-1 - 2266951 FACADE PLATE, ASSEMBLY AND HEAT EXCHANGER FI ELD OF THE

I NVENTION 5 This invention relates to a facade pl ate, assenbly, and heat
exchanger, and relates in particular to a facade plate for securement to a
tube plate of a heat exchanger, and to an assenbl ed heat exchanger. 10
BACKGROUND OF THE I NVENTION Often it is=ngcessary to | fluid,
and it is known for this purpose to use a heat excha;Z:26§E§@§ hpat
exchangers can be of differént sizes, the invention 15 is likely to find
its greatest utility for the larger sizes of heat'exchanger such as those
used i n power. gener at FACADEaPIATE | ARESEMBLYeAND HEAT JBXCHANGER use a
relatively |large volune flow and/or speed flow of a liquid coolant. 20 Heat

100 and 9000 tubes) suspended between .two tube plates, though it has been X
proposed to UBEERR sPBOEHEL {BYENTIPN each tube connected at opposite 25 ends 4
to a single tube plate. The coolant flows through the tubes, whilst the *
wor ki ng fluid passes around and between these tubes-and so gives up | atent

heat (by vay @if; 4 "§n8iRTor! 4d1'$c80°:3a T £QWERE PIdUL, 1 H8sEHBEY, and
| heat éxchanger, and relates in. particular to a .facade

plate for securement to a tube plate of a heat exchanger,

and to an assembled heat exchanger.
10 BACKGROUND OF THE INVENTION

Often it is necessary to cool a working fluid, and it is
known foi' “this purposé to- use a heat exchanger. Whilst
heat exchangers can be of different sizes, the invention

15 is likely to find its greatest utility for the larger
sizes of heat exchanger such as those used in power
generation plants, land and marine; such plants use a
relatively large volume flow and/or speed flow of a
liquid coolant. - '_ »

20
Heat exchangers usually comprise' one or more metallic
fubes (typicaliy between 100 and 9000 tubes) suspended
between two tube plates, though it has been proposed to
use U-shaped tubes with each tube connected at oppo;ite

25 ends to a singleltube platé. The coolant flows through P
the tubes, whilst the working fluid passes around and
between these tubes and so gives up iatent heat (by way

of the tubes) to the coolant flowing within the tubes.



- 2 - Each tube may carry external fins (nmechanically coupled to or
integral with the respective tube) to increase the avail able surface area
for heat transfer, but often the heat exchanger designer will prefer to use -
the available 5 space to fit a greater nunber (array) of unfinned tubes,
despite the probable cost increase, parti c\% arly if the expected operating
conditions increase the |ikelihood of indivdual tube failure. 10 Since the
working fluid is typically at a higher pressure than that of the cool ant,
tube @ lure will result in | eakage of the working fluid into the cool ant.
It is usually Eaghchehecmay caxyy textexnaknfing (meshanicpd lyogounied ke,
and,.so until the respectlve t,ube &Wnen 15 |dent|f|edz) can be repl aced |t |s
traditiona ti t r

g | |y Qmkdntagrad sdith cghew respectdvet i bube) ntar itnerease
capacity). In the interim escapln wor ki ng_f | ui oi |l at 14
kgi'aq. on) may SRAKLERIA SREERCA;cETeR H‘-%eﬂeéﬁolﬁéﬁ fter, dut (BfLenthe
kg/sq.cm, ossi bl e, envi ronnental 20 al nts a
i ncr eased hea?‘e@r}ghﬁﬁﬁgﬁnﬁﬁgr ﬁ?ﬁfgg’aﬁt!’i&g i ReeH eexgﬁﬁng%‘Féislable
probl ens arge t I CIAN ri
t ube ends, §5 J&é tﬁ |ngg%lrég§c?\§ﬁ+ra |$\g (o#&gh@ tcyu e p?&?ﬂ%% aroun’d
a tube connectdqupas iehen These: PlidheEsd,f cpueRibuIaEnge Yht Rife
t he tube, égob nt tt?ystgrobabl n that the cool ant g attaCE§eboth at
the ends of aéat-ﬁéi:t(ed UBPerating conditions increase the 1likelihood of

individual tube failure.

16 Since the working fluid is Itypically at a higher pressure
than that of the coolant, tube failure will result in
- leakage of the working fluid into the coolant. It is
usually uneconomic to treat the coolant to recover the
working fluid,. and so until the respective tube (when
15 identified) can be replaced it is traditionally taken ou;:
of service (with a reduction in heat exchanger capacity).
In the interim, | escaping working fluid (e.g. oil at 14
kQ/sq.cni) may have been discharged ﬁith used coolant ('g.g.
_ séa water at 2 kg/sqg.cm), leading to possible envii:'onmental
20 complaints as well as increased heat exchanger operating

costs.

v Recognised heat exchanger problems are the thinning

of a tube wall, particularly adjacent the tube ends,

[4
a

25 and the pitting or pock-marking of the tube plate(s) around
a tube connection position. These problems frequently
arise within the tube, or coolant systenm, in that the

coolant can "attack" both at the ernds of a tube ("tube"



- 3 - erosion and/or corrosion), and at the tube plate area surrounding the
tube ends ("tube to tube plate" erosion and/or corrosion). 5 Erosion is a
cammon problemin heat exchangers, usually caused by the velocity of flow
of the cool ant, especially adjacent the ends of the tube, and over the
first feM/centlneters I nside of the tube where the fluid flow my be

t ur bul ent . Corrosion can be caused -=by chenical 10 constituents in
‘the cool ant, especially noted for exanple when the coolant is sea water, :
used in a heat exchanger for ‘a ship or for a power station |ocated adjaqg nt .

a tidal estuary.:-15 Thus, these effects singly or to et her can cause the
" as new' ttﬁ}@mtébé/ﬂlrat@ﬁoﬂ—@n? t@%gé*erﬁt‘% %dllt?m im t fHf2

Fig.3, leading to tube eneratio [ e the3
wor ki ng fIﬁH§F°q¢ﬂkthﬁ€ec6%1 tends IHtugﬁhﬁt % bFo qfﬁﬁga gg?b§L showny
in Fig3, . 4}1 artlcularlﬁ if the coolant is sea water, there is often s
| ocal i sed @1 91‘8‘6?1”1{%1% & plate around the tube end, caused

part|cularly by chehical attack. o

P

5 Eros1on is a common problem in heat exchangers, uSually
caused by the veloclty of flow of the coolant espec1a11y
adjacent the ends of the tube, and-over the f1rst few
centlmeters 1n51de of the tube where the f1u1d flow may.
be turbulent. Corr051on can be caused by chemlcal_

10 constltuents 1n the coolant espec1ally noted for example

- when the coolant is sea water, used 1n a heat exchanger

for a Shlp or for a power statlon located adjacent a

| t1da1 estuary. _

15 Thus, these effects s1ngly or together can cause the ‘was
new" tube and tube plate’ “of F1g 2 to degenerate to the
condltlon of Fig.3, leadlng to tube degeneratlon or
failure and leakage of the worklng fluid into the _t;;
‘coolant. . | | ' o |

20. ‘
In addition to the erosion shown in Fig,é, and

particularly if the coolant is sea water, there is often

"

localised pitting of the tube plate around the tube end,

7y

caused'particularly by chemical attack.



- 4 - STATEMENT OF THE PRI OR ART Upon the discovery of tube degeneration,

it is known to replace the heat exchanger. 5 It is-also known, and nore
usual ,- for a heat exchanger engi neer to overhaul the heat exchanger i.e. to
re-fit the heat exchanger with new tube plgtes and tubes. In a

nodi fication, only. the nore seriously damaged of the 10 tubes may be

repl aced, or these may be taken tenporarily out of service as by the use of

a "tube plug!'. It is also known for the engineer to refurbish a tube, to
keep iNs i n sergraaeMinT IOH itk PHIGK 8¢ | nsert into some 15 or all of the
heat exchanger tubes. - Tubular inserts typically conprise a tubular

section of up to 10cmin length and with an outer dianmeter slightly smaller
thah*the internal dianeter of the heat exchanger tube, and with an

outwar dl y ext etighomg fhendtisadbvery @fd.tte TAegenkrhiiongctitonisf knbwni rfwer t
is =ntended to protect the first few centineters of the inside of the heat
exchanger tuberepliscs thee Ndathgxalarnger.and so is intended to hel p protect
the area of the tube plate 25 surrounding the end of the tube, as against
pitting.” Thebtubular insert is secured in position as by an applied

adhesi ve, or by the use of .an expandiing tool to cold-work (stretch) the
wall of the (ndital}fcplEodansapd, moye usual, for a heat exchanger

~engineer to overhaul the heat exchanger i.e. to re-fit
the heat_exchangerfwiﬁh new tube plates and tubes. In a
modification, only; the more seriously damaged of the
10 tubes may be replaced, or these may be taken temporarily

out of service as by the use of a "tube plug”.

It is also known for the engineer to refurbish a tube, to

kéep it in service, by fitting a tubular insert into some

15 or all of the heat exchanger tubes. Tubular inserts

typically comprise a tubular section of up to 10cm in

length and with an outer diameter slightly smaller than

the internal diameter of the heat exchanger tube, and
N with an outwardly extending flange at one end. |

20

The tubular sectipn of the insert is intended to protect

the first few centimeters of the inside of the heat

exchanger tube, whilst the flange covers and so is

intended to help protect the area of the  tube plate

< _ 25 surrounding the end of the tube, as against pitting; Thg

tubular insert is secured in position as by an applied

.adhesive, or by the use of an expanding tool to cold-work

(stretch)'the wall of the (metallic) tubular insert, so



- 5 - increasing its outer dianmeter by up to 15% into nechani cal adhesion,
with the inner surface of the tube. DI SCLOSURE OF-THE | NVENTI.ON In order to
reduce or overcone .the erosion and/or corrosion.problens as described, and
~so as to inhibit |eakage of working fluid into the coolant, we now

- propose an alternative solution.to those outlined above, seeking to 10
prevent or delay the onset of the probl &ns, as well as to permt their
easier solution when identified. W disclose a heat exchanger which ;

i ncludes a tube plate with preforned openings. .extending between a_firsgg '
tube 15 [Pmareasing ois cukeprdiangter| ByeWpade 3B¥ubtntenieehanicdleach
sai d openi ng of, the tube plate and projecting fromsaid second tube plate
face but-ﬁé%qqiﬂﬂsﬂﬁqpfﬂ inﬂﬁﬂﬁaiﬁ%ﬁép?deg,t%?fﬁﬂaﬁe pl at e havi ng S
apertures corresponding in relative position to at |east sone of the tube -
~plate 20 openings, and hol ding nmeans to secure the facade plate to the.
first tub O ok ' ures aligned with said openings, said
hol di ng @ﬁ@%ﬁﬁ‘%ﬁwfﬁi mert having a tubul ar section with a
part sgpured internally of a tube, another part extending through an 25 .
aligned facade plate aperture, and a flange covering an area of the facade
plate surmguRdiqul d SSediEte VraBokkebie the Jrsidh did)/ér E6fREsion
substantially non-conpressible : S _ : :
problems as described, and so as to inhibit leakage of

working fluid into - the coolant, we now prdpbse an
alternative solutidn to thosé 6ut1inéd_ above, seeking to W
10 'preQent or delay'the onset of the'bfoblems, as:well as to |

permit their easier solution when identified.

‘We disclose a ";h'eat:-'exéhang'er' which includes a tube plate
with prefOrmedw-openihqs extending:'betWeen a first tube
15 plate face and a seéond tube plété f§ce; a tube connected -
to each SEid opehihg of the tube.plété'and projecting from
said second tube plate face but-ﬁbt_from_said first tube -
plate face, a facade plate havin§ apérthres corresponding.
in relative position to at 1ea_st some of the tube plate
éo openings, and holding means to secufe the facade plate to
the first'tube'plate face with said apertures aligned with
said openings, said holding means including a tubular
insert having &_ tﬁbular sectiohl with a paft--Secured
internally of a tube, another part éxtéhding -thrdugh an
25 aligned' fdcade"plate aperture, and a flange covering an
area of the faéadg'plate sufroundingﬁa feSpedtiVe'apertu:e,

the facade 'plate:'being substantially’ non-compressible



- 6 - whereby to limt the insertion of the tube insert into the tube. W
al so disclose a nethod of repairing a heat exchanger as 5 defined herein -
whi ch i ncludes nounting a replacenent facade plate to a heat exchanger tube
pl ate conprising the steps of (a) aligning the apertures of the facade
plate with openings in the tube plate; (h) passing tubular inserts through
each aperture and into the correspondi ng fnd%f'(c) 10 securing the tubul ar
inserts in position; and (d) fitting the header to the heat exchanger to
sandw gb the facade plate between the header and the tube plate.
Preferably, twshengbyi &allimidpsthe cinpertion pé: kben thgsinsert gjinkadthe)
above, i.e. (al) inserting at |east one holding nenber through a facade _
pl at e apertureF“Hﬁd'(aZ) securing the facade plate to the tube plate with
t he hol di ng nmenber(s). 20 In addition we disclose a repair kit to be used
te repair a heat exchanger as defined herein which includes a facade plate

adapted for s r t t | east art _af _a ak _exch [ e
sai d facade pfﬁ eggggi #&%gggﬁeu%sm%astﬁ?%_rﬂ?nﬁepgﬁfﬁggéﬂeﬁp%%e% %ﬁ%ﬁ&%l as
part of thegt Uﬁ&f%ﬁedpbékéinagﬂ'%np'itli{c%ﬂdééé Hodrtid'a | PSHiLGendE E4REde
i nsert for each respective end Of a tube. -
plate to a heat exchanger tube plate comprising the steps
of {a) aligning the apertures of the facade plate with
openings in the tube plate; (b} passing tubular inserts
through each aperture and into the corrésponding tubé: {c}
10 securing the tubular inserts in position; and {d) fitting
the header to the heat exchanger to sandwich the facade

plate between the header and the tube plate.

Pref_erab;ly, two additional steps are included between st_:eps
15 (a} and (b} above, i.e. {(al} inser'ting‘ at ieast_: one holding
member through a facade plate aperture; and {a2) securing
the facade plate to the tube plate with the holdincj

‘member ( s-) .

20 In addition we disclose a repair kit to be used to repairJa

heat exchanger as defined herein which includes a facade

.plate adapted for securement to at least a part of a heat

v exchanger tube plate, said facade plate having apertures
conforming to the openings in tﬁe said part of the tube

25 plate, and a plurality of tubular inserts, one tube insert

for each respective end of a tube.



- 7 - Furthernore, we disclose a facade plate -to be used in a heat
exchanger as defined herein, the facade plate having a per forated seal ing
-sheet affixed thereto, vvhereby the facade plate and sealing sheet are
jointly secured to the 5 first tube plate face by hol ding nmeans, with the
seal ing sheet contacting said first tube pl ate face. Preferably the facade
plate is interchangeable w th another of fhe sane desi gn, so that if in use
it is affected by 10 erosion and/or ‘corrosion (as is "intended" 1i.e
in preference to the tube plate and/or tubes being affected) the facade\'f1
pl at e can Hrthemmase chwegatiscloseakl yfacadeuplatel to el asedeiimea the
tube plate or tubes. 15 Conveniently, said holding neans: al so includes at
1 east oneheat mxghangemeas| definedhbereinotthe Masfasdteniplate shavingoadi ng «
nmeans al so |ncI udes hol ding nenbers extendin from the facade plate
into sel B rz?%be%eal#wsasaeesl caffdxedoethanatme owkeoeby ntheer

the axis t he uf |late than jits periphery i, eat up to the hal f-radius™

of the tu%@c&%ﬁé’ ?)?é) APA weAding ssheat: ariee jainkly psecuredndq nthe
ticul ot [ n tight nat ‘engagenent th

A TR S oo, 5 el bl kb

T emai Ni ng Ragk Wokits d_%ti?u} tea_ierfierssw' b9 pfé‘@é ”fé‘é'et ubes.

'Preferably the facade plate is interchangeable with another

‘of the same design, so that if in use it is affected by
10 erosion "a'nd/or‘ '-corrcsi'on (as is - "intendeti" ‘i.e. in.

- preference to fhe tube pldte and/or tubes 'being affected)

the facade plate ‘can be quickly changed, typically without

need to replace either the tube plate or tubes.

- 15 Conveniently, said holding means also includes at least one

peripheral tube plate to header bolt.

Preferably, said holding ~means allso includes_ ‘holding
. members. extending from the facade plate into 'selected
20 tubes, the said selected tubes will be disposed nearer the
axis of the tube plat_:'e' than its p‘_eri-p_hery i—.e at up to the
. half-radius of the tube plate ., but not beyond-, -so that the .
facade plate, and in particular its central portion, is
held in tight mating engagement with the tube plate, the
25 tubular inserts in this case passing through the remaining

apertures into the cbrrespOnding remaining tubes.:



- 8 - As above nentioned, although the facade plate may be relatively thi n _
conpared to the tube plate (i.e. in the direction between the first and
second- tube plate surfaces), and is thus able to conformto the tube
plate 5 when so required, preferably the facade plate S
substantially non-flexible; both the tube pl at_le and facade plate preferably
have a flat (machined) mating face, with a sealing neans | ocated
t her ebet ween, perhaps an annular sealing ring located in a recess e.g. in
the fasade plate 10 so as to be replaceable therewi th. SHORT DESCRI PTI ON OF
THE DRAW NGS ThE | abevei onentiened, f yplkheughscihgedfaggdaayPdatexafpye, bes
wth.reference t e acc anyi ng draw ngs, .in ich:- Fig. 1, , s a
partially explBﬁgﬂégYﬁﬁ)’of r@me‘&?ggﬁfﬁgnd%? #‘Fh\lg"“?%c&’&é‘t% aft-Sccdiyi Fhe.
to the inventigp; 20. Fig.,2 | S artjal view . of a singl eat
exchanger tube‘?fﬁﬁﬁgf‘ﬁ e aeé:tw&eq n ?ﬂg " %1% egﬂdi t?%?\?mgi g%ﬁ’e Péa‘ée
ew as F1O-2 eadeds, oot OBkl A1 o FPindorn 5 En° s chiaRa]
a part sectiongheyi ! 2ehuieedl at epanfefastge tidat acddd t ePrat¥ this
an alter n%t I ve enbodi rrentehg? t ulful a???ngert'.g il’
substantially non-flexible; both the tube plate and facade
plate preferably have a flat (machined) mating face, with a
sealing means located therebetween, perhaps an annular

sealing ring located in a recess e.g. in the facade plate

10 so as to be replaceable therewith.
SHORT DESCRIPTION OF THE DRAWINGS
The invention will be further described, by way of example,
15 with reference to the accompanying drawings, in which:-
Fig.1 is a partially exploded view of a heat exchanger
. with a facade plate according to the invention;
20 Fig.2 is a partial view of a single heat exchanger
tube, and tube plate, in the "as new” condition;
K Fig.3 is a view as Fig.2 but in an eroded condition;

25 Fig.4 is a part-sectional view of the tube plate and

facade plate of Fig.l; and



5 DESCRI PTI ON OF EXEMPLARY EMBODI MENTS In the -drawings, Fig.1l shows a
‘typi cal heat exchanger 10, with an array of tubes-12 | ocated between a pair
of- tube plates 14 and located in a casing 15. The tubes 12 provide 10
~.o0penings 17 in the tube plates 14. The tubes 12 project fromthe second
- surface 16 (Fig.2) of each respective tube plate. In this enbodinent, .
~ coolant is supplied through header 2Za® &nd exits through header 22b;
the headers 22a, 22b in an alternative enbodi nent can have one or nore 15

baffl e pl ates,
only a sirigj

and .in anot her enbodi nent the tubes are U shaped and wi{p

g@. Seaderisi m cpantcasectionakt wiew cofl adt tuher plate handers

- 22a before passing out fromthe header ,to exhaust. 20 Fig.2_shows part of
a single heat excharkffadepbe plakgunt £4tted upoitiht e am. = atkerpabdves -
manuf actured with an outgr di an&%er slightié | ess that the dianmeter of the

€ bEe

hol es of the tube pl¥RRP e
exaggerated in- the drawings), and so after being slid 25 into position

in the
t he vvalg
t ube plat

end 28 Qf

10

15

20

in tube plate 14.  The tube_. is manufactured with an outér |

t ube

f Fuby

REEM the di aneters is :

inent

plate,  an expander tool (not shown) is used to expand

- ?Jfo te 'El#pl' !-Rc hﬁl!ﬁ(?ﬂ .ﬁéﬁu.'o secure the tube 12 to the
?# an oﬁf%Frr%‘}é ul it|g %ea her ebet ween. In use, the

rapi d and turbul ent flow of the cool ant fluid 5 adjacent,  and vm thin, the

the tube 12, can o o .
In the drawings, Fig.l shows a typical heat exchanger 10,

with an array of tubes 12 located between a pa'ir_..' of tube

plates 14 and located in a casing 15. The tubes 12 provide

openings 17 -in the. tube. :pla'tes 14. The tubes 12 ‘project -

from the second surface 16 ( Fig._2) of each respectiire tube

plate. In this embodiment, coolant is supplied through

header 22a and exits through  header 22b; the headers

22a,22b ‘in an alternative embodimerit" can have one or more

baffle plétes, and in anothef' embodiment i:he tubes are U-
shaped and with only a single ‘header, in each case so that
the coolant returns to header 22a be-fore' passing out from

the header to exhaust.

Fig.2' shows part of a single heat exchanger tube 12 mounted

diameter slightly less that the diametei: of the holes of

25

‘the tube plate (the difference between the diameters is .

exaggerated in - the drawings), . and - so after being slid

into position in the tube plate, an expander tool

(not shown) is used to expand the wall of tube 12 at -

'y

¢

&)



cause erosion of the tube and of the tube plate. = As explained above, this
‘erosion may be conbined with corrosion caused by constituents of, or

contam nants in, the cool ant. The tube, and tube plate, can therefore 10
degenerate in time into a condition such as that illustrated in Fig.3,
i ncreasing the likelihood of either the fluid to be cooled, or of the
cool-ant, passing between t he tube an¥0 -the t ube pl at e, SO

(a) contam nating, or (b) causing | eakage of, the fluid to be 15 cool ed.
It wil], be understood that whilst erosion as by turbulence is greatest

ithin th b 12 at- d h
X,“uﬁgré,” he (oxtR9 BHA ASFanSERBCH (P o SBRatdo s ahna) S8R L e: eq.
20 The f d 20 15, i - | fLrs f 18 of
the tube piatcotd Enc ebn 2 EuRE, sRORE EaRaRhEREbERRERRT S °10 205 (1]

header 22a. In a preferred enbodi nrent a second facade plate'is pressed 25
agai nst the opposed (outer) surface of the other tube plate and so is

sandwi ched bet ygegsbhatnarpapsd awd B HRAGHNE NGRS #29- coor1dhe Eagade
plate 20 is secured at 1ts outer periphery by bolts (not shown) passing
through hol e djaBehbs tdthe Rhidhénls and fedndes2(br aglel NtWbdeadsr 2aa.
| cause erosion of the tube and of the tube plate. As
éxplained above, this erosion may be combined with
corrosion caused by constituents of, or contaminants in,
N the coolant. The tube, and tube plate, can therefore.
10 degenerate in time into a condition suCK as that
illustrated in Fig.3, increasing the likelihood of either
th? fluid to be cooled, or of the coolant, passing
between the tube and the tube plate, so {a)
contaminating, of {b} causing 1eakage of, the fluid to be-
15 cooled. It will be understood that whilst erosion as by
turbulence is greatest within the tubes 12 at the
(entrance) end where the coolant enters the tubes, the
(exit) end at which the fluid discharges can also become
eroded.
20
The facade plate 20 is, in use, pressed against the first
surface 18 of the tube plate 14 and so is sandwiched
<~ between the tube plate 14 and the header 22a. In a
preferred embodiment a second facade plate is pressed
25 against the 'opposed (outer) surface of the other tube'
plate and so is sandwiched between that opposed surféce

and the header 22b.



5 The facade plate 20 has pre-forned apertures 26, the apertures 26
being of a nunber and in position to correspond with openings in the
tube plate 14 and thus with the tubes 12 in the tube plate 14. As better
seen in Fig.4, the size of apertures 26 is chosen to be 10 slightly
larger than the inner dianeter of thg'ﬁﬁggnded ends 28 of the tubes

12, though in an alternative enbod nt the -dianmeters may be

i denti.cal . I'n this enbodinent, addi ti onal securenent is provided for
- the facade plate 20 by holding nenbers 30; the holding 15 nenbags

are in therher £hehabUpl sHeiGfo V4 NsdcapBll de SHUbtes2petspRlnyl bylolt ed
outline), annular [|ocking menber 34, frusto-conical nenber 36, resilient

"Orings" BS1tenThicd - SHGHRY S paksidy BPchgh hdlesabpd mEM ¥Re ey ally -
of top-hat shape. = The spindle 32 has - an 20 enl arged head 44 at one
end, and aplabe Dihandefidchde aoscaad titeateader dpawn) which mates with a
screw thread in the annul ar | ocking nenber 34. The enl arged head .44 nmates
with a seat. (not shown) in the annular tube abutnment 42; so that

t he novenent of the spindle in the 25 right to left direction of the

drawi ng & sThesifacatie)y plisdeandl ahasutprehiemed. aperturgme 3fenbdhe 36,
O-rings 38, annul ar- spacers 40 and tube abutment 42 are all free to rotate
about the apewnEpees TRE heaéngs of tAe BPPREKe PRA  1in jposition to |

correspond'with openings in the tupe plate 14 and thus
with_the tubes 12 in the tube plate-14._ As better seen
in Fig.a4, the:.size:_of aperturés_:26 is chosen to be N\
10 slightly larger than the inner diametér_Of:the expanded
ends 28 of the  tubes 12, thqugh in an alternative
embodiment the .diameters m&y__be_ identica1. ~ In this
embodiment, additional{ securement is provided for. the
facade plate 20 by holding membefs 30; the. holding
;S_members aie in_the_form of tube plugs, with_a central
| spindle 32 (shown in dotted outlihej,__annular ~locking
member 34; frustofconical_member_36;.reéilieht "O-rings"
38, annular _spacefs .40, and ahnulaﬁ tube abutment 42,
generally of top;hat shape. The spindle_ 32 has an
20 enlarged head 44.at one end, and at the other end has a
screw thread (not shown) which mates with a screw thread
in the annular locking member 34;'_The~en1arged head 44
_mates with a seat (not shown)_ in'_the_-annular_ tube_
abutment 42, so that the movement of .the spindle in the
- 25 right_to left direction of the draWing is.resisted by the
annular tube abutmeﬁt;_ The méﬁber 36, O-rings 38,
annular spacers 40_and tube abutment-42.aré'a11 free to

‘rotate about the spindle. The head 44 of the spindle is

he)

€)



recessed (not shown) to receive an "Allen" key, whereby the spindle 32 can-
be rotated relative to the annul ar | ocking nmenber 34. |n use, the tube _
plug 30 is inserted into the tube 12, whereupon the central spindle 32 is 5
rotated relative to the annul ar Iocklng nquer 34. The mating screw
threads on the spindle and within the arinut | ocking menber cause the
annul ar | ocking nenber to nove longitudinally along the spindle i.e in the
right and left directions in the figure, causing the fingers 46 10 of the

| ocki ng, Fre”berﬂeq’é?é%e&' ‘E'ﬂo@"%rhc}nﬁ-@ féHs’ir%cggg Caln ”BK?E n#6xd 8}‘ whereb

“tightening” t pl'ug frngers are cause to's apar
hringi ng thei regndggi R eCo8s aglan bo tﬂ&aﬁ&i deegHEfigee ©f the té‘ﬂ?ﬁui@r

forN1ng a gripping contact therebetween, and 1 n addition, the 0- 15 rings

38 are conpressiethg ReRbeRUSd. I atrplidy), #he ’tbﬁes%ll&@' g alsepnébeted
facade plate 20 to be pull ed towards the tube plate Thus the tube plugs

30 secure or hitto seher etilbe fiagadgh@bebehe tHe t eehBealubspihdie B2 bad
are positioned in apertures 26 chosen to provide the required securenent,

and to prevehtréotmtédcaddaplizee o othéecannudgrdildickirey member. 34bepeTdeng
upon the size of the heat exchanger, and the nunmber of tubes 12, it is
possi bl e t hat mating 2$Cmrythmnﬂ%d o dpket LsRENABE Wi amdbewrelqynre'gheo
secure the facade plate 20 to the tube plate 14, so the tube plugs 30\M||
occupy one pera anf lppkingainemher h@éﬂsgx&%géﬁn?héﬁ,s lagkiange r megker

descri bed above, the use of
to move longitudinally along the spindle i.e in the r1ght

and left directions in the figure, causing the fingers 46
10 of the locking member 34 to ride over the frusto-conical
member 36. In “"tightening" the tube plug 30, the fingers
46 are caused to spread apart, bringing their ends into
contact with the inside surface of the tube 12, forming a
~gripping contact therebetween, and in addition, the O- .
15 rings 38 are compressed; continued rotation of the.
spindle causes the facade plate 20 to be pulled towards

the tube plate 14.

W/ _ Thus the tube plugs 30 secure or help secure the facade
20 plate 20 to the tube plate 14, and are positioned in
apertures 26 chosen to provide the required securement,
and to prevent the facade plate from becoming distorted
in use. Depending upon the size of the heat exchanger,
and the number of tubes 12, it is possible that one in
25 every hundred of apertures 26 will be required to secure
the facade plate 20 to the tube plate 14, so the tube
plugs 30 will occupy one per cent of the available heat

. exchanger tubes. However, as described above, the use of



- 13 - a thicker and nore rigid facade plate held by bolts may elim nate

the need tube plugs 30, if provided solely as holding nenbers. 5 Fig-4 also

shows a tubular insert 60 as passed through each aperture 26 not occupied
by a tube plug 30. The tubular insert 60 is required to prevent or reduce
the likelihood of the coolant fluid eonigng into "fast-flow' contact with
the ends 28 of the heat exchanger tubes 12, 10 and the area of the
facade plate surrounding the apertures 26. 'In the enbodi nent shown,
the tubular insert 60 is manufactured from anneal ed tube, usually f
cupr o- ni ckal thiskrayy Aindamarebrigd d ANByader pabtei makd dpyisbolEsalnay ™

" means 62 is _al'so provided, which in this enbodinent is a:perforated
sheet of rebbEinatg theernesd bSube iplugs 38t dinRreeldedhseledit asmy be

a silicone 20,seal ant applied to one face of the facade plate 14 during
its manuf JRPLARNT| REPRETSthe seal i ng neans 62 should act to prevent any .
cool ant that encroaches between the facade plate 20 and the tube plate 14
fromcontacting all but a small area of the region between the plates.

Al ternat vEiOoa: TRl Hheve; A bulBEavER Y "bh Rl cr e te B uP e
ring of flgéé:ﬂl %ﬂ@iﬁijea_l zko%wdoccupied by a tube’ plug 30. The
tubular insert 60 is required to prevenﬁ or reduce the
iikelihood of the coolant fluid coming into "fast-flow"
.dontact with the'énds 28 of the heat’éXChangér tubes 12, g;;
10 and the area of the facade plate surr;)unainq the

apertures 26.

In the embodiment shown, the tubular insert 60 is
manufactured from annealed tube, ﬁéually of cupro-nickel,’

15 Royal Naval brass (RNB), or aluminium brass.

Sealing means 62 . is also provided; which in this
embodiment is a pefforated sheet of rubberised material,
but in an altefnétive embodiment :may be a silicone
20 Sealant applied to one face of the faCéde_platé 14 during
its manufacture. 1In usé; the.sealing means 62 should act
to prevent any coolant that encroédhés bBetween fhe.facade
plate 20 and the tube plate 14'from.contacting.alllbut a
small area of thé'region between the plates. Usefully

25 sealing sheet 62 is affixed to facade plate 20.

In an alternative (but less preférred)-'émbodiment, the

sealing means may be a ring of flexibié'material located

L



- 14 - only adjacent the outer periphery of the facade plate, in an annul ar-
recess sized to permt the sealing neans to be conpressed for substantially
full face-to-face-contact between the facade plate and the tube plate. :
Wiilst in 5 this enbodi ment | eaked cool ant nay perhaps pass between the
facade plate and tube plate to adjacent apérd Utes or openings, sone
operators may be satisfied provided that the coolant is prevented from
escapi ng fromthe heat exchanger. 10.1n use, the facade plate is placed

| i h I d _t he 6 | L 1 $h the h
xchanber 1 ubeSP ‘SqUAerl A0 PRRGEr DEFIPARYY OF tho TAHGE d0 M in

: d t hrough . d i pt h . |
2 Sthe tube plh I Ra BerTY TrAATnaaPPEmSrpe. EETanE AR ko 6T,

bet ween t he fa&ﬁfiﬁ’pﬁé@éé‘d 2%@”"shﬂ§t&hﬁ:§%ﬁ¥”é 21180kt LSRGt acd 4,

so form ng a seali'ng contact therebetween. Tubular inserts 60 are then

passed through deierd&iBtRe NgadBaaPPildteSan@  tABU tilled HILLEON I Gt Nin
tubes 12; an expander tool (not shown) is then passed into the tubular

inserts 60, w0 hdeanEmbbainent! ledkdd coO61ast Walyh pdEhspPapaed ansiseédn of
the tubes 12; the flanged ends 64 of the tubular inserts 60 are then

further defornmheinfacad® phayecandatiubehepkaté ate atijhbkentaapdartpiradse @O,
to.form openings, some operators 'may be satisfied provided that
the coolant is prevented from escapiﬁg from the heat
W exchanger. | |
| 10
In use, the 'fécadej 'plate is placed alohgside the tube
plate, and the apertures 26 are aligned wit_h ‘the heat
exchanger tubes 12; the required number (if any) of tube
plugs 30 afe passed through the chésen apertures 26 and
15 into the corresponding tubes 12, the tube plugs 30 then
being tightened to compress the sealing means 62 between
the facade plate 20 and the first surface .18 of the tube
plate 14, so forming a sealing contact therebetween.
Tubular inserts 60 are then passed through the remaining
20 apertures 26, and into the corresponding tubes 12; an
expander tool (not shown) is then passed into the tubular.
inserts 60, to expand their walls into contaét with the
o expanded ends 28 of the tubes 12; the flaﬁged ends 64 of
| "the tubular inserts 60 are then further deformed until
25 they contact the surface of the facade plate 20, to. form
a substantially fluid-tight séal between the tubular

insert 60 and the facade plate 20. In an alternative

embodiment, the expanding tool expands. a part of the



a substantially fluid-tight seal between -the tubular insert 60 and

the facade plate 20. 'In an alternative enbodinent, the expanding tool
expands. a part of the - 15 - tubular.insert 60 to contact the end 28 of
the tube 12, and al so expands another part of the tubular insert. 60 to
contact the facade aperture 26, _ i_or to further deformation of
the flange 64, thus ensuring a noré extensive fluid-tight seal

bet ween the tubular insert 60 and the facade plate 20. Wil st the

nmbodi >rihed utiljse ticul ar t |- d tubul insertlin
St ornati FUOBIBEIREREE A0 Th CBAGE o6 €AR) 7BL0R LhE SURR ighe B { e

| ug t I ' o | 4 be used. or.exanple,. the tubular insert -
Beser  bedBiiOmySkBaRAR 1 TP SR | Bt o 560, RAPRLEEN BRSEFEV ROt EDugh <

ind ongncERBsReSP: e S ATREE Bbeilie {0dgh" 2 BARRRC S Itk "
oper at | ONgekBrhlie1Bh! okl Ittfe ?@gggggg; g4, Pl (BEbibHLET o NIRIe 100

is shortene SO as not to projec “t’he expan _ 8 of tube

Tubul a5 i Bgeehsifl hefusaDeVght edeall - beedibad adpe %ZBu_lg%d 18s&LEeF0 |
that when expanded into the end 28 of the tube, It provides a substantially
conti nuouan@nthRéenghcadef peateozoybe 12. _Such a tubular insert wll :
“inhibit the formation of potentially danagyng
Whilst the embodiment described utilises a_particular tube
plug and tubular insert, in alternative embodiments any of
10 the currently available designs of tube plug or tubular
insert could be used. - For example, the tubular insert
described-in-my'co-pending applicatiOn-GBZ,269,447A_¢an be
driven -through 'the aperture into the corresponding tube,
.and provides. the required sealing ‘and ‘engagement . without

15 need for there to be a-subsequent-expahding_operation.

In the.alternative embodiment of Fig.s;-the tubular. insert

160 is shortened, so as not to project beyond the expanded

')

L

end 28 of tube 12. ‘Tubular insert 160 has a bevelled -

20 'leading edge 170,'andﬂis'sized so ﬁhat when.expanded into
the end 28 6f the tube, it provides a substantially
continuous internal surface to tube 12. Such a tubular
insert will inhibit the formatioﬁ of.pbtentially damaging

eddy currents adjacentsthe end of the tubellz, particularly

nt

26 for fluid flow in direction A.



eddy currents adjacent the end of the tube 12, particularly 25 for fluid
flowin direction A - 16 - Wiilst the facade plate woul d provide an-
extended.life to an already eroded and/or corroded tube plate and tube, |
foresee that many users of heat exchangers would require the fitnent of ny
facade plate to new heat exchangers. 5 Sinck¢ tn use, the facade plate of

t he enbodi nent of the drawi ngs, being within casing 15, is not subjected to
t he pressures of the fluid to be cooled and for which pressures the t ube

plate is designed, the facade plate would typically be only 2-
t hi.ckness, thou§Rilst Fhect QSPQes El}?tt&ntwi%’l@ BRY. ’fqeexsr‘bl %"ten@f?@ ?‘éﬁﬁd to

| d be nade, of
Phar ﬁg“tubeepﬁrﬁit %h‘?"FF R L R AT S
h th b i
tho firet 1o, 1bobRaBeckRns Nk, (iR e el i TRARHY dfls Credgiber
pressures '”VO'HﬁQ f‘i%ﬂe‘i‘xtbeofmﬁ faf%é‘c{cfé’ %ig%a B ﬁéha'rhégtf | Sﬁ(@iﬁén ers.

corrosion and/ or. erosion resi sta SO savi ng on cost aca

bei ng provi degl é?ﬁcéhelﬁoh@@N(Hhé”Ehéﬁ&ﬁ'ﬁﬂaééféﬁt%he éﬁbéﬁikéﬁﬁ”bfthﬁe'
facade 20 pl ate, seclred as by the ‘peripheral bolts in holes 24, by t

tube plugs 30, ﬁﬁﬁwﬂﬁngebéﬂﬁg|ﬂ&thﬂﬁebhﬁlﬁ% ¥, ief ﬂﬁﬁ‘%hﬁﬁébfé@ntébhﬁe
could and generally would itself be

pressures of the fluid to be cooled and fpr which

pressures the tube plate is designed, the facade plate

- "would typically be only 2-5mm in thickness, though

.10 preferably substantially non-flexible. The facade_plate

could be made of a material more corrosion and/or erosiqh

resistant than the tube plate. If the facade plate is to

‘be fitted to a new heat exchanger, the tube plate, which

needs to be of thick section (i.e. between the first 18,

15 and secon'd.' 16, surfaces) to withstand the differentia_l'

pressures involved, could be manufactured from a material

of lesser corrosion and/or erosion resistance, so saving

on cost, the facade plate being provided for the

. corrosion and erosion effects. In addition, the facade

20 plate, secured as by the peripheral bolts in holes 24, by

the tube plugs 30, and by the tubular inserts 60, all of

which are removable, could and generally would itself be

- ' removable and thus replaceable, at a cost significantly

lower than the cost of a complete overhaul of the tubes:

25 and tube plate, or the cost of a new heat exchanger.

In some heat exchanger installations, it may Dbe

commercially advantageous for the operator to replace all



renovabl e and thus repl aceable, at a cost significantly |ower than the cost
of a conplete overhaul of the tubes 25 and tube plate, or the cost. of. a new

heat exchanger. In sone heat exchanger installations, it may be
commerci ally advant ageous for the operator to replace all - 17 - the
heat exchanger - tubes simnultaneously ith fitting a facade plate, but

-retaining (only) the original tube plates. 5 Some |arger heat
.exchangers, particularly those of rect angul ar section e.g. those w th
of .2 netres uare or_above, uld utilise several facade ,«3 a

. tube plat

pl ates, %@ere§835t|9§°hﬁagﬁae BPSFe551EH Eanﬁppﬁﬂwg with ofiftingr et
section of t he tub | at e. For exanple e 5m 10 , facade pl ates
coul d be £88 (pij.tﬁf st yetaining t&gg&m g)heco%FJzSHb?Je 2tn Quares
t ube pIatB1a have t hus provided a sinple and el egant solution to the
probl ens ‘danaged heat exchangers, at:  a  cost 15
substantially |less than the currently avail abl e nmethods. Thus the host,
such as a cargo ship or cruise liner, may spend a m ni mum non-revenue

earni ngJ t sBRee. glargérdo‘}i‘ea@wa'etx'di‘ﬁr{g‘ae% r. OEJaE'IE‘icWi%trl chgRgge (RgEhaps -
also with the extra cost and del ay of speC|a I'sts Dbrought 1nto 20 aSSISt
the (shi prertanguleer section e.q. those with tube plates of 2 metres

Y

square or above,. could utilise '_s_ev_eral' facade plates, the h
respective facade. plates each f_i,ti:ing “to .a diff'eren’t_“
section of the tube plate. For. example eigh_t Im x b.5m J
10 - facade plates could be secured (as by suitablyeloceted tube

‘plugs) to a single 2m square tube plate.

We have thus provided a simple. and elegant solution to the
problems of damaged heat exchangers, at  -a cost

15 .substantlally less than the currently avallable methods.
Thus the host, such as a cargo ship or. cruise liner, .may
spend a minimum non-revenue e_arning 'ﬁime e.g. in dock,.
awaiting repair of the heat exchangef (perhaps also with
.the extra cost and delay of spe.cialists brought in -to -

20 assist the (ship’s) engineers.



- 18 - * cC L M S * CLAIM5S 1.- A heat exchanger (10)
whi ch includes a tube plate (14) with preforned openings (17) extending
between a first tube plate face (18) and a second tube plate face (16), a
tube (12) connected to each said opening of the tube pla

fromsaid second tube plate face but. not. fromsaid fi rstmllmmuﬂuuzmum a
facade plate (20) having apertures (26) cor¥&sponding in fel &tive "position
to at | east some of the tube plate openings, and hol ding neans to secure
the facade plate to the first tube plate face with said apertures aligned
with said opgﬁf‘ﬁﬂg‘, sai d hol ding neans including a tubular insert having a
tubular section with a part secured internally of a tube, another part
extendi ng through an aligned facade plate aperture, and a flange covering
an area of the faga I ndj p ' par t éaceq
oldte heing Stbst Anteah riesRide AP, rlSRRERCINACEPE il Bl CERdS
of ‘the tube inser;iRt {ridierindle openinds NEEY ) C¥shanaghga bethtidreta | Rigkai M
1 in which the tubular “insert has an expanded part in contact with at | east
one of the inner gypbapeate FaceSRA®) Wnd Waavvshd tusadslaperface (26),

3. A heat exchanger ‘as clained in claiml1 or claim2 in which at |east
part of the tubul ar tupet i(@2)ofcdimected to each said opening of the tube

plate and projecting from said second tube plate face
but not from said first tube plate face, a facade plate
(20) having apertures (26) corresponding in relative
position to at least some of the tube plate openings,
and holding means to secure the facade plate to the
first tube plate face with said apertures aligned with
said openings, said holding means including a tubular
insert having a tubular section with a part secured
internally of a tube, another part extending through an
.aligned facade plate aperture, and a flange covering an
area of the facade plate surrounding a respective
aperture, the facade plate being substantially non-
— o compressible whereby to limit the insertion of the tube

insert into the tube.

2. A heat exchanger as claimed in claim 1 in which the
tubular insert has an expanded part in contact with at
least one of the inner surface of a respective tube and

g a facade aperture (26).

3. A heat exchanger as claimed in claim 1 or claim 2 in

which at' least part' of the tubﬁlar,'sectibn of the



- 19 - * C L M S * tubular insert is expanded into contact
with the tube, and in which the flange engaggifgﬂghiggﬂggﬂﬁLaLe.'4; A
heat exchanger according to any of clains 1-3—+ rch said hol di ng neans
al so includes at |east one of tube plate to h _““ngnf-outer

peri phery of the facade plate, and a hol ding aﬂﬁ&\ml‘m B% rom t he
facade plate into a selected respecti v 1be, | ol d"ng® menber - being
‘a tube plug adapted also to prevent fluid flow through the said
sel ected tube. 5. A heat exchanger as claimed in claim4 in which-a \*
t ubul ar irwertubEXGEnGQSeFﬁr@ﬁﬂﬁxﬁﬁpd%$eiﬂﬁPean¥aQﬁu¥¥Eﬁaﬁ%ep%&?@’gﬁy
into a corresponding tube, for each aperture n occupied hy.a holding :
menber. 6. A@h@a%“eWBhﬁthPea§1@P5Fn€ﬂgpﬁe§n%h§f a%%qﬁsé§§¥qTIWMich i
sealing neans are |ocated between the facade plate and the tube .
pl at e, said sealing neans -surrounding at |east one aligned opening and;; g

et A BAENRIGRE "pShERRY b oy b leblgd aspeinno

Cepl aconent 1 aeMEHeafa Ahetig Heine 140 RctiRed B TR (305 ©f

conpri sing they§hePH12ite Mo akedderd HEPLSPEL! UERS 6AEer periphery of
the facade-pléte, and a holding member extending from
the facade pléte into a selected'réspective tube, said

holding member being a tube plug adapted also to

prevent fluid flow through the said selected tube.

5. A heat exchanger as claimed in claim 4 in which a
tubular insert extends through an aperture in the
facade plate and into a corresponding tube, for each

aperture not occupied by a holding member.

6. A heat exchanger as claimed -in any of claims 1-5 in
which sealing means are located between - the facade
plate and the tube plate, . said. -sealing means

surrounding at least one aligned opening and aperture.

7. A heat exchanger as claimed in claim 6 in which a

sealing sheet is affixed to the facade plate; : ' R 'ié

e

P
<t

8. A method of repairing a heat exchanger as claimed in
any of claims 1-7 which includes mounting a replacement
facade pléte'(zo) to the heat exchanger tube piate (14)

comprising the steps of {a) aligning the apertures (26)



1111111 111111 11111 1111111111 * C L M- S * - 20 - of the
facade plate with openings (17) in the tube plate; (b) _passing TuhnLa;__

i nserts (60, 160)

t hrough each aperture and i.nto the correspondi ng tube
securing the tubular inserts in position; and (d) fitti “ﬁ ﬂHﬂ rlLlIII

(22a,b) to the heat exchanger to sandw ch the facade m
header and the tube plate. 9. A net hod ac2@rding to claim8'in which the

further steps of

(aI) i nserting at | east one hol di ng nmenber through a

facade pl ate aper an% a2 ecurin e facade o Ihe ube Lat
with the hol di ng “érd)@ Latge '%‘t"%s i ‘B

Tre edpect i ve ?Ebigta R Lé%a”a ‘Mfﬁ%&" N fﬁh hégi'z’é% hahal?
as ‘claimed in any h u a ( ada d
f or “secur enent toeg{:h %&E%rﬁgg Iﬂﬁgtqgé%ha%gg%gﬁog %atég%fA PEZ

f acade pl at e havi
said part of the

EQcﬂP?PgurEﬁe(2@%bﬁ?9£0rﬂh§9rﬁg tBg Op8RIRYSNE 17ankn (8§

tube p and ural ity of tubular inserts, one tube

insert for each rfiﬁﬁﬁéthetlﬁEldh@Bdért upg2a18) to feaadendrtat exdmemq&edton

a heat exchanger

as cl ained
sandwich the facade plate between the header and the

tube plate.

A method according to c¢laim 8 in which the further
steps of (al} inserting at least one holding member
through a facade plate aperture; and (a2) securing the
facade plate to the tube plate with the holding
member(s), are included betwaen steps }a} and {b}, the
holding member being a tube plﬁg adapted also to

prevent fluid flow through the respective tube.

A repair kit when used to repair a heat exchanger as

‘claimed in any of claims 1-7 which includes a facade

. 9.
o/
10.
U/
- >
11.

plate (20) adapted for securement to at least a part of

e

h

d

a heat exchanger tube plate (14), said facade plate

having apertures (26) conforming to the openings (17)
in the said part of the tube plate, and a plurality of
tubular inserts, one tube insert for each respective

end of a tube.

A facade plate when used in a heat exchanger as claimed
in any of claims 1-5, the facade plate having a

perforated sealing sheet (62) affixed. thereto, whereby



in any of claims 1-5, the facade plate having a perforated sealing
sheet (62) affixed thereto, whereby - 21 - * c L. M S *
the facade plate and sealing sheet are jointly s ' ' t ube
pl ate face by said holding neans, with the sealin bng said
first tube plate face. 12. A facade plate when u?,ﬁlﬂmmwimg”ﬂ(%gﬁhanger as
claimed in- any of «clains 1-7 constvr®dted and+* atranged antially
as described in relation to Fig.1 or Fig.4 of Fig. 5 of the acconpanying_

drawi ngs. 13. _A heat excha g;r constructed and arranged, s,ut%:tantial Ig %s,
described in r i | EACAGS FPUAEeoAN, SRl iNGAPPRY BFBIQRtly securda S’

to the first tube ‘plate face by said holding means, - \ . 3

with the sealing sheet contacting said first tube plate L

face.

12. A facade platé when used in a heat exchanger as claimed
in any " of C';aimé . 1-77 constructed_ and arrangeq -
substantially as described in relation to Fig.1 or

Fig.4 of Fig. 5 of the accompanying drawings.

13. A heat’ exchanger;.c'onstructed and arranged  substantially
as described in relation to Fig.l of the  accompanying -
drawings. - |



