁgﬁfrator I s condensed in

t he condenser, at the sane high pres ) t he evol ution of heat
and the formation of liquid volatile conponent. The liquid volatile
conponent is passed through an expansion 5 val ve, to reduce the pressure

t hereof, and t hencgi jatventioreralatssoto heathpumpspofatbe, abserptiomsai d
| i qui d accepts
cycle type, particularly to such heat pumps of a rotary or

centrifugal design, and to methods of operating said heat
5 punps.

Absorption cycle heat pumps comprise the following
components: evaporator, absorber, generator, condenser and
optionally a solution heat-exchanger; and are charged with
a suitable working mixture in the fluid phase. The working

10 mixture comprises a volatile component and an absorbent

therefor. '

- In absorption cycle heat pumps, a high temperature

source of heat, so-called high-grade heat, and a low

temperature source of heat, so-called low-grade heat,

15 deliver heat to the heat pump, which then delivers (or

ejects) the sum of the heat input from both sources at an
intermediate temperature.

In operation of conventional heat absorption cycle heat
pumps, a working mixture which is rich in a volatile

20 component (which mixture is hereinafter referred to for
convenience as "Mixture R") is heated in the generator,
under pressure, by high-grade heat such that vapour of the
volatile component is generated and a working mixture which
is less rich or lean in the volatile component is produced

25 (which mixture is hereinafter referred to for convenience as
"Mixture L").

In known single stage heat pumps the aforesaid vapour



heat froma | ow tenperature source of heat, typically air or wat er at

anbi ent tenperature, and evaporates. The .resulting vapour of the

vol atite conponent passes to an absorber where 10 it is absorbed in
Mxture L with the re-formation of M xture R and evol ution of heat.

The M xture n transferred to the vapour gener ﬁﬁ%Pgﬁnce
conpl etes thgwié@vgﬁ Many variations on this process :ﬁgﬁ%oss for
exanpl e the heat punp may have two nore stages, where vapour from
the 15 volatile conponent evaporated™ by the first nmentioned
(primary) vapour generator condenses in an internediate condenser

whi ch is thesfatne vislgtie compoment frem the ayenerator ritse condensedvdpour
generator which creates further volatile conponent vapour to condense
in the firstthetondanser at e my) highdpressure, with the gyodutdenwi sh
to enphasi ze the physical state of the vol atil e conponent we shall,

for conveni e‘hﬁé‘eﬁﬁf@d e tfoggat:.on of\idguidiientatile; qqmqwnjhs ghe

vapour state in the

voldat ihl e co HL\#%@%‘ oqm%‘?bt bisr EP?FPgldltSU’I i}]at e) WFE@FEﬂt
ZQarr;:)I 2 %I ve%am{%;au?:gfsrl ger ant %2'% nd ‘%’Lée“%% or%lé‘%t %&?‘rt I C#Jﬂaénl s a

hydroxi de sobyiboPaterDr iF 'erab’(rﬁbbraﬁi-:ﬁ', the aforesaid liquid accepts
heat from a low temperature source of heat, typically air or
water at ambient temperature, and evaporates. The resulting
vapour of the volatile component passes to an absorber where
10 it is absorbed in Mixture L with the re~formation of Mixture
R and evolution of heat. The Mixture R is then transferred
to the vapour generator and hence completes the cycle. uany
variations on this process are possible; for example the
heat pump may have two or more stages, where vapour from the
15 volatile component evaporated by the first mentioned
(primary) vapour generator condenses in an intermediate
condenser which is thermally coupled to supply heat to an
intermediate vapour generator which creates further volatile
component. vapour to condense in the <first mentioned

20 (primary) condenser.

Where we wish to emphasize the physical state of the
volatile component we shall, for convenience, refer to it as
'yve! (when it is in the gas or vapour state) or 'LVC*' (when
it is in the 1liquid state). The volatile component may

25 otherwise be referred to as the refrigerant, and the
mixtures L and R as absorbent fluid. In the particular
exanple given, the refrigerant is water and the absorbent

fluid is a hydroxide solution comprising alkali metal
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3 hyvdr oxides as descrlbed in EP-A-208427 the contents of whi ch
are intorporated herein by reference. U.S. Patent No. 5,009, 085
discl oses an earlier rotary heat punp, and the teachings of that
docunent are 5 I ncorporated herein by reference. There are various
probl ens asswoomes4wi th a heat punp of the kind described PCT/GBISN248S S

Pat ent 5, 009, 085, and various aspects of the pr esent i nvention seek to
overconme or at least mtigate these 3probl ens. 10 In heat punps
such as those described in U S. Patent 5,009, 085, there is a risk of

cat ast r ophi p% é*'{&’eéfaEhedes:irlb ri#‘ln?vg.lalé{# houl deftY Hottldr®s 06f

ot herwi se e rTence thi'd reason the heat punp
is usually ynjich ORRE aiisbriddrdatdis H&’éi@%ﬁ@éf@z@%@”cen”atlon set well
15 away fromthe crystalllzatlon condition, and determ ned by t he
desire to avoid cpys! dpdtent i Nw. 5069, wmandiscxmsysdsn earlier rotary

heat pump, and the teachings of that document are

5 incorporated herein by reference. There are various
problems associated with a heat pump of the kind described
in U.s. pPatent 5,009,085, and various aspects of the present
invention seek to overcome or at least mnitigate these
problems.

10 In heat pumps such as those described in U.S. Patent
5,009,085, there is a risk of catastrophic failure if the
working fluid should crystallize or otherwise experience
restricted flow. For this reason the heat pump is usually
operated with the maximum solution concentration set well

15 away from the crystallization condition, and determined by
the desire to avoid crystallization rather than to provide
maximum efficiency. We have developed a modification which
initiates corrective action when the onset of
crystallization is detected, thus allowing safe operation

20 close to the crystallization condition.

Accordingly in one aspect, this invention provides an
absorption cycle heat pump including means responsive to the
onset of crystallisation of absorbent in the working fluid,
or the onset of unacceptably high viscosity, to initiate

25 means for preventing further crystallisation and/or for re-
dissolving «crystallised material, or reducing said
viscosity.

The area most prone to crystallization or flow



maxi mum ef fici ency. W have devel oped a nodification which initiates

corrective action when the-- onset of crystallization is
detected, thus allowi ng safe operation 20 close to the crystallization
condi tion. Accordingly in one aspect, this invention provides an
absorption QMHQ%I t punp including means responsive to tQewpospRBect of
crystallisation ol absorbent in the working fluid, or the onset of
unacceptably high viscosity, to initiate ,25 mneans for preventing further.
crystallisation and/or for re- disséﬁving crystallised material,

or reducing said VISCOSIty The area nost prone to
crystallizattesteictionw is normally sidedl//iniothe absorbent fluid flow
PCT/ GB96/ 02486 restriction is

nornal |y sitpathninte d&herabserbex fromothe scbatipn nheath@xXehanaeT, from
the solution heat exchanger,

which is its | owest rature
and hi ghestwhich cobentdtat | dits 5lowest Tﬁ%“m ®r Men?\‘ﬂg‘

conpri se cl earance
P concentra%fon.

5 The means for preventing may comprise clearance means
for increasing the temperature and/or reducing <the
concentration of absorbent in the working f£fluid at or
adjacent said crystallisation site. For example a stream of
fluid may be diverted at least temporarily to increase the

10 temperature of the flow past said crystallisation site
either directly or indirectly by thermal exchange. This may
be activated by detecting the local pressure upstream of the
crystallization site.

In one method, where absorbent fluid passing from the

15 vapour generator to the absorber gives up heat to absorbent
fluid passing in the opposite direction via a solution heat
exchanger, a portion of the absorbent fluid from the path
from the generator to the absorber, which will have a
relatively high temperature, is diverted to be introduced

20 into the return flowv from the absorber back to the
generator. In this way, the temperature of the return flow
is increased which raises the temperature of the flow
upstream of the crystallization site, thereby dissolving or
reducing the viscosity of the liquid at said site.

25 This diversion may be achieved by providing a pressure
dependent control such as a valve or a weir between the two
flows, whereby said introduction is initiated when the back

pressure caused by the onset of crystallization or



for increasing the tenperature and/or reducing the concentration
of _absorbent in the working fluid at_or adj acent said-crystallisation
site. For exanple a stream of fluid may be diverted at | east
tenmporarily to increase the 10 tenperature of the flow past said
crystallisation site either directly or indirectly by thernal
exchange. Thiwo snamg924 be activated by detecting the | ocaPCHE
upstream of the crystallization site. I n one nethod, where
absorbent fluid passing fromthe 15 vaﬁgur generator to the absorber
gi ves up heat to absorbent fluid passing in the opposite direction
via a sol uti sify Pekéedds & presed hestioXduid from
the path HHa??%%??ﬁéyg%ﬁgﬁgfg?e?01?%e-absorberf§WMich will have a
rel atively high tgipernativelys doukantdfluidcmapt beddiwerted friom: ghet he
return flow fromthe absorber back to the generator, In this
way, the tenpendenserof tithe the ur avapomator, ifthermebycast®d whaiseraitbes the
tenperature of the flow upstream of the crystallizatufn site %Qereby
t e

di ssol vi ng oevaporatienydemperatures And  ause g2 | ingrepssd samquat 25
Thi s di versi on_nmay be achi eved b rovi di ressur n t
pohtroiv§yckr$§r&¥?§f9g b évﬁBP¥a§8téb hgghgagﬁﬁ up F?EV&&E&ﬁ$g§%y sai d
introduction Lg hgiblat of e diorddK decrease in concentration of

absorbent in the working fluid and an increase in

temperature of the working fiuid in the crystallisation
region.

10 A further problem is that of maintaining a reasonably
high efficiency whilst running the heat pump at less than
full capacity, when the temperature 1ift and/or thermal load
is- reduced. The temperature 1lift is defined as the
temperature difference between the evaporator and the

15 absorber. We have found that it is possible to improve
cycle efficiencies in these part-load conditions by
controlling the flow rate of absorbent fluid around the
cycle in accordance with the thermal load and/or temperature
lift. Furthermore, we have found that it is possible to

20 design the heat pump so that the dynamic or static pressures
in the pump tend to adjust the flow rate of absorbent fluid
to suit the prevailing temperature 1lift or thermal load,
thus obviating the need for adjustable control valves or the
like, although we do not exclude the possibility of such

25 control arrangements.

Accordingly, in another aspect, this invention provides
an absorption cycle heat pump comprising a vapour generator,

a condenser, an evaporator and an absorber so interconnected



pressure caused by the onset of crystallization or WO
97/ 14924 - PCT/ GB96/ 02486

5 * unacceptably high viscosity exceeds a preset threshold.
Alternatively, coolant fluid may be diverted fromthe condenser to the

evapor at or, Mg_ﬁ@ﬁ‘to rai se the evapor ati on tenperat u&&,&g&gﬁ@t‘se an
I ncreased a 5 refrigerant to evaporate and be taken up Dy

absor bent resulting in a tenporary glecrease in concentration of
absorbent in the working fluid and an increase in tenperature of the
working fluid in the crystallisation region. 10 A further

probl emis tasttof pravidei ayayia fiuitdngbey pathshfgh af veiatide fAndd:

runni ng the heat pu at | ess than full capacity, when the te erature
lift and/ or €PEPREENFoARd an a%scprékﬁr&‘édﬂuidT erefpsy oAk £10¥;

defined as the t enperat ure d| pce tween the evap or and the
15 absor berSontyRl, MRANS, tﬁﬁ? ?? f%ngo EALL) ‘F‘l‘rf)?oﬁ‘%r e 8fdfe

ef ficienci esabQoLQSﬁﬁ Ei‘ﬁidl %%&8&%&8@%% at least one of:’
5 (i) the temperature difference between the absorber

and the evaporator, and
(ii) the thermal load on the heat pump, and
(iii)one or more other operating parameters.
The flow rate may be adjusted in various ways but it is_
10 preferred not to do so by varying the pump capacity. Thus
the flow rate control means may conveniently comprise flow
restriction means in the absorbent fluid flow path from said
generator. The restriction may be controlled to give the
required performance by the use of an active control system,
15 but we have found that suitable control may be achieved by
a passive restrictor such as ‘an orifice, a vortex, a
capillary or a combination of some or all of these.
Preferably the heat pump is designed soc that the flow
rate of the absorbent fluid from the generator depends on
20 the operating pressure difference at either end of the
absorbent fluid path from the generator, and/or the
manometric pressure difference due to any difference between
the free surface levels in the absorbent fluid at either end
of the fluid path from the generator.
25 Thus, the heat pump and the flow characteristics of the
restriction means may be designed to give a particular flow
rate which varies with the operating pressures to provide

the variation in flow rate to suit the varying operating



controlling the flow rate of absorbent fluid around the cycle in
accordancewith-the thernnl |oad andlor tenperature Lift.  Furthernore,
we have found that it is possible to 20 design the heat punp so that the
dyriami c or static pressures in the punp tend to adjust the flow rate
of absorbent fluid to suit the prevailing tenperature lift or thermnal
| oad, t TMQ Y%At i ng the need for adjustable control vECVEBI@NR4%6he

| i ke, although we do not exclude the posshpbility of such 25 control
arrangenent s. Accordi ngly, in another aspect, this invention
provi des an absorption cyc| e heat punp conprising a vapour generator,
a condenser, camdtionsitas described el By donneationeaidh Figure 6.

WO 97/ 14924 . PCT/ GB96/ 02486

6 as t dikisn Ghe iduid path Sxcpathe genexater amay e |splpcted
conponent and an _absorbent fluid thergfor, and flow rat control, neans
for controll iq:r?ggﬁ’((? FRERF VRl B?a{t’ﬁeagaﬁ:bther en&bs%ﬁﬁﬁgnfﬁ? Fe§prvorr
accordance Wigd, f Afé‘s&iﬁ}?sﬂ;ned and disposed to provide free surface

5 levels at selected' heights or radial distances to give the

required manometric pressure difference in operation.

In one specific example, the generator contains a
reservoir in the form of a feed chamber in which absorbent
ligquid collects before exiting the generator, and which

10 defines a free surface, and the fluid path from the
generator terminates in a trough adjacent the absorber, and
the feed chamber is disposed so that, in normal operation,
the free fluid level therein is higher or radially inwardly
relative to that in the trough.

15 Alternatively, the downstream end of the absorbent
fluid path from the generator may terminate in an outlet
which is normally above the surface of liquid in a reservoir
means associated therewith which collects fluid discharged
therefrom, whereby the outlet head defines the manometric

20 exit pressure.

As discussed above, there may be active control of the
flow rate of the absorbent liquid. Thus said flow rate
control means may comprise one or more detector means for
determining or predicting one or more operating parameters

25 of the apparatus and means responsive to said detector means
for controlling the flow rate of said absorbent fluid in
accordance therewith.

Another area of difficulty in a rotary heat pump



5 (1) the tenperature difference between the absorber and the
evapor at or, and (ii)—the thermal |oad on the heat punp, and
(iii)one or nore other operating paraneters. The flow rate may
be: adj usted in various ways but it is 10 preferred not to do so by

varying the acity. Thus the flow rate control @ﬂﬁmQ@F
convenientlyaggﬁﬂg e flow restriction neans in the aﬂgg? ent uid

flow path fromsaid generator. The rgstriction may be controlled to

gi ve the requi red performance by the use of an active control system
15 but we have found that suitable control nay be achi eved by a
passi ve rest jhoblvesucthas variois | pampa arrangements, eacipi [dfar whicha
conbi nati on of sonme or all of these. Preferably the heat punp is
desi gned so tipicakdyf | comprises r at eSEPOPhPWEROWDach fisi & 1

generator depends on 20 the operatin ressure difference ft ei t her end

of the  capstraineds|ag dthe: heat gerlatR®y | aBFy/ Y1 e SCO0PS
urt ace | evoRSaR{ar sEom, 85, ABRRIRE, FoRBh. A, seearyoLE ahE Aqtdyers 1E L0t
char act of ot RBe FaRuiFEd elsewhiBs, il o WpiGdll s8R0y Bimp Moign ot
particular flLewrt up the heat pump is initially stationary and the fluia
will have collected in the lowermost arc of the trough with
the radial depth far greater than when the heat pump is
rotating. The scoop pump includes a bob mass which means

10 that it too resides in the lowermost part of the trough,
submersed in the fluid. Consequently on start up there is
a large drag force between the fluid in the trough and the
scoop pump which creates inefficiencies and delays the onset
of steady state operation. We have developed a new form of

15 scoop pump which allows the start-up drag associated with
conventional designs to be considerably reduced. The design
also has benefits in reducing the fixed mass associated with
conventional scoop pumps and thus reducing the shock loads
likely to be experienced by the scoop pump in transport.

20 Accordingly, in another aspect, this invention provides
an absorption cycle heat pump comprising a rotary assembly
including a vapour generator, a condenser, an evaporator and
an absorber so interconnected as to provide cyclic fluid
flow paths for a volatile component and an absorbent fluid

25 therefor, wherein at least one of said generator, evaporator
and said absorber includes a scoop pump comprising a bob
member rotatably mounted within said assembly, constrained

against rotation with said assembly and arranged in use to



rate which varies with the operating pressures to provide t he

variation in flowrate to_suit the varying aperating WD
97/ 14924 PCT/ GB96/ 02486

7 . conditions as described below in connection with Figure 6.

Li kew se, the fluid path fromthe generator nmay be sel ected to have
reservoir nea@s7ai92¢i t her end, wherein the reservoir Lal%%Y

di mensi oned and di sposed to provide free,surface 5 levels at sel ected

hei ghts or radial distances to give the 9 requi red manonetri c pressure
di fference in operation. . In one specific exanple, the generator
contains a es i relorthe iShnFerEntiallyvdispasebr bent
liquid coll é’(ﬁlsleo% of‘{e'y%(i f#‘?l% tgheggggﬁgg ord,cl and whi ch 10y‘M(?efi nes a free
surface, ang-cuy flow drpakbvbism tdwid bob gmemberor includlingesai rbab
trough adj acent the absorber, and the feed chanber js disposed so
that, in norcentaimemiéanentric witie respect] tod they @otatdanal jaxis ffer or
radially inwardly relative to that inthetroydq

Al ternativelsaid tassexhdys foxabedng sharged with pehal

5 or reservoir when the pump is at rest.

hf';::'cnitL 55aid trough

This arrangement has several important advantages.
Because part of the fluid will be contained in the bob
container, there will be less fluid in the trough and so the
drag forces on start up are considerably reduced. Also the
10 f£fluid in the boﬁ container increases the stationary mass of
the scoop pump which means that it will have greater inertia

and therefore be effected less by drag forces.
- Said bob .container may receive fluid from the trough
via an orifice without a pumping action but it is preferred
15 for said scoop pump to include means for delivering at least
part of the fluid collected thereby to said bob container.
Thus, when said pump is operating steadily, the mass of
the fluid in said bob container may provide a significant or
major part of the mass of said bob member. The bob
20 container may include bleed drain means for allowing a
portion of the fluid in said bob container to drain back
into said trough or container. Thus, in a typical
embodiment, when said heat pump is stationary with its
rotary axis horizontal, said container is at least partia}ly
25 immersed in fluid contained in said trough or reservoir, and

is at least partially filled with fluid.

It will be understood that the scoop pump arrangement

may be used in place of any of the scoop pumps used in



fluid path fromthe generator nay term nate in an outl et which is
normal | y above—the surface ef—t+quid in a reservoir means associ at ed
therewith which collects fluid discharged t herefrom whereby the

outl et head defines the manonmetric 20 exit pressure. As

di scussed above, there nmay be active control of the flowrate of the
absorbent |i q¥P8"49%us said flow rate control means FEVCBIH6se one
or nore detector neans for det erm rliong or predicting one or nore
operating paraneters 25 of the apparatus and neans responsive to said

det ect or nmeans for controllingtthe flowrate of said a sorq$ngpﬁluid
in accoF@RNEePtiRBRLWFPHATY heat pumpg.,: The RRERSACHRFIHRYITS Tiris,

t heat . 1
L%T?%%/egz 4§§ggct of this inv%tgz{'i é?gé provide @h 1.1np¢:ur|'t:na\;'g:I vfgsci[]ﬁ.g.y

b whi ch | S0 AR | a°EShERuin: Ceor o BYRLENGY MATY: Cfar TaiT
whi ch scoopsjjguid-containing trough, and in particular for containing
5 variable amounts of fluid to allow control of the absorbent
fluid concentration, as to be discussed below.

We have also developed an arrangement which adjusts the
relative proportions of absorbent and volatile components in
the mixture to match the operating conditions. Again, this

10 could be achieved by temperature sensing and the use of one
or more control valves, but we have found that it is
possible to provide absorbent concentration control by
syitable design of the pump such that a variable amount of
refrigerant is caused to be stored in a reservoir dependent

15 on the operating conditions, thereby to provide useful
control of the solution concentration. We have also
developed this arrangement further to allow the maximum
solution concentration to be limited.

Accordingly, in another'aspeCt, this invention provides

20 an absorption cycle heat pump having a working £luid
comprising an absorbent and a volatile component, including
means for adjusting the concentration of said absorbent in
said working fluid in accordance with at least one of:

(1) the temperature difference between the absorber

25 and the evaporator,

(ii) said working fluid in accordance with the thermal

load on said heat pump, and

(iii)one or more other operating parameters.



liquid froman annul ar trough or reservoir and delivers it 5 as required
elsewhere, _ln a typical scoop punp.design_  at st art—up-t-he—heat punp
is initially stationary and the fluid wi |l have collected in the

| ower nost arc of the trough with the radial depth far greater than
when the heat punp is rotating. The scoop punp includes a bob nmass
whi ch means wibemiadzat it too resides in the | owernost part ROT/GHIE048&ugh,
subnersed in the fluid. Consequently on i&art up there is a large
drag force between the fluid in the trough and the scoop punp which
creates inefficiencies and del ays the onset of steady state
operation. W haverdfeeabhgq thecwdmentfatith simopdjuspedhbyh VaXYdRg t he
start-up drag associated with conventional designs to be considerably
reduced. Thethesampount of volatike cempement sgoredudn gy munnimgdMIfeds

associated with conventi onal scoop pungiwgnd t hus redgllj;S g t he shock
| oads li kel Flm@fbéaéﬁpéﬁ%e%mbya@hﬁs ptbﬁnﬁ"i“ﬁ A geﬁt may>0

Accordi ngly, . | n anot her a ect, this i nvent i on pro tion
cycle heat pdRg aBPERa MPERIVAIS Wea"?s ¥?ﬁc Fﬁ&ﬁrﬂga aaiﬁ.ep

Dot er aonmact séx%iigﬁ%ie&pfr iii%é{.@%ﬂ#?ﬁ% and/of 'aBRBOLRAE, FIuid, and |
conponent angeansAReer Bﬁﬂbxhbufﬂu:.af’totﬂﬁ&efﬁm #Kﬁ%é!séi‘vdﬁa%ieaﬂ%ew

sai d generator, evaporator and sai d absorber includes a scoop punp
conpri sing aalaglihst said concentration.

In operation, the amount of wvolatile component

evaporated by the evaporator at a particular temperature

10 1lift is a function of the absorbent fluid concentration. As
the rate of evaporation decreases, more fluid collects in
the evaporator and, in this aspect of this invention, the
excess fluid is stored in a buffer, thus reducing the
proportion of volatile component in the mixture supplied to

15 the absorber, and thus causing the rate of evaporation to
increase.

In a particular embodiment, running buffers of mixture
and volatile component are stored in respective reservoirs,
typically in the generator and the evaporator, although

20 other locations are of course possible. The running
reservoirs may conveniently comprise bob containers as
referred to above, which contribute to the inertia of the
scoop pumps. |

It is preferred to 1limit the concentration of

25 working fluid in the heat pump. For example the volatile
component buffer may include overflow means, which limit the
maximum leanness of the mixture circulating elsewhere by

limiting the amount of refrigerant that may be stored in the



menber rotatably mounted within said assenbly, constrained agai nst

rotation with said assenbly and-arranged in use to WO
97/ 14924 _ PCT/ GB96/ 02486
9. collect fluid froma generally circunferentially disposed

trough or reservoir, said bob nenber including a bob contain by
eccentric wi MPY84M4ct to the rotational axis of sai d mafor

bei ng charged with fluid fromsaid trougfg 5 or reservoir when the punp
is at rest. Thi s arrangenent has several inportant advantages.
Because part of the fluid will be contained in the bob cont ai ner,
there will kobccontainerint thet eyapRratarso (Thus the PYRFElAW BERMSst art

up are considerably reduced, . Alsq the 10 fluid in the bob.,container

i ncreases t A%t & %aﬁy" d‘?‘ﬁatﬁet hé’°§é’8§ﬁ"gungrﬁﬂi e arEUpRLng; ¢
i1l h t ' ' h f

forces.  FREvd it tne sRilah'BF BRI GRE R SppBlicl e 86

via an orifigesgdiout yReRU e dodfiddittrdtion { ekSels 81" Upproaches a

5 preset limit. This may be determined by reference to the

amount of refrigerant in said running reservoir and/or
collecting adjacent said evaporator.

A further source of inefficiency associated with rotary

" heat pumps which we have discovered is the tendency for the
10 scoop pump assenmblies to oscillate about the rotary axis if
the level of liquid in the associated trough falls below the
inlet pipe of the scoop pump, and this oscillation ‘can
significantly affect the efficiency of the punmp.
Accordingly, we have developed various arrangements whereby

15 the oscillation may be damped.

Accordingly, in another aspect, this invention provides
an absorption cycle heat pump includihg a rotary assembly
comprising a vapour generator, a condenser, an evaporator
and an absorber, said heat pump including scoop pump means

20 rotatably mounted within said assembly but constrained
against rotation therewith, said scoop pump having an inlet
aperture for collecting fluid from a circumferential trough
or reservoir which rotates relative to said scoop pump, said
heat pump including stabilising means stabilising said scocp

25 punp means particularly but not exclusively when the liquid
level in said trough or reservoir is below said inlet
aperture.

The stabilising means may take many forms. In one



15 for said scoop punp to include neans for delivering at |east part

of the fluid collected thereby to.said hob _caontainer. Thus. _when
said punp is operating steadily, the mass of the fluid in said bob
contai ner may provide a significant or maj or part of the mass of said
bob nenber. The bob 20 container may include bleed drain means for
allowing a wosupse4ion of the fluid in said bob contai ner PEDGBP2M86bac k
into said trough or container. Thus 3 in a typical

enbodi ment, when said heat punp is statio%ary wthits rotary axis
hori zontal, said container is at least partially 25 imersed in fluid
contai ned i n exampld pughidr meznes voay, comprise meams Hdefiihipgr i attrack
filled with fluid. It will be understood that the scoop punp
arrangenent constraining & dpvabls mpssowhich dts adeptedobo phepmoveddon n

WD 97/ 14924 PCT/ GB96/ 02486
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copect, of U S IVENRLEY) USRI Syt Aot e Sl by Sheray
5 dissipation caused by the stiction/friction forces between
the mass and said track. The track is preferably curved,
with convex surface thereof being vertically above or below
the stabilising centre of gravity and the shaft.
Alternatively said stabilising means may comprise
10 drag-inducing means, such as for example a fin or other drag
surface or a further pump inlet means for a further scoop
pump.
. A further difficulty that may be encountered
particularly at start up of a rotary heat pump is that the
15 fluid inventories around the system may be such that there
is insufficient flow of mixture onto the generator. This
may lead to severe overheating and damage to the generator
wall. We have therefore developed a new arrangement which
ensures that the generator ON pump has priority access to
20 the working mixture.

Accordingly,.in a yet further aspect, this invention
provides an absorption cycle heat pump comprising a rotary
assembly including a vapour generator, a condenser, an
evaporator and an absorber so interconnected as to provide

25 cyclic fluid flow paths for a volatile liquid component and
an absorbent liquid therefor, generator ON pump means for
pumping absorbent fluid onto a heated surface of said

generator, generator OFF pump means for collecting and



| i qui d-contai ning-trough, and in particular for containing 5 variable

anounts of fluid to allow control of the absorbent fluid
concentration, as to be discussed bel ow. W have al so devel oped
an- arrangenent which adjusts the rel ati ve proportions of absorbent and
vol atile co ts in the m xture to match the operat L1 ONs.
Agai n, thisnu%&ﬁﬂé%ﬁld be achi eved by tenperature sensing gﬁ%ﬁ? e use of
one or nore control valves, but we have found that it is possi bl e
to provi de absorbent concentration control by sui t abl e design of the
punp such that a variabl e ampunt of refrigerant is caused to be:gcwed
in a reservoPumpipsnaway finid ArajRingo£f|said ganeyaker %qﬁ%4ﬂﬁ7159

i d f ul f It i ) |
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this invention oVl des an absorption cycl e heat” pu
fluid Qﬂﬁﬁﬁhii%%e%&tﬁﬁﬁpb?e&heaﬂéaé pamplil e conponent, including
means for adjusting the concentration of sald absorbent in sai d

working g uid in apeorgeane Wdr ehsueifd Preferably comprisés) ddigaon
tenperature difference between the absorber 25 and the evaporator,
(ii) said womesegvidixi dmeanscodvitincinwiuse t recelivesal absorbent liguid
draining off said generator surface and absorbent liquid for
being sprayed onto said generator surface, and said
generator ON pump and said generator OFF pump preferably
10 each take absorbent liquid from said common reservoir means, |
with said generator ON pump having preferential access
thereto. In one arrangement, said generator ON énd OFF
pumps are scoop pumps, said reservoir means is a generally
circumferential trough, and the inlet of the generator ON
15 scoop is radially further from the rotational axis than the
inlet of the generator OFF pump. The generator ON pump and
OFF pump may comprise a single pump with flow split
downstream thereof.
In another aspect the invention provides an absorption
20 cycle heat pump cbmprising a rotary assembly including a
vapour generator, a condenser, an evaporator and an absorber
so interconnected as to provide cyclic fluid flow paths for
a volatile liquid component and an absorbent liquid
therefor, and including a common réservoir means for
25 collecting absorbent liquid draining off the heated surface
of said generator, and for receiving fluid to be supplied to
the heated surface of the generator.

A further difficulty encountered in rotary heat pumps



| oad on said heat punp, and (tii)one or nore other operating

paraneters WO 97/,14924

PCT/ GB96/ 02486 Preferably, the concentration is adjusted by
varyi ng t he amount of volatile conmponent stored in a running buffer.
Thus, said neans for adjusting the concentration may I ncl ude one or
nore reservoiwoseas4efor storing variable 5 ampunts of voP&T4
and/ or absorbent fluid, and means fojgpunping fluid to and from said
I n operation,
t he amount of volatile conponent evaporated by the evaporator,at_ a
8% | ifqte

reservoir nmeans to adj ust said concentration.

particul ar teofertMeureypd 0dis¢iosed inf Gnb.i Fatent: O g}
concentration. As the rate of evapaqration decreases
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25

document, the absorber and condenser comprised an absorber
disc and condenser disc to either side of a partition, and
the surfaces over which the mixture and water £flowed
respectively were defined by flat plates, consistent with

the understanding of centrifugal process intensification at

the time, and as expounded ﬁreviously in EP-B-119776. We
have found however, that the heat exchangers may
advantageously be made of coiled tube and surprisingly this

provides effective enhanced heat and mass transfer in &

rotary pump.

Accordingly, in another aspect, there is provided an
absorption cycle rotary or centrifugal heat pump comprising
an assembly including a vapour generator, a condenser, an
evaporator and an absorber, wherein one or more of the
condenser, evaporator and the absorber comprise a heat
exchanger defined by a spiral of tubing, or having a
corrugated outer surface.

The spiral may be generally closed with intermediate

turns of the spiral in contact with or close to both the

next inner and the next outer turn, to define a heat

exchanger with two opposite interrupted or corrugated faces.

The tubing is preferably of generally flattened circular

cross—-section, with the flattened portions close to each

other or areas in mutual contact. The spiral may be flat or

dished.



15 the absorber, and thus causing the rate of evaporation to

I ncr ease. I n a partictl ar enbodi nent, running buffers of m xture
and vol atile conponent are stored in respective reservoirs, typically
i n- the generator and the evaporator, although 20 other |ocations are of

cour se posm& he runni ng reservoirs may conveni %%J égﬁﬁ{i se
bob cont ai ne 995@' referred to above, which contribute "‘%ﬁ? ertia

of the SCoOp punps. lzte i s preferred to limt the
concentration of 25 working fluid in the heat punp. For exanple the
vol atile component buffer pmay include overflow neans, which |imt the

nmexi num | eanness &R Fﬁ’&"ﬁﬂx’?—ﬁﬂélc eat HFPHﬁ: ctheinterngl atmosphate 4§ t he
anount of refri erat hat be storeg 3 Q 97/ 1 924
PCT/ GB96/ 0249311: air an orrosion tends to xzesult in kﬁﬁ?%

Lhe evapor at ee! My iBn0 YaE WRYCH Vibairs CHY AREPILH b/ Yeld éﬁe

conponent fr
component by the absorbent fluid, thus degrading the

S efficiency of the pump. This can be dealt with by pumping
out the heat pump at regular intervals but this is time~
consuming and potentially hazardous, and thus not
recommended for commercial use. An alternative possibility
is the use of palladium fingers, but these are expensive and

10 also require heaters and associated equipment. We have
however found that by careful selection of materials it is
possible to reduce considerably the amount of hydrogeﬁ;-
generated in normal use, and to provide a relatively
inexpensive and simple arrangement for capturing free

15 hydrogen so that it does not degrade the performance of the
heat pump.

Accordingly, in another aspect of this invention, there
is provided an absorption cycle heat pump including a
substrate of material 'adapted to absorb and/or bind hydrogen

20 molecules in use.

The substrate material preferably comprises a
hydrogenatable material incorporating a suitable catalyst.
Examples of suitable hydrogenatable materials are based on
the homogeneocusly~-catalyzed hydrogenation of reducible

25 organic polymers. A typical combination comprises a
polystyrene-polybutadiene-polystyrene (PS-PB-PS) triblock
copolymer in conjunction with an Iridium-based catalyst such

as the Crabtree cCatalyst set out below, or a Rheniim



reservoir into the stream of absorbent fluid supplied to the absor ber,
when the concentration exceeds or approaches a 5 preset limt This may
be determ ned by reference to the anount of refrigerant in said
runni ng reservoir and/ or col l ecting adjacent said evaporator.

A further source of inefficiency associated with rotary heat punps

whi ch we havevalaaespered is the tendency for the 10 scooP(eRsE28enh| i es
to oscillate about the rotary axis if the level of liquid in the
associ ated trough falls below the i i et pi pe of the scoop punp, and
this oscillation can significantly affect the efficiency of the
punp. Aeseatysely, VRah@veotihee! opaiitable ouatérbalsncofs shmiday 15
the oscillation may be danped. Accordi ngly, in another aspect,
this inventichapacteristics wikh bésknown oto cthvse hekilbedpinnthedant. a
rotary assenbly conprising a vapour generator, a condenser, an

evapor at or Prefexablyn thissosubstrated insiudesnpindtcatprg neagw whiehneans
20 rotatably _pounted within said.a senblz but constrai

d . | nst
rotation theibficatesthep dhw materiad,oPRECaching Jthe Starkeeaﬁ'@ieﬁfr é%? g‘!PnS
| I ecti flupd_ f | ' t ' . ' ich
Fotat os Dol apRbBrrbed, ith BT Sy Big LRLe o, paffy G TRNEH Jahd
tabilisi WY id 25 ticularly but
ot excl usvEPLS REABRRERT o 71 @ Scoop 20 pump means partieularty o
We have also developed a safety system for discharging

excess pressures in a heat pump, but which also has the
unexpected benefit of allowing continued and/or extended
10 operation of the heat pump.

Accordingly, in this aspect of this invention, there is
provided an absorption cycle heat pump comprising a high
pressure generator/intermediate condenser chamber, an
intermediate pressure intermediate generator/condenser

15 chamber, and a low pressure evaporator absorber chamber, and
including pressure relief means intermediate:

(i) said high pressure chamber and said intermediate
pressure chamber and/or

(ii) said intermediate pressure chamber and said low

20 pressure chamber.

The pressure relief means. preterab;y provides
controlled relief whereby flow through said relief means is
dependent on the pressure difference. In one example, when
the pressure difference reaches a pre-set level, the relief

25 means opens and the flow rate increases with increases in
pressure difference. In this way the operating range of the
device is extended and it may operate as a single stage heat

pump and return to two stage operation when the pressure



| evel in said trough or reservoir is below said inlet aperture.

The stabilising neans may t ake-nmany forns. In one WO

97/ 14924 PCT/ GB96/ 02486

13 exanpl e, said neans may conprise neans defining a track

constrai ni ng vahl e mass which is adapted to be noved o I Ngi ng
novenment ofvﬁ%gﬁ%ﬁﬂscoop punp. In this way oscﬁvpg? venent
may readily be danped by energy 5 dissiymti on caused by the
stiction/friction forces between the mass and said track. The track is
preferably curved, wi th convex surface thereof being vertically above
or below  aififexangas jhave retrned,bejow, the pra-sat gﬁ‘éﬂr

ALernatively o2l sl Sk iR 5503 [RoSHOR et 101 HRNNG b
Lt T eyl ' B59R0s0gss7, B, <5l pel Wiy ShELGEHY
punp is that gdieeicularly at the high temperatures at which the burner
- operates and great care must be taken when selecting the
materials from which the hermetic enclosure defining the
rotary assembly and the internal components are made. In
the past the walls and components have been made of copper-
nickel alloys such as "monel"®™ containing substantial
10 proportions of nickel and other metals. We have however
found, somewhat surprisingly, that despite dinitial
indications to the contrary, it is in fact possible to
employ copper and copper alloys where the alloy metals
comprises less than about 15% by weight of the material.
15 Accordingly, in a further aspect of this invention,
there is provided an absorption cycle heat pump comprising
a generally sealed enclosure containing a working fluid
comprising one or more alkali metal hydroxides, wherein at
least part of said enclosure which is in contact with said
20 working fluid is made of a copper material containing up to
about 15% by weight of alloying or additive materials such
as chrome, aluminium, iron etc.
Preferably substantially the whole of the enclosure is
made of said copper material.
25 Said copper material preferably comprises a copper-
nickel alloy. We have found that copper nickel alloys of
low nickel content which normally would be expected to

corrode badly in contact with the hydroxide fluid, are in



15 fluid inventories around the system may be such that there S
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flow of mxture onto the generator This may lead to

severe' over heating and danage to the generator wal | . We have theref

devel oped a n
has priority
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ew arrangenent which ensures that the generator ON punp

access to 20 the working m xture. Accordi ngly,

a yet furtherwaopst9zd this invention provi des an absor BET/GR e h

punp conpri si
condenser, an
provi de 25
an absor bent
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drai ni ng of f
gener at or ON
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ng a rotary assenbly inglgudi ng a vapour generator, a

evapor at or and an absorber so interconnected as to
cyclic fluid flow paths for a volatile Iiquid conponent and
IFagit dnligBnef Oresgstant| ore@dhpuat neles liigh tempanakures
id onto a heated surface of said generator, generator
rexpeiriencedy afn$he vapour genewmktor; 14924

Sai d Wowgumtm has l?é%hs qe&"rpé'%lr P%é\‘f\%ét fi?;
%nraesa Fo hggyarinventive combination of features set out
above or in the following description and drawings. 1In
particular the features defined may, where the context
allows, be used in rotary or non-rotary heat pumps, and
single or multistage heat pumps either alone or in
combination with each other. The invention also extends to
methods of operating absorption cycle heat pumps in

accordance with the principles set out above and in the

'rollowing description. Thus in a further aspect this

15

20

25

invention provides a method of operating an absorption cycle
heat pump, which comprises monitoring the working fluid to
detect or predict the onset of crystallisation of absorbent
in the working fluid or the onset of unacceptably high

viscosity thereof, and, on detecting or predicting either

in
eat

OFF

id
id

condition, initiating preventive measures for preventing

further crystallisation and/or re-dissolving crystallised
material, or reducing said wviscosity.

Preferably, said initiating step comprises diverting a
stream of fluid (e.g. warm working £fluid) at least
temporarily to increase the temparature adjacent a site
prone to crystallisation or increased viscosity. Said
monitoring step may comprise monitoring or responding to the
pressure upstream of a site prone to crystallisation or
increased viscosity. Where the working fluid comprises a

crystallisable absorbent liquid, said initiating step may



adequat e supply of fluid to wet said generator face on initial
operation of the heat punp. 5-— The nmeans for ensuring preferably
conpri'ses conmon reservoir means which in use receives absorbent
li-quid draining off said generator surface and absorbent liquid for
bei ng sprayed. o sai d generator surface, and said g punp
and said gengaggﬁgmﬁFF punp preferably 10 each take absoﬁ%&ﬁ%kﬁﬁ Pd from
said common reservoir means, wi t h saiagy generator ON punp having
preferential access thereto. 1In one arrangenent, said generator ON

and OFF punps are scoop punps, said reservoir nmeans is a generally
ci rcunf er ent | Siomprisgh atad@aske tEAPErapily needueing the G?“%‘t%-?&iﬂ? o

dially furth f the, rofati I is th th inlet of th
o e ot SOt 5 N U 0r o BLEL BoIE e

single pump wiih fl SPlJat downstream t her eof . I n anot her
aspect the i nfhﬁﬁ%le&. an absorption 20 cycl e heat punp
conprising a rotar &rp%s?&;'r%%%a ick fhis ian%Wﬂé)ra wethod

condenser, an evaporato ber So Interconnected as to
provi de cycl i off | gpératdigpansabssrption ey¥Déaheat |pip dconppesgaly and
an absorbent |iquid therefor, and including a cormmbn reservoir mnmeans

for 25 coll sapour generator, agoondemser, mn eVhpbratbroand an abavrber
so interconnected as to provide cyclic fluid flow paths for
a volatile fluid component and an absorbent fluid therefor,
which comprises controlling the flow rate in accordance with
10 at least one of:
(1) the temperature difference between the absorber
and the evaporator,
. (ii) the thermal load on the heat pump, and

{iii)one or more other operating parameters.

15 By way of example only, an embodiment of heat pump in
accordance with this invention will now be described in
detail, with various modifications thereof, reference being
made to the accompanying drawings, in which:-

Figure 1 is a system diagram of a two stage heat pump

20 in accordance with this invention, with non-limiting
temperatures and pressures given merely by way of
illustration;

Figure 2 is a schematic side view of a heat pump in
accordance with this invention, showing the principle

25 components of the heat pump, but with several

interconnections , components and the working fluid omitted



of said generator, and for receiving fluid to be supplied to t he
heat ed surface of the generator. Afurther_difficulty
encountered in rotary heat punps WO 97/ 14924
PCT/ GB96/ 02486 15 of the type
disclosed in U S. Patent No. 5,009,085 is to provi de effective nass
and heat tragwefe9nekg t he cool ant fluid in the condens®CT,
absorber. In this earlier docunent, _the absorber and condenser
conprised an absorber 5 disc and conder?@er disc to either side of a
partition, and the surfaces over which the m xture and water flowed
respectively g&# -i by flat plates, consistent with t he
under st andi ng 0 cent ri fug al process intensification at the tine, and
as expounded previpifine i3 FP-dh lotititile \WE dlaﬁnping/eiewfmmﬁomm@rith t hat
the heat exchangers may advant ageously be made of coiled tube and
surprisingly d ldcoop pumpr d.nl gcpodification o ihe: heatopunpgshewn in the of
in a rotary punp.

Figures;

5 Figure 4 is another example of damping device for use

with a scoop pump;

Figure 5 is a schematic diagram i;lustrating a possible
pressure sensitive flow control for use in reducing the
possibility of crystallization in the absorbent fluid flow

10 between the generator and the absorber, and _

Figure 6 is an idealised diagram representing the
optimal solution concentrations and the temperatures of the
other elements of the heat pump for a set evaporator
temperature and two different temperature lifts.

15 Referring to PFigures 1 and 2, ¢the illustrated
embodiment of heat pump comprises a hermetically sealed unit
10 which rotates with a shaft 12 and which defines a high
pressure space 14, an ihtemediate_ pressure space 16, and a
low pressure space 18. The terms "high", nintermediate" and
20 vlow" refer to the presﬁres therein when the heat pump is
operating. The interior of the heat pump is emptied of air
during manufacture. The high pressure space 14 is bounded
at the left hand side as viewed by a wall acting as a vapour
generator 20, which is heated externally by a burner 22. At
25 its other side, the high pressure space 14 is bounded by a
wall which defines a condenser 24 on its high pressure
surface, and an intermediate vapour generator 26 on the

other surface, and which also defines the left hand end of



Accordingly, in another aspect, there is provided an 15 absorption cycle

rotary or centrifugal heat pumpconpri sing an assenbly including a
vapour' generator, a condenser, an evapor at or and an absorber, wherein
one or nore of the condenser, evaporator and the absorber conprise a

heat exch er defined by a spiral of tubing, or havin

corrugat ed OSFEQQE ace. The spiral nmay be genergFﬁ§B d wth
i nt er nedi at.e turns of the spiral in cpptact with or close to both the
next inner and the next outer turn, to define a heat exchanger with
two opposite interrupted or corrugated faces. 25 The tubing is preferably

of general |y fiimét necdrmediatarpressurer spacecdsi onA uxther: walk t2hels

portions close to each | “other or areas in nmutual coptact. The giral
may be flat orlocated dithin the high pressypegspage 14, disposed between

PCT/ GB96/ 02486 1 L,n I onal
heat punps, tHEN® YRRPORE SRMRIANR: 20 and theeﬁﬁf'gegﬁeﬁi F‘aﬁﬂdc#?gﬁﬁﬁ 8
tends to res“'éaéé?éﬁ%ﬁﬂé%'iﬁ@ ¢br collecting fluid from the generator OFF

5 pipe 30, as to be described below.

The intermediate pressure space 16 is separated from
the low pressure space by a partition wall 32, and contains
a condenser twin coil 34, and first and second solution heat
exchangers 36 and 38. The low pressure space 18 contains an

10 absorber coil 40 and an evaporator twin coil 42.

In operation a water-rich mixture of water and alkali-
metal hydroxides is scooped from a common generator ON/OFF
trough 44 by a generator ON scoop pump inlet 46 and
discharged from the generator ON delivery pipe 48 onto the

15 vapour generator 20 to spread over the surface. A
proportion of the volatile component (water) evaporates and
passes to the condenser  24. The remaining, water-lean
mixture 'L' collects in the generator ON/OFF trough 44. The
generator ON scocp pump inlet 46 forms part of a fluid

20 weighted scocp pump assembly 50 which will be described in
more detail below. A generator OFF scoop pump inlet 52 is
part of the same éssembly but is disposed radially inwardly
of the generator ON scoop pump inlet 46. The generator OFF
scoop pump discharges the mixture 'L' into the annular feed

25 chamber 28, whence the mixture passes via a pipe (not shown)
into the cooling pass of the first solution heat exchanger
36 where it gives up heét to mixture 'R' flowing in the

other side and about to return to the generator ON/OFF
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Rxhanggscrhy o vhste gt Hives g &aér? .%"%‘iﬁiat%y S Dokl
&R 'ifi%h 48 flowing from the vapour absorber 40 to the
intermediate vapour generator 26. From the cooling pass,
the mixture ‘L' passes through a flow restrictor 54 (see
Figure 1), and thence into an annular absorber ON trough 56
formed on the absorber side of the partition wall 32. From
here, the mixture is collected by the scoop pump inlet 58 of

an absorber ON scoop pump and discharged via delivery pipe

60 onto the coil of the absorber” 40, where it absorbs
volatile component from the evaporator 42.

The mixture which is now water-rich collects in an
absorber OFF trough 62, whence it is pumped to a feed
chamber 64 formed as an annular trough on the partition wall
32, radially inwardly of the absorber ON trough 56, wvia an
absorber OFF scoop pump inlet 66 and delivery pipe 68. The
absorber ON and OFF scoop pumps are part of a common
assembly 65.

From the feed chamber 64, the water-rich mixture passes
to the heating pass of the second solution heat exchanger 38
where it is heated, and then delivered to an intermediate
geherator ON trough 70. From there the fluid is collected
by the inlet 72 of an intermediate generator ON scoop pump
and discharged by the delivery pipe 74 towards the centre of

the intermediate generator 26 where it receives heat from



pol yst yr ene- pol ybut adi ene- pol ystyrene (PS-PB-PS) tri bl ock copol yner

I n conjunction with an Tridirumrbased catal yst such as the Crabtree
Cat al yst set out below, or a Rhenium WO 97/ 14924

PCT/ GB96/ 02486 17 Cat al yst . Many
other suita erials of simlar characteristic il be known
to those ski H"SWW he art. Preferably the substrate Hﬁ‘é‘g&‘

i ndi cat or nmeans whi ch i ndi cate when blge material approaching the state
where it is 5 saturated with or otherw se unable to bind or absorb any
nor e hydrogen. W have al so devel oped a safety systemfor

di schargi ng the dntermegiate,condensgrnad qnfhe pokhehi ERrEace AfsthRe

unexpect ed benefit of ||OWI g con nued nd/or extend, d 10 operatiqgn of
the heat punpSame wal i‘ f echi"é"ﬁpﬁg'éﬁgi ons
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passes to the coil condenser 34 of the primary condenser.

5 The liquid mixture leaving the intermediate vapour generator
26 collects in an OFF trough 76 whence it is scooped by the
inlet 78 of an intermediate generator OFF pump and supplied
via a delivery pipe 80 to the heating pass of the first
solution heat exchanger 36, where it is heated and then

10 returns to the common generator ON/OFF trough 44. The
intermediate generator ON and OFF scoop pumps form part of
a common assembly mounted on the shaft 12. For clarity the
ﬁlow_ connections to and from the solution heat exchangers
have been omitted.

15 Looking now at the flow cycle for the volatile
component, a proportion of the volatile component is
evaporated in the high pressure space 14 as the mixture
passes over the vapour generator 20, and the VVC condenses
on the surface of the intermediate condenser 24. The

20 condensed LVC is then passed to the primary condenser 34 in
the intermediate pressure space 16 via a throttle 82 (see
Figure 1).

From the primary condenser 34, the LVC passes via a
further throttle B4 to an evaporator ON trough 86 in the low

25 pressure space 18. Here the fluid is collected by the scoop
pump inlet 88 of an evaporator ON pump 89 and discharged via
the delivery pipe 90 onto the evaporator coil 42. Fronm

there the evaporated VVC passes to the absorber coil 40,



I nt er nedi at e
a_|l ow pressure_evaporator_absorher chanbher __and

pressure intermediate generator/condenser 15 chanber,

relief' neans i nternedi at e:

e
(i) said high pressure chanber and

and

said internedi ate pressure chamber and/ or (ii) said
I nternmedi ate pressure chanber and said low 20 pressure chanber.
The pressurwosra492af neans preferably provides c FYGRBOUSH o| | of

whereby flow through said relief neans is
di fference.

pr e-set
t he

97/ 14924
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5 dependent on the pressure
I n one exanpl e, when t hé pressure difference reaches a

| evel, the relief 25 neans opens and the flow rate increases with
increases inN grore REEI8UABSEEDEG B4 irith tthies mitulriec andethennfoldows of

device I's extended and it may operate as a single stage heat
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container 102 which is associated with the evaporator ON
pump, and which has a bleed drain orifice 94 and an overflow
96.

The right hand. end of the shaft 12 is divided into
passageways 103, 105 for providing a flow path for coolant
filuid, e.g. water, which passes down the centre of the
shaft, circulates around the twin coils of the primary
condenser 34 and then around the absorber coil 40 and then
exits the shaft. The flow through the condenser coils 34
gtarts at the inner part of the left hand coil as viewed,
travels spirally outwards, then back inwards and out. 1In
the absorption coil 40, the flow starts at the outermost
part of the coil and travels spirally inwards.

Likewise a chilled fluid water circuit (not shown)
supplies and collects chilled water from the evaporator
coils 42.

Having described the overall arrangement, certain

particular improvements or modifications will now be

described.

The flow rate of the absorbent mixture around the heat_

pump is controlled by a flow restrictor 54 in the line
between the second solution heat exchanger 38 and the
absorber ON trough 56, associated with the vapour absorber
40.



The hydr oxi de- based absorbent materials including those di sclosed in

EP- A- 208427 are known to be~hi'ghly corrosive ‘particularly at the high
tenperatures at which the burner 5 operates and great care nust be taken
when sel ecting the materials fromwhich the hernetic enclosure

defining the tary assenbly and the internal conponen e. In
t he past the %ﬂ’g’%n {’ér’a{’&ﬁg&%el

d conponents have been nade of copper-
al l oys such as "nonel" containing substanggal 10 proportions of nickel

and other netals. W have however found, sonewhat surprisingly,
that despite initial indigations to the contrary,,it is ip {act
possible to PR 0§ 1e¥pFeFtEAGTET ) 54r may BB athcPRitife ) FRDLMLALY ¢

i ses | ess than about 15% by wejght _of th ial .15 . _
Aocor dingly. YRFESK oF (BPEELBecERT CR SPH ERER charolsh tB FRSTEIRFRR ded

oD Sbsor LI g YEL Sy Do S o3P BESlsure ol A RLALY shenl AL gouT o

rrsing one or nore a

hydroxi des, weggpgi i ae?(enaéaah Rajd féldéé‘éx?te%geg.%%ﬁsv"&ia‘ﬁhézs than
contact with sard working fluid is nade of a copper naterial

contai ni ng Uppéfng set BPOthe Ifdndvaticd WHF Punp caApatdty’ addgiévicusly.

mat eri al s such as chronme, alumnium iron etc. Preferably

subst anti al | yThéeflbwl rate tHdletHerafiore e modulatkxl dby sthel ppppsure
mat eri al .

difference between the high and low pressure spaces 14, 18,

and also the manometric head difference between the free

‘surface in the feed chamber 28, and that in the absorber ON

10 trough 56. The flow rate of absorbent will automatically

. increase as the pressure difference increases between spaces

14 and 18. The characteristics of the restrictor 54, the

design pressure difference between spaces 14 and 18, and the

disposition and capacity of the feed chamber 28 and the

15 trough 56 are selected to provide the desired variation of
flow rate with operating conditions.

The minimum flow rate at the target operating condition
is normally set by crystallization considerations, but any
margih above this reduces the efficiency of the heat pump

20 due to increased losses in the solution heat exchangers.
Thermodynamically the best efficiency will be obtained when
the absorbent concentration is just sufficient to support
the temperature lift demanded of the cycle. Under these
circumstances various considerations will dictate the mass

25 flow rate of absorbent required. In systems using water
refrigerant and inorganic salt absorbent the minimum flow,
at a given temperature 1lift, may be constrained by the

maximum solution concentration that can be tolerated before



25 Sai d copper material preferably conprises a copper- ni ckel

al loy. W have found that copper_nickel allays of low nickel-content
whi ch normal Iy woul d be expected to corrode badly in contact with the
hydr oxi de fluid, are in - WO 97/ 14924

PCT/ GB96/ 02486 19 fact highly

resi stant, ewdwmusdshe hi gh tenperatures experi enced RCHGROICH486ur
gener at or. Whi | st the inventiog,has been descri bed above, it
extends to any inventive conbination of features set out 5 above or in
the follow ng description and draw ngs. In particular the features
defined nay, ¢Hecopsktcotorirgstallizationws, be used in rotary or non-rotary
heat punps, and single or nultistage heat punps ejther alone or .n
combi nation with Figuret Geshowsha typicaloideatisesdtinid charaeterdstdfs of
operating absorption cycle heat unps in accordange wi th the
principl es swheret iBoeanake i feeRe that #%IF&M#E?QééﬁﬁiﬁFaoﬁPné1 in a

further aSpeigﬂggfiture of 58°C, mixture at a given solution

5 concentration can absorb refrigerant at 4°C. This solution
concentration can be seen in the ideal cycle shown to
produce a generator temperature of 200°C. When the absorber
and the condenser temperatures are lowered to 35°C then it
can be seen if the solution concentration is lowered to suit

10 the new conditions then the generator tempaerature drops to
117°C.

This means that for a given mass flow of absorbent
around the cycle the heat losses through the heat exchangers
would also be expected to drop. Additionally such a lower

15 concentration would also substantially reduce the
crystallization temperature permitting a lowering of the
flow rate (and hence a higher solution concentration
excursion). The control system described elsevhere in this
application provides for both this automatic concentration

20 adjustment and adjustment of the mass flow to further
improve performance.
FLUID-WEIGHTED SCOOP PUMPS

The common generator ON and OFF pump assembly 50
comprises a bob container 98 suspended from the shaft 12 by

25 a journal bearing, and fed with ligquid from the common
trough 44 by an inlet pipe 100, which is radially inwards of
inlet pipes 46 and 52. In operation this means that part of
the fluid inventory normally held in the generator ON trough



I nvention provides a nmethod of operating an absorption cycle heat
punp, which conprises nonitorimg the working fluid—to 15 detect or
predi ct the onset of crystallisation of absorbent in the working
fluid or the onset of unacceptably high viscosity thereof, and, on

detecting or .11 ng either condition, initiati ng'msﬁ% )2
nmeasures for v{#i’\?‘é‘%i ng further crystallisation and/ or re-dissolving

crystallised 20 material, or reducing s&8d viscosity.
Preferably, said initiating step conprises diverting a st ream of

{emer ature adPacmieh dn o tud Bo ea}?ﬁ?wgt RS o omdEERIR "
enper at ure adfac &L a 0 ct

. v . :
IS et BT A L feedny o
crystallisati @igd), on smlacr d i §gggtaﬁtlﬂner!ﬁ V¥ Kiengifl wichla

conprises a crystalli1sable 'absor bent |1 quid, salrd initiating step may
WO 97/ 14924 normally collect in the trough 4 PAEEDE/ @i4pGaced by the
20 conprise at |east temporarily reducing the concentration of

5 bocb mass for the pump assembly. With the illustrated

arrangement, when the pump is stationary, fluid remains in

or passes into the bob container 98 via the inlet pipe 100,

thus reducing the level of fluid in the trough and

increasing the mass of the pump assembly. These features
10 contribute to a greatly reduced drag on start up.

Likewise, the evaporator ON pump 89 comprises a bob
container 102, which acts as a bob weight, and furthermore
as a running buffer for refrigerant as to be discussed
below.

15 CONTROL OF ABSORBENT FLUID CONCENTRATION

The arrangement of Figure 2, is configured so that the
concentration of absorbent is &djusted automatically in
accordance with the rate of absorption of vaporised volatile
component by the absorber 40. The evaporator ON pump 89

20 includes a pipe inlet 92 which pumps any excess liguid
volatile component into the container 2102. This LVC is
removed from circulation and thus causes the proportion of
absorbent in the circulating mixture to increase as the
contents of container 102 increase. There is a controlled

25 Dbleed via orifice 94 back into the trough 86. The maximum
concentration of absorbent is limited by providing the
container 102 with an overflow 96 which discharges into the

absorber OFF <¢trough 62. In this way, the absorbent



absorbent |iquid adjacent or upstreamof a site prone to

crvstallisati

on . - Inafucther aspect this.ovention provides a

met hod 5 of operating an absorption cycle heat punp conprising a
vapour generator, a condenser, an evaporator and an absorber SO

I nterconnected as to provide cycllc fluid fl ow paths for a volatile
fl ui d conponawd9mmwd24an absorbent fluid therefor, mhlchPﬁﬂﬁﬂﬂmgﬂﬁ
controlling the flow rate in accordance whgh 10 at least one of:

(i) the tenperature difference between the absorber and the

evapor ator,

- (ii) the thernmal |oad on the heat punp, and

(iii)one or nebacehbeatdesrais ngqﬁm:ng bys storing pg V\Hyr&able

exanpl e only,
i nvention w |

an enbodi ment of heat_ punp accordange %hﬁh thliF
amounthe ofes&VCoedni nthe °°§$P&PPI wiPR e vaPPBus tRBdi FYEABI ons

thereof, reference bein t he_acconpanying draw ngs, in
whi ¢h: - requirepgy gé Engl%n§§¥t€H? rgkrg% é&?stage heat punp

20 in accordance |nvent|on with non-limting
t emper at ur es n nerely by way of" illustration;
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Referring to Figure 3, there is shown a schematic form
of a damping device for a scoop pump, which may be used for
any or all of the scoop pumps in the arrangement of Figure
2. The pump 104 is mounted by a journal on the shaft 12 and
comprises a body 106 and a scoop pipe inlet 108. Below the
scoop pump inlet 108 is provided a drag element, in the form
of a dummy inlet 107. Here, even when the scoop pump inlet
is clear of the fluid level, the dummy inlet 107 is still
immersed and thus provides an important damping facility as
the scoop pump inlet leaves or re-enters the fluid.

In an alternative arrangement shown in Figure 4,
several parts are similar and are given 1like reference
numerals. However, below the journal there is provided a
curved track 110, which is not concentric with shaft 12, and
which defines a constraining passage for a mass 112. The
mass is constrained so that it may move along the track when
the body is tilted about the shaft, tending to restore the
body to its equilibrium state, but with some
friction/stiction so that the kinetic energy of the pendulum
movement is rapidly dissipated. The track many take may
forms. This arrangement is particularly effective where
there is no adjacent stationary structure to act as a
reference

CRYSTALLIZATION PREVENTION



Figure 2 is a schematic side view of a heat punp in accordance with
this invention, show ng the-principle 25 conponent s of the heat

punp, * but W th sever al i nt erconnections , conponents and the
wor king fluid omtted WO 97/ 14924

PCT/ GB96/ 02486 21 for_clari Y
Figure 3 is yﬁ”éﬂ%l e of danping device for use with é@?ﬁlﬂ %rrp I n
a nodification of the heat punp shown in sjghe Figures; 5 Fi gure
4 is anot her exanpl e of danping device for use Wi th a scoop punp;
Figure 5 is a schematic diagramillustrating a possible ressure

sensitive flow coasr gpréviously i discussedy tite is desdpabie | £9Tr ofcyYcle

crystallization in the absorbent fluid flow 10 between the generataqr and
the absor ber effigiency to opergtecag closg toche Sysh ’eﬁﬁ‘%ﬁﬂ b ng

the optimal SOLYE18N BRRCCHAE A Al Yok NN 80" A1 e
catastrophic. Accordingly, as can be seen in Figures 1 and
5 5, a flow diversion scheme is set up so that, as soon as the
onset of crystallization is detected, mixture from the
vapour generator 20 may be diverted at 112, upstream of the
second solution heat exchangei- 38, to join at 114 the flow
from the vapour absorber 40 about to enter the second
10 solution heat exchanger 38. This causes the temperature of
- the flow entering the second solution heat exchanger 38 from
the vapour absorber 40 to increase, which increases the
temperature of the flow from the second solution heat
exchanger to the vapour absorber, past the region 116 where

15 crystallization is most likely to start.
In the arrangement of Figure 5, the flow diversion is
controlled by a pressure sensitive weir 118. In normal
operation the pressure difference between points 112 and 114
| is insufficient to overcome the head defined by the weir and
20 so there is no flow. However when crystallization begins in
region 116, the back pressure at point 112 is sufficient to
cause fluid to flow to point 114. In this arrangement, the
flow restrictor 54 may advantageously be re-located upstream

of the flow diversion point 112.

25 various other flow control devices could be used and,
for convenience Figure 1 indicates the control means as a
control valve 120. This feature may also be used to deal

with working fluids prone to undesirable increases in



ot her elenments of the heat punp for a set evaporator tenperature and

t Wo—di-ffeant—t-ahperature. Lifts 15 Referring to Figures 1 and
2, the illustrated enbodi ment of heat punp conprises a hernetically
seal ed unit 10 which rotates with a shaft 12 and which defines a high
pressure space 14, an internedi ate pressure space 16, and a | ow
pressure spacWoP@il49the terns "high", "intermedi ate" and 20PCTIGBR%6/02M8S er t o
the pressures therein when the heat punp &ﬁ' operating. The interior
of the heat punp is enptied of air uri ng manufacture. The high
pressure space 14 is bounded at the left hand side as viewed by a
wal | acting awisocosidy tendinggdoeclstruet, £howeh i s heat ed externally by a
burner 22. At 25 its other S|de t he hi gh pressure space 14 i s bounded
by a wa [QOMMQ RGN dSNGH, on its high pressure

surface, and an interng e e 26 on the
surface, and whi ch X ¥ q‘c]‘ei’? g?‘ﬁeﬂ?% P(Gréﬁ'ﬂs&°°°9 pipe inl\%sa‘fﬁl4924
PCT(GBQG/0248%2 and 100 take fluid from the samezirough 44, but that the

5 generator ON inlet pipe 46 is deeper in the trough than the
other two. This ensures that at start up and other extreme
conditions, the generator ON pump has preferential access to
fluid in the trough, thus reducing the possibility of the
generator surface running dry.

10  HEAT EXCHANGERS
In the arrangement of Figure 1, to provide enhanced heat and
mass transfer, the heat exchangers making up the condenser
34, the absorber 40 and the evaporator 42, comprise spirals
of metal tubing (typically copper) of flattened cross-

15 section. The spirals are generally closed with adjacent
turns touching or close to each other. We have found that
the corrugated surface defined by the tubing provides
increased surfaqe area and an excellent surface for heat and
mass transfer. |

20 co ON

In the illustrated embodiments, at least one of the

sealed spaces 14, 16, ia contains an element 114 of
hydrogenatable polymer material which is loaded with a
catalyst and which has a high affinity for hydrogen

25 molecules, and which in use scours the internal atmosphere
of hydrogen to avoid contamination of the absorbent fluid on
the absorber.

A typical combination of polymer and catalyst is a



the internediate pressure space 16. A further wall 27 is | ocat ed
within the high pressure space-14, di sposed between t he vapour
generator 20 and the condenser 24 and defining a feed chanber 28, for
collecting fluid fromthe generator OFF 5 pipe 30, as to be descri bed

bel ow. The internedi ate pressure space 16 is sep
the | ow presgvlﬂ%’l‘s' Ace by a partition wall 32, and cont ai ngﬁ@},&ﬁ’,‘&&ﬁg‘

condenser twin coil 34, and first and segend sol uti on heat exchangers
36 and 38. The | ow pressure space 18 contains an 10 absorber coil 40 and
an evaporator twin coil 42. . In operation a water-rich_m xture of
wat er and al syrene-butadignertuiblock corolymas, B§-PBsRS1SUEHARM t or

i schar ged f POMEEncTER L SBRd FRURITOh, FaReeYschnfy R n1P14Lin, basea
generator Zgattaalys?.pé\?ag asOVRE cilbtrdl gﬁ%ﬁ:‘lystpgréxé (cop) @gﬁé%_\:@g] B¥, the

vol atile conponen water) evaporates an . nsér 24.
The renai ni NGcopat eL- | egls-cycloBtthdienel’ Opy! ec-tﬁytﬂiéﬁ@, gengiy O -

ON OFF trough 44. The generator ON scoop punp inlet 46 forns part of
a fluid 520 tedicytlohexyiphopphinejsenbAy elewdheh of | sudk deteriazd ofm
nore detail below A generator OFF scoop punp inlet 52 is part of the

same assenbl wdimme Sodmdpmayd beadufifiiciantatdl mbsordb free hydrogen for

a period of several years.
PRESSURE RELIEF

The arrangement of Figure 2 also includes pressure

10 relief valves 122, 124 between the high and intermediate,

and intermediate .and low pressure spaces 14 and 16, and 16

and 18 respectively. The pressure relief valves provide a

smooth modulation of flow rate with prelssure when they open,

.thus allowing the heat pump to have an extended operating

15 range, operating as a single stage heat pump vwhen the.

pressure differential across the pressure relief valves

exceeds the valve opening pressure, and returning to two

stage operation when the pressure difference returns to

normal.



of the generator ON scoop punp inlet 46. The generator OFF scoop
discharges the mxture '1' into theannular feed 25 . charber—28—whence

the m Xture passes via a pipe (not shown)

punp

into the cooling pass of

the first solution heat exchanger . 36 where it gives up heat to

m xture 'R flowng in the ot her side and about to return to the
gener at or ONWEFFI/14924 WD 97/ 14924 PCT/GB96/02486
PCT/GBQG/02486 23 —trought 44 fromthe

the the first solution heat exchang
.L' ”[ﬂ [l@! ﬁ@ﬁ through the cool i ggapmes of the secq
ere it gives up heat to fluid on the

mhlch rs-f+oewi ng fromthe vapour absorber 40 to the |nterned|ate
vapour generator 26. Fromthe cooling pass, the mxture_ ! L' passes
through a flow rederi cABr absquRtdon cycilguheaty  PURp twjrfiﬁo
annul ar absorber ON_trough 56 10 fornmed on the absorber de

f the
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working f£luid, or the onset of unacceptably high
viscosity, to initiate means for preventing further
crystallisation and/or for re-dissolving crystallised

material, or reducing said viscosity.

enerator 26 (see 33 Figure 1). F@Mkﬁﬁa@@§ égk Meogh

ure

2. An absorption cycle heat pump according to Claim -

1, which comprises clearance means for increasing the
temperature and/or reducing the concentration of absorbent
in the working fluid at or adjacent a site prone to
crystallisation or increased viscosity.

3. An absorption cycle heat pump according to Claim
2, including means for diverting a stream of fluid at least
temporarily to increase the temperature of the flow past
said site prone to crystallisation or increased viscosity.

4. An absorption cycle heat pump according to Claim
2 or 3, wherein said clearance means is responsive to the
local pressure upstream of the site prone to crystallization
or increased viscosity.

5. An absorption cycle heat pump according to Claim
2 or 3, wherein, in use, absorbent fluid passing from the
vapour generator to the absorber gives up heat to absorbent
fluid passing in the opposite direction via a solution heat
exchanger, and said heat pump includes means for diverting
a portion of the absorbent fluid from the path from the

generator to the absorber to be introduced into the return

THIS SHEET HAS BEEN |

REPLACED



an absorber ON scoop punp and di scharged via delivery pipe 60 onto the
coil of the absorber 40, where it absorbs _ vol atil e conponent fromthe

evaporator 42. 15 The m'xt water-rich collects in an
absorber OFF trough 62, whence it llm I"Wﬂg“leed chanber 64

formed as an trough on the*paftittidn walbk P@F—ﬂ'@‘“
I nwardly of t‘?}gg‘mbsorber ON trough 56, via an absorber SCoop punp

inlet 66 and delivery pipe 68. The 20 dbsorber ON and OFF scoop punps are
part of a comon assenbly 65. From the feed chanber 64, the

ter-rich t f th
hont ! excranodian o tie apsprbiz ARck P rﬁ%d%%i%n‘r’dméﬁﬁﬁ??ﬁté%

t di at v F
Lol etrag ¢ irikedilf] Shahobhathfddbe ltne TEAR IR | of| tHE site
and di scharg Awe the Sarateer s 46N o mstéaev@.%%a&t?f t he

i nt er nedi at e generator 6 where it receives heat from VWO
97/ 14924 6. Im absorption cycldWediBGuRp 48€cording to Claim

5 5, wherein said diversion means comprises a pressure
dependent control such as a valve or a weir between the two
flows, whereby said diversion is initiated when the back
pressure caused by the onset of crystallization or
unacceptably high viscosity exceeds a preset threshold.

10 7. An absorption cycle heat pump according to any of

. Claims 1 to 3, wherein said diversion means is operable to
divert coo.lant fluid from the condenser to the evaporator,
thereby to raise the evaporation temperature and cause an
increased amount of refrigerant to evaporate and be taken up

15 by the absorbent, resulting in a temporary decrease in
concentration of absorbent in the working fluid and an
increase in - temperature of the working fluid in the
crystallisation region.

8. A method of operating an absorption cycle heat

20 pump, which comprises monitoring the working fluid to detect
or predict the onset of crystallisation of absorbent in the
working fluid or the onset of unacceptably high viscosity
thereof, and, on detecting or predicting either condition,
"initiating preventive measures for preventing further

25 crystallisation and/or re-—d:i.ésolving crystallised material,
or reducing said viscosity. |

9. A method according to Claim 8, wherein said

initiating step comprises diverting a stream of fluid at

This Sheet Has Been Replaced THIS SH'EET A S BEE N -
| REPLACED




24 the internedi ate condenser 24 on the ot her surface of the sane

watHt-——#A—port+or—of—t he—vol ati-e—ecorponrenrt—is = —evaporated-by the

i nt ernedi at e vapour generator 26 and passes to the coil condenser 34
of the primary condenser. 5 The Im ' ljHpvi ng the internediate
vapour gener at or 26 col |l ects i| Hmmmﬂumpa whence it is scooped
by the i WQYHB45t an i nternmediat € génelfatdr OFF punp RET/GRAGIIRSE
via a delivery pipe 80 to the heating pasggof the first sol uti on heat
exchanger 36, where it is heated and then 10 returns to the common
generator ON OFF trough 44. I ntermedi ate generator ON and OFF

The
scoop punps fueABhatempprarily £q..increase-they temperarure ﬁ@m ao.

For clarity th flow connecijons to and fromthe sql utiQn heat
exchanger s sgteh%’&%“?)efe‘?l ?ﬁ%’rﬁ#& on or increaseq Vr’r&ﬁ"sgityt'he f1ow
cycle for the wvpkati c#%]gmh% ortio e agq.l
conponent is 'gé\)/'apoé g't'eetc}‘?dn e hi 3# bt?’egégg‘ﬂ' ?ﬁa@gggﬂkgssﬁ;é #&f‘ﬁr e
passes over tEemyAPaeE WAL WBSEing R\ he VWC condenses on the
surface of the internedi ate condenser 24. The 20 condensed LVC is then

passed tosthe prinkly Gomietirel atboriding to b ClhimBEE £5€18! aPver&isPace
16 via a throttle 82 (see Figure 1).
said monitoring step comprises monitoring or responding to

the pressure upstream of a site prone to crystallisation or
increased viscosity.
12. A method according to any of Claims 8 to 11,

10 wherein the working fluid compriées a crystallisable
absorbent liquid, wherein said initiating step comprises at
least temporarj.ly reducing the concentration of absorbent
liguid adjacent or upstream of a site prone to
crystallisation.

15 13. An absorption cycle heat pump according to any of
the preceding Claims, comprising a vapour generator, a
condenser, an evaporator and an absorber so interconnected
as to provide cyclic fluid flow paths for a volatile fluid
component and an absorbent fluid therefor, gharacterised in

20 that flow rate control means is provided for controlling the
flow rate of said absorbent fiuid in accordance with at
least one of:

(i) the temperature difference between the absorber
and the evaporator,

25 (ii) the thermal load on the heat pump, and

(iii)one or more other operating parameters.

14. an absorption cycle heat pump according to Clainm

13, wherein_ the flow rate control means comprises flow

' THIS SHEET HAS BEEN |
REPLACED
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Fromthe primary condenser 34, further throttle

84 to an evaporator ON trough—86 ‘S ’ WJI[IW! ressure space 18. Here the

fluid'is collected by the scoop 88 of an evaporator ON
punp 89 and di scharged via i pe 90 onto the evaporator

coil 42. Fr there the evaporat ed WC passes to th%cml
40, W88, 12024 /02486
25 where it is absorbed back into t3g mxture and then foll ows

the m xture path. A second scoop punp inlet 92 restricts the | evel of
LVC in trough 86 hy in xces LVC i nto t ai ne whi ch, i's
associ at ed vm"'ﬁ?q'trr %\P&B rd %ﬁﬂﬁpe‘%n(f%dcﬁgﬂgspﬁ% 'a“cﬁaa\'%
orifice 94 a&%aeg, vel flow The right hand end of the
shaft 12 is MEFET STt o passageways 103, 105 for providing a flow

path for cool ant falrdi o &ag: ?ﬁ m £520f
the 10 shaft, C|rcul g{d‘es asro nciu*ﬁe tw n cégﬁ e prlih%‘?y&?r&i

13, wherein the flow rate control means includes a passive
5 restrictor, comprising one or more of an orifice, a vortex,
and a capillary.
16. An absorption cycle heat pump according to any of
Claims 13 to 16, adapted so that the flow rate of the
absorbent fluid from the generator depends on at least one
10 of the following conditions:
( i) the operating pressure difference at either end of
the absorbent fluid path from the generator, and .
- (ii) the manometric pressure difference due to any
difference between the free surface levels in the absorbent
15 fluid at either end of the fluid path from the generator.
17. An absorption cycle heat pump according to Claim
16, wherein the fluid path from the generator includes
reservoir means at either end, and the reservoir means are
dimensioned and disposed to provide free surface levels at
20 selected heights or radial distances to give the required
manometric pressure difference in operation.
18. An absorption cycle heat pump according to Claim
17, wherein the generator contains a reservoir in the form
of a feed chamber in which absorbent liquid collects before
25 leaving the generator, and which in use defines a free
surface for fluid therein, and the £luid path from the
generator terminates in a trough adjacent the absorber, and

the feed chamber is disposed so that, in normal operation,

A T ST S



condenser 34 and then around the-abserber—eoi+—46--and t hen exits t he

shaft. The flow through the condensgr ﬁpjgs_ 4}; d starts at—theinner
part of the left hand coil as vi oot Laa B s spirally outwards, then
back inwards and out. In 15 the H&ﬂ!ll ' | 40, the flow starts at

t he out er nost part of the cdi spirally inwards.

Li kewi se a chwodmmofd ui d water circuit (not shown) s URfEI/GR6/02486
collects chilled water fromthe evaporato?7 coils 42. 20 Havi ng
described the overall arrangenent, certain particul ar inprovenents

or nodifications will now be descri bed. CONTROL OF ABSORBENT
M XTURE FLONf8Eeree fluid leVed theweint isofadirllpsiowandlivhoft thataiBund
the heat 25 punp is controlled by a flowrestrictor 54 in the line

between the sthenthrswdglii i on heat exchanger 38 and the absor ber ON
trough 56, associated with the vapour absorper 40. . WO
97/ 14924 19. An absorption cyc PEB§6PEEH83°°°rdlng to Claim

17, wherein the absorbent fluid path from the generator

5 terminates in an outlet which in use is normally above the
surface of ligquid in a reservoir means associated therewith
which collects fluid discharged from said outlet means,
whereby the outlet héad defines. the manometric exit
pressure.

10 20. An absorption cycle heat pump according to Claim
13 or Claim 14, including active control means for
controlling the flow rate of the absorbent ligquid. '
- 21. An absorption cycle heat pump according to Claim
20, wherein said flow rate control means comprises one or

15 more detector means for determining or predicting one or
more operating parameters of the apparatus and means
responsive to said detector means for controlling the flow
rate of said absérbent fluid in accordance therewith.

22. An absorption cycle heat pump according to any of

20 the preceding Claims comprising a rotary assembly including
a vapour generator, a condenser, an evaporator and an
absorber so interconnected as to provide cyclic fluid flow
paths for a volatile component and an absorbent fluid
therefor, wherein at least one of said generator, evaporator

25 and said absorber includes a scoop pump comprising a bob

| member rotatably mounted within said assembly, constrained
against rotation with said assembly and arranged in use to

collect fluid from a generally circumferentially disposed
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26 The flow restrictor—54—+ay-be-an orifice, capillary,
vortex or nozzle, and the f'fowrgi t hr ough the restrictor- 54 is

deternmined by the pressure actin m Hli,”w””m the flow rate
4 bei ng set by the

depends on the rel evant pressure
generator OF % apacity as previously. *The flow I 3pCrdd

therefore belivg ul'at'ed by the pressure di fference betmeer{&?ﬁozﬁf‘gh and
| ow pressure spaces 14, 18, and al s@8t he manonetric head difference
between the free surface in the feed chanber 28, and that in the

absorber ON 10 trough 56. The flow rate . of ahsorbent w.l] ~ayt lcally
i ncrease as tHFOUFe ﬁ%ﬁP&enMMé&&&&ﬁ&é Bob Ol'Q%'é%nd
18. The characteristics o h | &L O | pLes

di fference béﬂé&ﬁbﬁgc%s%fh gcréd&%',rdégndé?ﬁéelnt{'fg N ngo& %taﬁg i%%%ci ty
of the feed r T sd r ar, d Vigiey he
desired vari g_{&ﬁ:ﬁ;ﬁgfx&ﬁ a&gﬁfl g\fv %leé wagﬂggggatf?ﬁzeé:%ﬁ i"%’%s‘,’%a

The mini mum fdiQid affort shli@ tdctigh QRer Pbsasve2AlivhiedN the pubp 1@ rad |y

set by crystallization considerations, but any mar gi n above this
reduces she aefdgtni ency of the heat punp 20 due to increased |osses in the
sol ution heat exchangers. Thernodynam cal |y the best efficiency wll

be obtai ned when 23. An absorption cycle heat pump according to Claim
22, wherein said bob container includes an orifice for
receiving fluid from the trough on rotation of said
assenbly.

10 24. An absorption cycle heat pump according to Claim
- 23, wherein said scoop pump includes means for delivering at
least part of the fluid collected thereby to said bob

centainer. -

25. An absorption cycle heat pump according to any of

15 Claims 22 to 23, wherein the bob container ingludes bleed
drain means for allowing a portion of the fluid in said bob
container to drain back into said trough or container.

26. An absorption cycle heat pump according to any of
Claims 22 to 25, wherein said bob container provides a

20 starting buffer for an associated liquid-containing trough
or reservoir.

27. An absorption cycle heat pump according to any of
the preceding Claims, having a working fluid comprising an
absorbent and a volatile component, characterised bv means

25 for adjusting the concentration of said absorbent in said
working fluid in accordance with at least one of:

(i) the temperature difference between the absorber

and the evaporator,
This Sheet Has Been Replaced
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t he absorbent concentration is jusSt sufficient Ltr scrpport t he

temperature Lifidemanded of the_cMﬁgg;,eetHM circunstances
vari ous considerations will dictat e fI ow rate of absorbent
required. In systens using water ﬁ nt and inorganic salt
absorbent the m ni mum fl ow, erature lift, may be
constrai ned BYOPHI924 maxi mum soI ut i on concent ration t haPCHER

tol erated before WO 97/ 14924 44

PCT/ GB96/ 02486 27 t he onset of
crystallization. Figure 6 shows a typical idealised fluid
characteristic (1Mesezdtweamm £lwid t intacoorndanas sitd thed thermadser
tenperature of 58[err] m xture at_ a given solution 5

concent rati onlead SBSGPBdrBFPFgEW&Ht apd4C.  This solution
Concent At on o 12435 Ehe, e Horb SEhes She-SEONY ikrameradf SUUCC 2
e eTEer L4822 AaCabUFLEdh ofShE! b e herapatfATed" ETH, .|
the genergtor 2penPpr@idnd!’ ABANEC for providing a running buffer for
storing a variable amount of volatile component thereby to
adjust the concentration of said absorbent.
29. An absorption cycle heat pump according to Claim
28, wherein said means for providing a runner buffer
10 comprises one or more reservoir means for storing variable
amounts of volatile component and/or absorbent fluid, and
means for pumping fluid to and from said reservoir means to
agdjust said concentration.
30. An absorption cycle heat pump according to Claims
15 27, 28 or 29, including means fo:f limiting the concentration
of absorbent working fluid in the heat pump.
31. An absorption cycle heat pump according to any of
the preceding Claims, including a rotary assembly compfising
a vapour generator, a condenser, an evaporator and an
20 absorber, said heat pump including scoop pump means
rotatably mounted within said assembly but constrained
against rotation therewith, said scoop pump having an inlet
aperture for collecting fluid from circumferential trough or
reservoir which rotates relative to said scoop pump,
25 characteriged in that said heat pump includes stabilising
means stabilising said scoop pump means particularly but not
exclusively when the 1liquid 1level in said trough or

reservoir is below said inlet aperture.

THIS SHEET HAS BEEN
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117[err]C This neans that _for iB&Li%cgmss fl ow of absorbent

around the cycle the heat |osses e g exchangers woul d
al so be expected to drop. Additional m ﬂm\er 15 concentration
u

woul d also substantially red crystallization

tenperature Ltring a lowering of the flowrate (a BEGadh
hi gher sol ut ﬁg{ﬁ%’yﬁ%‘gnt ration excursion). The control I}g:f/‘}sa}?em
described el sewhere in this appl i ca#Pon provides for both this

automati c concentration 20 adjustnent and adjustnent of the nmass flow to
further i mprgye peLf L = .
The common gener at g)f{oﬁéngﬁ%g?j% ggg%ﬁb#&%wggcm e

conprises a boO
contai ner 98 §£5p§ﬁQ§Qiﬁrma@=§ﬁﬁ%%%ﬁq %e%r?sr’ ccﬁnﬂr.l‘ilgé@!mé&‘?ﬂ mm‘ig fed

vvit_hliquidfrofn e common _ y an I'nl'et pi pe 100, S
radial ly i nwapdgratk constraifiingi P&Smd¥aBlé dubs Whitle i iadaptaas toe bes

that part of the fluid inventory nornmally held in the generator ON
t rough moved on swinging movement of said scoop pump.

5 33. An absorption cycle heat pump according to Clain
32, ‘wherein the track means is curved, with the convex
surface thereof being vertically above or below the
stabilising centre of graviﬁy and the shaft.

34. An absorption cycle heat pump according to Claim

10 32, wherein said stabilising means comprises drag-inducing
means, such as for example a fin or other drag surface or a
further pump inlet means for a further scoop pump.

. 35. An absorption cycle heat pump according to any of
the preceding Claims, comprising a rotary assembly including

15 a vapour generator, a condenser, an evaporator and an
absorber so interconnected as to provide cyclic fluid flow
paths for a volatile liquid component and an absorbent
ligquid therefore, generator ON pump means for pumping
absorbent fluid onto a heated surface of said generator,

20 generator OFF pump means for collecting a pumping away fluid
draining off said generator surface, characterised by means
for ensuring that said generator ON pump means has an
adeguate supply of fluid to wet said generator face on
initial operation of the heat pump.

25 36. An absorption cycle heat pump according to Claim
35, wherein said means for ensuring comprises common |
reservoir means which in use receives absorbent liquid

draining off said generator surface and absorbent liquid for

s [




WD 97/ 14924

28 is held in the bob cont

PCT/ GB96/ 02486

s
contribution to the stationary ma
shut down, a substantial anmount o

ﬂﬁﬂmmmmﬂgmawaubstanLLal

mass for the punp assenbly.
Wth the il waigaed arrangement, when the punp is staR‘FWflui

remai ns in

punp 89 20

on

assenbly 50. Al so,
normally collect in the

trough 44 and be displaced by the 5 lo

d -

or passes into the bob coﬁai ner 98 via the inlet pipe 100,
t hus reducing the level of fluid in the trough and i ncreasing the nass
of the punp assenbly. These features 10 contribute to a greatly reduced
drag on startpaifng sprayed lontd Faid hgenerawort osubfage;p #tbonfaides a
bob contal ner 102, which acts as a bob weight, and furthernore_,

a running buf§enei#tor cONi panpnands sadd @etieakae©FF pump| each taking
CONTROL OF ABSORBENT FLUI D CONCENTRATI ON The arran eg’ﬁ%&h of
Figire 2, is abs¢rhentdimpiic fromsaid copgarFRFSFYRH Healifyo spid
adj ust ed aut omati cal |

i n accordance.with rat e of ti on of
vapori sed vol‘il‘éll"ﬁiﬁ'a"wg ON PR HAVIRE t?ﬁemqb’eqﬁelﬁfcﬁ pgc’g't or ON

vol atil e §orrpi)zgln'tJ g??lt gﬂkgg%%#gg#%’th%cgﬁygpw %’g‘ééﬁ?ﬁin&i &ui élain

10

15

20

25

36, wherein said generator ON and OFF pumps each comprise a
scoop pump, and said ree_rvoir means comprises a generally
circumferential trough, and the inlet of the generator ON
scoop is radially further from the rotational axis than the
inlet of the generator OFF pump.

38. An absorption heat cycle pump according to Claim
36, wherein the generator ON pump and generator OFF pump
comprise a sihgle pump with flow split downstream thereof.

39. An absorption cycle heat pump according to any of
the preceding Claims, comprising a rotary assembly including
a vapour generator, a condenser, an evaporator and an
absorber so interconnected as to provide cyclic fluid flow
paths for a volatile 1liquid component and an absorbent
liquid therefor, ﬂm;igg_d__i_n__thgt_ said heat pump
includes a common reservoir means for collecting absorbent
liquid draining off the heated surface of said generator,
and for receiving fluid to be supplied to the heated surface
of the generator.

40. An absorption cycle rotary or centrifugal heat
pump according to any of the preceding Claims, comprising an
assembly including a vapour generator, a condenser, an
evaporator and an absorber, characterised in that one or

more of the condenser, evaporator and the absorber comprises

. ' | — Y
T ™ REPLAGED



renoved fromcircul ati on and t hus « causes the &ortion of absor bent

in the circulating mxture to i nThicShs® cont ents~of contai ner
102 increase. There is a controII “ a orifice 94 back into the

trough 86. The maxi mum conc sorbent is limted by
providing th ont ai ner 102 W|th an overflow 96 which_di into
t he abg"g?t%,} F trough 62. In this way, the absggt@ﬁpm

WD 97/ 14924 g2 PCT/ GB96/ 02486

29 concentration is self-regulating by storing a variable anount
of LVC in the container 102, and_ the cycle requi renpnts previously

di scussed may @ xchang’gécggf VRl fpiral of tubing, onhaving A e
3, there is shown a schematic forr;l of a danpi ng device for a scoop
punp, which nSPTER ('J'Ft urtd®es; all of the scoop punps in the

arrangenent of Figyre punp 4 is rmunt ed ournal on the
shaft 12 and Lciaﬂpr%sﬁ’f F&V‘ zﬁ%tf dét"‘!ld@

th .
© 40, wherein the spiral is generally closed with intermediate

5 turns of the spiral in contact with or close to both the
next inner and the next outer turn, to define a heat
exchanger with two opposite interrupted or corrugated faces.

42. An absorption cycle heat pump according to Claim
40 or Claim 41, vherein the tubing is preferably of

10 generally flattened circular cross-section, with the
flattened portions close to each other or areas in mutual
contact.

A .
43. An absorption cycle heat pump according to any of
Claims 40 to 42, wherein the spiral is flat, or is dished.

15 44. An absorption cycle heai; pump according to any of
the preceding Claims, comprising a high pressure
generator/ intermediate condenser chamber, an intermediate
pressure intermediate generator/condenser chamber, and a low
Pressure evaporator absorber chamber, characterised by

20 pressure relief means intermedié\_te:

(i) said ixigh pressure chamber and said intermediate
pressure chamber and/or

(ii) said intermediate pressure chamber and said low
pressure chamber

25 45. An absorption cycle heat pump according to Claim

44, wherein the pressure relief means provides controlled

R O AR | ™S SHEET HAS BeEN |
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10 scoop punp inlet 108 is provided a drag el ement, in the form of a

durmy inlet 107, Here, even when the scooppusp-inl et Ho—et-eat—oi—t he
fluid-level, the dunmy inlet 107 is still i mersed and thus provides
an i npor t ant danping facility asummwm‘ﬂmmﬂ ump inlet |eaves or
re-enters the fluid. 15 ﬂmarrangerrent S

Fi gure 4, wosMedal parts are Sinfldr &ndsare given i kPTG %%#5%
nuneral s. However, bel ow the journal thergal s provided a curved track
110, which is not concentric with shaft and whi ch defines a

constraining passage for -a mass 112. The 20 mass is constrained so that it
may nove al ongpiie} rvindredierflow thromghodnidsreliefdnesnst ishdependent

tending to restore the body to its equilibrium state, but
with some on theipressuxs differencea.iat the kinetic energy of the
pendul um novenent is rap| dI d| SSI ated. The track i’ aﬁ §?¥
foris. This arrand@nerAnab: %fh%%'ilwla\k@?%"r ng R, %m

?;quyg-?-iﬁb ;k—?—f &nw%r € :t.'gsg\%e ars:ef:l.ef mea L5 s is nggerable so that,
5 when the pressure difference reaches a pre-set level, the
relief means opens and the flow rate increases with

increases in pressure difference.

47. An absorption cycle heat pump according to any of
the preceding Clainms, conpriéing a generally sealed

10 enclosure containing a working fluid and one or more alkali
metal hydroxides, characterised in that at least part of
said enclosure which is in contact with said working f£luid
in use is made of a copper material containing from 0% up to
about 15% by weight of alloying or additive materials.

48. An absorption cycle heat pump comprising a vapour
generator, a condenser, an evaporator and an absorber so
interconnected as to provide cyclic fluid flow paths for a
volatile fluid component and an absorbent fluid therefor,

5 and flow rate control means for controlling the flow rate of
said absorbent fluid in accordance with at least one of:

(i) the temperature difference between the absorber
and the evaporator,

(ii) the thermal load on the heat pump, and

10 (iii)one or more other operating parameters.

49. An absorption cycle ‘heat pump according to Claim

48, wherein the flow rate control means comprises flow

restriction means in the absorbent £luid flow path from said

generator. This Sheet Has Been R

i s
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30 As previously discussed, it is desirable for—cycle
effici'ency to operate as close to u"ﬂl' mimqllmHﬂLM limt as

possi bl e, but the effects of cryst cat astrophl C.
Accordi ngly, e seen in Figures 1'and 5 a flow

schene is set‘qég%g hat, as soon as the onset of crysra’rr'%géa‘tlon S
detected, m xture from the vapour gerfig ator 20 may be diverted at 112,
upstream of the second sol ution heat exchanger 38, to join at 114 t he

(Pl o oo "o 0y VR I A AR < aat
sol ution heat exch h w
8 I gl s i s iy, e Y et

absorber 40 to i'ncrease tenperature

fromthe secorsesididtcy) siprisingotieidichore bfcalogpLEicds o besrtdest
the region 116 where 15 crystallization is nost likely to start.

I'n the arrangemhta cfagillarysS, the flow diversion is controlled by a
pressure sensitive weir 118. I n nor mal operation the pressure
di f f erenceéd bet ween §oi ntAn Absauption cycle hesti pumpf accerding tocanpnef t he
head defined by the weir and_ 20 so there is no flow However when
crystallizaticﬁ\;'l% n48j ko 50, adapted so that the flow rate of the
absorbent fluid from the generator depends on at least one
of the following conditions:
(1) the cperating pressure difference at either end of
10 the absorbent fluid path from the generator, and
- (i1) the manometric pressure difference due to any
difference between the free surface levels in the absorbent
fluid at either end of the fluid path from the generator.
S2. An absorption cycle heat pump according to Claim
15 51, wherein the f_luid path from the generator includes
reservoir means at either end, and the reservoir means are
dimensioned and disposed to provide free surface levels at
selected heights or radial distances to give the required
manometric pressure difference in operation.
20 53. An absorption cycle heat pump according to Claim
52, wherein the generator contains a reservoir in the form
of a feed chamber in which absorbent liquid collects before
leaving the generator, and which in use defines a free
surface for fluid therein, and the fluid path from the
25 generator terminates in a trough adjacent the absorber, and

the feed chamber is disposed so that, in normal operation,

the free fluid level therein is radially inwardly of that in

the trough.
9 This Sheet Has Been Replace
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region 116, the back pressure at point 112 is sufficient to cause
fluid to flowto point 114, In | e ——Ffowrestri-ctor

54 may advant ageously be re-located upstrea of the flow diversion
poi nt 112. 25 Vari ous ot he ‘E nﬁm‘mgw ces coul d- be used and,

for convenience Figure 1 indi cate ns as a contr ol
val ve 120. Thwesef/edire may al so be used to deal wi t hP Fk?ﬁ‘ﬂj‘% ui ds
prone to undesirable increases in 45 WO 97/ 14924

PCT/ GB96/ 02486 31 viscosity tending
to obstruct flow COVMON OV OFF GENERATOR TROUGH It will

be noted that the waLi oA absepptipe cycieshedt pump asgoxddngoso: Hdaim g
fromthe sanme trough 44, but that the 5 ener at or C]\llnletgpFﬂ%F 6 isS
deeper in thessi,oudiereim the absorhenferfluwid path dram cthey Zr t

oreforent ol Sespepates in an eIt WHISh dR.gee dmSorRAIGInIREYE the
possibility of tr%eac-.e of ﬁ%{lﬁ&a&gr asgéégg\?o{f’ %‘e’aﬂ% %é’swxated therewith
5 which collects fluid discharged from said outlet means,
wheréby the outlet head defines the manometric exit
pressure.
§5. An absorption cycle heat pump according to Claim
48 or Claim 49, including active control means for
10 controlling the flow rate of the absorbent liquid.
56. An absorption cycle heat pump according to Claim
55, wherein said flow rate control means comprises one or
more detector means for determining or predicting one or
more operating parameters of the apparatus and means
15 responsive to said detector means for controlling the flow
rate of said absorbent fluid in accordance therewith.
57. Apparatus according to any of Claims 58 to 56,
wherein said heat pump is a rotary heat pump.
58. A method of operating an absorption cycle heat
20 pump comprising a vapour generator, a condenser, an
evaporator and an absorber so interconnected as to provide
cyclic fluid flow paths for a volatile fluid component and
an absorbent fluid therefor, which comprises controlling the
flow rate in accordance with at least one of:
| 25 (i) the temperature difference between the absorber
and the evaporator,

(ii) the thermal load on the heat pump, and

(1:..1.)one or more other operating parameters.
This Sheet Has Been Repl
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10 HEAT EXCHANGERS In the arrangenent of Figure 1, to provide
enhanced heat and mass tr afMbif Slieet HabiBeeh 8alacek changer s maki ng up the

condenser 34, the absorber orator 42, conprise spirals
of - metal tubing (typically copper) iJjicross- 15 section. The
ad]

spirals are closed with acent turns touchj ose to
each ot her. ﬁgﬁiﬁwound t hat t he corrugated surfacepgg’gpg@&g{?y t he

t ubi ng provides i ncreased surface agga and an excel |l ent surface for
heat and mass transfer. 20 HYDROGEN CONTAM NATI ON In the
i llustrated enbodi nents_ at_| east, one of_the seal ed spaces 14, .16, 18

contains an el enenP9t1428 absorphLien (GEGIe et RImPonhRiaing aFotRTYs
| oaded with t : ' high affinity f hvd 25
ol ecul 65, | anBeRARERY: Eindly Y "HaBBRrl shitkAt R ) CoRaEEE An OO
to avoid CO“%%ga&hearOhhhsnaﬁgbgs& Ho“'i.?xt%g:connecttga 3BS P Provide

| and catalyst 1s a

A typical co nat1 on of pol ynmer
cyclic fluid flow paths for a volatile component and an

5 absorbent fluid therefor, wherein at least one of said
generator, evaporator and said absorber includes a scoop
pump comprising a bob member rotatably mounted within said
assembly, constrained against rotation with said assembly
and arranged in use to collect fluid from a generally

10 circumferentially disposed trough or reservoir, said bob
member including a bob container eccentric with respect to
the rotational axis of said assembly for being charged with
fluid from said trough or reservoir when the pump is at
rest.

15 60. An absorption cycle heat pump according to Claim
59, wherein said bob container includes an orifice for
receiving fluid from the <trough on rotation of said
assembly.

61. An absorptioh cycle heat pump according to Claim

20 60, wherein said scoop pump includes means for delivering at
least part of the fluid collected thereby to said bob
container. |

62. An absorption cycle heat pump according to any of
Claims 59 to 61, wherein the bob container includes bleed

25 drain means for allowing a portion of the fluid in said bob

container to drain back into said trough or container. |
63. An absorption cycle heat pump according to any of

Claims 59 to 62, wherein said bob container provides a

| S SHEET HAS BEEN |
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32 styrenecbut adi ene tri bl ockhi Mg by HRE s e'S' PB- PS such—as—kiat-oh—
D1102 from Shell Chem cal Conpany RCYased catal yst such
as the Crabtree Catalyst [Ir (COD) Em’ mlﬂu [err] (CoD -

1. 5-cycl ooct adi ene; py -pyride 5

tricycl ohexywessamne). An el enent of such material of PCTVGRISOE6 3001
may be sufficient to absorb free hydrogerg4 or a period of several
years. PRESSURE RELI EF The arrangenment. of Figure 2 al so

i ncludes pressure 10 relief valves 122, 124 between the hjgh and

i nt er medi at e startingirnfferfoxi an casseciated r biguid-agntaining FEoUEt g

16 and 18 respectjvely. The pressure relief valves provide a
snoot h nodul A% FLKRAXTYYIFw rate with pressure when they open, t hus

o1 ou g the Moot TP 4 Heaedl S SOUTU. SHREC i, WhosbATE vBBELAY 13,
pLeseure oL il KiorptpoE HEstEERE ShePTR TSRS Gt

returning to age“operation en the pressure ffere
to NOr M peinding means for adjusting the concentration of said

absorbent in said working fluid in accordance with at least
one of:
(i) the temperature difference between the absorber
and the evaporator,
10 (ii) said working fluid in accordance with the thermal
load on said heat pump, and
(iii)one or more other operating parameters.
. 65. An absorption cycle heat pump according to Claim
64, including means for providing a running buffer for
15 storing a variable amount of volatile component thereby to
adjust the concentration of said absorbent.
66. An absorption cycle heat pump according to Claim
65, wherein said means for providing a running buffer
comprises one or more reservoir means fér storing variable
20 amounts of volatile component and/or absorbent fluid, and
means for pumping fluid to and from said reservoir meﬁns to
adjust said concentration.
67. An absorption cycle heat pump according to Claims
64, 65 or 66, including means for limiting the concentration
25 of working fluid in the heat pump.
68. A method of operating an absorption cycle heat
pump comprising a rotary assembly including a vapour

generator, a condenser, an evaporator and an absorber so
. - T
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C ai ns 1. An absofﬁfrbn“cyéfehheat'pﬂbp conprising a rotary

assenbly including a vapour—genertSheet Has Been r: and evapor at or
and an absorber so interconnected 11 5 cyclic fluid flow
paths for a working fluid conprisi L rigerant and an absorbent,
and having o e sites rone to crystallisation

unaccept agl y%ﬁ?gﬁ“\%cosi ty, gai d heat pﬁrrp i ncl udi ngﬁlgé]’g’m‘
responsive to an increase in | ocal pggessure upstream of at |east one
of said sites 10 indicative of the onset of crystallisation of absorbent

I n the working fluid or the onset, of unacpeptab%g hi gh viscosity
to initiatecntexgennected as £ provide,cyetic fluid,£ley | PAths Fo% @/ or
to re-dissolve c[%f%allised nat eri

2. An absor‘ffﬂ'% Scl 8°ﬂ§8?eﬁ np%%'g_corﬂ} ng@%@é%%‘#f%f&igﬁhé_%&%?%', w0
O oo e DG Bon o G i Bty chpd S U TRy
adj acent sai quétRd REGHFrifes storing d Mdr falled Andurit oEc23IAddViRCEALEY -
5 éontainer means to adjust the concentrations of absorbent
. £fluid and volatile component prevailing at a selected part
or parts of said heat pump.
69. An absorption cycle heat pump including a rotary
assembly comprising a wvapour generator, a condenser, an
10 evaporator and an absorber, said heat pump including scoop
pump means rotatably mounted within said assembly but
constrained against rotation therewith, said scoop pump
having an inlet aperture for collecting £fluid from
circumferential trough or reservoir which rotates relative
15 to said scoop puﬁp, said heat pump including stabilising
means stabilising said scoop pump means particularly but not
exclusively when the 1liquid 1level in said trough or
reservoir is below said inlet aperture.
70. An absorﬁtion cycle heat pump according to Clainm
20 69, wherein said stabilising means comprises means defining
a track constraining a movable mass which is adapted to be
moved on swinging movement of said scoop pump.
71. An absorption cycle heat pump according to Claim
70, wherein the track means is curved, with the convex
25 surface thereofl being wvertically above or below the
stabilising centre of gravity and the shaft.
72. 2An absorption cycle heat pump according to Claim

70, wherein said stabilising means comprises drag-inducing

RO A T R




20 3. An absorption cycle heat punp according to Claim 2,

i ncl udi ng_neans for diverting a stream of fiuidat: | easl____Lenq:tar_aLl |y
to increase the tenperature of t said site prone to
crystallisation or increased vis "m”mmmmﬂ‘m,”l 4. An absorption cycle
heat punp according to Claim 25 *2 , I n use, absorbent fluid
passi ng fromywde71492¢ Vvapour generator to the absorber gi vegcusnmamo
absor bent fluid passing in the opposi%e direction via a solution heat
exchanger, and said heat punp includes medRs for di verting a
portion of the absorbent fluid fromthe path fromthe generator to the
absorber to bgehf! OgueRlas Nter tdiansleaira) £in orf bthelr araghsuafiaceber dack
to the vapour genefator, thereby i ncreasing tenperature of the flow
upstream of tparshese pﬁmprbnbetauealystﬁrlzatumh@ SCnpe PYWIP.vi scosity.

5. An absorption cycle heat punp according to Caim 4. wherein said

di vérsi on neans cowpki sba abgexptien cycle Fump comprasingca Eetaryal ve

or a weir between the t
assembly includ:.ng a vapour generator, a condenser, an

5 evaporator and an absorber so interconnected as to provide
cyclic f£luid flow paths for a volatile liquid component and
an absorbent ligquid therefore, generator ON pump means for
pumping absorbent f£luid onto a heated surface of said
generator, generator OFF pump means for collecting a pumping

10 away fluid draining off said generator surface, and means
for ensuring that said qeneratdr ON pump means has an
adequate supply of fluid to wet said generator face oﬂ
initial operation of the heat pump.

74. An absorption cycle heat pump according to Claim

15 73, vwherein said means for ensuring comprises cpnmion
reservoir means which in use receives absorbent 1liquid
draining off said generator surface and absorbent liquiad for
being sprayed onto said generator surface, with saigd
generator ON pump and said generator OFF pump each taking

20 absorbent liquid from said common reservoir means, with said
generator ON pump having preferential access thereto.

75. An absorption heat cycle pump according to Claim

74, wherein said generator ON and OFF pumps each comprise a

scoop pump, and said reservoir means comprises a generally

25 circumferential trough, and the inlet of the generator ON

scoop is radially further from the rotational axis than the
inlet of the generator OFF pump.

- ' '76. An absorption heat cycle pump according to Claim
eet Has Been Replaced

i i



fl ows, whereby said diversion is initiated when The back 10 pressure
caused by the onset of—Tr %asheezfaﬁslBeeﬁR-, ﬁced *unacceptably high

Vi scosity exceeds a preset thresh " An absorption cycle heat
ereln sai d di version neans

punp according to any of
I s operable % d| vert cool ant he: condenser ép h%%éﬁ
evapor at or, "t‘ﬂereby to raise the evaporatlon 't enper at uFE"g se an
i ncreased anmount of refrigerant to evapor80e and be taken up by the .
absorbent, resulting in a terrporary decrease in concentration of

absorbent in rKi n I ncrease in te erature of the

wor ki ng fl ui d.}gh \f,\'ﬁ 38 % F{"ﬁ’{ N - YR an 99"9"[2%: FePHBR of

operating an &?'gﬂf ar, SS |y

i ncluding a vap Pééosl genefr\%tig'?ﬁpa con%e%ﬂd%é’sg‘ﬁ&’%%&r téxlg&'eg%m

absor ber so L} £7 O N ¥ép toisort Q,ﬁ]@/l M %&gsghﬁdapgaggﬁ%or
or ng

25 working fluid conprising a refrigerant an

one or nore sassemblyndncludingt aal ivgiown gefePator, aNToHARNAYY, &hoh
viscosity, which nethod conprises provi di ng means responsi Ve to the

| ocal préssurevapoxakor andvamkabgorber dsopintérconnéctéd | #85toOppodiabhe

sites cyclic fluid flow paths for a volatile liquid component and

an absorbent 1liquid therefor, and including a common

reservoir means for collecting absorbent liquid draining off

the heated surface of said generator, and for receiving

10 fluid to be supplied to the heated surface of the generator.

. 78. An absorption cycle rotary or centrifugal .heat

pump comprising an assembly including a vapour generator, a

condenser, an evaporator and an absorber, wherein one or

more of the condenser, evaporator and the absorber comprises

15 a2 heat exchanger defined by a spiral of tubing, or having a
corrugated outer surface.

79. An absorption cycle heat pump according to Clainm

78, wherein the spiral is generally closed with intermediate

turns of the spiral in contact with or close to both the

20 next inner and the next outer turn, to define. a heat

exchanger with two opposite interrupted or corrugated faces.

80. An absorption cycle heat pump according to Claim

78 or Claim 79, wherein the tubing is preferably of

generally flattened circular cross-section, with the

25 flattened portions close to each other or areas in mutual

contact.
81. An absorption cycle heat pump according to any of

Claims 78 to 80, wherein the spiral is flat.
—_—
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I ndicative of the onset of crystallisation of absorbent in t he wor ki ng
fluid or the onset of unacceptduly tigh viseosity thereaf —and on an

i ncrease in said pressure | evel, initiating
preventive measures for 5 prev ﬂ" g E"ﬂ Hﬁ gEUystalllsation and/ or

re-di ssol vi ng crystallised ma ‘M ucing said viscosity.

8. A nethodwoepreitang to Caim 7 —wherein said ! i ni ti BET/GB9642486
conprises diverting a streamof fluid at 51 | east tenporarily to increase
the tenperature adjacent a 10 site prone to crystallisation or increased
viscosity. 9. A nethod according to Caim8, wherein said f|UId
conprises warm wor §2ng Ahuakisorption cyqle hehtnnunnj&gﬁﬂsﬂdnsgtpoaaﬁy°
Clains 7 to 9, wherein said nopitoring step conprises nonitoring or

r espondi ng t oClasmst 78 P c8Qureherein ckhe Spiral tis stighed t)crystalllsatlon
or I ncreased VISCOSIt

A hod
Claims 7 to 10, éPﬁ°FH§1RBr Wﬁé’ef mag:e t&iﬁ'ﬁ ?Ccor%i%ﬂ%t% wgﬁm e
b bent 1|i d Mh t
Cenporarily ?ﬁ'ﬁﬁéﬁﬂﬁg[ﬁ' eritad ol ileAthiddl 3EED TAHdnEE * ondubed 0hn
or UpStrEa"]zﬂgerﬁedibEE Qﬁﬂﬂﬁnnﬁ? intermediate generator/condenser

chamber, and a low pressure evaporator absorber chamber, and

including pressure relief means intermediates:

(i) said high pressure chamber and said intermediate

pressure chamber and/or
10 (ii) said intermediate pressure chamber and said low
pressure chamber.

84. An absorption cycle heat pump according to Claim
82, wherein the pressure relief means provides controlled
relief, whereby flow through said relief means is dependent

15 on the pressure difference.

85. An absorption cycle heat pump according to Claim
84 wherein the pressure relief means is operable so that,
when the pressure difference reaches a pre-set level, the
relief means opens and the flow rate increases with

20 increases in pressure difference.

86. An absorption ecycle heat pump comprising a
generally sealed enclosure containing a working fluid and
one or more alkali metal hydroxides, wherein at least part
of said enclosure which is in contact with said working

25 fluid in use is made of a copper material containing from 0%

up to about 15% by weight of alloying or additive materials.
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crystallisation. 12. An absorptlon cycl e heat punp according to
any_of the pr ecedi ng d ai me_conpri SifAg . a vapour -geherat-or—a—25-
condenser, an evaporator and an absorber so interconnected as to
provide cyclic fluid flow paths for a volatile fluid conponent and an
absorbent fluid therefor, characterised in that flow rate control
means i s prowvodetheémr controlling the flow rate of -sai¥

fluid in accordance with at -
| east one of: (1) the terrperfysre di fference between the
absor ber and the evaporator, (ii) the thermal | oad on the
heat punp, and 5 (iii)one or nore other operating parameters.

13. An absorption cyc heat cp.urrp according to Caim 12, wherein the

36
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10 14. An absorption cycle beat punp according to Claim 12,
wherein the flowrate control neans.dnacludes a passive-— rgstrictor,

conprising one or nore of an orifice, a vortex, and a capillary.
15. An absorption cycle heat punp according to any of 15 Cains 12 to 15,
adapted so that the flow rate of the absorbent fluid fromthe
gener at or dewowrassm at | east one of the follow ng coREVGRAY2486
(i) the operating pressure difference at either end of t he absor bent
fluid path fromthe generator, and 20 (ii) the manonetric pressure
di fference due to any dlfferenceaRGSMeen the free surface levels in
t he absor bent fluid at either he fluid path fromthe
gener at or. 16. An absorption cycle heat punp according to Caim
15. wherein the fluid path fromthe generator includes 25 reservoir
means at either end, and the reservoir neans are di mensi oned and
di sposed to provide free surface Ievels at sel ected heights or radial
di stances to give the required Oranonetric pressure difference in
oper.ati on. 17. An absorptégn cycl gnheat punp according to Caim
Q
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37 16, wherein the generator contains a reservoir in the form

of _a feed chanber in which absarhent liquid collects before———1legaving
the generator, and which in use defines a free surface for fluid
therein, and the fluid path fromthe 5 generator termnates in a trough
adj acent the absorber, and the feed chanber is disposed so that, in
nor el oper afW@9n/14924 the free fluid | evel therein is radi BFVGBIASEdl v of
that in t he trough. 18. An absorption cycle heat punp
according to Cdaim 10 16, wherein the absorbent fluid path fromthe
gener at or termnates in an outl et g;/gh in use is normally above the
surface of liquid in a reservoir neans ciated therewith whi ch
collects fluid discharged fromsaid outl et neans, whereby the outl et
head defines the manonetric exit 15 pressure. 19. An absorption
cycle heat punp according to Claim 12 or daim 13, including
acti've control rmeans fg controlling the flow rate of the absorbent
| i quid. 20. {on cycle heat punp according to Claim 20
19, .wherein said flow r§ means conpri ses one or nor e
detector nmeans for dete K fzii cting one or

SUBSTITUTE SHEET (RULE 26)



nore operating paraneters of the apparatus and neans responsive to

sai d detector.neans for control Ling the fl ow rate_of said absorbhent
fluid in accordance therewith. 25 21. An absorption cycle heat punp
according to any of the preceding Clainms conprising a rotary assenbly
i ncl udi ng a vapour generator, a condenser, an evaporator and an
absorber so iwoermemsected as to provide cyclic fluid fl ow PCI/GB3GN2486 f or
a volatile conponent and an absorbent fluid 38 t heref or,
wherein at | east one of said generator, evaporator and sai d absor ber

i ncludes a scoop punp conprising a bolz'/§ menber rotatably nounted
within said assenbly, constrained gainst rotation with said assenbly
and arranged in use to 5 collect fluid froma generally circunferentially

di sposed trough or reservoir, char f in that said bob nenber
including a bob container eccentric with res%ct to the rot ati onal
axi s of said assenbly for being charged m gl(.. fluid fromsaid trough
or reservoir when the punp is at Oé
lall-1=
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10 rest. 22. An absorption cycle heat punp according to Caim

21, wherein said bob container ce for——————roceiving—
fluid fromthe trough on rotation of said assenbly. 15 23. An
absorption cycle heat punp according to Claim 22, wherein said scoop
punp includes neans for delivering at | east part of the fluid

col | ected t hevepdryed2a sai d bob cont ai ner. RCT/GBP6ARSH pt | on
cycle heat punp according to any of 20 Cdains 21 to 22, wherein the bob
cont ai ner includes bl eed drain neans for allowi ng a portion of the
fluid in said bob cont ai ner to;ﬂy I n back into said trough or

cont ai ner. 25. An absorpti g&cle heat punp according to any of
Clainms 21 to 24, wherein said bob container provides a 25 starting buffer
for an associated |iquid-containing trough or reservoir.

26. An absorption cycle heat punp according to any of t he preceding
Cl ainms, having a working fluid conprising an absorbent and a volatile

conponent, characterised by neans
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(PO COTY NEVELSEY 6
39 ‘ for _adiusting the concentration of said absorbent in said

10 ‘ fFcordance with at |east one of: (i) the
er-attiemghiia dnce between the absorber and the e

5? i i working fluid in accordance with the therma
| bap W&gﬁ%@g %

braneters e anc217 An absorption l:IyZ:IOgehce);t mw“ﬂwm“mmm;ng

i ncl udi ng means for RII@4iK@ Ng a running ‘butf el for

~C . bl e amount of vol atilFe conponent thereby to
adj ust the concentratlon of said absorbent. 28. An absorption
cycl e heat punp according to Claim 27, wherein sald means for
provi di ng a runnerlpuf fAR absorptlonoq$¢lgebe@hep@mp TP ]

for storing varia 5 ,.amounts of volatile conponent and/or absorbent
fluid, and —M@M@Wﬁmm <spadenser, i and
means to I d..C | 9 An absor ption
cycle heat p svapofdidit aid 4 %B%E’% k- 1nt,<-::rconnelct§£ Za. fret uﬁ%—%g%

for |init3ng el LONERNLBEALAINW patBE ol aPSpsReNig We1kia9 ddmy-d dihd he

heat punp. 30, AT apSorptTom Ccycie heat punp acTo
of refrlgerant and an absorbent, and having one or more 81tes

26,

prone to crystallisation and/or unacceptably high viscosity,

said heat pump including means responsive to an increase in

local pressure upstream of at least one of said sites

10 indicative of the onset of crystallisation of absorbent in.

the working fluid or the onset of wunacceptably high
viscosity to initiate means to . prevent further
crystallisation and/or to re-dissolve crystallised material,
or to reduce said viscosity. )

15 2. An absorption cycle heat pump according to Claim
1, 9-which comprises clearance means for increasing the
temperature and/or reducing the concentration of absorbent
in the. working fluid at or adjacent said site prone to
crystallisation or increased viscosity.

20 3. An absorption cycle heat pump according to Claim
2, including.means for diverting a stream of fluid at least
temporarily to increase the temperature of the flow past
said site prone to crystallisation or increased viscosity.

4. An absorptioﬁ cycle heat pump according to Claim

25 2 or 3, wherein, in use, absorbent fluid passing from the
vapour generator to the absorber gives up heat to absorbent
fluid passing in the opposite direction via a solution heat

exchanger, and said heat pump includes means for diverting



Ny HE# bi ns, including a rotary assenbly conprisimg——— _a_

pour generatbr]j a condenser, an evaporator and an )”

74 earpr mﬂ orber, said
A ZPABR % idf ng scoop -punp neans 25 rotatabl r‘”’ﬂ; lmll m aird
g‘lﬁbl y'___.lgut folist rai ned agai nst_rotation therew tH, s ” A ﬁQp

P an i fl et aperture for3%ollecting fluid from
_circunferential.trough or . reservoir which rotates relative to said
COOP PUMD, 5 portid26RCLHd S9sbfodhat £531d NeAm PEAR HJMHIdESom the

stabi | i sing _ 40 means
stabi |l ising sgedetator RORHEIBsRBdr Ctd e YikttodGted intexehesiréguyn

when the liquird level in said trough or reservoir is below said inlet
aperture. flow fram the absorberdrackdie theatvapowr geoemrditoy,t shelrebm
5 30, wherein said stabilising neans conprises_neans defining a track

constrai ni ng &nfeasidgesemagrature afaptee fdoe UPStreRfe@ionth% ARy

accor di ngSt o BFEFE £ BYTRAIAdzatiom X AT TR SR, i ih (he

convex 5. An absorption cycle heat pump according to Claim

4, wherein said diversion means comprises a pressure

dependent control such as a valve or a weir between the two

flows, whereby said diversion is initiated when the back

10 pressure caused by the onset of crystallization or
unacceptably high viscosity exceeds a preset threshold.

6. An absorption cycle heat pump according to any of

Claims 1 to 3, wherein said diversion means is operable to

divert coolant fluid from the condenser to the evaporator,

15 thereby to raise the evaporation temperature and cause an

increased amount of refrigerant to evaporaté and be taken up

by the absorbent, resulting in a temporary decrease in

concentration of absorbent in the working £fluid and an

increase in temperature of the working £fluid in the

20 crystallisation region.

7. A method of operating an absorption cycle heat

pump comprising a rotary assembly including a vapour

generator, a condenser, and evaporator and an absorber so

interconnected as to provide cyclic fluid flow paths for a

25 working fluid comprising a refrigerant and an absorbent, and

having one or more sites prone to crystallisation and/or

unacceptably high wviscosity, which  method comprises

providing wmeans responsive to the local pressure of the

working fluid up-stream of at least one of the sites




being vertically above or

igeent rf An absor tion,
punpl according to daim 31. wherein saU m ,l""s ans
& { nfluci ng means, such as for exanpl drag

b {further punp inlet neansTor a further scoop punp.
- ;.An absorptlonﬁcycle heat punp according to any of t he preceding

; JaPi {8l ¥ t3R° Yt 1K S d\h111sati HRPOET aB8BEHEME ind
condenser an —evaporator—ant—an apsSorger—so Thntercomected as (0
provi de cycl i gnél Wedrkhiay 2QuiBat by fehea ¥akati | 8f | GHhdcepiABNIONt hagH an
absor bent T quid therefore, generator ON punp neans for punpl ng

absorbent fl uvilscosbty helaereofur faunk af =@ dipeneaseorin saidjepressureOFF

punp nmeans for collecting a punping away, fluid draining off said
gener at or surwmlmngﬁrmw

gener at or _ON ans hs ez ad t.e I y o -' ui ret 81‘@’%515‘3' d

. v:ng AN

generat orf ack

absor ption cyg sggﬁﬁlgggpméﬁggﬁgﬂngo&orgb%bqhq sa1§4vfg33§¥ﬂ$'sa'd means

for ensuring LJIpIIbEb COMoN
8. A method according to Claim _7, wherein said

initiating step comprises diverting a stream of fluid at
least temporarily to increase the temperature adjacent a
10 site prone to crystallisation or increased viscosity.

9. A method according to Claim_8, wherein said fluid
comprises warm working fluid.

10. A method according to any Claims 7 _to 2, wherein
said monitoring step comprises monitoring or responding to

15 the pressure upstream of a site prone to crystallisation or
increased viscosity.

11. A method according to any of Claims 7 to 10,
wherein the working fluid comprises a crystallisable
absorbent liquid, wherein said initiating step comprises at

20 least temporarily reducing the concentration of absorbent
liquid adjacent or upstream of a site prone to
crystallisation.

12. An absorption cycle heat pump according to any of
the preceding Claims, comprising a vapour generator, a

25 condenser, an evaporator and an absorber so interconnected
as to provide cyclic fluid flow péths for a volatile fluid
component and an absorbent fluid therefor, characterised in
that flow rate control means is provided for controlling the

flow rate of said absorbent fluid in accordance with at



SROT ATV CETRT | o
REPLACE#“@Q\%% tdeans whi ch in use receives absorbent Liguid dr ai ni ng
{said generatdr surface and absorbent liquid for bei ng sprayed

f .
pid q@APRIWPPPsur flace, with said generator ON punp a ' ;

H punp each tak'% 5 absorbent liquid fromsaid commlr'”"a” i"mmiwm

t *

st gendrat or ON punp having pr3ferential access theretos s
36. An absorption at cycle punp according to Claim 35 wherein said

g'enerator ON gadsoFbnRURs each conprise a scoop punp, and said
reservoir means conprises a generally 10 circunferential trough, and the

inlet of the genergtgr €Ne temseLPpuis BadEakrbiickUudisiedn 0fhé Nebsorber
rotational axis than the I nl et of the generator OFF punp.

37. An absor pandntheaevaporatgunp according to Claim 35, wherein the
generator ON punp and, generator OFF pu 15 conprise a single punp with
flow split domstrgéﬂﬂ)tﬁé‘ﬁe&hemal load ogg the, heigdoppmpon | e heat punp

di ng.t frossyath di i i si t bl
netuding® % Vsl CBEnerare Sustarerac T ek s anc an
absorber so interceBneched Agdiulid | il Uddt Thihys dbe¥kaZly LBl RSalif

vol atile |iquid component and an absor bent
12, wherein the flow rate control means comprises flow

restriction means in the absorbent fluid flow path from said
generator.

10 14. An absorption cycle heat pump according to Claim
12, wherein the flow rate control means includes a passive
restrictor, comprising one or more of an orifice, a vortex,
and a capillary. .

_15. An absorption cycle heat pump according to any of

15 Claims _12 to 15, adapted so that the. flow rate of the
absorbent fluid from the generator depends 6n atlleast one

- of the following conditions:
(i) the operating pressure difference at either end of
the absorbent fluid path from the generator, and

20 (ii) the manometric pressure difference due to any
difference between the free surface levels in the absorbent
fluid at either end of the fluid path from the generator.

_16. An absorption cycle heat pump.according to Claim
15, wherein the fluid path from the generator includes

25 reservoir means at either end, and the reservoir means are
dimensioned and disposed to provide free surface levels at
selected heights or radial distances to give the required
manometric pressure difference in operation.

17. An absorption cycle heat pump according to Claim



oo

e ev——

R g §HBE characterised in that said heat punp — ~iTctudes—a—
;wﬁ?" —eservolirimeans for coll ecting absorbent l'i qui al] of f

e | rfiage of said generator, and for receivi H"mm@jmﬂl'm”m

pAl3 AR Y ‘tﬁe eated surface 25 of the generator. o e S AR

sorption. e Yotary or centrifugal heat punp accordi ng .to any of '

&-preceding C ajyns, conprising an assenbly including a vapour

wHEEEin?the geﬂé?%%%fﬂégnéﬂ¥hé”h54%§£$§é;rchﬁréﬁéfgbgﬁd'
the condenser greyaporat ehaaBert B8 #H$EHDPEHs6LBBALSESquid c81eat sexebarger

defined by a spiral of tubing, or having a corrugated outer surface.
40. An absor pléearinygclichdegeneuatoag coand ngviiichCl shmuseb @8finbsr & nfirke
spiral is generally closed with internediate turns of the spiral in
contact with surfacee fiar bdilmidhethereipexandneheafduite pakh dnast then,
to define _a heat exchanger with two o site inter ted or, corrugat ed
faces. >  geney3ytorntepmIPates,ityd Erﬂg‘g 8&%%{??0%3@%8%% rrf"gg

the feed chamber is disposed so that, in normal operation,
the free fluid level therein is radially inwardly of that in
the trough.
18. An absorption cycle heat pump according to Claim
10 16, wherein the absorbent fluid path from the generator
terminates in an outlet which in use is normally above the
surface of liqliid in a reservoir means associated therewith
which collects fluid discharged from said outlet me.ans,
whereby the outlet head defines the manometric exit
15 pressure.
19. An absorption cycle heat pump according to Claim
12 or Claim ;E, including active cohtrol means for
controlling the flow rate of the absorbent liquid.
_20, An absorption cycle heat pump according to Claim
20 19, wherein said flow rate control means comprises one or
more detector means for determining or predicting one or
more operating parameters of the apparatus and means
responsive to said detector means for controlling the flow
rate of said absorbent fluid in accordance therewith.
25 _21. An absorption cycle heat pump according to any of
the preceding Claims comprising a rotary assembly including
a vapour generator, a condenser, an evaporator and an
absorber so interconnected as to provide cyclic fluid flow

paths for a volatile component and an absbrbent fluid



sC|rcular cross-section, with the

rtluo“n.s él os-e ebch other or areas in nutual conta ﬁﬂ”ﬂ,’”ﬂ"[
absHBK ﬁ)rﬂgﬁyc heat punp according to any of 15 C ai fs

edein the spiral |s flat, or is dished. 38 44. An absorptlon

chanber,

and/ or

chanber,

an in erne

cycle heat punp accgrding: to any of the preceding d ai ns,

rp r %ﬁggégn at 1858€ r&%é) réf %ta%td’r%%h%&gt%%p / g%grg'ﬁg&or

ssure 1 nterne gener a

and anldOVéaﬁi) aBé@ﬁBéfeln@l%B@saté’rscéQﬁobﬁ% % ing a bob
characterlsed by pressure relief neans internediate: ?I)

sai d hi gh presembercratzrabdyd mainteditwd tieth asaid assembdglr eonbarhehed

(ii) said internedi ate pressure chanber and said |ow 25

pressure chanBgpinst rotatipp withymaidtassenyky candaarpamgedcinrdsagtoo

Claim

5

10

15

20

25

collect fluid from a generally éffcumferentlally disposed
trough or reservoir, characterised in that said bob member
including a bob container eccentric with respect to the
rotational axis of said assembly for being charged with
fluid from said trough or reservoir when the pump is at
rest.

.22. An absorption cycle heat pump according to Claim
21, wherein said bob container includes an orifice for
receiving fluid from the trough on rotation of said
assembly.

.23. An absorption cycle heat pump according to Claim
22, wherein said scoop pump includes means for delivering at
least part of the fluid collected thereby to said bob
container.

-24. An absorption cycle heat pump according to any of
Claims 21 to 22, wherein the bob container includes bleed
drain means for allowing a portion of the fluid in said bob
container to drain back into said trough or container.

-25. An absorption cycle heat pump according to any of
Claims _21 to 24, wherein said bob container provides a
starting buffer for an assdciated liquid-containing trough
or reservoir.

-26. An absorption cycle heat pump according to any of
the preceding Claims, having a working fluid comprising an

absorbent and a volatile component, characterised by means

“’0 wherein the tubing is preferab\f\



_;;[g‘ @ﬁ’@[ﬂr essure relief neans provides controll em\
ugh said relief neans i s dependent mm
‘ 45.  An absorption cycle heat punp mmmm
Whem

pressure relief neans |s? gperable so t hat,

ip ce reaches a pre-set lev t he rellef means opens
and the flow ratejincreases with i ncreases in pressure difference.
46 —AR—abserpEoDm Ldy)crjst irepnt thenpoacent gabgoho ofnysaiid difsdtisent etadigadd

A ai'nms, conprising a %ener ally seal ed encl osure contai ning a working
fluid and oneworkingeIdnid iin accqrﬁaalcehydMMeieaatam @fised in that
at |east part of said encl osure whi s in contact with said working

fluid in use (L) m& %ft%%m%?r%aééﬁﬁsreesm RetWeST B¢ 0aPserber 15
about 15% by gﬁagﬁh ogvgbp%tr& or additive material s. 47. An

absorption cyc eat conpr’i si nga vapour generator, a condenser,
an evaporgtor and Mﬂb§%&@rwoi‘k1ng £fluAleinoBeeekadnte W LR @hedEne¥hlaC
fluid flow paths for a .volatil'e fluid conponent and an absor bent P] uid
therefor, 5 hoadfobnwsadde heat rpumpyeand for controlling the flow rate of
sai d absorbent fluid in accordance with at |east one of: (i) the
tenmperature differ&héd)paenweah more sthexrheperatingnparamedexsor at or,

27. An absorption cycle heat pump according to Claim

26, including means for providing a running buffer for
10 storing a variable amount of volatile component thereby to
adjust the concentration of said absorbent;
28. An absorption cycle heat pump according to Claim
27, wherein said means for providing a runner buffer
comprises one or more reservoir means for storing variable
15 amounts of volatile component and/or absorbent fluid, and
means for pumping fluid to and from said reservoir means to
adjust said concentration.
-29. An absorption cycle heat pump according to Claims

26, 27 or 28, including means for limiting the concentration

20 of absorbent working fluid in the heat pump.
-30. An absorption cycle heat pump according to any of
the preceding Claims, including a rotary assembly comprising
a vapour generator, a condenser, an evaporator and an
absorber, said he_at pump including scoop pump means
25 rotatably mounted within said assembly but constrained
against rotation therewith, said scoop pump having an inlet
aperture for collecting fluid from circumferential trough or
reservoir which rotates relative to said scoop pump,

characterised in that said heat pump includes stabilising




I oad on the heat punp, and 10 (iii)one or nore

s 1 Har anet ers. 48. An absorption cycle heat punp
| @ Em 47, wherein the flow rate cont \ruﬂmmm“mm IRES
1 fi L&l gti on neans in the absorbent fluid flov "mr
E Al genedatior . 49. An adorption cycle feat punp *

it accordi ng to élaﬁn1 47, wherein the flow rate control neans includes
passTve T et QL. C i g r f rj fq a
Tortox  s™saRo,SERRIT | Bing® ARH! 8B8p By mef s e Aty B ot
punp accor di ngxtQuai¥elly when tHedl THhid 0189e12d3pt edaga t Rabughe row
rate of the absorbent fluid fromthe generator depends on at | east
one ofebkevbdll dwi bgloendisiidnsilet ap@erture. (i) the operating
pressure difference at either end of the absorbent fluid path from
the generator, and3l. An absorgtjon tgiclemdigat rPempraceardingf ter Sdedmdue
to any di fference betme%n Lqe free surface levels in the a%sonbent
5 _30, wherein said stabilising means comprises means defining

a track constraining a movable mass which is adapted to be
moved on swinging movement of said scoop pump.
32. An absorption cycle heat pump according to Claim
31, wherein the track means is curved, with the convex
10 surface thereof being vertically above or below the
stabilising centre of gravity and the shaft.
_33. An absorption cycle heat pump according to Claim
31, wherein said stabilising means comprises drag-inducing
means, such as for example a fin or other drag surface or a
15 further pump inlet means for a further scoop pump.
34. An absorption cycle heat pump according to any of
the preceding Claims, comprising a rotary assembly including
a vapour generator, a condenser, an evaporator and an
absorber so interconnected as to provide cyclic fluid flow
20 paths for a volatile liquid component and an absorbent
liquid therefore, generator ON pump means for pumping
absorbent fluid onto a heated surface of said generator,
generator OFF pump means for colleéting a pumping away fluid
draining off said generator surface, characterised by means
25 for ensuring that said generator ON pump means has an
adequate supply of fluid to wet said generator face on
initial operation of the heat pump.
35. An absorption cycle heat pump according to Claim

34, wherein said means for ensuring comprises common



i~ ,;“L%ﬁthg,vg'd of the fluid path fromthe generator. —t5— 51,

LT aDyoRE e heat punp according to Claim e|n the
if I ui d path fromit e generator includes reservol",m m
end, ?pﬁpghgyse'e voi r nmeans are di mensi oned and d¢ Sp
! e |sfances

| free su f_ce | evel s at . sel &t ed hei ghts or radi al
I o=give=Tneé reqU|red 20 manonetric pressure difference in operation.

2. An absor ¥4 REEhsPUPRL A CAl Be! CrlldiBs  apsorithy "ASEEND

[ he generator contains a reservolr Int _ a ee

whi ch absor beai:'ahh(ihgdoE@ Js&ﬂ&%@ﬁéﬁé@or surfacé%&;d %édi*b&ﬂ:n%. Ia fé&d_
which in use defines a free surface for fluid therein, and the fluid
path fromthebeing spg'ayedat ontoer saidk egeneratbroughrédiacenwithe said

absor ber, and the feed chanber is disposed so that, in norm
operation,  generatgy ﬂl\bepumu andegaid; igenarator OFF 2P | aaghdltpkéng
that in the An .absorption

puNp accoFdl naber%F&tmll rcr\ Said common r5e3serv01r mea%s w1(i:¥1C| elgeat
generator ON pump having preferential access thereto.
36. An absorption heat cycle pump according to Claim
35, wherein séid generator ON and OFF pumps each comprise a
scoop pump, and said reservoir means comprises a generally
10 circumferential trough, and the inlet of the generator ON
scoop is radially further from the rotational axis than the
inlet of the generator OFF pump.
37. An absorption heat cycle pump according to Claim
35, wherein the generator ON pump and generator OFF pump
15 comprise a single pump with flow split downstream thereof.
38. An absorption cycle heat pump according to any of
the preceding Claims, comprising a rotary assembly including
a vapour generator, a condenser, an evaporator and an
absorber so interconnected as to provide cyclic fluid flow
20 paths for a volatile liquid component and an absorbent
liquid therefor, characterigsed in that said heat pump
includes a common reservoir means for collecting absorbent
liquid draining off the heated surface of said generator,
and for receiving fluid to be supplied to the heated surface
25 of the generator.
39. An absorption cycle rotary or centrifugal heat
pump according to any of the preceding Claims, comprising an
assémbly including a vapour generator, a condenser, an

evaporator and an absorber, characterised in that one or



Siﬁﬁﬁﬁﬂﬂﬁﬁﬁwfﬁﬁyzj orbent fluid path fromthe gener;?BF‘_“*‘TETWTnafes

ah e~ fuse is normal |y above the 5 surfmmmm“

res r\szlgw??g c!ssfoci ated therewith whi ch col | "’Elmnﬂmrged
fir ngans, whereby the outlet head deffnes thes metric
X Heos pressurge.t 54. An absor$fion cycle heat punp aecording
tjo daim 10 47 ¢r Cam 48, including active control neans for

COTtT oty ‘ﬁﬁé he%’EﬁéeeSﬁdéHS%Qb5é§%§§§aé6£“5ﬁh absorbet’ CQmHQ%FSﬁ

absorption cyc at “punmp-accor erern s

rate control pEABRSLCRKRhaPGerOMRANhed by ED%@lQ%He%EOEuﬁﬁﬁgs b@rhaving a
determ ning or predicting one or 15 ndre oOperating paraneters of~ the

apparatus angor¥pglted oute¥SRAUIFa¢R 10 said detector means for

controlling the flow rate of said absorbent fluid in accordance
therew th. 40 . S6 AR RHPSE I YA D hd £ f Qcéﬂﬁ £8 i
wherein said heat Punp is a rotary he;dt;y punp. Sﬁbfmﬁ a r,&&met hggallm

operatingsan 3BsoyREFEInCYRECsPERA]L is éﬁgﬁmﬂoﬂé@ﬁtﬁaﬁﬂ%ﬁﬁéﬁ‘i%ﬁ@r

a condenser, &AM evapor at or and an "absor ber” so I nterconnecte
provi de euehisC dd UKk f 5pYrRat it fWntadto! @itheo&l lé:'l%s%orwnﬁcg‘f'ha@ﬂe
an absorbent fluid therefor, which conprises controlling the | ow rate

i n accor dancepnuikh ﬁmé?asén&n%l'@ next outer turn, to define a heat
exchanger with two opposite interrupted or corrugated faces.
41. An absorption cycle heat pump according to Claim
10 39 or Claim _40, wherein the tubing is preferably of
generally flattened circular cross-section, with the
flattened portions close to each other or areas in mutual
contact.
42. An absorption cycle heat pump according to any of
15 | Claims 39 to 41, wherein the spiral is flat, or is dished.
_44. An absorption cycle heat pump according to any of
the preceding Claims, comprising a high pressure
generator/intermediate condenser chamber, an intermediate
pressure intermediate generator/condenser chamber, and a low
20 pressure evaporator absorber chamber, characterised by
pressure relief means intermediate:
(i) said high pressure chamber and said intermediate
pressure chamber and/or
(ii) said intermediate pressure chamber and said low
25 pressure chamber

44. . An absorption cycle heat pump according to Claim
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[
by . hleat punp conprising a rotary

i ngluding—a-yapeur| generator, a condenser3? an evapor at or and
n absorber so i nterconnected as to provide 5 cyclic fluid fl ow
T VAL WA 0GS p20dsdle reliet mearRGNCL! uoflerbe1ghOT .

wherein at | east one of presste regé'r?era?eoar S€1L<';1pora?or an sa?%

absorber i ncl EQ?% ﬁrﬂ%&eh flow throﬁﬁﬁps‘é%pngFﬁEQ fel288 EIE”HSgendent

rotatably nmounte I n sa constrai ned agal nst

rotation wnthoﬁatgeaﬁ§gggh*e differehe and arranged in use to collect
fluid froma general circunferentially disposed trough or

reservoir, said boks. An absorptithtlcydid B4 pur®baEEBEAiNGr t6CCRALMI C
wWth respect to the rotational axis of said assenbly for being

charged wsth 44, wherein fthe pfeszursmirklicafigieans r s coperabibeaot hkapynp
i s at 15 rest.
when the pressure difference reaches a pre-set level, the
relief means opens and the flow rate increases with
increases in pressure difference.

46. An absorption cycle heat pump according to any of |

10 the preceding Claims, comprising a generally sealed
enclosure containing a working fluid and one or more alkali
metal hydroxides, characterised in that at least part of
said enclosure which is in contact with said working fluid
in use is made of a copper material containing from 0% up to

15 about 15% by weight of alloying or additive materials.

47. An absorption cycle heat pump comprising a vapour
generator, a condenser, an evaporator and an absorber so
interconnected as to provide cyclic fluid flow paths for a
volatile fluid component and an absorbent fluid therefor,

5 and flow rate control means for controlling the flow rate of
said absorbent fluid in accordance with at least one of:
(i) the temperature difference between the absorber
and the evaporator,
(ii) the thermal load on the heat pump, and

10 (iii)one or more other operating parameters.

48. An absorption cycle heat pump according to Claim

47, wherein the flow rate control means comprises flow

restriction means in the absorbent fluid flow path from said
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?EFBA “”"H&;Eé Agycl e heat punp according to Caim o5,
L ©

grern’T bobiic@nt ai ner includes an orifice for ecciving'

fil uid t goggh on rotation of said

: Ar;’r sor p%l nicycl e heat punp accor dlf% to d ai n”mimm "I""IIHHHI
ek ' p ipunmp i ncludes neans for™delivering

rt of the fluid gollected thereby to said bob cont ai ner.
6ITAIT absor pgeABraYeke heat punp according to any of 25 dainms 58
to 60, wherein the bob container includes bleed drain neans for
allowing a portion4ef. tha fabsalrpuicaicydied heat pump accondangetot gldiai n
back into said trough or contai ner. 62. An absorption
cycl e heat pu#f, avbereiimg tthe dhilowfrate conthfol means Cinchedé8 at pagsive
wherein said bob container provides a starting buffer for an

associ ated | i §eBYréekexE/n ﬂ%&ﬂﬁ&ﬁiﬁg one or WPree9&rapi prifice, a vorgex, An
absorptlon cycle heat punp conprising a rotary 5 assenbly including

a vapour Sgen@Rgt 8r caPdlleg¥denser, and

50. An absorption cycle heat pump according to any of

east

Claims 47 to _49, adapted so that the flow rate of the
absorbent fluid from the generator depends on at least one
of the following conditions:
10 (i) the operating pressure difference at either end of
the absorbent fluid path from the generator, and
(ii) the manowmetric pressure difference due to any
difference between the free surface levels in the absorbent
fluid at either end of the fluid path from the generator.
15 51. An absorption cycle heat pump according to Claim
50, wherein the fluid path from the generator includes
reservoir means at either end, and the reservoir means are
dimensioned and disposed to provide free surface levels at
selected heights or radial distances to give the required
20 manometric pressure difference in operation.
_52. An absorption cycle heat pump according to Claim
_51, wherein the generator contains a reservoir in the form
of a feed chamber in which absorbent liquid collects before
leaving the generator, and which in use defines a free
25 surface for £luid therein, and the £fluid path from the
generator terminates in a trough adjacent the absorber, and
the feed chamber is disposed so that, in normal operation,

the free fluid level therein is radially inwardly of that in



L) il "Habsorber SO interconnected as to provide cyclic
dflowpathsf r a working fluid conprising a ref+igerant _and an

r BeppPRSWEE Hegt punp further including nmeans f hmj usting the
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s

ntentration of i d absorbent in said 10_ working flui d m”’, _
t one : (1) the ‘?%rrperature diff '!
e ing flurd

_____ absorber - and t he evapor at or, (i1) said wor
i T accordanceghkt Brblgnt her mal - | oad on said heat punp, and 15
(iii)one or nore othel operating paraneters. 64. An absorption
cycle heat punp acegrdi g tabddrpitilon cycldheat)Chiith NGcEBAAEnGOEPIAH NY
a running buffer for storing a variable anount of volatile conponent
‘thereby to 52, whiresint bheculosoibent oflafidsppakiabgedhenihe géerator
65. An absor ption cycle heat punp according to Caim 64, wherein
sai d nmeans fberpu.natdzsngm amruuuigpmuﬂﬁmh in usecbepnosmal dpeabbvediche
reservoir_neans for storing variable anounts of vol atile conponent
and/ or abBor beurfarei @f daquid in anweservedrpmephagassacdatedanieiremitsai d
reservoir means to 25 adjust said_concentration. 66. An
absor pti on cywhécheaﬁoﬁﬁﬁ)t%cééﬂ-‘&ldng itechppgad from sgid emtgretgsmeans,

f working,fluid in
Lﬂglﬁgg?gpgﬁgnﬁe Eyllmugru%ug1e %gg raéef&nes theO manometglc exit

pressure.

S54. An absorption cycle heat pump according to Claim

10 47 or Claim 48, including active control means for
controlling the flow rate of the absorbent liquid.

_55. An absorption cycle heat pump according to Claim
54, wherein said flow rate control means comprises one or
more detector means for determiniﬁg or predicting one or

15 more operating parameters of the apparatus and means
responsive to said detector means for controlling the flow
rate of said absorbent fluid in accordance therewith.

56. Apparatus according to any of Ciaims_;_to 55,
wherein said heat pump is a rotary heat pump.

20 57. A method of operating an absorption cycle heat
pump comprising a vapour generator, a condenser, an
evaporator and an absorber so interconnected as to provide
cyclic fluid flow paths for a volatile fluid component and
an absorbent fluid therefor, which comprises controlling the

25 flow rate in accordance with at least one of:

(i) the temperature difference between the absorber
and the evaporator,

(ii) the thermal load on the heat pump, and



thod of operating an absorption cycle heat pump

6l ayy assenbly including a vapour

borator and an absor ber so i nt Jm{m;ﬂm“mumc““l
| uid flow paths for a vol at i | onént *an
; asorbent fIU|j i t her ef or, |nclud|ﬁ% contalner means for being
{charged with fluigl which nmet hod conprises storing a variabl e anpunt
bofetluidinsaidd (iii)ReNicH MIrdTRtHed Gpitdising reeeiftg at i ons of
absor bent fluid and vol atil e conponent prevalllng at a selected part
10 or parts of sab@.hean pbderption cycle et Aumpbeommpirietingy el edteaty
punp including a rotary . assenbly conprising a vapour generator, a
condenser, anassemblyevapcilatdngaral arapmheor generstsod, heat qondensest udiamg
scoop punp neans rotatably mounted within said assenbly but 15
constrai ned agueporateoratansh athaakseprber sai intesopnpeaped as tohpwovgdean
I nl et aperture for. collecting fluid from circunferenti al
trough or5resE¥¢dir Wt r SloWePatdhat fo& a volatile component and an

absorbent fluid therefor, wherein at least one of said

generator, evaporator and said absorber includes a scoop
pump comprising a bdb membér rotatably mounted within said
assembly, constrainea against rotation with said assembly

10 and arranged in use to collect fluid:from a generally
circumferentially disposed trough or reservoir, said bob
member including a bob container eccentric with respect to
the rotational axis of said assembly for being charged with
fluid from said trough or reservoir when the pump is at

15 rest.

_59. An absorption cycle heat pump according to Claim
_58, wherein said bob container includes an orifice for
receiving £fluid from the trough on rotation of said
asseﬁbly.

20 _60. An absorption cycle heat pump according to Claim
59, wherein said scoop pump includes means for delivering at
least part of the fluid collected thereby to said bob
container.

_61. An absorption cycle heat pump according to any of

25 Claims 58 to_60, wherein the bob container includes bleed
drain means for allowing a portion of the fluid in said bob
container to drain back into said trough or container.

62. An absorption cycle heat pump according to any of
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pEnp, said heat punp including stabilisin mear
§coop punp neans particularly but ncﬁ"ﬁﬂm ively
juigdf level in said trough or . "mm"”m‘vow
a1 tjurie. 69. An apgorption cycl e‘heat punp »

¥ { 68, wherein said stabilising nmeans conprises

unp, according to Caim 69, wherein the

vertically above or_bel.ow t he - 49 stabilising centre of gravity

and the shaflt *S8ervoir. 71. An absorption cycle heat punp according

to daim

oucing S5 0% \APRIEY GO Yang? WaeEOUTL) S8 rovaey
dr ag-i nduci ng means, such as for exanple g
surfacegor @assembly 3Inclulimpr PUadddrl! qErARALSL] a f Usddifeins3300P BN TP-

72. An absorption cycle heat punp conprising a rotary

, a track constraining a novable mass which is adapted
o2 B-CHBVEE HB shongbhg mhexiedm saidaikblscooptpinegr provides a 70.
absorption cycle h%at .
track neans EALFRIgPuUfiter tIr magsociatedsiiguid-contadnibg myough

includi ng a etapotatgenNedrii Ohn RHERPEEPSHo SAterconnected as to provide
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cyclic fluid flow paths .for a working fluid comprising a

refrigerant and an- absor'l?ent, said heat pump further including
means for adjustirig the ¢oncez;fr'ation of said absorbent in said

working fluid in accordance wij:h at least one of:

(i) the temperature difference between the absorber
and the evaporator, -

(ii) said working fluid in actordance with the thermal
load on said heat pump, and

(iii)one or wmore other opetating parameters.

64. An absorption cycle heat pump according to Claim
63, including means for providing a running buffer for
storing a variable amount of volatile component thereby to
adjust the concentrat;.ion of éaid absorbent .

65. An absorption cycle heat pump according to Claim

64, wherein said means for providing a running buffer

comprises one or more reservoir means for storing variable
amounts of volatile component and/or absorbent fluid, and
means for pumping flqid to and from said reservoir means to
adjust said concentration.

.66, An absorption cycle heat pump according to Clajms

63, 64 or 65, includihg means for limiting the concentration

of working fluid in the heat pump.

assenbl y



@h-apsor ber so interconnected as to provide———m—____
Ovpat hs for a volatile |iquid conpo 10 an
L herefore, generator ON punp maans”'m"mﬂ Ul' "Jmpunpi ng
a heated surface of said S "
ans for collecting a 4finping away fluid
génerator surface, and neans for ensuring
1ON pu ans _has . 5 te s f

or B et AL gl offrating ot aRBEERIdch (RS, Repe

pump _ SQ%iSin . aAn I%Q%Q?pt L3Bembile BARhuR4EE 2GCOoLdl %Qrt 0

. . wner el saiq means for ensufing conprises conmbn
reservoir neagandhagbr,nN 41SEch8ERLESS S UPHWratdti nd an aBforPEAl BoNY

of f said genefator surface and absor bent liquid for - bei ng
sprayed ontojingerédopfeetaidas U fe@ridev dfcl i flluid flow patBsn€bat ar

ON punp and said generator OFF punp each taking absor bent :
liquid frem ssodatdieon coamponentt nands, ani t lebwirbent £fluid gheeedoar, ON
punp having preferential access thereto. 25 74. An absorption
heat cycle puipcidvddngi sgnteigesi means for beingThaggediwitdnifd ugehwhachr

ON and OFF punps_each conprise a scoop punp, and_said reservoir

means conpri sB&tRogefOFRLipes storing a yardghler sFouRt Pfoddiidada epdd

inlet of the generator ON .
' %onta%ner means to adjust the concentrations of absorbent

fluid and volatile component prevailing at a selected part
10 or parts of said heat pump.

_68. An absorption cyéle heat pump including a rotary
assembly comprising a vapour generator, a condenser, an
evaporator and an absorber, said heat pump including scoop'
pump means rotatably mounted within said assembly but

15 constrained against rotation therewith, said scoop pump
having an inlet aperture for collecting £fluid from
circumferential trough or reservoir which rotates relative
to said scoop pump, éaid heat pump including stabilising
means stabilising said scoop pump means particularly but not

20 exclusively when the 1liquid 1level in said trough or
reservoir is below said inlet aperture.

_69. An absorption cycle heat pump é.ccording to Claim
68, wherein said stabiliéing meané comprises means defining
a track constraining a movable mass which is adapted to be

25 moved on swinging movement of said scoop pump.

_70. An absorption cycle heat pump according to Claim

_69, wherein the track means is curved, with the convex

surface thereof being vertically above or below the



_r fromthe rotational axis than the i nl et of the

75. An absorption heat cycle punp accor
‘wherein the generator ON punp and gener

) ngze punp with flow split downstream thereof. aﬁ"mmm(!mm""m,
, |'on cycl feat punp corrprl sing a r st r ry assenbl y* i ricl wdi mg &

Vak i la condenser, evaporat or and an absorber so

| nt erconnect eQ;I:QE, J c@i Rh%v'c@e%tre ofcéﬁ:]ab&tv Wi fil W for a volatile
conponent and 1

: an absor I|qU|d erefor, and including
a common resgnvoi hneMiorftidiP!dRrald ngeapsg&rb@nacééﬂai d&al ehBgmOf f
t he heated surfacé of said generator, and for receiVving uid to be
supplied to ths, hehketeitlrdaict Sfabili e rmésis comprises aZ‘agAﬂnduc1ng
absorption cycle rotary or centrifugal heat 15 punp conprising an
assenbl y i ncl médang, asuepoas denmcexhopleaa fin omndeheer drag suafiacet or and

an absorber, wherein one or nore of the condenser, evaporator and the
absor ber Bonpfhsther pump Hadetemesmsgdordef ifvathey Scospr Pum. t ubi ng, or
havi ng a corrugated outer surface.

72. An absorption cycle heat pump comprising a rotary

assembly including a vapour dgenerator, a condenser, an
evaporator and an absorber so interconnected as to provide
cyclic fluid flow paths for a volatile liquid component and
10 an absorbent liquid therefore, generator ON pump means for
pumping absorbent fluid onto a heated surface of said
generator, generator OFF pump means for collecting a pumping
away fluid draining off said generator surface, and means
for ensuring that said generator ON pump means has an
15 adequate supply of fluid to wet said generator face on
initial operation of the heat pump.
73. An absorption cycle heat pump according to Claim
72, wherein said means for ensuring comprises common
reservoir means which in use receives absorbent 1liquid
20 draining off said generator surface and absorbent liquid for
being sprayed onto said generator surface-, with said
generator ON pump and said generator OFF pump each taking
absorbent liquid from said common reservoir means, with said
generator ON pump having preferential access thereto.
25 _74. An absdrption heat cycle pump according to Claim
73, wherein said generator ON and OFF pumps each comprise a
scoop pump, and said reservoir means comprises a generally

circumferential trough, and the inlet of the generator ON



ehiabsor ption cycle heat punp according to—C-am
fal is generally closed with internediate

Y “Th c6nt .:t_ with or close to both the next inne llﬁ'}ﬂ',&l’”ﬁﬂ”"’
-_o';te t ef i ne a heat exchanger with two oppos
1o g?rjﬁia!ted E :

cks. 25 79. An abs¥ption cycle heat punp according
a1 pr Caim78, wherein the tubing is preferably of

igenerally fla*-ééidlg'iﬁﬂhaﬁl %%&Eﬂ@?'fygm h hrEEStgfnalfgﬁﬁgeEﬁgn the

Tt ons close to each ot r areas in nutua cont act
80. An absor pihoatCy¢! enhe M&C@ypdlvm,ﬁo any of Clains 77 to
79, wherein the spiral is fla 81. An absorption cycle heat

punp according to_aBy Ofn ab&ox@t’q’]dﬁs heat cydle ViEHE| Acébedspgr 8b C3aim
di shed. 82. An absorption cycle heat punp conprising a high

pressure gengtat wheneisr neble ageneratdenON putpaad, gersrator OFF pump
I nternmedi ate pressure internediate generator/condenser chanber,

and a | owbpr eceupriseaposingd ealpawichavi thh £Hiosr spdig¢ downstream thereof.
_76. An absorption cycle heat pump comprising a rotary
assembly including a vapour generator, a condenser, an
evaporator and an absorber so interconnected as to provide
cyclic fluid flow paths for a volatile liquid component and

10 an absorbent 1liquid therefor, and including a common
reservoir means for collecting absorbent liquid draining off
the heated surface of said generator, and for receiving
fluid to be supplied to the heated surface of the generator.

17. An absorption cycle rotary or centrifugal heat

15 pump comprising an assembly including a vapour generator, a
condenser, an evaporator and an absorber, wherein one or
more of the condenser, evaporator and the absorber comprises
a heat exchanger defined by a spiral of tubing, or having a
corrugated outer surface.

20 _78. An absorption cycle heat pump according to Claim
77, wherein the spiral is generally closed with intermediate
turns of the spiral in contact with or close to both the
next inner and the next outer turn, to define a heat
exchanger with two opposite interrupted or corrugated faces.

25 _79. An absorption cycle heat pump according to Claim
_77 or Claim 78, wherein the tubing is preferably of
generally flattened circular cross-section, with the

flattened portions close to each other or areas in mutual



ure relief means internediate: (i) said high

pr e'sure chanber angl sai d i nternediate pressure chamber and/or
shBkPPh " efli it e pressure chanber and said | ow ﬁressure

83. An absorption cycle heat punp ac 'ﬂ
ssure relief means prov$Hes controlled "ﬂﬂ" ”ﬂ"’”"ﬂ
L0\ OW—t-F=Eg h said relief neans is dependent on “t he ptessurte
difference. ooptact. 84. An absorption cycle heat punp according to
Caim 20 83 wherein the pressure relief means is operable so that,
when the pressure dpffepanadsbeption @y@ﬂ%‘%@%t'@ﬁ&b atbBrding tcf%h&ebf
nmeans opens and the Tlow rate increaseS wth increases in preSsure
difference. Claims 77 t8579Anwhkseipl ithie eulralndal flawn conprising a 25
general |y seal ed encl osur e co containing a working fluid and one or
nore al kali netal _%dr oRndabsomptienn cycllecheiatppump accorddhgs&iod any of
enclosure which is in contact with said working fluid in use is nade
of a copp®r nElaimagl 7Z@obpaZ8i nyherednOdhe spiral is dished.

82. An absorption cycle heat.pump comprising a high

pressure generator/intermediate condenser chamber, an
intermediate pressure intermediate generator/condenser
chamber, and a low pressure evaporator absorber chamber, and

10 including pressure relief means intermediate:

(i) said high pressure chamber and said intermediate
pressure chamber and/or

(ii) said intermediate pressure chamber and said low
pressure chamber.

15 _83. An absorption cycle heat pump according to Claim
_81, wherein the pressure relief means provides controlled
relief, whereby flow through said relief means is dependent
on the pressure difference.

_84. An absorption cycle heat pump according to Claim

20 _83 wherein the préssure'relief means is operable so that,
when the pressure difference reaches a pre-set level, the
relief means opens and the flow rate increases with
increases in pressure difference.

85. An absorption cycle heat pump comprising a

25 generally sealed enclosure containing a working fluid and
one or more alkali metal hydroxides, wherein at least part
of said enclosure which is in contact with said working

fluid in use is made of a copper material containing from 0%



52 up to about 15%by veight of alloying or additivem
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up to about 15% by weight of alloying or additive materials.
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