| SH P EQUI PPED W TH THERVMAL ENERGY RECOVERY MEANS AND RELATED PROCESS The
present invention pertains in particular to a 5 ship provided wth at |east
one di esel engine and at |east one itengof equi pnent, separate fromthe
engi ne, which consunmes thermal energy. Ships today, in particul ar heavy

t onnage passenger ships, are traditionally equipped with one and even 10
several, high-power diesel engines to propel the ship. As with any engi ne,
sone parts they contain or which are associated therewith are cool ed by the
circulation of a liquid coolant. In this particular case of ship diesel

engi nes, 15 there gpept wouzepabaweThi QHL‘:ﬁMﬁQObNEQGQi REdoVERYOREARS- called
hi gher tenperature circuit and another so-ca | ow-tenperature circuit.

These two circuits, may, in soﬁEchgééTEHaggoggﬁﬁon parts. The
characteristic mhich essentially 20 differentiates these two circuits from

h oth t he .t t f th | ant t Th
Comperature of t heTBROPARECTR ERYHGR ARG atur & CPPELTEaT & nEGher t han

that of thé IshmpdpnqvﬂdadIwmtheapeﬂ&kune @m€0dubse25<£@gmmy afhdi mdi cati on
t hese tenpera I 70 r el e
§ULES BHE LR e ;]%[ 10pr§Pént %Eparfs ??8 Lhyely,Ihe

hi gh-tenperaturé circuit 1S | 0 coo suc as 't he-éengi'ne
cylinders, thhQChtﬂenBGWﬁStéhﬁéﬁéﬂuﬁ@eCBVCUIt is intended to cool parts

such as 30 an oi Isﬁﬁ?gge{eodlp' S4 dBQ&tE@E&Q? h@gvyh%oﬁ%blen%a%ir CHil can be
accounted for by the Tact th functioning a
ships, are tradltlonally' equlpped w1th one and even

10 several, high-power diesel engines to propel the ship.

As with any engine, some parts they contain or
which are associated therewith are cooled by the
circulation of a liquid coolant.

In this particular case of ship diesel engines,

15 there are two separate liquid cooling circuits, one so-
called higher temperature circuit and another so-called
low-temperature circuit. These two circuits, may, in
some cases, have common parts.

The characteristic which essentially

20 differentiates these two circuits from each other is
the temperature of the coolant entering the engine.

The temperature of the coolant in the high-
temperature circuit is higher than that of the liquid
in the low-temperature circuit.

25 By way of indication, these temperatures are in
the order of 70 and 38°C respectively.

The high-temperature circuit is intended to cool
parts such as the engine cylinders, whilst the low-
temperature circuit is intended to cool parts such as

30 an oil cooler.

This "duplication" of the cooling circuit can be
accounted for by the fact that the functioning and/or
structure of some engine components could be affected

by cooling that is too harsh.



structure of sonme engi ne conponents could be affected by cooling that is
too harsh. 2 Additionally, passenger ships are provided with itens of
equi pnent, separate fromthe engine, whigh consunme thernal energy. These
may be an air heating installation for exanple, or a water heating 5
installation, a fresh water generator, or a systemfor heating
sw mm ng- pool water. It has al ready been proposed to recover, at least in
part, the calories conveyed by the liquid of the high-tenperature circuit,
to supply heat to at |east 10 one of these itens of equipnment. As for the
l[iquid in the | ow hadpetahuley¢i rsadéengdhi Shipscoared fyohrddéd excltange with
seawat er, benggmsbqg ge<§ir%k§krculgt§9a 2 gp§§9et§he engi ne. |®AM||
easily be apprecrated th %S ent 3TP8Ta 1 08s -of € b@ethg %QP
non- negl i gi bl echsuamec drtexta bf enelrgyhi ghheost mafy flossian eaer gyhesdgumges. The
present 1nventian,3¢L§ Qut tg8§°' VSX%JH{?% proplem, ”ama{‘t%x“seh%fat%' le,

Th 0 0

efficient, |owcost_neans. erefore a first aspect the i nvention
relates t0 alshtplppéiirded anifitesh watermgenenetef eser angyvséest fw ch sone

internal, eveRegxtgpnal,imRahbspate Gaeked by a first liquid cooling circuit
called a high-tenperature 25 circuit, whilst others are cooled hy a second

so-cal led | owtenpér &8§r & YEERAY RSO i PPRIFRUI £ FRESESEI r @i ti$2asdi fferi ng
by the differencedst | eaper aldlier afs t Benvegehamy epher ingnsiai doenginee, - at

least one iteg]igk—%g%ipgggggﬂ'ese fl]_[g&let)‘rggn supply heat to at least
10 one of these items of equipment.

As for the liquid in the low-temperature circuit,
this is cooled by heat exchange with seawater, before
being « re-circulated » inside the engine.

It will easily be appreciated that this entails a

15 loss of energy that is non-negligible in a context of
the high cost of fossil energy sources.

The present invention sets out to solve this
problem, making use of simple, efficient, low-cost
means.

20 Therefore a first aspect of the invention relates
to a ship provided with:

- at least one diesel engine of which some
internal, even external, parts are cooled by a first
liquid cooling «circuit called a high-temperature

25 circuit, whilst others are cooled by a second so-called
low-temperature liquid cooling circuit, these circuits
differing by the difference 1in temperature of the
coolant entering said engine,

- at least one item of equipment, separate from

30 said engine, which consumes thermal energy,

- means to recover at least part of the calories
conveyed by the liquid in the high-temperature circuit,
in order to supply heat to said equipment,

characterized by the fact that it  further

35 comprises means to recover at least part of the



30 said engi ne, which consunes thermal energy, - nmeans to recover at | east
part of the calories conveyed by the liquid in the high-tenperature
circuit, in order to supply heat to saidg equipnent, characterized by the
fact that it further 35 conprises neans to recover at |east part of the 3
cal ories conveyed by the liquid in the lowtenperature circuit, to supply
heat to said equipnent. Therefore, through the invention, the, ship's
overal |l energy balance is greatly inproved. 5 According to other

advant ageous, non-limting characteristics: - said equi pment conprises at

| east two equicpiemtiesi tcenmsievald Ilpasthoneidel dgisuppki ddwrMtdmndraitune t he
high-tenperatg&e ci.rcuit %gjlst th% %ther.is supplie 10 with heat by the

, R
Iom#tenperaturergpﬁguigf s ﬁ%yéaﬁﬁpneﬁtS?&SpFﬁgﬁ%ﬂFE%'heat by the | ow

tenperature circui Fhpaetocel ar IBhwowdi stshof anventioheat thg i mitig’lsation, a
wat er heatingiastah! %tn'e%lya?aéal%%%teemsf rre'%‘%@é/' '1%};3%‘64\1'@@.”9' pool water; 15 -

it conprises nmeans to regu the tenpératur the coolant in the
| owt enper &t ure ci PEGPEdaNger Q@ Plagles pABaBRGDAGUS. s Tlddbvemg nmeans
conpri se at | eastzenrerheat .gexchanger within which a liquid to be heated is
20 circulated; - it conprises neans to adjust the flowrate of A said |iquid,
to supply heat to 3ai 3tteREUGPMERGI FRERE 15ePhéti APémti Soalsshiimdiedttes to a
process to regeweis,t het mkagrergye Wokhhg asgdpip i ehchs Hyavi ged oMd h: 25 -
at least one %h%%gke%% &g%u%% W@fghicym%hilst the other 1is supplied
10 with heat by the low-temperature circuit;
- the equipment supplied with heat by the low-
temperature circuit particularly consists of an air
heating installation, a water heating installation, a
system for heating swimming-pool water;
15 - 1t comprises means to regulate the temperature
of the coolant in the low-temperature circuit after it
leaves the engine;
- salid recovery means comprise at least one heat
exchanger within which a 1liquid to be heated 1is
20 circulated;
- 1t comprises means to adjust the flow rate of
said liquid, to supply heat to said items of equipment.
The invention also relates to a process to recover
thermal energy within a ship which is provided with:
25 - at 1least one diesel engine of which some
internal, and even external, parts are cooled by a
first so-called high-temperature liquid cooling
circuit, whilst others are cooled by a second so-called
low-temperature liquid cooling circuit, these circuits
30 differing by the difference in temperature of the
coolant entering said engine;
- at least one item of equipment, separate from

said engine, which consumes thermal energy;



internal, and even external, parts are cooled by a first so-called

hi gh-tenperature liquid cooling circuit, whilst others are cooled by a
second so-called lowtenperature |iquidgcooling circuit, these circuits 30
differing by the difference in tenperature of the coolant entering said
engine; - at least one item of equi pnent, separate from said engine, which
consunes thernmal energy; 4 neans to recover at |least part of the calories
conveyed by the liquid in the high-tenperature circuit, to supply heat to
sai d equi pnent; characterized by the fact that it consists of 5 recovering
at least part of the sabasi e®» awvweyad &ty 1édet | pgut dofn thike daiwtieryper at ure

circuit to suppl heat to.sai.d equi pnent. According to ofher .advantageous,
non-limting %(% }e({reggtgehys%hgs :11%1(1_'%1‘ tthe t?f*legkkll-lt‘gglmc)[i:eer TS ccujirtcusllr}ﬁpl i es at
| east one it ém suppiy dgaitpirentsaivhielostipieatl;ow-t enperature circuit

supplies at |east 8g QLReLilLAM gl ot PEaRl: cnbhe fLovedalesol the |iquid

to supply said itens of equipnment”c e ad]usted as required.
charact eri Sti €§cangradigarttagesast et ppeséhe FRAGEioh GPRVeBedory

apparent on readi ngi&hea il | enena dlescdddr ol aipiefierred ehqdiyent.
This description is given with reference to the appended draw ngs’in
which: 20 - fP§afetP P18 §WHOMEEd diagramof a first part of an

installation assenbkyordatiegr ated |ischde Shtpandagebdsng trprd-ienivvienrfion; -
figure 2 is a% Q.2 gqggkgkgg di agram of a

10 - the high-temperature circuit supplies at least
one item of the equipment, whilst the low-temperature
circuit supplies at least one other item of equipment;

- the flow-rate of the 1liquid to supply said
items of equipment can be adjusted as required.

15 Other <characteristics and advantages of the
present invention will become apparent on reading the
following description of a preferred embodiment. This
description is given with reference to the appended
drawings in which:

20 - figure 1 is a simplified diagram of a first part
of an installation assembly integrated in the ship
according to the invention;

- figure 2 is also a simplified diagram of a
second part of an installation assembly integrated in

25 the ship according to the invention.

With reference to figure 1, the dot-dashed line
represents the delimitation of a diesel engine 1
equipping the ship.

Evidently, if there are a larger number of

30 engines, four for example, the assembly in figure 1 is
duplicated the same number of times.

The circulation of the coolant in the so-called
high-temperature circuit 1s shown as a solid 1line,
whilst the circulation of the coolant in the so-called

35 low-temperature circuit is shown as a dotted line.



second part of an installation assenbly integrated in 25 the ship according
to the invention. Wth reference to figure 1, the dot-dashed |ine

represents the delimtation of a diesel gngine 1 equipping the ship.
Evidently, if there are a | arger nunber of 30 engines, four for exanple,
the assenbly in figure 1 is duplicated the sanme nunber of tines. The
circulation of the coolant in the so-called high-tenperature circuit is
shown as a solid line, whilst the circulation of the coolant in the
so-called 35 |lowtenperature circuit is showmn as a dotted line. 5 Al so,

t he equi pnment positilened ahet hesgiitpaerdd r qubd St tated esonunetiecal refcer ences

foll owed by the_ [.niti 0 ) tivel rres ing,to t hi gh
and | owt enpe?gfﬁpg%%i ?écaarl sefg SEE%%g?g%?yl,r\éi%r(?'yftsﬁgevs\hﬁ%#w%eggeg%ﬁ ption,
the referencésiVAalel Aapd BB respectiively desirgsaoadinshgio téfef higllve, a

flow control valve gndeapkhheerWay egukating valve. Wth reference to
figure 1, reference 10A ~10 designates a hydraulic punp which ensures the

circul ati o of a hPgReteAp¥ratit etBBoWiflsueh ddanadescript kPR, néMser s

encased in theegagReel, vaychiasndcyis rdepectifeald R sSiaae el 2A Muta charge
air cooler. PI%%S loﬂgeand lo%A is used for the transfer of 15 liquid from

one to anot hePLIat VEfi&Sout Pet TdPYst SGELFRA of ANE cRETge dai FNTESOMEY., pi pes
102A and 103Arenslkei@gacuatieqn of the cool ant, which has been heated, to

outside the enginey and af thig point, the tenpergture of Lhg Liayid is

10 designates a hydraulic pump which ensures the
circulation of a high-temperature coolant such as water
within members encased in the engine 1, such as
cylinders 11A and a stage 12A of a charge air cooler.

Pipes 100A and 101A is used for the transfer of

15 1liquid from one to another.

At the outlet of stage 12A of the charge air
cooler, pipes 102A and 103A ensure evacuation of the
coolant, which has been heated, to outside the engine
and at this point, the temperature of the 1liquid is

20 servo-controlled to attain a predetermined wvalue, 90°
for example. For this purpose, at least one temperature
sensor TT is positioned on the piping.

A heat exchanger 2 1s connected at the engine
outlet, in which a heat-exchange liquid circulates in

25 counter-flow direction, as will be seen below, which is
intended to supply thermal energy to an item of ship
equipment consuming this energy.

The pipes upstream and downstream of this
exchanger 2 are denoted 104 and 106A.

30 A return loop 107A, via a wvalve VA, allows
recycling of the liquid which is cooled when passing
through the exchanger 2, towards the pump 10A.

Between pipes 103A and 104A, there is a three-way
regulation valve VB and also a pipe 105 connected to

35 the above-mentioned return loop 107A.



20 servo-controlled to attain a predeterm ned val ue, 900 for exanple. For
this purpose, at |east one tenperature sensor TT is positioned on the

pi ping. A heat exchanger 2 is connected gt the engine outlet, in which a
heat - exchange liquid circulates in 25 counter-flow direction, as will be
seen below, which is intended to supply thermal energy to an itemof ship
equi pnent consum ng this energy. The pipes upstream and downstream of this
exchanger 2 are denoted 104 and 106A. 30 A return |loop 107A, via a valve VA
allows recycling of the liquid which is cooled when passing through the
exchanger 2, towardiaikheipem dDAcaBebegengpiteestid3ncand HM4AldIeie is a

t hr ee- way regﬁlagion val ve VB a@%galsola ipe 1 51connecR%%Eto .35 t he
above- ment i on&#Sr SEIPRFEEFC167A. C?ﬁign%iﬁé 165 €AY Fel“0iTy T Ne neans
regul ating théinerpértatis ecofineteedovbamheasattudrealesp t he7angine.canSi nce it
| s connected o theegetusn gon, 1026 L1 LR B SR LO,STAr awphly >> part

of the cool ed quird 5 passing through t oop, for the purpose
bri nging thePkpisgang [téapusd tHe senkpore down tloet hereoaer ofl &t incdmger at ur e.

This tenperatuhe coMid L8aPiRECTHAR] Yenfbhd e¥ugdnat OMBhicldntrdiled
particular in relation to tenpéerature neasurenents taken by sensors,

notably the 16eRR&3aFEXEnt sTRaRentBYPEHRL BHOVEIRIEGbnef sarederadilded by
regul ating vahveseVBd Ther&hgt Nealllys ahsoprovieesr With ac58€088 pwp 10B,

of the same type as the previous punp, cqnnected via pipin OB to the
second stage §§p8FaFH§eaHEW§Uﬁ§4%§g% IbHﬁYgﬁeEFPrgoopggaéagté#?*A
cool ant sudh agasurements taken by the above-mentioned sensor, aided

by regulating valves VB.

The engine 1 is also provided with a second pump
10B, of the same type as the previous pump, connected
via piping 100B to the second stage 13B of the above-

15 mentioned charge air cooler system. A coolant such as
water also passes through this pump and this apparatus,
this being a low-temperature cooling circuit.

At the outlet of equipment 13B, a pipe 101B
delivers the liquid to an engine o0il cooling system 14

20 and, via pipe 102B, conveys the heated liquid towards
an exchanger 3, through which a heat-exchange liquid
passes 1in counter-flow direction and which is coupled
to an item of equipment consuming thermal energy.

According to one advantageous characteristic of

25 the invention, the temperature of the liquid in the
low-temperature circuit 1is controlled on 1leaving the
engine.

For this purpose, a three-way regulating valve VB
positioned at the outlet of the exchanger 3 is used to

30 bypass part of the cooled liquid via a loop 103B.

As with the high temperature circuit, this control
is preferably carried out automatically e.g. to obtain
a regulated temperature of 50°C.

At the outlet of the exchanger 3, a pipe 106B 1is

35 coupled to a second exchanger 4 through which seawater



wat er al so passes through this punp and this apparatus, this being a

| ow-tenperature cooling circuit. At the outlet of equipnent 13B, a pipe 101B
delivers the liquid to an engine oil cooling system 14 20 and, via pipe
102B, conveys the heated liquid towards an exchanger 3, through which a
heat - exchange |liquid passes in counter-flow direction and which is coupl ed
to an item of equi pnment consum ng thernmal energy. According to one

advant ageous characteristic of 25 the invention, the tenperature of the
liquid in the lowtenperature circuit is controlled on |eaving the engine.

For this purpgaesea tifby &Qmmeﬁem&vatamed@io&e VBhe peshttepad oFt tiHig outl et
of the exchan%er 3 is used to g ass t of he coal ed I| uid via a
| oop 103B. As W tATERE HiSgi St M F]:?%/r rcé’oc}l GRS rcorft MCEI 8 Yref erabl y

carried out abedoae dal liy Eegc1t@uabtedn1nathegeh@UQ@.tenperature of 50C. At

the outlet of the gxchapoel,oa PEPrIQS1Ldcha 35 Coupbef Lo a second

exchanger 4 throug seawa passes 1 n coun w diTtection. The
function of they I@@@H@ﬁg@@|W§hvﬁfVﬁth%ru%©@lt@thcDéBanparﬁfOﬁe¢é§sary,

before it is A&qgkkCYHaL 69115@ §895ERY Nbefiln t@ﬁeog%geroftetdﬂe%a%%&@

exchanger, a three- 5 way regulating valve VB 1s used to by-pass part of the
liquid via pi p& &% Jtrbl%tbt‘é‘? nthRe PHFBpEOBrefitt dienes af the imeeto the
punp 10B, and ﬁe@g@ ahg ﬁh@ outlet of the engine. A water tank 5 is

connected to pipe 1098 10 used as therga expanS|on nmeans and for
| oadi ng t he InStaﬁI3ﬁ§ﬁ¥ ank 1s connected to pipe 109B. It

10 used as thermal expansion means and for loading the
installation.

It will be noted that just before the inlet into
the second pump 10B, a branch line 111B 1is connected
which conveys part of the coolant towards a third pump

15 10'B to which a cooling system for an alternator 15B is
connected via pipe 112B. It i1s connected via piping
113B to the outlet of the above-mentioned exchanger 3.
The reason for this connection after the exchanger 3 is
that the temperature of the liquid 1leaving the

20 alternator 1is not sufficient for worthwhile heat
recovery.

A pipe 104B is connected both onto pipes 102B and
107A and 1is used to inject 1liquid from the high-
temperature circuit into the low-temperature circuit,

25 which increases the temperature of the liquid in the
low-temperature circuit, and hence the quantity of
recoverable energy.

Conversely, a second pipe 108A 1is connected to
pipes 102B and 106A and is used to “draw off” part of

30 the liquid from the low-temperature circuit to inject
it into the high-temperature circuit, so as to lower
the temperature of the liquid in the latter before it

is re-circulated in the engine.



It wll be noted that just before the inlet into the second punp 10B, a
branch line 111B is connected which conveys part of the coolant towards a
third punp 15 10'B to which a cooling sygtemfor an alternator 15B is
connected via pipe 112B. It is connected via piping 113B to the outlet of

t he above-nenti oned exchanger 3. The reason for this connection after the
exchanger 3 is that the tenperature of the liquid |eaving the 20 alternator
is not sufficient for worthwhile heat recovery. A pipe 104B is connected
both onto pipes 102B and 107A and is used to inject liquid fromthe high-

t enperature circuifsi nahbrédil@yl wjlrftrmbr atiur e whe cuiewpezﬁt\nﬂiecho'f nateases the
t enper ature of tqe | i UIq: Iomrte erature cjircuit, fg e%nce t he

gquantity of FECa7EFabite energy %%WR%% S atkedd dlﬁlﬁg s Cbnnect ed
to pipes 102Beandng0BAcamtgisneuded to "draM/off" part of 30 the liquid

fromthe | OWteﬁpe&ﬂE%r‘% Eg'hurl%Lll,'etd QiU 26t ié‘tf’nt{-}g hb%eﬂre@%ers?éo‘”e

circuit, so as to [ower tenperature of the liquidin the [atter before
it is re-oirdé@racE@mPdethe engine. 8 As already pointed out, the

tenperature of the1eoehaBt rafrle LRWHLQEDEr aliuia CidHeli tid S 1egM aed on
| eavi ng the en ine 1. This ra%@rated tenperature is in the order of 500 5

for exanple. [Fhe FRESEFTERCTrakditFavénd Hhgded MRat s Siskgys Biat 1996 sane
t enperature, @ed thesetpee melleneawytshade captibenr ecovespdcwilé ajsays be

optinunlirres%%%EE%eI%%dﬂengine | oad.

10 On the other hand, the temperature of the liquid
which returns to the related pump is of wvariable
temperature. However, this is not detrimental since the
engine equipment through which this ligquid passes can
withstand such a variation in temperature.

15 A second part of the installation can be seen
figure 2. Only that part of the installation relating
to energy recovery on the low-temperature circuit is
illustrated. The part relating to energy recovery on
the high-temperature circuit is identical and is not

20 illustrated for reasons of simplification.

Four exchangers 6 are shown: these are the
exchangers that are associated with the four engines
equipping a ship.

This installation essentially comprises two

25 hydraulic pumps 7, through which water passes which,
via a set of pipes 122, 123 and 124 passes through a
couple of exchangers in counter-flow direction.

In the same way, an additional pipe 137 1is
connected onto pumps 7 and, via a pipe 136, serves two

30 other exchangers 6B.

The outlet pipes 125, 126 and 139 from the
exchangers 6 are connected to a twin pipe 127 which
communicates with heaters 8 supplied with steam. These
heaters are used, if necessary, to supply additional

35 calorific energy to the liquid heated inside exchangers



10 On the other hand, the tenperature of the liquid which returns to the
related punp is of variable tenperature. However, this is not detrinental
since the engine equipnent through whicly this |iquid passes can w thstand
such a variation in tenperature. 15 A second part of the installation can be
seen figure 2. Only that part of the installation relating to energy

recovery on the lowtenperature circuit is illustrated. The part relating
to energy recovery on the high-tenperature circuit is identical and is not
20 illustrated for reasons of sinplification. Four exchangers 6 are shown:

these are thees.exthaBgeesebhat iar egasseailaeddeitikrehe thow ergicResy

equi ppi ng a shi This.,installation essentially conprises_.two 25 hydraulic
punps 7, throgaﬁlﬁﬁﬁchlﬂﬁigﬁlﬁggséglmﬁﬁg%, e%@%?%?%eto f B%ﬁesdfffé%lzs and
124 passes theogdghea, oouflremoh éxckanperndern counter-flow direction. In the

sanme way, an addit} i i C ec p s 1. , i@ a pipe
136, serves two 389§§%eﬁj§§c gégé?§96%?gTﬁ%%gﬁgﬁé(ip&ggé §§§€g1£éoand 139
fromthe éxchahgers3® amd codfieciederghano@irs p? petl2? ' whiwhickommeni cat es

with heaters 8sgdpphied With steam oEhese Shg b%r%q%ﬁ%n%%%dcdﬁkuﬂﬁ%@§sary1
to supply additional 35 calorific energy to the |liquid heated insideé

exchangers 9 tBerTRilse8e&gin-is general iy derived fromrecovery boilers

installed on the exhaustsswefs tyie' di @Eebh ed@iipeSsheéde f EQBhangkred heil er.
Pi pes 128 and 129 ar&hconnected via pipes 130, 5 131, 133,gnd 134 to
exchangers 9 gpsggpe it&h Hese the w-rate of the liquid to wvary

10 inside the exchangers, in relation to energy demand.

The return pipes 132 and 135 as well as 140 are
used to bring the cooled liquid back towards the pumps
7.

One advantageous characteristic of the invention

15 1is therefore that the recovery circuit operates at
“variable flow-rate”, making it possible for the
temperature of the return liquid to be relatively cool,
irrespective of calorie demand by consumer equipment 9,
9. On this account, recovery of energy at the

20 exchangers 2 or 3 is always optimum.

Those items of consumer equipment requiring a high
water temperature are connected on the high temperature
recovery loop.

These items may be, for example, a boiler, a

25 system to heat ambient air or a system to heat sanitary
water.

On the low-temperature recovery loop, the items of
equipment connected are those which require water of
average heat.

30 These may be a system to heat swimming-pool water
or a pre-heating system for air-conditioning.

With the device of the present invention, the
recovery of thermal energy on diesel engines 1is
optimized.

35 This therefore allows savings on fuel.



associated with itens of the ship's equipnent consum ng thernmal energy. The
val ves VA | which equip these exchangers are designed to cause the
flowrate of the liquid to vary 10 insige the exchangers, in relation to
energy demand. The return pipes 132 and 135 as well as 140 are wused to
bring the cooled liquid back towards the punps 7. One advant ageous
characteristic of the invention 15 is therefore that the recovery circuit
operates at "variable flowrate", making it possible for the tenperature
of the return liquid to be relatively cool, irrespective of calorie demand
by consuner equi pmenthSut %hisOsjdtemAacebentstapeovegyiebdenss gyeat the 20
exchangers 2 or,3 is always optinum ,Those ite of _cqnsur equi_pnent
requiring a h?%% ﬁﬁfﬁ?yféﬂﬁaﬁﬁfﬂge éF%mEonﬁﬁc?@ﬁrbﬁegheengbﬁrte gFat ure
recovery | oopreddreseyi temslemy ke, foomexfipée, oilloitser, the 25asystem to
heat anbi ent ai r y e itary water. On the | owtenperature
recovery Ioop?é%ﬂg F?%%Béégghégﬂgp%%ﬁ?ﬁg%%ﬁécted are those which require

wat er of average Feat.sBOP Thesengngybebalayseenmito hBarebwi niigepyol wat er
or a pre-heatipg-syshemfor air-conditioning. Wth the device of the present
invention, the recovery of thermal energy on diesel engines is optimzed.
35 This therefore allows savings on fuel. 10 Wthout this system the steam
required to heat



all energy-consumng itens is derived either from

recovery boilers or from

fired boilers, the latter being fuel-consum ng equipnent. 5 The ship's

energy bal ance is thereby largely

with: - at

inproved. 11 CLAIMS 1. Ship equi pped
| east one diesel engine (1) of which sone internal parts (11A,

12A) , even external parts, 5 are cooled by a first liquid cooling circuit,
called a high-tenperature circuit, whilst others (13B, 14B, 15B) are cooled
by a second liquid cooling circuit called a |owtenperature circuit,
circuits differing by the difference in tenperature of the liquid entering

10 said engine (1), - at |east one itéﬁﬁ&ﬂﬁéquipnent (9, 9'), separate

t hese

from

said engine (1), which consunes thermal energy, - recovery neans (2) to
recover at | east pgrt of ,.the calories ¢ ﬂyeyed by the liquid in the high-

15 tenperature cir

ait, F%leusaPipPﬁ r a énergy to said itens of equi pnent

(9,9'), characterized by-t k& fhedst hane tdfeseheengdorpr i Kesofeodverty neans

(3) to recoverat |gast pat

| ow 20 tenperature circuit,

o0 supply thernal "energy to sali

patlst Noy G OELRS Caubyed, Dy -hie 4 in the

equi pment (%9, age) coplechihy axchiBdhgliguefarariinghgiacuéii zaedByd tshe fact

that it conprirggh-lmpasi ure0 ditr@AE t0f whdd faWrHEY , (1&ip | @asd, angs)bei ng
thermal |y supplied by the hlgh-tengerature circuit, whilst the _other
is thermally3&pH9 Cbinfﬁ% Foue %nﬁéﬁﬁ%@réoeﬂFEEiF}rCU1t called a

10

15

20

25

30

low-temperature circuit, these circuits differing by
the difference in temperature of the liquid entering
said engine (1),

- at least one item of equipment (9, 9'), separate
from said engine (1), which consumes thermal energy,

- recovery means (2) to recover at least part of
the calories conveyed by the 1liquid in the high-
temperature circuit, to supply thermal energy to said
items of equipment (9,9'),

characterized by the fact that it further
comprises recovery means (3) to recover at least part
of the calories conveyed by the liquid in the low-
temperature circuit, to supply thermal energy to said

items of equipment (9, 9').

2. Ship according to claim 1, characterized by
the fact that it comprises at least two items of
equipment, at least one being thermally supplied by the
high-temperature circuit, whilst the other (9, 9') is

thermally supplied by the low-temperature circuit.

3. Ship according to claim 2, characterized by
the fact that said item of equipment (9, 9') thermally
supplied by the low-temperature circuit notably
consists of an installation to heat air, an
installation to heat water, a system to heat swimming-

pool water.

(9, 9")



3. Ship according to claim2, characterized by 30 the fact that said item
of equipnent (9, 9') thermally supplied by the |owtenperature circuit
notably consists of an installation to Heat air, an installation to heat
water, a systemto heat sw mm ng- pool water. 12 4. Ship according to any
of the preceding clainms, characterized by the fact that it conprises means
to regulate the tenperature of the coolant in the lowtenperature circuit,
as it leaves the engine (1). 5 5. Ship according to any of the preceding

cl ai s, characteriéed by éhe fact tgat said recover¥ ans gg, 3). conpri se
at least one heat éxchangetP wWRERPRSWRPchTE | FRYi dfo BéShe&tEFSE NI

circul ated. 1@l6imShi pclascactenyzéd dlyai thd, fodhwer achearti zed kymgrhiedsact t hat
it conprises flaqw_ contral ns.(VA:) ta djust the flowrate .of said

[ qui d ther nal TS SuBR) Vg oLs 4 g SRR S Pf BRScCe b dbvdl | her mal
energy withi nlaw-¢kimpewhittirei sieguiippedswithleavats ltbastngrieedi@sel engi ne
(1) of whigh some internal parts (11A, 12A), even external parts, are 20
cooled by a first liquid cooling circuit called a high tenperature circuit,
whi | st others (13BP-143,ShEB) afeorgspBedtby 8n¥ec®hd IGh§ui PRESHIING circuit
called a | ow chgAR@r atelLrL&dd &t tedt Besard r edbts tHdff eshngd BedRhery

difference in tenperature of the ljiquid entering said 25 engine (1),
means 2, 3) compris at least™ one heat exchanger

within which a liquid to be heated is circulated.

10
6. Ship according to claim 5, characterized by
the fact that it comprises flow control means (VA") to
adjust the flow-rate of said liquid thermally supplying
said equipment.
15

7. Process to recover thermal energy within a
ship which is equipped with:
- at least one diesel engine (1) of which some
internal parts (11A, 12A), even external parts, are
20 cooled by a first liquid cooling circuit called a high-
temperature circuit, whilst others (13B, 14B, 15B) are
cooled by a second liquid cooling circuit called a low-
temperature circuit, these circuits differing by the
difference in temperature of the liquid entering said
25 engine (1),
- at least one item of equipment (9, 9'), separate
from said engine(l), which consumes thermal energy,
- recovery means (2) to recover at least part of
the calories conveyed by the 1liquid in the high-
30 temperature circuit, to supply heat to said items of
equipment (9, 9'),
characterized by the fact that it consists of
recovering at least part of the calories conveyed by
the liquid in the low-temperature circuit, to supply

35 heat to said items of equipment (9, 9').



- at least one itemof equipnment (9, 9'), separate fromsaid engine(l),

whi ch consunes thermal energy, - recovery neans (2) to recover at |east part
of the calories conveyed by the liquid I the high- 30 tenperature circuit,
to supply heat to said itens of equipnment (9, 9'), characterized by the
fact that it consists of recovering at |east part of the cal ories conveyed
by the liquid in the |lowtenperature circuit, to supply 35 heat to said
itens of equipnent (9, 91). 13 8. Process according to claim7,
characterized by the fact that the high-tenperature circuit suppl.ies at

| east one item of Bqui prehtSEHAi P§F0Fﬁén90\ﬁo t%rﬁfé? af ur é’ﬁi‘@irrafﬁietrléfﬁpl i es at
| east one ot hey themfefct Srequi pienhi§B;tOmper@tuPeocessuaccaighpldelso eit her
of clainms 7 agg 8. gharacteri.zed by the fact that the. flowrate of the
i quid suppl yrng S.a it s of equi prrentquaﬁmﬁe 10 adj GSt ed s required.
temperature circuit supplies at least one other item of

5 equipment (9, 9').

9. Process according to either of claims 7 and
8, characterized by the fact that the flow-rate of the

liquid supplying said items of equipment can be
10 adjusted as required.





