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HEAT EXCHARKERS/BSSIVENT AND HEAT EXCHANGER US| NG SAME PTrusssioisdo Thi s
ifnvention relates to a heat exchanger el enent for exchanging
heat between a fluid circulating in the elenent and a

phase- change nedi um in a reservoir housing such el ement and nore
5 particul Wﬁi EXEHERGCAND! HERD RXCHANGENUSING SAME
BACKGROUND OF TH ON In the past 20 years, there have
devel oped cooling and heating systens for buildings conprised of
a tank or reservoir filled with a phase-changing 10 mediumwi th a
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Structural elenents are enp r sup ortl_ng the_coil ed tubes
in variSous arrayPamticularly to a heatexchangey wkiliziprg thRcSameyi ng
various tube flows coordinated to mnimze the tenperature
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common 30 céggw.submerged n the phase-change medium such as
water, and with the parallel heat exchange circuits
comprised of tubes which are disposed as coils and
coupled to inlet and exhaust manifolds for a brine,

15 refrigerant, or other heat exchange liquid flowing
therethrough. Structural elements are employed for
supporting the coiled tubes in various arrays with the
coils spaced from each other having various tube flows
coordinated to minimize the temperature gradient

20 existing throughout the phase-change medium such that
ice is formed simultaneously throughout the phase-
change medium and with the water about the tubes
displaced upwardly to prevent any build up of pressure
against the walls of the reservoir.

25 Representative patents in this art are U.S.
Patents 4,294,078 issued October 13, 1981 to Calvin D.
MacCracken, assigned to Calmac Manufacturing
Corporation; and U.S. Patent 5,109,920 issued May 5,
1992 to Albert E. Merryful and assigned to the common

30 assignee.

U.S. Patent 4,294,078 is characterized by the
formation of a preformed flexible roll of tubing and
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t ubi ngs or dual tubes side by side, and spaced slightly from each
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results in temperature averaging over the full length
of the brine flow within adjacent coils of the heat
exchange apparatus.

In U.S. Patent 5,109,920, a plurality of spirals
20 of flexible tubing are disposed one above another with
one eénd of a given spiral being in communication with
the inlet manifold and one end of the adjacent spiral
being in communication with the outlet manifold and
with the opposite ends of each spirals being in
25 communication with each other. Further, the spirals
are wound alternately clockwise and counterclockwise,
and arranged in pairs one above the other. As such,
the end of the radially outer turn of the upper spiral
may be connected to the inlet manifold, the end of the
30 radially outer turn of the next adjacent spiral may be
connected to the outlet manifold, and the ends of the
radially innermost turns of respective adjacent coils
may be connected to each other. As such, the brine

flows in both coils in the same direction.
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I nnernost turns of respective adjacent coils may be connected to
gach other. As such, the brine flows in both coils in the sane
di rection. - 2- WO 95/ 24601
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coils in series, tu connect 1 ons t he bundl e rat her than
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15 no internal connections, as in this invention.

SUMMARY OF THE INVENTION

The heat exchange element and the resulting heat

exchanger.with the element immersed in a two phase

fluid such as water and with the coil structure

20 subjected to refrigerant flow, resides in the unique
connection of alternating direction wound spiral coils

starting from the top coil to the bottom coil. The

top coil is wound counterclockwise starting at the

outer edge of the spiral and is connected to the inlet

25 header at its outermost turn. From the innermost turn
. of the top coil spiral, the tube is routed radially

back to the outlet header which extends parallel to

the inlet header and to the side of the same. The

next lower coil is wound clockwise starting from the

30 outer edge of the spiral with that outer edge
connected directly to the outlet header while, the

innermost turn of the spiral lower coil, has the tube

end thereof routed radially back to the inlet header.

The stack of spiral coils alternates in such fashion
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25 header at its outernost turn. Fromthe innernost turn

of the top coil spiral, the tube is routed radially back to the
out | et hWOPER4&M| ch extends parallel to the inl ECTABRRPY g (o0
the side of the sane. The next lower coil is wound cl ockw se
starting fromthe 30 outer edge of the spiral with that outer
edge connected directly to the outlet header while, the

Inntergvstdtulrlnﬁ%ré &mt-.[]ahel thn mlgnthaéftﬂeetabn  stack. fﬁadat hlereof
Lghg a|r ?elr{rj\lat Bégeqav.}ig @i‘u i% %ﬁ fli'. (in the spiral coifs aJC.s glwg Isr g_
WO 95/ 24601 in the same (clockw:.se) direction PEO¥ URé/ D1DdStrated
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tenperature av n fHf S ve
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adj acent tubes bei ng est
liquidin the olé@ldmh%q%emév @RS thei next; jgwer coil being

col ﬂest l'iquid féatétﬂdf@erliqlﬁmalﬂﬂ ﬁHeOﬂnner turlnl a?dbso Il;he healt i cal
exchange consists in.a |ar e- wa erglags cylindrica
tank having a rem)vgm hedE' exc °‘WT#‘FY‘ﬂe1Paﬁk iaﬁﬁf%qov Pqusm at ed

withim given wall fibebglassscyldindricdhabankf hawing R etemebablea heat
exchange el ene r@f'ﬁlnu f t =Sl | h coil

in a horizont alrg ane av?lﬁg F &gﬁ Eg alnéigioinénee%t%%lt?o vﬁ'?g%

inlet and outl éth 8 jef urethaneasﬁ@%l»ed i Areferablyst ackheatt
installed in ”E:éli’éh'fge element is mauiéD’-.l?f éfaﬂ!tﬁhﬁﬁtobbirﬁiecggﬂﬁ
medi um density pol yet hyl e ng with“the spiral bei ng
wound %&,htﬁt?‘tlubénerﬁarél?%' al,cPiane, (having the,cends e 20

of 495 C to 60 (zonndt€éd' ald yvertigadl inldéer and@ outlet headers is
assembled in a rigiad stack and installed in the tank.
Preferably the coils are made of medium-density
polyethylene tubing with the spiral coils being wound
as the tube emerges from the extruder at a temperature
20 of 40C to 60C. Preferably an equal number of
circumferentially spaced PVC spacer bars arranged
radially in a winding fixture constrain the spiral
coils with the spacer bar having keyhole shaped slots
in longitudinally spaced position along the upper edge
25 which act to receive and position the tubes. The
slots are provided with oppositely tapered portions
leading to a minimal slot width, spaced from the open
end and terminating in a cylindrical bottom wall such
that the tube turns are snap fitted into the keyhole
30 shaped slots to hold the tube t_ightly in position at
tube intersections with the spacer bars during spiral
wrapping.
The top of the spacer bars are shaped with an
arrowhead barb which fits into an arrowhead shaped
35 slot within a widened lower end of the overlying
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CI rcunf eregld @A spaced PVC spacer bars arranged periusdsiniodon a

wi ndi ng flxture constraln the spiral coils with the spacer bar
kavi ng keyhol e shaped sl ots in longitudinally spaced position

al ong the upper edge 25 which act to receive and position the tubes.
The slots are provided with oppositely tapered portions
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solution or brine, formulating a heat exchange liquid
is supplied under pump pressure to the heat exchange
headers and coils with the pump rate establishing the
20 desired flow through the heat exchange coils. The
upper level is approximately 90% of the height of the
tank. Preferably, the spiral coils have an outside
diameter which is some several inches less than the
internal diameter of the tank, leaving a cylindrical
25 layer of water adjacent to the tank wall. The spiral
coils also have an internal diameter of about 12
inches, leaving an open center region in which the
water does not freeze. The regions of unfrozen water
permit water to rise into an expansion region at the
30 top of the tank so that the tank does not become
stressed due to total freeze up and subject to
rupture.
Preferably the tubes of the spiral coils are made
of medium density polyethylene tubing, thermally



solution or brine, formulating a heat exchange |iquid is supplied
under punp pressure to the heat exchange headers and coils with

t he punpwoasmdésst abl i shing the 20 desired flow t hr BGHNSPHUIME At .
exchange coils. The upper level is approximately 90% of the

hei ght of the tank. Preferably, the spiral coils have an outside
di aneter which is sone several inches |ess than the o I nt ernal

di aneter of th twL& Vi . I perigcal f
adj acent to thgletlan v:\l/a%'I% H\%h%lgélgr g? tﬁé- vgrr‘tic%%w sdg#( g%hgan\‘/ge@%‘%
i nternal di anedensdityspakyetthylene tube headers| cavi ng an open center
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BRI EF DESCRI PTI ON M%ﬁé.%fd&ﬁ Bsé@%é?&urvgef of b heat ctive
view of the col¥shanger, consistiRgngofp tdhe f%ﬁ§9é§5ﬁeattaéﬂfcham@£ '

el ement fornm ngemgvable cové¥ efftheghehadting! ellewet idl 9 dFe 1
Figure 2 is a vertical exchanger

sectional yiew of a heat:
constSting of AYUNKREY "E%é}k dny a vertically, MRprEighberco@pXialne
heati ng el ementpofitignue 1 10 nounted therein in a vertically

\lﬂo;:Ngg]E tﬁga)ﬁgglt excr%bree P4 té %p plan view of tlfé Yidat Bei&xgnégp plan
element of Figure 1, prior to placement within the
tank of Figure 2. _ _

1s _ Figure 4 is a side elevational view of one of the
spacer bars employed in the manufacture of the heat
exchange element of Figure 3.
Figure 5 is an enlarged side view of a portion of
the spacer bar of Figure 4 illustrating the
20 configuration and the dimensional relationship of one
of the keyhole slots receiving the spiral tubing coil
of the heat exchange element of Figure 1.
Figure 6 is an enlarged end view of the spacer

bar of Figure 4.

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring the drawings in greater detail, the
perspective view of the basic elements of the heat
exchange element indicated generally at 10 follows
that of Figures 8 and 9 of U.S. Patent 5,109,920, and
30 the resulting hea® exchanger as set forth in that
patent. Such heat exchange element incorporates a
plurality of vertically stacked, horizontally
positioned spiral coils in which, a counterclockwise
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el ement  of Flggl 6e 1, prior to placenment within the Pé'l?if:*ﬁ)m%ﬁi gure
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2. 15 F| gure 4 is a side elevational view of one o

spacer bars enployed in the manufacture of the heat exchange

el ement of Figure 3. Figure 5 is an enlarged side view of a
portion of the spacer bar of Figure 4 illustrating the 20

configuration andedunred di mspivalinal codllat i indbcated orgenerally atf the
keyhol e sl ots rec Y spi.ral ft
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drawi ngs i n great'er ersgectlve view of ;the basic

el ementS of the Haxt adjacent .updsxlyingen8RLrajqdicetld 1§enéPQF-F9t3fl 10

fﬁl | ows | ] géneraDly Fagunas a&dfinﬁs gweﬁnwthrBﬁ @lie Sou€9ide0tuehd 30
the resulting heat excha et fqrth.n.that
heat exchange el gPﬁoPﬁngra in °1°°kwﬁﬁ%r£ﬁ§tf’y°n O:PQ 98?#83% y

st acked, hori zard ath; counterclogkwitsieo nethdimg abf c khles top wboih, 12,

count er cl ockwi se - WO
95/ 24601 also from the outside turn,PE?)vbgggl 8.?3 46:enter.

wound 1Gspiral coil i¥nl saceassioner fhe heat exchange elementstl1Qudss t he

topnost spiral cQijerfiffes fstméd of a furthei'o' Ehiiﬂa&o@ﬂtercm&wise
portion of the staci

28 of prefera Si X S coils._is
i 1lustrated. The wpund, coil,indicateq Qﬁﬂ%’??ﬁﬁg‘gpﬁﬁalw tli‘% eRdBCat ed
general ly at 14 aghpFeddi¥ectlyntédhtheuiniet andnoutlet manifeddsdert he

center, in clockw se. fashion i ast t he .count er cl ackwi se
wi ndi ng of the t %8, 1in ndli caotéé generally aQ: 20 E\% QS

15 respectively, being illustrated in Figure 1. A fourth
clockwise wound coil indicated generally at 28,
succeeds the counterclockwise coil 16 in stack 18.
The nature of the improvement within this art, and the
manner in which the coils alternate may be readily

20 seen from the adjacent, full counterclockwise wound
and c¢lockwise wound coils 12 and 14, Figure 1.

In that respect, the heat exchange element inlet
manifold 20 which is constituted by a vertically
upright pipe 24 and is topped by an- L-shaped fitting

25 26, which receives a cold circulated brine or
| refrigerant R, as a typical heat exchange liquid as
indicated by the headed arrow so labeled. It should

be noted that the manifolds or headers 20, 22 extend
vertically with respect to the stack 28 of coils 12,

30 14, 16, 18 with all coils being coaxial about a
vertical axis A of the fitted heat exchange element
10.
The manifold 20 is thus a distributor for the
cold brine or refrigerant R. Tubing indicated
35 generally at 32, forms all coils. Coil 12 has one end
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also fromthe outside turn, towards its center. 10 I n

succession, the heat exchange elenent 10 is thereafter forned of

a furt hewoostdeotl count ercl ockw se wound, coil | RETASISUNI¢eneral |y
at 16 with the ends coupled directly to the inlet and outl et

mani f ol ds or headers, indicated generally at 20 and 22, 15
respectively, being illustrated in Figure 1. A fourth cl ockw se

wound coil indicated generall t 28 ucceeds t
count er cl ockwi OF &9 %%W%%I’BDA °°nne°‘=eah§° P&, %QSF ¢f cthe
i nprovenent wi hidadehi orarmandfdlihe20 which feedsr the wbrihei heigoils

count or ol ockei SRR & €8 the vari®R kbifa1 Golin"i8r 14118 28y,

Figure 1. etc. as indin:atm by dthe tarnows heBueh dhtowcis | always i nl et
mani fgol d 20 whiseh e ‘Péi'ﬂ:x@ha ‘i?rﬁﬂfé‘lééhe couyntercidtikwile P! pe 24
andlstoppedb aanae frttin |c?'| recel ves

cold circul at ¥he fRirget b?“ of f1 % hast %é?%miw £e do Qﬁrté'hltlh%at
exchange |iqui @idfection of wmhmed»fbytnéedm@dwm&nwméﬁb&ted It

shoul d be not.ed .t fo S_0or eader 20,. 22 ext
vertically wt ﬁqp%e‘ﬁe'ﬁuﬁ}“f%e Ea’ék o‘% 5%’1"1 S TQ""QE spira 1‘59&['16 18
with all coils I ngndodom| theouthird coil 16verand:ab1ankwiseoffbhe

fitt heat ex SN ld 20
is tﬁﬂs a di st?i u¥ Ie% %econd 14 Jﬂdlgog e 180 re;rgl gde?raa g R.
Tubi ng i ndi cata®¥ags or Stadge?%nral' gquee B2, forns all coils. Coil 12 has

one end To the. op?osite side of the inlet hedae¥®/2¢'60in
PCT/ U895/01940 er m)gh turn 12A connected to the si de

of the outlet,cheadery 22 Fecetved ther gefurmLiew,Lrom, th
parallel R to tdackiropuelosely! spaced bbillet 135,148, 16, 18, etc.,

1s formed by the tubing 32, with those return flows
entering the side of the outlet manifold 22 over the
vertical length of the same. That outlet flow is
discharged as indicated by arrow R' from an L-shaped
outlet fitting 30. With the manifolds 20, 22 situated
20 at the outer periphery of the stack or array 28 of
coildg, the result is to effect a plurality (preferably
fifty-six) of parallel flow, same direction, circuits
for the brine or refrigerant R.
The tubing 32 making up the coils 12, 14, 16, 18
25 etc. may be of 0.75 inch outside diameter medium
density polyethylene and, the manifolds 20, 22 may be
formed of 2.38 inch O0.D. medium-density polyethylene
in the illustrated embodiment. They may be of other
sizes, and may be made of other materials such as
30 - copper rather than of extruded plastic material.

The operation and effectiveness of the heat
exchange element 10 may be appreciated from the
perspective view of Figure 1 and the side elevational

. view, Figure 2. Assuming that the unit 10 is placed
3s in the position as shown in Figure 2 fully immersed in
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kaving nothing to do with the direction of winding of the coils
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i || ustrated secorwrten Wn&d curlevelgLchqlowithecupper edge ;36A,08 ast ack

28, Figure 1. tank 35, navleag”@ 8pRoAEEcal I idawala Isﬂﬁtaheaebqwo
an outl et header Pi recei ve the r

turn
stack of closely Eackemeyrble g0vey 61"18?‘8?6 H’ f&m’ ogff gFﬂ'&? BF the
tubing 32, with thepeigetrant R ofwom the inlemtheadgrtm: shaei pd14ho

outl et nmanifold 22 ver the | t the . at
outlet Flowis nder CHE %?Hb% § | nd %% eg‘ y g}'rg{')'w qﬁ'ﬂ’? e{no-{:h
L- shaped shown ) etesults nin3the\brinehB mevingl dounberglockwisesd 20

at the outer perlﬁgie&y% t},ge Shank gg:r;ggpﬁo%ﬁ f2 ang w w:.th Icf’?i\é thiee
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2.38 inch OD. naihmedemttﬁ.yngpalsyet Mecounterclock\qishecﬁ.rmaﬂ:dtom ,
embodi ment. They fgyeefa%caahsg arrow 44. Sigs cfféuﬂgifé@ﬁ %ﬂ%i%e%t her
rat ru

materi als such as er than of ext

mat eri al . in a cunatsp'@rlmmsaqd nENNKY | vE¥RN s Shet h€ aﬁé-étlly
e?cgange ellerregtt Q@léﬂgﬁt epa k! ab ftruraidally 1nnerﬁ8§§l%@ﬁ:tdAs MQpBVi ew
of Figure 1 an Sl e evati onal suni.ng
that tHe unit 10 ‘P% Pk iR g5 The tubing t3r?e°tfoﬁ°tﬁ0|42 g‘g'ﬁ!?ﬂﬁ radgaddye 2

fully imersed i nfrom near%%b%&% of the f:.rst coil 12, at tubing
EfCT;USQS/ 01940 12B, to the 51£e o\g e ou%\iet man %.lfoovi& E% u%% t %%qe S0A
the outlet manifold fitting 30. The brine R then
returns to the suction side of the circulation pump as
20 evidenced by the arrow R'. In returning from the
centér of the spiral coil 12, the tubing 32 crosses
radially over all of the turns from the radially
innermost turn 12B of coil 12 past the radially
outermost turn 12A and forms a sealed connection to
25 the manifold 22, at a connection 46.

Looking next to the immediately underlying,
adjacent spiral coil 14, coil 14 has its outermost
turn 14A, connected, not to the inlet manifold 20, but
to the outlet manifold 22 at a connection point 48.

30 Coil 14 is wound clockwise from the radially outermost
turn 14A to the radially innermost turn 14B where, the
end of coil 14 from the innermost turn 14B extends in
a near radially direction, outwardly across all of the
turns of coil 14 including outermost turn 14A, and

35 connects directly to the side of the inlet manifold 20
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tank 36, having a cylindrical sidewall 38, and with t he renovabl e

cover 40 in place, the flow of brine or refrigerant R fromthe

i nl et hewo®sre60imani fold 20 5 under circul ati ng puMETHReYRIe from a .
punp (not shown) results in the brine R noving countercl ockw se
through the first spiral coil 12 and with that the brine at its
col dest just downstream fromthe connection 42 of the tubing 32

of coil 12 to t t | Id j ust

bel ow t he XIE ‘%&? é?" ?o' O@é f%h ? %%ﬁﬂ%gggf’ ?vlmgg Cl r’cﬁﬁg i on

i s evidenced bytlasréﬂﬂnnd.TIﬁ-QﬂW%ttV@m@oﬁpiﬁaés 0011 14 reppmiyes

counter cl ockw sgn&tdEdedt Beide ds”ﬂirﬂhdhted by arrdw!/52.M0ghel BEEn&ZA to
the radially |nnerm)st turn 12B 1 COI%}-OéF"{hé tybin of coil

12 extends rad| ‘P‘\} is in theomsf?é‘!ﬁ t‘F%m&%?i‘F f?’l‘%’FgE&PP 12, at

tﬁbi ng) | Id fh&ﬂttmes:rdﬁaréenhmmﬁd @oili4,0lsdnmdday ot thel ow ) '

t he outl et rranl b ng returng.to the

suction side of ‘é ﬁ'&%ﬁ?af'ﬁ&ntﬁ g’ %&we‘%‘&ﬁd@ﬂ%’éﬁlbﬁ f‘ﬁleiarrow

R . I n retur nofgthe cstacked array 28cen‘1‘hiso¢ouhﬁesploekwd.eel btinet he

tubi ng 32 cross I a f tuggs th _
£low, temin?f:?g HIZB o c0|+:e% EBE} t he radl gh us

radi ally I NNET DS
out ernost turn €2¥@9h63¢obﬂsthﬁséﬁﬂ%ﬁnéenﬁéc??ﬁﬁ"P0525and 56, ﬂﬁethﬁnlfold

22, g4 a connecgige 4f- the outlet. manibe&‘Q!i!gaﬁeébnhac{:hén' P’G&ﬂtah@ y
underlylng, as | out er nost

14, _coil
turn 14A, conndR@lew ﬁBP&"PBEP' %’ﬁ #1 forqfizs "‘bL‘J"i°i 12, 9fi e
outl et manifol deR@ atsckonnedn obhpsi ntade€, Fhe colddst | bidnes wrund

cl ockwi se from outer ' 14A L0 al |

I nnernost turn ﬁ%ﬁt g#%“;y 18 Wthin thce I’Fa #%4" r%?nm%’gg ?zgi%br rm)s/t

turn 14B ext endt4Bn underlyingathearad&auvl jnuermestoturpuidsr wherecr oss

all g6 the —  the briféns g €6k ydinbBt! ¥l EfieOtbg! BBEralleBiite . and 35
y to t he A

connects direct e i nlet mani
-9 - 4%53 ; the heat exchange element 10 fulfills a

PCT/ US95/ 01940 further condition - that there be a temperature
averaging effect of the heat exchange flows over the
complete extent of the preferably fifty-six coils of

20 the heat exchange element 10 and within the complete
vertical extent of the heat exchanger, indicated
generally at 100, Figure 2 which incorporates the heat
exchange element 10 of Figure 1 <therein. Such
temperature averaging effect, does not require the

25 brine or refrigerant R to flow in opposite directions
within the tubing of the immediately adjacent coils
such as 12 and 14 of the coil stack or array 28 of
Figures 1 and 2 to achieve that end.

The tank or reservoir of heat exchanger 100,

30 indicated generally at 36, has a removable cover
thereof at 40. The heat exchanger tank or reservoir
36, Figure 2, is comprised of an inner fiberglass
shell 60 and an outer fiberglass shell 62, with the
inner and outer fiberglass shells sandwiching a mass



at CO””ECt\ivB%/ZQsm't I s at connection point 50, that PCT/US98/089d60nd,
cl ockwi se wound spiral coil 14 receives the col dest brine as

isndi cated by arrow 52. The brine flowis in the sane

countercl ockwi se direction 5 t hroughout the reversely wound coil 14,

simlar to the flow within the top, oppgsitely wound spiral coil
12 of tmmmlmulﬁ@%%ﬁgﬂﬂhoﬁ&i be Ewpninches

flow term nates idy thirOUirtcieknéss N 14A as e evi denced by the
sequence of arrows 54 and 56 t e_1l side o he out | et nifold
21 at connection poi ntTa}H% she1fé &6 Bng\flzc&?ﬁeﬁqﬂﬁf%o#’ﬁ&%é?ﬁr°gﬁf§'t
coil turn 12 of over the fild sbctmnt of thehtankad6é, andhareosdaiedhr ate or
refriggrant R is wthi he. kagdi,al \ nr%%tk Baga.
underlying the ré’dﬁ‘%l%{]?ir‘rng?érog#a*’%%n?&% er e.ttllgg_ vall m’fh%dééi'neAR S
the warnest in tHEtoP0spi edrcusferential spacing abeutckhetinpex:

exchange el enent Jd fufld)y | ©£2 the tank bW, Nehepantire Ohouhtied Nebarbe a

t enperature averagi ng effect of the heat_exchange flqws over the
conpl et e ext ent &eﬁwye%ﬁﬂﬁ‘?ff“?%ﬁlx EBHRS ?ﬁ 25‘1‘3* rodsh cPABS

exchange el ement ¢ifrciigh Wishitable twidst &8 within anartintermeddateof

t he heat exchanger,, | ndicated . I 0 L.gu kCh

i ncor ptft ates the q@:ader 76, ‘ana WMﬁgg ﬁg#?nfﬂ: ?beé’?' &Pg}&rg.eéﬁfét #grhei n.

Such  t ergpetise Ulower espidey ZRf.ec Botloepidars eliandt #2 have

brine or refrigerant gBukg o SPPRIELEnPerEntially spaced, Hhhiiad the
| atelry S suCh

tubing of the i adj acent col ) as. 12 and 14_of the
coil stack or arragmes preferably eightdn 1nymbed.-:o MEHNESE %Ry thRd.

The tank or reserjpgidy Ofs findtgragdandfil110Go,30are suitabdileat Bdspapedal | y
o o2 2 L0 Y cunben, cadbHE e ghlp e, BE"URE
fiberglass vert i¢€l Irdds andhis stiracturad gssenbliyeinhifainst thehe
'nner and outer flberol a3 sOgiis) Sa0GYAEN I %pBBREion defining the
vertical stack or array 28 of coils forming the
principle components of the heat exchange element 10.
20 As further illustrated in the sectional view of Figure
2, circular ports 80 extend through the cylindrical
sidewall 38 of the tank 36 adjacent the upper edge 36A
6f that tank and above the level L of the water W or
other change of phase liquid of the heat exchange
25 system. The fittings such as fitting 30 at the top of
the outlet manifold 22 has a discharge port 30A
projecting outside of the tank 36, and which port is
connected to the suction side of a pump (not shown)
for circulating the brine or refrigerant R through a
30 closed loop including the manifolds 20 and 22, and the
fifty six stacked spiral coils (of which coils 10, 12,
14, 16 and 18 are numbered in Figures 1 and 2). Only
some twenty such coils are illustrated in Figure 2 for
simplicity purposes. A sealing ring or the like 82
35 may surround the exterior of the fitting 30 to form a
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of urethane foaminsulation 64 V\/nl ch may be two inches or nore in
t hi ckneswo 9524601 The shells 60 and 62 are spacedPETHSPHUEM ot her
over the full extent of the tank 36 and are sealed, at 5 one axi al
end by way of a tank top wall or edge 36A. At 90

circunferential spacing about the inner peri phery of the tank
36, there are unt four IIy net r.ods 66 mhlch
rods pass Tiqus hPESPE sEeRdn 8rho ’égcgﬁgw antl?ﬁtg{rrﬂlﬁ%?

spi der 70, andf\M‘htimmrEOfWhed'eatan hend bﬁwdmeandtbﬁﬁéd manifold tzrzthe

| ower spi der a Y/ q er of
ci rcunf erentlaﬁr aced S?y o &‘&aﬁgnk ?s'referat%lh el ?ﬁm '
number . I\/bun Q‘ﬁ- ment, "the L-shapad fﬂ-§§ﬁ-ggas3:9 snenatsete&r eﬂ!&u tabl e
L-shgped 15 tanl@r%ilﬁvﬁlm Mcw&r%M ndEi ffHs Of 1% .

vertical 'rods. _Thi t ural |fty Si X

spiral coils F4¥ E&PPHF%S‘e Fﬁger Bafbe ’e§gﬂ’}¥a‘f‘°§wé€é array
28 of coils fon:thewg:p;ier edge 36A qf ithe rﬁehe:ngq:unentanlofsshe heat exchange

| t 10. 20 d f
¢l e TSl Aahirch S0 Rb Ll 85 SLh0E ity
si dewal | 38 of 26hdawing madm@eﬁbishepyppeptsdg@mw outside £ t hat

t anlygand abovettéi‘ﬂc|989|h6rﬁoﬁf'£l"‘ﬁ.trﬁrs%ﬂ.ar fashionOtéBi‘r thlanoge of
phase |iquid of t he hf&te)(chan e The f|tt| ngs such as

te
fitting 30 at ting 3 a’!‘ﬁet‘?nﬁ‘l‘%tg |#’6?632§ has a discharge
port 30A Nefartdncy toiMidired 348 imdlusive mmmwra i's

g??cr:]ﬁlc;terintgotthger Ct |e§1 V@?r?ﬁe?%gﬁstﬁ 8135 h?fm"%ange sPic‘I'ﬂse‘Ef’HJop

i ncl udi ng the mﬁﬁgalais»laa'&hﬂtszanddihaly projectiing tspasier shaxrked

s i rqgl coils S 1 4.4 ered

h I%%gur es 1 gn(f ﬁgﬁﬂé cdbe, 2011 14' Whi?ilsucﬁg diﬁﬁs ar&ééll&{{gujésrbr ated
i n Figure 2 forf rom the °“t§FMtCFP}1pGP§BsEQA Roskhe i ipnerpesbcaht | ke
82 35 NMparsl 148 d1é8vesx hedidiculiar "eentidl N8avtiyo 84Qr MPhe

winding and preforming the coil tubing 32 uses eight
radially directed and circumferentially spaced spacer
20 bars 86. The spacer bars 86, equaily spaced at 45°,
are fixed to a rotating former disk. The spacer bars
indicated generally at 86, Figure 3 are of a given
length, and bear equally spaced keyhole slots or
notches 88 within the upper peripheral edge, 86A. The
25 notches 88 are capable of .' receiving a substantial
number of coil tubing 32 turns from the radially
outermost initial turn 14A to the final, radially
innermost turn 14B. The keyhole slots are twenty-
three in number, within each spacer bar 86 in the
30 illustrated embodiment. Those keyhole slots indicated
generally at 88 are formed with a trapezoidal cross
section entry portion 88A defined by opposed
converging sidewalls 94, tapering downwardly and
inwardly towards each other to a minimum spacing or
35 distance B of .600 inches forming a narrow width
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| i quid proof seal or bracing about the L-shaped fitting 30 where
an end of the el bowed manifold 22 projects outwardly of the tank -
36. In the instant enbodi ment, the L-shaped fitting 30

trates the 5 tank sjdewall ab t
Povel 0 1" unpat, 99{1n, diveRaire EraRceqldRl Shapdopgerion Bt

t he upper edge 361&minécheby idonvelrging obl igfie sideWwalls 96 tefhinatling
mani fold 20 is cQup t tiLng 6 | i ch
projects radiall f Jte‘g d‘gl‘g?égOpL% %Q tgr:lsl? 3"61 hoerslzzoJ}Fy %Rg °n§€lq %

fashion to that & semi-cylindstilcadl fbotten Jwreien t 88Gncforvedt iy eaf .
Reference to Fi g%aﬁ%ﬁﬁ' el VvﬁTii.'b'ﬁtéftfﬁdi‘us P. preferred way of
CO

form ng a heat exchange spira using a plurality of radially
proj ecting spacer bar®s5such, thggthrpat; 95 fupgtionsg |tq mopfntaridywound

cl ockw se comﬁfé&&t itheO UEEHADaE Qﬂiﬁniqdr B214¢ t elti@emlmew?gércm I
turn 14B, | eaves a cjrcul ar c%ntral cavit

preforming the cAYttehi AFABSLELBAYHAY ¥iownwarlaelyr 5P| Fhe rgﬂ'ggl&nd
circunferential | skpa®esd mviney the three defiinedcsecthionsparecpobtiionss,

equal I% spaced atThAé'S[ eﬂ\ltla% y arselgt} ?o%eégnrohghl ng for{@r gfsk

The spacer bars ener a Figure are

gi ven Itrapezoidal b'éameq’&ﬂllf&e‘-%pb!e dowsyRsAdYs|and bnwardly
notches 88 w thi rfiatﬁﬂ&’p‘éﬁdéﬁfdﬂ@@h egﬂ?mz%n&“%@5the narPS{véEES 88
are capabl e of recejvi ng subst anti al ;L coi | tub!l g
turns fromthe r NG yof the slof 88 ik t'li‘ﬁ'??%l 915urnw th the gletna
radiall'y théﬁﬂmtlﬁﬁéhéﬂﬁ’g ifheidenhoandstoimingeat se6tyon

L oe 40, et P, SSEAGRAGED DhalE s i¥ed gy, aiyeddip el
formed with a tra;m]ztscaaﬁ crbasther, the sietsion netches $Brtevmingts
defined by o0ppasedhn enlarged width, semi-circular portion 88C whose
slot width at that point is approximately 0.730
inches, slightly less than the maximum width of 760
20 inches at the open end of slot 88, at the upper edge
g86a of the spacer bar 86. The slot semi-circular
portion 88C is defined by a rounded bottom wall 98,
having a diameter D of 0.7380 + or - 0.0050 inches.
In the instant embodiment, the overall vertical height
25 of the slot is approximately 1.120 inches.

From Figure 6 with the overall vertical height of
the spacer bar being 1.842 inches, the slots 88 occupy
approximately 2/3 of that vertical height. The
twenty-three keyhole notches or slots 88 are on 1.69

30 inch centers in the illustrated embodiment. The
spacer bar notches offer the advantage of only
momentarily compressing the hollow tubular tubes 32
locally, as they pass into the rounded bottom section
88C of the notch, rather than having the tubes

35 distorted by squeezing over a major portion of this
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converging sidewalls 94, tapering downwardly and I nwardly towards "

each other to a m ni num spaci ng or 35 di stance B of .600 inches
form ng WOWaReEN Wi dt h - PCTUS95/01940 WO -
95/ 24601 PCT/ US95/ 01940
throat 95, a diverging trapezoi dal shape portion 88B, . defi ned by
convergi ng oblique sidewalls 96 term nating at its wdest part at

. 730 inches, 0L ¢ O. ortion
88C formed by e s ucu‘?e“tbgtm%‘mt&‘%l REfec R ¥dd Yok bt OEh

As such, the" trﬁmelgsbmﬁé?uengets&eﬁom

tubul ar tubing ﬁﬁ:&faﬁlbebﬁbmiﬂgge&m the cent@att 1354 BEMERE" raQY1E

downwardly into_the

sections or por®i off& Ei%@.ng the 'I‘F?erc"fﬁﬂ

is o

Siot 88 in thioat oSO hARESC Ynidf LETAR'EH viey or chBChBbeEF "¢

keylicolhe zvo€ieth. f or m def i ned by downwardl y and I nwar dl y

with the axigpefsthehe

haV|n he three defi ned
d1 p&ftlﬁﬁc 88A of

wi dt h, and for rbam, ai&eci#orﬂmrent thagp thet spasex dh&rshiaﬁpeocfefaned by
di verging side uniform thi’@&ﬂéssqrbvd:ﬂ@HEhajEﬁegSE%ti%nOBf”ﬂ:ﬁhﬁégg%t

termnate

an enlarged wd Sém i rcular portion

slot width at t'igh rﬂﬁlte’ﬁ%e Qfvthe yidened arrow h“dl ndicated,; ght I y

| essig han t he

88, at the upper e

sem -circul ar

havi ng a di anetkx2 D:blf.hih?&&@:.demd h@tﬂﬂﬁ(porrbhen 110 thereofln The

i nst ant enbodi

approxi mately 1.

r&ﬁﬁé&@u&dt atof 1680 Hi‘. the topheswhidhhe fwengegdaof sl ot

Frobriately; g EBRe br aR HFA, Bile FharedorRuiiva 1 os
e eﬂgi{erﬁbktxﬂrt b%i’lti%‘ﬁ::g °|2:59ure %fw%ﬁagﬁaiggerel I

vertical hei ghttr_)tangular shapee andcehichrineludes a/centiradsbottoms| ot s

88 oggLupy

20

25

30

35

groovéPPiP iR fhy ehe £@i1!i@hgtR’ &F Céhe8paBer bar!he

The spacer bars may be of extruded plastic or the
like. The groove 112 includes a lower groove portion
112A of trapezoidal cross sectional contigurition
which partially defines with triangular shaped groove
upper cavity 112B, a pair of splayed legs 114. Legs
114 have wide portions 114A defining the trapezoidal
groove portion 112B and narrowed portions 114B to
opposite sides of the arrow head shaped groove portion
112B.

The narrowed leg portions 114B give flexibility
to the splayed bottom of the spacer bar to permnit
ready insertion of the arrowhead 106 of the
immediately underlying spacer bar when the spacer bars
86 are stacked as a vertiéa]_. array. In the case of
the illustrated embodiment, fifty-six such spacer bars
are provided at each of the 45° circumferentially
spaced spacer bar locations, Figure 3. Each spacer
bar 86 supports twenty-three tube turns of each coil
along respective notches 88 within the upper edge 86a
of that molded plastic member. The narrow width

- 14 -



fmenty;thr e notches or slots 88 are on 1.69 30 | ters
%?? 5%/ eg PCT/US9S)0 1884

in the illustra enbodi nent . The spacer bar notches offer the
advant age of only nonentarily conpressing the holl ow tubul ar

t ubes 32 | ocally, as they pass into the rounded bottom section
88C of the notch, rather than having the tubes 35 di storted by
squeezi ng over a portioms tibh4Bf wWfis the legs provide sufficient -
13 - WO ;

PCT/ US95/ 01940 %?/saﬁ%"e 50 that the spacer bars §¢ are simply smemg,
of the fakted agether nBychd ivstheomanner (¢ %o¥s Biilding

tube 32 coinci di ng1eckhskite €eNteiml@h Ghtieddatid Wupporting strudialii ng
the circular bottomwall 102 of . &Igh 5. .. ke‘\{hole not ch.

From Fi §ure 6 whi EAPAD1gLO nngi‘g oholgding,the twenty threg tube tyrns
appar ent t_hat tpe_f&pawczﬁasfiahef spiral ﬁoi#s um;oI_mtm's]?lemh S wMEHin he
maj or portion o s hei.ght wi th .t xgeption.of _the w_dene
arrow head i ndi cajr‘gﬁ rlitfa& exchagﬂgr 6ﬁ]1e>¥'erétt §E§gﬁe§t cq;\r}e a’f’(‘)ﬁ( z%lm%ﬂ S
sized ~ appatpekehshgerol0Rat Féguxe akr cThéecstackedarvayily of

112 vithin a wideggd1got Lo PReipPBrELd { N6¥ COtheN%nclugion BRACHRLA

bottom portion 11( of genera 3/ trianqul ar ape, and

i'S
i ncl udd8 a cent r afnk e and 1loyey,\8Piders  Afly nd2t Rdong Witdhghe of
|t'hE Sp#]er bar . finélr_ velrt;ihﬁlsm pikedmax sheir ex&wﬁlednalsﬁtg Gt:llglé the

i ke. e groove i ncl udes_a J.ower _grqove portio Q
t rapezoi dal crossig&?{ri oﬂ%?‘g%n#l?gwm%&ﬂ‘ng gﬁrougﬂvmpéﬁ Mﬁ?%?‘ﬁ'%‘é‘h nes
with triangul ar ssphddrg?ogvand0being fixedeatsdheir upher emis 66X to
spl ayed | egs 114. thk€%rackets 74114 ?gée oy el W eTe e %g&édde{ﬁzl t he
an 0

trapezoi dal .. .groove portion 1 narrowed por{ions
opposi 28 si des of insddesr ®f heivcunfierengiadyvwald t138nof tank 36. An

upper beam 69 spans transversely across the top of the
stack of coils with its ends beneath opposed brackets.

As such, the completely assembled heat exchange
element 10 may be dropped into the upwardly open tank

20 38, with the cover 40 removed therefrom, after which
the inlet fitting 26 and the outlet fitting 30 may be
fixed to the upper ends of the vertically upright
tubular headers 20, 22 respectively. The headers or
manifolds 20, 22 themselves may be incorporated within

25 the heat exchange element 10 prior to its placement
within the interior of tank 38 with the tube 32 ends
of respective coils coupled to respective manifolds
20, 22 at each coil location spaced, vertically, along
the lengths of those manifolds.

30 The manufacture of the individual coils, the
stacking of the same and the forming of a stacked
array 28 with appropriate manifold connections to form
a heat exchange element 10, follow the general
description of manufacture of the heat exchangers

35 within U.S. Patent 5,109,920 whose content is
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112B. 25 The narrowed |l eg portions 114B give flexibility

to the splayed bottom of the spacer bar to permt ready insertion
of the awomsizeeod 106 of the i mredi at el y under | yiR¢I/USISBIM0 har v
when the spacer bars 86 are stacked as a vertical array. In the
case of 30 the illustrated enbodinent, fifty-six such spacer bars

are provided at each of the 45[err] circunferentially spaced

spacer bar |oc ons e . Ea bar ,86 _sup
twenty-three t% {R‘?ﬁa co%ge%q'%%r re&FEﬁa"FespéBnge ﬁlﬁiﬁhes 88
within the uppappidbaﬁﬁmBS of that nol ded plastic nenber. The

narrow w dt h [/ 24601
Furth th han es in nu, f%‘ét
PCT/ US95/ 01940 &r Sortiong 2 or an t?%l\‘/ﬂgégé

suf fici ent from that; desgribed t’%PcHe’t"hea‘é'ﬁagé'Pmbé:&e S‘Ueﬁﬁéiﬁﬁvﬁﬂy snap
fitted toget herwimi:ihIm.srlepaaeﬂersoioboszbuuhdlmears in coi’uhﬂ‘ikléets to

forman integr supporting strugtyr r hol di ng
the twenty thré?efet%% Rﬁ?ﬂga patent Lh?%rd%’éﬁﬁtofmﬂq’g‘?& ’i‘g €§X§2 14,
16 etc. within J.nvention witiclheds anclinprevenemtnwitihhiokerthe cart aandy 28 of

aintorced by (b neAdNlt IYRE o8- Falb) s E0R1020s nd 1 over Spi ders

70, 72 along with trﬂ;i.milarly. inogrderr toc storedsdld dieat exchangewer

end o the a0 G S t ate
spi Zle&r 70, and IIBel n aat%otahgalj.#ﬁrggréieﬁﬂﬂ ééﬁfﬂﬂﬁe nyéaieﬁfﬁﬂé

brackets 74. O %Fék%%% able 3% ?*?%e“i%“ti°n ®, i Haedexine is
circunferenti alcm\nawed)fftmkareeele&ncauy dnmesrmrwmx

transversely acro hegﬁgg Qfxo&ﬂf to the tagkicﬁ%kaﬁf 'E%}b‘?e% s ends

beneat h oppose §enbled
heat exchange electric p¢uannsupplnaySbahundpp&jaﬁulpwrnom@mmndtbeopen
tank summertime and building cooling is not required, in
particular, office buildings. This allows the cooling
effect to be stored as ice formed from the water W
within tank 36. At the beginning of the process,'all
sensible heat is removed from the phase-change medium
20 (water) around the element 10 cooling the water to its
freezing temperature. With the heat exchanger 100 of
the present invention, Figure 2, enjoying the benefit
of a temperature averaging effect, as a result of the
structural arrangement illustrated schematically in
25 Figure 1, ice forms substantially simultaneously
through the element. As ice forms on the outer
surface of each tube 32 of the element 10, it
insulates that tube and slows down the production of
more ice on it, thus ehsuring an even buildup of ice
30 throughout the element 10. The buildup of ice
displaces water W from around the spiral coils,
causing the water level in the tank to rise in the
expansion region. Some flexibility exists within the
coil bundle, accommodating slight movement due to
35 freezing expansion. Two liquid regions remain, one
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20 wooshiidod the cover 40 renoved therefrom after whirdrius9sio194o
the inlet fitting 26 and the outlet fitting 30 nay be fixed to
tthe upper ends of the vertically upright t ubul ar headers 20, 22
respectively. The headers or mani f ol ds 20, 22 thensel ves may be
i ncorporated within 25 t he. heat exchange el ement 10 prior to its
pl acenent Wlt’w& hiah t RNRWIAY | ofPaFet aall338 bgtweeme thee ertends

of L eSpelct: ve tco &ﬁdaf Ott:nemles{:l &Iﬁcﬁaﬂgboasment 10,| 2f a:h
eac COl OCa IOI’I ce verti.g al on en S O ose
mani fol ds. 30 dSp"-a"e inper n‘gﬁg TBlass el §%u 91‘@ the (ﬂq?’se Ty b

stacki ng of the samtraild tahealomegipmf mmY about thervewtiGalith

appropgiate mani hgd 40BRCEhLoNSatlekOhlhge element 1y A1 SHERAGS. ELE TN

10, follow the genera CI‘I Pon%5 ure o
exchangers 35 the agish' QfstheP emwgeoloamge defuimedhtbyi s
- 15 - VRO ¥ ik ass tank 36 and heat exchange element 10
PCT/ US95/ 01940 . incorporated by specific Treference nfo
this ap LS i%on. Furt her the changes in

manuf acturing techni qut is readilyrappabehtdenati bed-ﬂw:aeidha@eé ranat he

description 5 i.n U S _Pa 09 pears in colum 10
of thégl ssued pafné’ﬁtifﬁfgld'i%ctm%pﬁc lﬁs%% %S%I" tHE kda ?’ﬁ%ﬁm’%n
which is an i npr element mrdhthetheaarexelmdnger utllizmglsqnlm\elmenbyer

U S. Patent 5,10 2 i t
heat exchange. 10311% Bartlcglarl suc th§ lmﬂ-'éi:"#‘ure g‘sgége}s%t%@e‘%leg ycol
bri ne sompon@ntsy| Pﬁbl‘éh%ﬁﬁl ftlwékezénéﬁﬁutl ofugh tﬁbangﬁﬁe and

circulated from anna&ecw gceﬁé Yma&ldé veﬂtﬁbuaeaabu!rtliﬂg from the dpriee
(not shovvn) to the . tank

hi wh | ectric power
suppl #5i s abundaﬁ‘f‘dalscl%\ﬁ %t"ﬂ}% :H‘l%en 16f°wnich is set Forth {n' the
claims appended hereto.
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15 summertinme and building cooling is not required, in
fice buildings. This allows the cooling effect to

particul ar, of

be storeW®es/2468 forned fromthe water W

begi nni ng of t

phase- change nmedi um 20

wi t hi n BGHUS9581940 ¢ { e

he process, all sensi ble heat is renoved fromthe

water to its .freezing tenperature. Wth the heat exchanger
the present invgpieOfs &LAYkEp2rsenl OYi Ng the benefit of a
tenperature averaging effect, as a result of the structural

(water) around the element 10 cooling the

100 of

arrangement. illustralted stReAatiedd qxchanger element  fpE exchapgdngi or ns

substantially kbat!betwees! ¥ £luid circulaeisy ihctheceement And @e forns

on the outer
i nsul ates t hat

10. The bui
spiraf coils,
expansi on regi
accommodat i ng

WD 95/ 24601

f f be 32 of th 10,
PhRReSARAERR, < RATHHA: h4;r Ad,ERPARVBLE housing n8ald co o

it, thus ensurielementycsahdi element comp®ising: throughout the el ement

0uP ofa Ggmaiey oe ShEELICERUA Ue HiEom ORI

| eve orise-

n the

odispereds pagi pbpvey the sthex dm @ wertical stackyil bundl e,

ccor ing slightofgvergnd dr tOedeh spiraleezédfl eXBUEHPN. inWO
liquid regions renmain

communicggion with an inlet manngﬁ¢LEgg/e§g§§er66hd

within an annul #h epsmmanit¢8thiehwedtht an outdet manifold,periphery of the

about the vert
coinciding wt
by

Fi gure 2.
nodi fi cations

i5

20

25

i chockwise andacoauntericldakwise fxomaagfivstmradialdly

"BNebeiffrde Wi thin the heat exchange _

one spiral coil of each pair having the first
radially outer turn connected directly to said inlet
manifold and having said last radially inner turn

S

chel 1560, ana tho o Ratd (bEHAT “cotis painallfohii RiFernpbiiRiIC)

h hStA fined
ourag s LheactAgAaBially Mo Kabands 100 phul |
in pairs,|tone rakgvey LbBgar okhernat ther i dupreovement and 10

connected directly to said outlet manifold, and the 

other spiral coil of said pair having the first
radially outer turn connected directly to said outlet
iube manifold and said last radially outer <turn
connected directly to said inlet manifold, whereby:

said spiral coils are connected in parallel to
each other and said fluid within all of said spiral
coils flows in the same direction through said spiral
coils, thereby resulting in a temperature averaging
effect between said fluid flows within respective
adjacent clockwise and counterclockwise spiral coils
of respective pairs. |

2. The heat exchanger element as claimed in
claim 1, wherein said inlet and outlet manifolds are

located adjacent the outer periphery of the stacked

N
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el enent a &J&f‘u@ﬁat exchanger utilizing such el enent, PCT/USSSHA940
particularly Tn e material making up the various conponent s of

tthese two units. Such changes and ot hers may be nade without
departing fromthe spirit 15 and scope of the invention which is set

forth in the . cl ai mrs appended hereto.
- 17 - \§pigmbagyils and extending parallel to the axis of the

PCT/ US95/ 01940 . N,

5 stacked spiral coil array, and wliéerein the radially
outermost turn of each spiral coil abuts a respective
one of said inlet and outlet manifolds and opens

internally thereof.

3. The heat exchanger element as claimed in
claim 2, wherein the radially innermost turn of each
spiral coil of the stacked spiral coil array has the
end of that radially innermost coil routed radially

5 outwardly to one of said inlet and .outlet manifolds
such that a tubular connection between said one of
said inlet and outlet manifolds extends radially

across the other turns of said spiral coil.

4. The heat exchanger element as claimed in
claim 3, further comprising at 1least one spider
underlying said vertical stack of spiral coils, said
at 1least one spider comprising a plurality of

5 circumferentially spaced, radial arms, a plurality of
vertical rods fixedly mounted at one end to respective
arms of said at least one spider and extending
upwardly therefrom, a transverse beam spanning across
the uppermost coil of said stack, keyhole shaped

10 notches within respective upper edges of said spacer

bars at longitudinally spaced positions, respective

- 19 =
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VWHAT IS CLAIMED | S: 1. In a heat exchanger elenent for
exchangi ng heat between a fluid circulating in the elenment and a
phase- chwo®s/24g9di umin a reservoir housing said PETAI®R$0194% 0 d

el enent conprising: 5 a plurality of spiral coils of flexible

t ubi ng - di sposed one above the other in a vertical stack,

one end of each spiral coil being in : comuni cation with an
inlet manifold_and angt het .end n, comuni mon i th an outl et

mani fol d, 10 tur aégl ﬁpigs} 3?11§01P?an%e§w te‘? r?ﬁil ely
cl ockw se and f‘x ‘E@h%rsc ad ?:?xe & féd&}ts Ao spacer balrsmﬂ:wexr turn

to a | ast radla I nher ?rn an rran one above

the other, the h%‘t‘a\ﬁl‘%@ coilV‘hQ-ﬁﬁ‘riE 1pn radiall cey r al
coil of each palir having thetrt‘l rst radi al 'y out eV tu connect ed

dirgetly to sapdgifi®hs on said sHatervhr¥)d Aid ulperidhds vt rs%ﬂwl ly

I nner turn connected directly to sald outlet manifold, and the

other spiral ceerticalairbdsi exbandiggt thricugi a8 uppemo&&dls’ﬂddél.@llt er
turn connected directly to said outlet tube mani fold and said

| ast radially batreiort waid stack of cspaeerclbarsr beiing adaptied ity de
mani f ol d, wher eby: said spiral coils are connected in
parallel to fixed taash driner osurfacd Ofuithe reserypblirothausihg piral
25 coils flows in the sanme direction through said spiral

coils, therebysaddupdengntnte fixpenid ptagkcptFpiral coils teigaid

between said fluid flows wthi,n res%ect ive F#Oﬂacent cl ockvm se and

couRPer cl ockwi ?e%amanleaq é"ith said t‘??f“’r"&ﬁ?&:t‘?ﬁ?é‘ © render
Said il ot and He FoLnanach MR T T ' | ocated adjacent the outer
peri phery of the stacked ] - 18 -

5. The heat exchanger element as claimed in
claim 4, wherein said spacer bars are elongated
vertically, have a top and a lower end, the top of the
spacer bars is provided with an arrowhead shaped barb

5 and said lower end includes an arrowhead shaped slot
sized to the arrowhead shaped barb, whereby the
plurality of spacer bars are stacked vertically and
interlocked to provide a stable support for the

stacked coils.

6. The heat exchanger element as claimed i;n
claim 5, wherein said at least one spider comprises a
second spider positiéned at the mid height of the coil
stack, and wherein said vertical rods are four in

5 numnber and connect alternate arms of the lower spider

AN L ||




WD 95/ 246030 95124601 ~ PCT/ US95/ 0194 c1rusesniogo
spiral coil's"and extending parallel to the axis of the 5 st acked
spiral coil array, and wherein the radially out ernost turn of
each spiral coil abuts a respective one of said inlet and outl et
mani f ol ds and opens internally thereof. 3.
The heat exchangeto ecorwespandiing naliternate arms ofl athe 2 mithehetighthe
radially innernost turn of each spiral coil of the stacked
spiral coil arraypisder and extend thxoughihokes within| yadiadlyoeuteuvi |
routed radially 5 outwardly to one of said inlet and outl et

mani f ol ds ends Q€ hthgaAras mﬁn%ne cBAdecbeighty spidar ko jepgursf
said inlet and out] et ni f ol ds ext egds ra across the

i all
other turns of s&iFidity of fhe colil stac ;}ﬁaort@d %euh%aﬁpéﬁeﬁﬁmger

glp;a(rjrgato as clai netq-le spacer bars, Ct':r?é tz:')’an;\lrjért:gee rbea%rnrp z;xl'xa @ﬂe vergilgtalone
rods to resist a buoyant force of the two phase

liquid.

7. The heat exchanger element as claimed in
claim 4, wherein the notches within the upper edge of
the spacer bars each include a notch entry portion of
trapezoidal vertical cross-section defined by opposed

5 converging sidewalls tapering downwardly and inwardly
towards each other and terminating in a narrow width
throat, a diverging vertical trapezoidal portiori below
said 'throat defined by converging oblique sidewalls
and opening to a semi-cylindrical bottom portion of a

10 radius corresponding to a radius of an outer periphery

of the tubing snap fitted thereto.

8. The heat exchanger element as claimed in
claim 5, wherein the notches within the upper edge of
the spacer bars each include a notched entry portion
of trapezoidal vertical cross-section defined by

5 opposed converging sidewalls tapering downwardly and

inwardly towards each other and terminating in a

- 21 -
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underlying said vertical stack of spiral coils, said at | east

one spider conprising a plurality of 5 circunferentially spaced,
radi al awosnaeop! ural ity of vertical rods fixe®CI/ussMHI9sdl at one
end to respective arnms of said at | east one spider and extending
upwardly therefrom a transverse beam spanni ng across t he
uppernost coil of said stack, keyhole shaped 10 not ches within
respective upper edges of sai d spacer _; bars at Iongltudlnally

spaced positi oBryQw Jekdth Lhroat, a diverging vertical trapezoidal .
WO 95/ 24601 5/ 01940

S
turns of said ﬁﬂ’?%&°’b0|kf%1%| Rid o ShTeat q?fﬁ% Y °°nverglﬂgtches
al ong the upper o] a : - t he
coil turns in roakgijﬁfy éﬁg glig i béﬁé‘b{o'g tlonsfl osnel"é%u%%épace;I %ar and
uppgra ends of | i d dfgégay ernDst
spa?'gr %a-ba ports.’(gi? éé?a%kfﬁ? ig%ac%er ba sr@i&ré] adaptf%d?ggbe
of an outer periphery of the tubing snap fitted

thereto.

9. The heat exchanger element as claimed in
claim 6, wherein the notches within the upper edge of
the spacer bars each include a notch entry portion of
trapezoidal vertical cross-section defined by opposed

5 converging sidewalls tapering downwar_:dly and inwardly -
towérds each other and terminating in a narrow width
throat, a diverging vertical trapezoidal portion below
said throat defined by cénvergihg oblique sidewalls
and opening to a semi-cylindrical bottom portion of a

10 radius corresponding to a radius of an outer periphery

of the tubing snap fitted thereto.

10. The heat exchanger element as claimed in
claim 1, wherein said rese_rvoir is of hollow
cylindrical form having an interior diameter in excess
of the diameter of the first radially outer turn,

5 wherein the diameter of said last. radially inner turn
is of a magnitude to ptovide a hole within each of

said spiral coils, such that as the phase-change

(T




fixed to ap. inner surface of the reservoir housi ng ' ment
to fix sai Sv%?sgt‘ﬁmof spiral coils to said 20 housi ngPa @?}%’0\?\# h
said transverse beam and to render the coil-stack rigid.

5. The heat exchanger elenent as clainmed in claim4, wherein
sai d spacer bars are el ongated vertically, have a top and a

| ower end, the tmedifunt hehanges form sgmcicebars tlse poatetedunfidcenof
arrowhead shaped barb 5 and said | ower end includes an arrowhead
shaped sl ot each tubeed thenehcisr eovkempexatipre Byveragimg ceffedt
plurality of spacer bars are stacked vertically and I nterl ocked
to prdfde a staheEvwagpadiacent fubes, thus ensuxipgdaBoeyven build up

6. The heat h >l ai pred | laim5, wh

PR A ST NEW———E N
th 1 d hei ght fe i . K, d wh ' i d tical d
(e 7111 bl S Iy som gt R o SR TP 00

spi der liquid form from around the spiral coils, in a
vertical direction thereby .creating two 1liquid

15 regions, one within an annular space between an outer
periphery of the heat exchanger element and the inner

periphery of the reservoir and a second region

interiorly of the last radially inner turn of the

coils coinciding with the axis of the heat exchanger

20 element.
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PCT/ US95/ 01940 to corresponding alternate arns of the md

hei ght spi der and extend through holes within radially outer
ends of the arms of the md height spider to ensure rigidity of
the coil stack supported by the spiders, 10 t he spacer bars, the
transverse beam and the verti cal 'ﬂgods to resist a buoyant force
of the two phase l'i quid. l 7. The heat
exchanger elenent as clainmed in gélain14, wherein the notches

wi thin the upper edge of t he_spacer bars each include a notch
entry portion of e ess-section defined by
opposed 5 —— IO and in Ehly

t owar ds each ot he hroat, a

di vergi ng verticg

hr gat defined
by convergi ng obl

26 |
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and openi

correspondi

shap fitted thereto.

clained in

t rapezoi da

sidewal | s
and termn
95/ 24601

narrow w dt h t hroat

bel ow said thr 1
opening to a sem - cyLH
corresponding to a rgpt
snap fitted 7

ngd zgaﬁem' -cylindrical bottomportion of a 10
nd%fo a radius of an outer

peri phery
8. The heat exchanger
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e tubing
el enent as

claimb5, mherein the notches within the upper edge of

the spacer bars each includ®@ a l@otched ent' pord Q66A 74 of
vergzal 5 ' | ' grQi ng
;gﬁérlng d fif . ch ot her
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f hereto. 9. The heat exchanger elenment a ' i-n
claim 6, V\W&%{zﬁm[l i t hi Sl’é;i/eéggﬁgy“?pacer

he notches within the upper edge of
kars each include a notch entry portion of trapezoi dal vertica
cross-section defined by opposed 5 convergi ng sidewal | s tapering
downwardly and i nwardly towards each other and termnating in a
narrow w dth throat, a diverging vertical trapezoidal portion
bel ow said throat defined by converging oblique sidewalls
and opening to a sem -cylindrical bottomportion of a 10 radi us
corresponding to a radius of an outer periphery of the tubing
snap fitted thereto. #3. Theg heat exchanger el enent as
claimed in claiml1, wherein G lervoir is of hollow
cylindrical formhaving an interior dianeter in excess of the

di aneter of the first radially mﬂggturn S%Avmmwnn edlmmta
of nagnlt

of said |ast radlally i nner turn s o prOV|de a
phase- change
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Of | P@) RERHGRPitent Dtsoieln X CNANGET ST IRIE Hrndlhohlubfiton pomber:  DWID 58601
of ite I ng t he phase-change T%(il umin Iquid for rom _
aroupd t s‘g’ﬁal _ 9£i ls, in a (43 Gitdriaticial FbNc@ifoh Dade: t 1¥SeRdYer 1995 (14.09.95)
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of the heat exchanger 20 elehent .
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claims and to be republished in the event of the receipt of
amendments.
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(57) Abstract

A heat exchanger includes a plurality of flexi-
ble spiral tubing coils {12, 14, 16, 18,..) hydrauli-
cally connected to inlet and outlet manifolds (24, 22)
mounted in spaced, parallel relationship to each other
in a vertical array within a tank, The coils are alter-
nately wound clockwise and counterclockwise, and the
innermost {12B, 14B,...) and outermost {124, 14A....)
turns of the spiral coils are selectively connected to the
appropriate manifolds, so that the flow in one coil runs
counter to those adjacent to it, resulting in a reduction
of localized temperature gradients due to a temperature
averaging effect in the fluid within the tank which lies
between adjacent coils.

28 <

(54) Title: /HfAT EXCHANGER ELEMENT AND HEAT EXCHANGER USING SAME
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