WO 03/ 095925 PCT/1B03/01767 1 Control of Air Conditioning Cooling or
Heating Coil This invention relates to inprovenents in control of part |oad
capaci ty wbm/biws d heat exchange device, especially a chipdragos/a7emt er
cooling coil used in air handling equi prent and fan coil units for confort
cooling and industrial application. In % he follow ng the device is

descri bed for cooling application, but 1is usable for heating application
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Effective treatnment of high hum.dity outside air requires a dedicated air
handl er 1 SHES AR e £ e RSEG Ao iIAPR AR AR Bive negative 25
characteristics as far as high pressure head and part load controllability
as cooling coils. To nmeasure the energy used by an air handler requires a
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| oad performance and controllability. Water side bal ancing of a

humidity and decrease in comfort. Sensible heat source up

stream of the cooling coil other than in the conditioned space

15 does not contribute to effective sensible load from a latent
removal standpoint. The coil needs to be selected at a high
water side pressure drop at full load to ensure turbulent flow
in circults at partial load. The associated control valve
represents equal or higher pressure drop than the coil,

20 resulting in high pump pressure head and considerable operating
cost. Except for employing a reheat device, independent control
of sensible versus latent capacity is not available. Effective
treatment of high humidity outside air requires a dedicated air
handler. Hot water heating coils exhibit the same negative

25 characteristics as far as high pressure head and part load
controllability as cooling coils. To measure the energy used by
an alr handler requires a flow meter also entering - leaving
water temperature differential measurement and accurate,
repeatable flow metering is difficult and costly. Selecting a

30 cooling coil and control valve needs considerable experience
despite sophisticated software selection tools to ensure low

load performance and controllability. Water side balancing of a
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CONFI RVATI ON COPY WD 03/ 095925 PCT/1B03/01767 2 chilled water systemis
time consumng and if not perfornmed correctly reflects on system

per f or manwe.o3Pe®ker red obj ects of the present invention imrcrades/017&
Maintain | atent capacity at |least in proportion to the available sensible
| oad during part | oad operation down té zero load. LO Utilise sensible
heat available in open return air plenumas an effective sensible load to

enhance_ depygidi figcat] copdi tigned . spPage,nEnabl goLoW-pPEESUEE drop
coil se %c??%%dg%téﬁl%§€%§@ E%d 1% rep ace h%n ig? p?esgﬁre 3rop control
val ve wohractbw redfféerentnatypresspeefathnennati ve. Provi de near

i ndependent neans of part |oad sensible versus |atent capacity control. 20
Use the same air handler, the same cooling coil that serves the

condi t i pRedespageobPeetf e6ti ¥ebYptesahthi ghehbibdi ticoutisi:de air. 25
Perm.t | ow water side pressure drop heating hot water coil selection at

full5load, at the same tine ensure controllability at lowloads. Provide

an acc e ! ti ide.antian wat er system
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al so
load.

[0 Utilise sensible heat available in open return air plenum as an
effective sensible load to enhance dehumidification of

conditioned space.

Enable low pressure drop coil selection at full load and
15 replace the high pressure drop control valve with a low

differential pressure alternative.

Provide near independent means of part load sensible versus
latent capacity control.

20
Use the same air handler, the same cooling coil that serves the
conditioned space to effectively treat high humidity outside

air.

25 Permit low water side pressure drop heating hot water coil
selection at full load, at the same time ensure controllability

at low loads.

Provide an accurate water flow metering option.
30
Provide optional water system balance indication and a degree

of self balancing ability.



for retrofit applications. 5 Ease of coil selection. Assum ng the coil

selected is large enough to neet full |oad, part |oad performance and
cont r ol | awploswyses ensured. The principle of this inventi ®TiBOXIITEUi t by
circuit control 10 of fluid flow At full load all the circuits are
active, thus there is fluid flowing thtough all the available circuits of
the coil. At part load the flow of fluid is cut off to sonme of the

circuits, while flowis maintained at or near full velocity in the active
circuits. The nunber of active circuits at any 15 given tine is determ ned
by the meewaid ingsing Yoied eadnardihtLcddr nkhe Sfifwel iuescpid sud ace
terrperature around the active circuits remains constant, so

dehuni difOEc £GP EIE RSP ™Mt part |oad, while around the inactive
circuits no heat exchange to the air takes pI ace. 20 O her preferred
objects will becone apparent fromthe followi ng description. In a broad
aspecét tﬂa§eproefsmili rAedredtamr. e@imsnijng athmrucridj sl atedaics flarradi | | ed

wat er cqol i ne oi | n COI used in nfort and

i ndustri 5’10 % % %‘I{iﬂg lé)&ﬂe ]i%rﬁ‘lin% rﬁﬂﬁgbl e piston

| ocat eddomlttxi@qlamglytwe_@d@m@fretdle COI I . At 30 full load the piston is at
it's upper nost position and all the circuits are active, thus receiving

full flow of chilled water. The position of this piston is dictated by the
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At partl e piston Is ITDVE,‘ cuttin er suppl Yy
to tife oifr dlntisl fdlove Att 'fmlllodatkicormll5 CHee cpﬁcrcﬁfmis @freacstdtmefecl riiid s
bei ng p %%%tH%n¥l d g1ow1ng through all the available circuits of
the coil. At part load the flow of fluid is cut off to some of
the circuits, while flow is maintained at or near full velocity
in the active circuits. The number of active circuits at any
15 given time is determined by the prevailing air side load on the
coil. The effective coil surface temperature around the active
circuits remains constant, so dehumidification is maintained at
part load, while around the inactive circuits no heat exchange
to the air takes place.
20

Other preferred objects will become apparent from the following

description.

In a broad aspect the present invention resides in a control
25 method for chilled water cooling coils and hot water heating
coils used in comfort and industrial air conditioning

applications, including:

A movable piston located in the supply header of the coil. At
30 full load the piston is at it’s upper most position and all the
circuits are active, thus receiving full flow of chilled water.

The position of this piston is dictated by the prevailing



sensible load and the effective coil surface tenperature around the active
circuits remaining constant ensures that the |latent capacity of the coil

i s al so pwopenbisenal to the sensible |oad. 10 During part pcaadoapesrat i on
around the upper inactive circuits the coil is at return air dry bulb
tenperature, no heat exchange takes pl 4ce, thus any sensible heat source,
be it up or down streamof the cooling coil is an effective source to
enhance dehu icati f th condl i oned space 15 i n¢l udes heat
gener at e¢°b nk]?f%h}tle??tf?‘?fg sPfnt ‘Beﬁmriet uh B tl?)jre}n?l EHRePTBEPRWAT er

si de presswe dewp, atuftlhg ! o8 AmY1 Degsphest eshy iyat&owhéaéyﬁcuﬁésat part
load there is no substantial change 20 in flui | ow vel ocity in the

active ciPRUftistandledrtiWabl e piston presents only mninal resistance.

Pl aci ng anot her novable piston, this tinme in the return pipe header of the
cooling coil, will facilitate |latent capacity 25 control. For full |atent
capach t yThdisepiastonof ssative' sitonkts boshg pesdpooniohel ovot igeexit of the
| owest C|rcu1t EJ[evtln this_piston the fluid flowis cut off to the
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coil. As this condensate runs down and reaches the I nactive area,

i s partlseraRcity | 9f evaporat bdis rabid thngpont i gmpl dt@e’cheasemsnblat boad.
capacity and due to evaporative WO 03/095925 PCT/1B03/01767 5 cooling an
increase in sensible cooling of the air stream Thus the piston in the

supply mpeiteastert Cotdd absesetsob| LrowaPaché Yulye€ UihdHgifé W thrdhovs t o
upper circuits, and the piston 5 in_the return pipe header, near
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or down stream of the cooling coil is an effective source to
enhance dehumidification of the conditioned space. This
15 includes heat generated by light fittings in open return air

plenums.

The coil water side pressure drop at full load may be selected
at a low value, as at part load there is no substantial change
20 in fluid flow velocity in the active circuits and the movable

piston presents only minimal resistance.

Placing another movable piston, this time in the return pipe
header of the cooling coil, will facilitate latent capacity

25 control. For full latent capacity this piston is at it‘s lower
most position, below the exit of the lowest circuit. Elevating
this piston the fluid flow is cut off to the circuits below
it’s position. For average space conditioning coil entering air
conditions there is condensate on the higher active portion of

30 the coil. As this condensate runs down and reaches the low
inactive area, it is partly or fully evaporated, resulting in

rapid decrease in latent capacity and due to evaporative



unit to the lower part of the cooling coil, the sanme air 10 handling unit
may be used to effectively treat humd outside air as well as serve the
condi ti onwo spa®es The natural limt to this applicationPCI/IBes/o1ney
sufficient sensible heat to performthe_necessary dehum dification. Should
there be insufficient sensible heat, sdme kind of reheat needs to be 15
applied, just as it would in case of a conventional air handling unit

dedi cated t-o. treat ou1:|q§aajr é&bf: CO(E mat? ggagéqg COI|S t he near
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selection at 20 full Ioad wth assured Iow | oad perfornmance and
control I abl lity. Qne particul ar enmbodi nent of this invention enploys a
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ensure constant” fl'ow velocity in the active circuits. The weighted piston
is aclinign ashe rmtnssumn@lhﬁdejte,vwo@r cmdepeideniphes stert folaolesenp to

expose nore circyi I‘.I es h r ve th sure and visa versa
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there is a |ow pressure drop external control valve driven by the sensible

| oad, for exanple a butterfly valve. The flow WO 03/095925 PCT/IB03/ 01767
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pressur it Cir S spipe position
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gi ves an , accur at r epeat abl optl itor the fluid flow quantity.
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noni t or iy wapakidditideation is having sufficient sensible heat to
perform the necessary dehumidification. Should there be
insufficient sensible heat, some kind of reheat needs to be
15 applied, just as it would in case of a conventional air

handling unit dedicated to treat outside air only.

For hot water heating coils the near constant flow in active
circuits permits low coil differential pressure selection at
20 full load with assured low load performance and

controllability.

One particular embodiment of this invention employs a weighted
piston in the supply pipe header. The weight of the piston is

25 such as to impose the desired differential pressure across the
coil thus ensure constant flow velocity in the active circuits.
The weighted piston is acting as a pressure relief device, on
rising pressure it moves up to expose more cilrcuit entries,
thus relieve the pressure and visa versa should the

30 differential pressure across the coil fall. In this instance
there is a low pressure drop external control valve driven by

the sensible load, for example a butterfly valve. The flow



10 Monitoring the water flow quantity via the position of this weighted
free floating piston also facilitates water side balancing of the system
Keepi ng twe mswpmemal control valve full open and throttl ipag/mBbszoibed ance
valve until the free floating piston just noves away fromit's upper nost
position, 15 indicates that the coil i sO precisely at design water flow All
t hat renains isto Iock the bal ance valve at this particular position. An

optional terlock t ween t he mel f pLstone. and
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until tHe ston drops just belowit's uppernost position, thus
rest rbctThgs trien i oofing otlde spgsl chon | @ ’Qm-‘erwqy@ﬁ’(—ﬁﬁyplmﬁﬂ ng1vio® nan

operati on t he external trol, val Ve, i r n e I
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chilled and hot water distribution systens, where the pressure change from
full to PFPVIAGH sSREEHY | BAYL FRT Y 033 RBHbEEPCT/ | BO3/ 01767 7 rel atively
smal | . For distribution systens where large pressure variations are
expected, it is preferred to include manual balancing valves. 5 For a new
i nst aol aMom)htdnhmgle‘shgnwa‘aarl ﬁtowp@mammtxavaaeslearposa;lt@pncofl shaad

control val ves, sul tj i n substanti dUCtL n. In a
retrofltwﬁﬁ%¢?%%t %ﬁemﬁggﬁtfﬁ% Bt haf° o£$ %g F%g |ne punp?ng power
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renoval of the origina
full open and throttling the balance valve until the free
floating piston just moves away from it’s upper most position,
15 indicates that the coil is precisely at design water flow. All
that remains is to lock the balance valve at this particular

position.

an optional interlock between the weighted free floating piston

20 and external control valve will add self balancing capability.
Tt ig a limiting type interlock, when the free floating piston
in the supply pipe header reaches it’s upper most position, the
external control valve is prevented from opening up further.
Should the external control valve be wide open at start up., the

25 same interlock commands the valve to close until the piston
drops just below it’s uppermost position, thus restricting the
coil to design chilled water quantity. During normal operation
the external control wvalve is driven by the sensible load on
the coil, however when the design water flow is exceeded the

30 limiting function takes preference. This self balancing ability
ig suitable for chilled and hot water distribution systems

where the pressure change from full to minimum system load is



10 high pressure drop control valve. Selecting a coil, part |oad
performance need not be considered as there is near constant flow velocity
in the acwows/gieguits, thus transition fromturbul ent tedrasvaarer | ow and
subsequent 15 | oss of heat transfer canyno |onger take place. A coil
suitably sized to neet full load will performand remain controllable at

| ow partial |oads. To enable the invention to be fully understood,

pref err etel26 wabpdémehls Aokl dﬂ@ﬂ\tﬂ@uﬂ:ﬁ&ﬁrtjae’demj;tshheeéelange boethere
acconpan |ng dra in vvhic$ i S asc%errat cigwof thﬁfirst
enbodi me rl"h e NNt g%‘f? nFPRESD anCY‘p:l'% Wef%’f‘ée nventPen IS pEratfng as a
25 chillgsh el eigoepli-eg. coil. FIG 2 shows the application of this coil in
an air handling unit for treating high humdity outside air and al so
serving a conditioned space. FIG 3 is a constant differential pressure,
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of weighted free flopating piston to faciliftate water flow nmeasurenent.
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FIG 6 shows an 1ntegral system powered control valve as an alternative to
ext er nal thopredswvad veea | Gedictidusdvat es Bhsysewavpbwef etdhaeohbdinal

(igntsgﬁlsl%$§jcg%§%$¢%ee (gl ig%e(rggﬂﬁg*gg 98s the coil to facilitate latent /

Selecting a coil, part load performance need not be considered
as there is near constant flow velocity in the active circuits,
thus transition from turbulent to laminar flow and subsequent
15 1loss of heat transfer can no longer take place. A coil suitably
sized to meet full load will perform and remain controllable at

low partial loads.

To enable the invention to be fully undexrstood, preferred
20 embodiments will now be described with reference to the

accompanying drawings, in which:

FIG. 1 is a schematic view of the first embodiment

highlighting the principle of this invention, operating as a
25 chilled water cooling coil.

FIG. 2 shows the application of this coil in an air
handling unit for treating high humidity outside air and also
serving a conditioned space.

FIG. 3 1s a constant differential pressure, thus constant

30 circuit flow velocity embodiment of this invention, with
weighted free floating piston in the supply pipe header of the

coil.



FIG 8 is a system pressure dependent |ow cost system powered alternative
for general confort cooling application. FIG 9 shows a system pressure
dependentwomBmopiossed positioning of control piston in supplpgThBes@nrs?
Optional latent 15 / sensible capacitygqratio control by additional piston
placed in return pipe header is also i?lustrated. FIG 10 is a system
powered alternative of positioning of control piston in return pipe header
to facilit@l es | &t eat cérnsensd bhericoPaesd t Jet @bt 016081 Oh . o 20wEL Ghtdd
illustrates a three stage sol enoid valve controlled approach, where a
nunber ofre% retPsiag ePEBHIR oFP P Chbl 2 e ot B ov MeRtar£8eBE - hydraul i c
actuated self opel | ed . D £ 25 I I

el enents of hl;/%éu i%ga%t%%%e%ﬁlse??&%fo%il ée:%%:%rjﬁtr)o fgﬂﬁ%?%ﬁg"%g&%
hybri d, &fydraldhcedystem Ahokelrgtyistponwtredrvaedt spiepedladepi ston for

pi pe headers made of errf (s;?gn?terial. FIG 15 as in FIG 14 but suitable
for forrotdGhat Hor3 ?%E ToF1tPi pe headers. FIG 16 basic hydraulic

act uat ed di apft@Qgng C&hEWs t aRYinCddfall t sEOHEH OboWe i 8QUE oA OB PRSI LEVEsShut
of f capability. WO 03/095925 PCT/1B03/01767 9 FIG 17 hydraulic actuated
di aphr ag vtk terearl vadepesidesitnal st@ntrahdvakyigi bl e capacity control, al so
100% shut off apabj {4 8 i P, Ea ont rol,
no 100% 5 sh}ﬁ&bw.iﬂgtﬁ@%s er %%%\Igrégﬁ%?%%h@%\%gmggo%%ro?ﬂgmg%fﬁ% ified
pi pe conmeesdnne tdi SHEpéytphpeadiesserthd 0084 5htd Hddil Tapadi Latynt /

10 sensible capacity ratio control.

FIG. 8 is a system pressure dependent low cost system
powered alternative for general comfort cooling application.
FIG 9 shows a system pressure dependent motorised

positioning of control piston in supply header. Optional latent

15 / sensible capacity ratio control by additional piston placed
in return pipe header is also illustrated.

FIG. 10 is a system powered alternative of positioning of
control piston in return pipe header to facilitate latent /
sensible capacity ratio control.

20 FIG. 11 illustrates a three stage solencoid valve
controlled approach, where a number of circuits are controllied
as a group.

FIG. 12 details of hydraulic actuated self propelled
control piston.

25 FIG. 13 associlated control elements of hydraulic actuated
self propelled control piston.

FIG. 14 hybrid, hydraulic system and electric powered self
propelled piston for pipe headers made of ferrous material.

FIG. 15 as in FIG. 14 but suitable for ferrous and non

30 ferrous coilil pipe headers.

FIG. 16 basic hydraulic actuated diaphragm circuit by

circuit control without 100% positive shut off capability.



FIG 20 hydraulic actuated di aphragm and external control 10 val ve, near
i ndependent sensible and latent control ability. FIG 21 hydraulic

act uat ed woaplhemgss for circuit by circuit control and i ntregrigbs/dinéott| e
val ve, near independent sensible and Igtent control. FIG 22 nechani cal
actuated ball driven positioning of 157control piston with 100% shut off
capability. FIG 23 hydraulic actuated ball driven positioning of control

piston wi th WSH%&&%&@@%&%@E&%&% Npd-0fx L &APE: ALl RabaE el

control piston ~position sensin pneumati ¢ powered di aphragm
control Matdnislami ngendidtt®nearac cty pcastedobn al spht @gin skhownfiinder part
load condition, FIG 26 sane as in FIG 25, however illustrated in the
100% shUteRA%LhbSYtion. 25 FIG 27 hydraulic actuated di aphragm with

external, nongT@ysi®Madydrapdi & SOMEEed Wi dpmidgn hyeieubi ¢ hbuidoef |ess
than 1 specific gravity. FI 28 hi gh punping efficiency, |ow running cost,

configurshuwreffth dedi cated speed controlled punp. 30 FIG 29 using a

Such as used TRt abd corTE A ARLe S SEedh b D et R0 Rt er i n
to FI G dipd heowhédt esh wed esupsoly dipddsecadsuppl §0% heladero2f ret urn header

3, and interconnpecting circuits 4, between supply end return pipe headers.
The pl ur%ﬁ’ﬁ‘@l%%tlf‘)'interconnecti ng circuits 4 are connected to each header

2, 3 by a copf@spofdifgG-Phidal ityusfegonneshiNgm PORE SeR08rak1 dbhterent
| ocations lying 1n a row one above the other along

10 wvalve, near independent sensible and latent control ability.

FIG. 21 hydraulic actuated diaphragms for circuit by
circuit control and integral throttle valve, near independent
sensible and latent control.

FIG. 22 mechanical actuated ball driven positioning of

15 control piston with 100% shut off capability.

FIG. 23 hydraulic actuated ball driven positioning of
control piston with 100% shut off capability.

FIG. 24 method of temperature based control piston
position sensing.

20 FIG. 25 pneumatic powered diaphragm control with sliding
bottom end clip used on diaphragm, shown under part load
condition.

FIG. 26 same as in FIG. 25, however illustrated in the
100% shut off position.

25 FIG. 27 hydraulic actuated diaphragm with external, non
system, hydraulic source. Utilising hydraulic f£luid of less
than 1 specific gravity.

FIG. 28 high pumping efficiency, low running cost,
configuration with dedicated speed controlled pump.

30 FIG. 29 using a slotted cylinder to control coils with
relatively low number of circuits, such as used in fan coil

units.



the header 2, 3. Fluid flowis supplied to the supply header 2 through
supply port 201 at the bottom end of header 2 and is 10 supplied from
return heaoas/o®hirough return port 203 at the top end ofrcraBewmzéreader 3.
Sliding piston 5, placed in supply pipe header 2, and equi pped-wth water
tight seals to prevent water flow frofdthe | ower to upper part of pipe
header 2. In this illustration piston 5, cuts off the water flow to the 15
upper three circuits 6, the coil surface tenperature in the region of
circuits 6, is the sane as of the entering air and no heat exchange takes
pl ace. Refeariming tto £ Idelbw tHe dodErekdgecenfcpi BtON Mas a8 es@spive,

recei vi full supply of chil]led water and the coil surface tenperature
ar ound gigﬁ‘aéftjﬁrt &4, ?%t%n g“(?adié"s‘i ggnr (BHPer IO L iAvel 5P et it s region
is cool egtandn deippiididded-o VRV 1% P UM S s UPHRL %ldf}ﬂle?e%f bot h

sensi ble and latent capacities of the coil. Myving piston 5, downwards

r educks igdier coamsiddtinami teatidmm 4 apaes tdemedted riat ienadi heshst b e Ver sus

| at ent Ci i ined at the coil.25 selection / desi stage and this
ratio r (ebggl%nsé %&Jnegslpg%{dlﬁg pglélr aiqaﬁtlf Sid TEGRE e Rawh s %(ggr%l%i ng range.
The posidiifffereint icisaldns 115/148f arMnetbbrddeiry aild ngsensi ihey | oad as
sensed by a_space qr return air_dry bulb tenperature sensor. For nost

conf ort RS St i ot iFdE S drivbIie Hdmo ot i il 3ouRRiky ikeader ahd
pi ston hdctidNe i A red cantngl 18l teng FS¥ Egg&éé?%h£g§ %gat need

reduction of latent capacity, there 1s another piston, pi , Tocated
in tWe mewmlded FerdreateurnND 13939 25 RUHH RO QAT Gbrtl 12 Fora tretierum

7 s OB i Bt # larat BT ch g e HAoueet ot rOA G 6P S | 0 a
reduct i @apef hda@leantz CapRTidghiphdl GANdEREAlS FOIANG N 4 he, Gold, s face
in 5 the region of active circuits 4, reaching coll surface around
water flow from the lower to upper part of pipe header 2. In
this illustration piston 5, cuts off the water flow to the
15 upper three circuits 6, the coil surface temperature in the
region of circuits 6, is the same as of the entering air and no
heat exchange takes place. The circuits 4, below the lower edge
of piston 5, are active, receiving full supply of chilled water
and the coil surface temperature around circuits 4, is at
20 design temperature. Air traversing this region is cooled and
dehumidified. Moving piston 5, upwards increases both sensible
and latent capacities of the coil. Moving piston 5, downwards
reduces both sensible and latent capacities. The ratio of
sensible versus latent capacity is defined at the coil
25 selection / design stage and this ratio remains constant at
partial load across the whole operating range. The position of
piston 5, is determined by the prevailing sensible load as
sensed by a space or return air dry bulb temperature sensor.
For most comfort cooling applications sensible heabt control is
30 sufficient and piston 5, is the only required control element.
For applications that need reduction of latent capacity, there

is another piston, piston 7, located in the return pipe header.



inactive circuits 8, is partly or fully evaporated, thus reducing |atent
capacity and increasing the sensible by evaporative cooling the air

passi hg twomagbssehe | ower portion of the coil. Should it pog/mdexiired, by
sufficiently elevating 10 piston 7, in Fturn header 3, a position is
reached where the cooling coil is doin& pure sensi bl e cooling wthout
effecting the total noisture content of the air stream Referring to FIG

2, typi CHbrCmakhmgmomhieﬁtrcaéa@hltﬂ}gpb!g'tbn 7, 18 gquipped 1w L0 Qi filter
10, cooling,coil 1, and supply air fan this il'lustration onI t he

| ower , sﬁaﬁéﬁlﬁalfEéﬁVéBéngnglsééhl71 thgsacutvengRefﬁrwaaem énber s at
Iocatlon t e e ers_at and th ply air | eaves
th2ougHt 8hde1byek F ah ghﬁt%4% Tﬁesgagglaa 3iFe§H Epﬁgogt 20

the air handlTng unit at oGat I of
IocatlonldBentscgpadedybyTHectoﬂ@ehsbaéfEeﬁmiﬁg ba the bem@rsuréahbvgn

portlgn gﬁ COO|lnﬁ cg 1, where, depending onit's dry and wet bul
t enper at trest “Pt%F's O%FﬁﬁvﬁnﬂlﬁéﬂﬁﬁﬁdﬂflEﬂacéﬁﬁ@eco%heSU®ﬁéﬁecﬁrounds of

cool i ng ﬁ@a&tivewtif Lerai 8 agki ¥8-8%., 9pg h sible | oad, hum d
outside air can 25 e??ectlvely b% fre%teg 5??%%u§6§ %§%§§ fg# an air

handl|ngre@%¢%n@eH@Eé@EdC@@aQHtE|deda;mcreeain@nthal99351E@éebylng to FIG
3, whereg 05|t|on|n iston_5, in supply pipe
header 2,9?§b|%$ a?é%ﬂgéxggrna %%S%bﬂgrg?r9%$£etﬁ% 1?§66pr6gﬂﬁFessure
drop typef wies Foil hestioiild openbosesipad, asy fonrexamphe1q butterihy val V\e/\o

The @gree of ggenln of this notorised valve is determned by spaCe or
03/ 095973 B | B0 1787112 2104 eF n3 ai ¢ PePbeter ute desthedowhérenthe

setpoi nlaod s oLt s oAl g seacL bl ond: n, Lle Goll o Toe welght o

piston 5, is chosen to equa S|gn pr essure
suppl y Heaglgro el ameli $iatee rcdeoeter @ Hoe dhi ssfreenf| oat | ng 5 piston 5, to
remai n stationary, the supply header pressure
Referring to FIG. 2, typical cooling only air handling unit 9,
15 equipped with air filter 10, cooling coil 1, and supply air fan
11. In this illustration only the lower, shaded half of cooling
coil 1, is active. Return air enters at location 12, outside /
fresh air enters at 13, and the supply air leaves the air
handling unit at location 14. The outside air entering at
20 location 13, is guided by ducting / baffles 15, to the lower,
active portion of cooling coil 1, where, depending on it’s dry
and wet bulb temperatures, it is cooled and dehumidified. Since
the lower circuits of cooling coil 1, will remain active as
long as there is sensible load, humid outside air can
25 effectively be treated without the need for an air handling

unit dedicated to outside air treatment alone.

Referring to FIG. 3, where one particular method of positioning

of piston 5, in supply pipe header 2, is illustrated. External
30 control valve 16, is of low bressure drop type when in the full

open position, as for example a butterfly valve. The degree of

opening of this motorised valve is determined by space or



acting on it's bottom nmust equal the return header pressure acting on it's
top plus the weight of the piston. As the weight of piston 5, is fixed
accor di ngwoosnb®2slesi gn pressure drop of the coil, any deeraBoa7ér om

desi gn DI FFERENTI AL PRESSURE wi || 10 mpye this piston up or down until a
new bal ance is reached and the coil DlléFERENTI AL PRESSURE is at design
again. Evidently having the differential pressure constant wll ensure

const antyo (ALl 1 QURLQ01 Ve | dbd e AG i%rgorﬁie%efﬁ%éjﬁit,a:ﬁ%\?%gﬁ%t {ige nurber

of active circuits changes according to t oad.’ Le 57assune
t hat t heoxivaighiord i sanpikelss Ureadicnosshd hmicoi ITHes vatigltte so fnoi tdn the

illustrated.position of piston and current peni ng of control valve 16.

Shoul d t'he Cékforsesnl d& Ieoqa@bﬁc}f%eg)ésc]cﬁq Qﬁﬁﬁ%,‘fﬁ?}b&i%‘?_l?%t%%%‘hed some

nore, thipgiie HuREsUre diopatuvalngdds 3 s Fpdugeds dhis pressug drop

chang_ at. 20 val ve 16, shows up as a pressure differential increase across
i

t he P15t o 50 i%eNfeiT dHgErl ARl diee Wiy headeemregwsiei on and
starts tQ.;i . ] r fl e circuits thus
reduci ng t%lerggi#?elrtggt i é%éeé}tgsfﬁsﬁtg ecg%rlostglv% %%u%ﬁg{é%&r%r r%lfeus?%mﬁ pe
header s acHiequpwaric pr dgregsl b tdfe piesitoghit mf srepoerh balanges iveight
achieved,. that is the iff ezéenti al pressure across the coil has dropped
back to 9t B fEsi%gn vaalgfé‘.e REAF I 4T RE9oa RasasE 4P dposite

happens a0 qyist,0Rrg: JERMEeS iWEr &l QR NGO T r Rt S SRS TR Jew
bal ance position is reached. From another perspective 30 piston 5, iIs
actity &eve Fred B seer atte dpcesgualyid] jsefnew dlalendaD 03/085925] and

P | 09916t Beisanenabatdidhe O 1) fresnne il ialneg by v ot on
active diandnigt $Hes Giefifendenti 20N grees OY tdoRR teintt sl Pistatve ddianiAg t he
positi Orx}ra?:ferp Ifslto(evn v5e’lo%ri%\§fl C:IL%S t%ne %%Ctlirvzg %ir;%%qstso,f although the number
of active circuits changes according to the heat load. Let us
15 assume that the differential pressure across the coil is at
design with the illustrated position of piston 5, and current
opening of control valve 16. Should the air side load on the
coil increase, valve 16, is opened some more, thus the pressure
drop at valve 16, is reduced. This pressure drop change at
20 wvalve 16, shows up as a pressure differential increase across
the coil, piston 5, is no longer in balance at it’s current
position and starts to ride up, permitting water to flow
through more circuits, thus reducing the differential pressure
across the supply and return pipe headers. The upward progress
25 of piston 5, stops when balance is achieved, that is the
differential pressure across the coil has dropped back to it's
design value. Should the air side load decrease, the opposite
happens and piston 5, moves down, closing off circuits until
the new balance position is reached. From another perspective
30 piston 5, is acting as a gravity operated pressure relief

valve.



5 nmeasuring the quantity of water flowi ng through the coil. In this
particul ar enbodi nent an ultrasonic transducer / receiver 17, is placed at
t he upperwerndoef2supply header 2. Wth it's associ ated elPeatiBaniice?
circuitry the ultrasonic transducer / receiver operates as an echo sounder
and neasures the distance 10 of plstonﬁB relative to the piston's upper
nost p05|t|on The coil manufacturer's data can accurately relate the

iti f t The _add f, t d
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illTustrated in FIG 3. Mechanical stop 18, is to prevent piston 5 from
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and prOV|d|ng se anci ng |ty, exp al ned ear |er requires that
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Evi dent |

this echo. sounder _t eV|c iS nore abl e of rovi di ng
the.r eqhitBAPRHTOPTRET o aAALUPE R SBribL GHAPRbRal t SBEORPRgt FoRPECCHBEuI t 'y
to '”d'Q@telﬁﬂéﬁécéadétbéhénﬁﬁpéﬂdeﬁa be éﬂﬁﬁi&oﬁéaaeﬂt20|WM%hV§t1§ to
facilitate self bal ancin action. Referring to 4, where an

al t er na@$ a@cn@tﬁ@debectn@ncgt tngchOrY h‘éh@o@itr@ﬁonficpi:gaaﬁdscerrs /

illustr t i t i p aded

od 21, Phrrsre; Betihoe BRofte Y Foartenont MERin55e KRS, HEstaneenrS,
WO 08/ 085925s P&/ 5 BOBEDA Y 6ve 44 enatpﬂﬁsoa'matpperighbtsgablthneadﬁé rod
21, passing through piston 5, is meshed with female thread contai ned

wi thin pPs oﬁaan%fa?mgeanﬁ f3t8r CABWACERSPFALENERLEE BPEt BRS5EIPRORTI t ' s
posi tiop;gayses, thsepded.r edoglrate. rehat faafPisni Brt UhRering and

leaving water temperature sensors will provide the necessary
inputs to compute the energy used by the coil. Temperature

15 sensors are not illustrated in FIG 3. Mechanical stop 18, is to
prevent piston 5, from going all the way to the bottom of
supply header 2 and cutting off the entering water supply

connection.

20 Water side balancing of the system and providing self balancing
facility, as explained earlier, requires that it is known when
piston 5, is at or near it’s upper most position. Evidently
this echo sounder type device is more than capable of
providing the reguired information and with some additional

25 electronic circuitry to indicate water side balance and or to
interlock control valve 16, to facilitate self balancing

action.

Referring to FIG. 4, where an alternative method of indicating
30 the position of piston 5, is illustrated. Multi turn
potentiometer 19, is direct coupled to threaded rod 21, which

in turn supported by bearings 20, and 22. Bearing 20, also



5 rotates potentioneter 19, and a change in resistance indicates the

| ocation of piston 5. The pitch of the thread on threaded rod 21, is high,
in the orwerosmpssas few turns representing the full travel pofi/Ipostigsr 5. To

prevent piston 5, fromturning about threaded rod 21, there s a verti cal

protrusion on the 10 inner wall of sup}b‘}y header 2, and a mat chi ng groove

in piston 5. This is not illustrated in FIG 4, as there are nunerous

ot her ways,to_achi eve this. Referrln to r water,

bal ance %H&F&gﬁ 8n" s akd 9 £5F s 1h ngiggclrﬁ& & yptat‘?egln'legad&iﬁélg;ht t he
upper nogli stpaskli 0 el sPicst @A th flemaqta el@wan edn t Eline TR 118 ra ¢ shed
Wi thout nonitoring the full travel position of piston 5, thus in a nuch
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of and near t etopo supply ~ pipe header 'S at it's
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posi tion ston ne gnet 23, is in line with
Poed svithenlonttiphpisebBha fhalle: BLCPH P hier o oD

di fferepbigabipr essurenandnveheciokie2Chess trhe &Rirns E@pr&%ﬂ‘tﬂ@l ad ng
when magnetic reed switch closes it prevents control valve 16, from
openi ng tHdit kepveShed @l@@mﬂr <5| Vel peevest @Ilrséi@@jry 5beftr@mftaxrmpﬂ@n t hus

perm ttlaggugxgﬁggééggv@%%r r@ stsonzge Lses hi_gher and r eeqlC swi tch

|
25, is activate rmanen ma net en r e tru , S in the

cl osléd ipasit wamli bfc&mng}s healdee 26 ahd sl @Wty:hdha@s@;,rddam ireguee drhe
water flow rate until piston 5, drops_down suffici entIy to WO 03/095925
PCT/ | B3/ 0TR67 1851R&r Al USEEd t&Ri tléth§§ flo GFetlBE BFF FOFIREICUSper at i on,

t hat |§,tyyggnwgg§t @B 2cHisvanayifromit's upper position, control valve
opening is set by space or return air deviation from

Referring to FIG. 5, for water side system balance indication
15 and or for self balancing only the near and at the uppermost
position of piston 5, is of relevance. This may be accomplished
without monitoring the full travel position of piston 5, thus
in a much éimplified manner. In this embodiment piston 5,
contains a permanent magnet 23. Magnetic reed switches 24, and
20 25, are located on the outside of and near the top of supply
pipe header 2. When piston 5, is at it’s illustrated position
both reed switches are in the off / normally open position. As
piston 5, moves up and permanent magnet 23, is in line with
reed switch 24, it closes and indicates full water flow at
25 correct differential pressure and velocity across the coil. For
self balancing when magnetic reed switch closes it prevents
control valve 16, from opening further. Should control valve
16, already be too far open, thus permitting excessive water
flow, piston 5, rises higher and reed switch 25, is activated
30 by permanent magnet 23. When reed switch 25, is in the closed
position it commands valve 16, to slowly close, thus reduce the

water flow rate until piston 5, drops down sufficiently to



setpoint. Reed switches 24, and 25, are only acting as an upper 5 1limt to

i ndicate and or to prevent excessive water flow across the coil, thus
facilitatwogsmetoes side system bal ancing and or actual ba&icanBes/o1Ref erri ng
to FIG 6, where an integrated system powered control 10 val ve-is shown as
an alternative to external control vall® 16, of FIG 3, and 4. This system
power ed val ve consists of piston 26, cylindrical protrusion 27, and val ve

seat 28, housed in the pper enlarged portion of return pipe header 3.
Sal | - aPaRBtbr TepRpemsscloREy Pt B%Rn BRFAPEnGmPdr SRRSO e Hd vi a
15 filtegs wRenapdssehenoi dsvalyue %%omcae'guapbxéth@@i@ri@&S,u'e:@ntpe@tler to
space above piston 26. The water pressure available via solenoid valve 31,
i s greavetvehaRenhBIpi-Essetebiynspacar Ar he&dsr 8irt Heyipitsoentzem.is forced
downwar rigting.th ter f te d i utti it off
when thgg%é@&zoﬁ%ﬁg Sg’gg%fté?ug%nggg, 28, °p2RT ol BRI SIIEH! 19pdk o
To mdveliimhe econtindlcwakventiooa mor prepentpesceiseiveokenerd flalwecddssi s
opened, eIiev&ng t he pressuyre above piston_26, and d's&har ing the excess
wat er vFgepFBé 34thpRt §afpe LEetdPe Warer BFS@.SMﬁéﬁm-g&léﬁ&‘agvép9e§r31,
and 33, jargat! psednpiston 26, maintains 25 it's position. Pul sed opening of
sol enoi d val ves 31, and 33, noves piston 26, to the desired position, thus
sets the required water flow rate. Protrusion 27, nmay be shaped ot her

than cyLinpdrical to iliitate |linear.,valve characteristics. L.n_ normal
oot ] BRECELERL 18 bR LB Al akel AL LYRpl ARy SOLELED ot ekl AOLER)

derinedviloa tenpRbahube €aveatieoRadfiveSpacexterhallutdnairblf famyeetgoi nt
for constant volune air handlers. For variable_volune air handlers the
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of weighted Tree oating

upper enlarged portion of return pipe header 3. Small diameter
pipe 29, originates in entering water supply pipe and via

15 filter 30, and solenoid valve 31, can supply high pressure
water to space above piston 26. The water pressure available
via solenoid valve 31, is greater than the pressure in return
header 3, thus piston 26, is forced downwards, restricting the
water flow rate and ultimately shutting it off when the lower

20 1lip of protxusion 27, 1s in contact with valve seat 28. To move
the control valve to a more open position solenoid valve 33, is
opened, relieving the pressure above piston 26, and discharging
the excess water via pipe 34, into the return water pipe. When
solenoid valves 31, and 33, are closed piston 26, maintains

25 it’s position. Pulsed opening of solenoid valves 31, and 33,
moves piston 26, to the desired position, thus sets the
required water flow rate. Protrusion 27, may be shaped other
than cylindrical to facilitate linear valve characteristics. In
normal operation position of piston 26, is set by the

30 prevailing sensible load, derived from temperature deviation of
space or return air from setpoint for constant volume air

handlers. For variable volume air handlers the supply air



piston 5, flow nonitoring and water side system bal ance are handled as
described in conjunction with FIG 3, 4, and 5. 5 Referring to FIG 7,
wher e t hewOwaiogds of piston 5 is variable, thus the diffpemrarei/@beémpressure
across the coil and consequently the chilled water flow velocity in the
circuits is also variable. In this illfastration piston 5 does not contain
a 10 weight. Vertical supply pipe header 2, is extended via a 90 degree

bend in rizontal .section _42. Piston.43, is in this i zont al

por t1 on pBeaReal SO BT OR <Rl B 1 BpirisEaa LRS! st on
5, and piishogo4d, faein as fJoexichloa inpushthied’ oanddiiansiersder Ga 2atiween
the two pistons. H_gh 15 pressure system water  enters |ower chanber of

cyl i ndeP1860TyPa Lt MPGL toripgr 280, WRiteEd Saef Sy t3g bad@nsienér3n. The
upper f | i - ted. tq.t eturn pi ader 3,
vi a pipggﬁg§%$h%Feg¥§ngﬁgfgﬁpég%FﬁggggﬁﬁgiW%%Sigﬁg% gS,QTna%§§Eﬁnder 36,
separbating the | ower and upper chambers. The 20 weight of piston 35, is

such that .when the differential pressyre_ between suppl nd return
headers?ef?r§ﬁ8g3%o k@gbe i Vi ei§%§tHH@§9§%$eﬁﬁ%§Hﬁt§%ﬁ%réﬁains in the

sane rehatkyeeyethugalnRogilfiferche ey brdaku3e 2SHesd tike «dilf kefenti al
pressure increase, piston 35, noves upwards, 25 further exposing pipe entry
41, whi ERNGREUSISeY3Lher ghildded WRESTekdews VELesstrve inTh&awstiecugiantist y

enteringq > er of | L r N ricte fixed orif.ice 38,
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differential pressure across the coil needs to_remain constant .and_ this is
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balls 44, between piston 5, and piston 43, act as flexible
"push rod" and transfer force between the two pistons. High

15 pressure system water enters lower chamber of cylinder 36, via
pipe 29, filter 30, fixed orifice 38, and pipe 39. The upper
chamber of cylinder 36, 1s connected to the return pipe header
3, via pipe 40. There is a weighted free sliding piston 35, in
cylinder 36, separating the lower and upper chambers. The

20 weight of piston 35, is such that when the differential
pressure between supply and return headers, 2, and 3,
respectively is at design, piston 35, remains in the same
relative vertical position to cylinder 36. Should the
differential pressure increase, piston 35, moves upwards,

25 further exposing pipe entry 41, which via pipe 34, relieves the
excess pressure. The water quantity entering lower chamber of
cylinder 36, is restricted by fixed orifice 38, and up and down
movement of piston 35, governs the quantity of water leaving
via pipe 41. In order for this balance to prevail, the

30 differemtial pressure across the coil needs to remain constant
and this is achieved by pipe 39, conveying the same pressure as

in lower chamber of cylinder 36, to horizontal portion of



supply header 42. Thus the same pressure is acting on right hand surface
of piston 43. Wen the pressure on the right hand side of piston 43,
equal s t hwopses®as e on | ower side of piston 5, the systemcraBiawibel ance,
thus operating at design 5 differential pressure. Should the differenti al
pressure decrease, due to downward notenent of control piston 26, or a
pressure reduction in the systemdistribution piping, pilot piston 35,

drops down, . cl.oSi o] ter entry to pipe 41, .permitting nore ter to
ent er kﬁ%ﬁé&yh?%%%%§t%%s¥®%u 2€h?1%éw% ﬁ%g?%%r?eﬁgc%gkﬁ?gfg?eﬁ%?% pressure
acr 0ss #ded CoOLt FHEQSSHI BisBsh | 41Y. OMhéOWehe SHFé&866ref ofi Bhenrbghtshhads t han

the pressure on the right side of piston 43, consequent[é, piston 43,
acting Siqle eharbrteml 3, 429U § | thYrRESHFEFBNOCS, LP¥ehoiad8odh. PPFEPBN 5,

inturn:c of.f ey .f hE GhifyilsSy LEsyLLipg 15 in an
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design yal ue, thus the new bal ance oint is reached and pil i ston 35,
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quant i ty,-80LeFL NBedlc¥ionf ixethorifécom38i sE¥ibadesn3pipighagei1st non

ferrous material and pilot piston 35 is of ferrous material and sol enoid
37, surkbuipels 3he dppes péevioncbPsEyyi aEErwaber\BRYYt RereiPs Ad: current

flow in | enoid 3 h 1.0 N .S 3 he,magnit ude of
t he cof?gﬁ?%?g%% t%%féZﬁapr%sgﬁr%$t§%t$%%d§g éggﬁangéﬁ%$8§s§?é gg%igg
val ve. thatreduceédgdhfcarerbial nboesgleaoadrdgs the aafjhepbrestaree acting

on pilot pjston 35, is counter acting so of it's ight, thus the

't For GHELHRO pPRsLar L sEEPBRTE ForPiRESRO! 1§ Leatcba= TRbE HF FPEPERt

of cur romt TR Se anora 37 T The o f ate Ty At e of ‘Lhe carl, ekreR in

. npéerature of the coil, which in

turn depeadspaneciballs £Lowikl ofdrge pffbensSt heol mpeat dowpacPigton t he

coi | 5, in turn cuts off water flow to some more circuits, resulting

15 in an increased differential pressure across the coil. The
downward movement of piston 5, stops when the coil differential
pressure is again at it’s design value, thus the new balance
point is reached and pilot piston 35, is permitting the same
water quantity to escape via pipe 41, as the gquantity entering

20 wvia fixed orifice 38. Cylinder 36, is made of non ferrous
material and pilot piston 35, is of ferrous material and
solenoid 37, surrounds the upper portion of cylinder 36. When
there is no current flow in solenoid 37, the weight of pilot
piston 35, sets the magnitude of the coilil differential

25 pressure, acting as a gravity pressure relief valve.
Introducing a current into solenoid 37, the magnetic force
acting on pilot piston 35, 1is counter acting some of it’s
weight, thus the differential pressure setpoint for the coil is
reduced. Thus different differential pressure setpoints may be

30 maintained by changing the flow of current in solenoid 37. The

surface temperature of the coil, which in turn depends on

circuit flow velocity, effects the latent capacity of the coil



WD 03/ 095925 PCT/1B03/01767 18 nore than it effects it's sensible
capacity. Therefore in this enbodinent the space or return air relative
hum dity worBedsss the differential pressure of the coil a@ad/1Bbs01dé”ry bul b
tenperature is in comand of total flow by positioning piston 5 26, of the
integral control valve. There is an int&rlock, not illustrated, when
piston 26, is in it's upper nost position, thus the control valve is ful
open, yet the coil is_punable. tp neet.the sensible |qad he | atept .cal
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set poi nhe tRusE popRt bt i RESTORTe sRf f Blke aped #RApFRReAYEdPHSP the air

stream [ t S i b LE s kQ~,CQE is and
aIterna%%%é?%%?ﬁ??l?gi%g %@@?%ﬁa7#§pfgg§% %gofﬁﬁ$ﬁ%$¥ég%?ﬁhﬁ%agg%E%% of the
coi |5 a%6 destrilbedinbegrahj ametioh waiheFl Thete RefanringerdofkG nBE

illustratjng a sinople | ow cost roach it hout conpensation_for system
br essurbL VAP TORG, VOFR I PLF RGP 2B oSy bR el bOVEPRE® CONEF o RAFY8R Shoul d
the sengihbd echoagogess easg1ve0l npitll Vab¥e, 3tet 0OPEBSco UM bt LAgL MBI €oWat er
into chanber on right side of piston 43, which in turn forces piston 5,

downwarmigeyi ehoatensiapedlepdcerbe shatentt Fagloferwaieh eisauirnféewe nore
Clrcults, ﬁg\'{ngs S?éﬁ&?ér? é(l?‘(livxﬁoi?%’ ci)Pgﬁ‘iﬁEtgf:e 2.8k ! a%Q%%%'i%%B? are cut
ce of P , . a

off, when To sur I ston reaches val ve sSeat | water flow
t hr olighs ¢rheilshe | coslisgoppedacHhesewobid beet bercase @fhew thi sopanbidul ar

air hqulin unit is got in service. Shgﬁlg,%ge sensi ble load increase,
sol enoi 7va} e 33T CPEOpehi® Uoerdi FEPngOhat EF %r??B%P 0PbGESFFEm header
42, on £hghtist decRhs PhetON, 481 vEYSLEM BpssHECarast 1 BUpPBsBHELANLS,
forcing piston 5, spacers 44, and piston
the air stream. The foregoing latent wversus sensible capacity
ratio control is and alternative to utilising piston 7, placed
15 in the return header 3, of the coil, as described in

conjunction with FIG. 1.

Referring to FIG. 8, illustrating a simple low cost approach,
without compensation for system pressure variations, utilising
20 a system powered control valve. Should the sensible load
decrease, solenoid valve 31, opens, admitting more water into
chamber on right side of piston 43, which in turn forces piston
5, downwards wvia ball shaped spacers 44, cutting off water flow
in some more circulits. Keeping solenoid valve 31, open after
25 all the circuits are cut off, when lower surface of piston 5,
reaches valve seat 45, all water flow through the coil is
stopped. This would be the case when this particular air
handling unit is not in service. Should the sensible load
increase, solenoid valve 33, is opened permitting water to flow
30 out from header 42, on right side of piston 43. System pressure
acting on piston 5, forcing piston 5, spacers 44, and piston

43, up and to the right and permitting water to flow from



43, up and to the right and permtting water to flow from WD 03/ 095925
PCT/ 1 B03/ 01767 19 supply header 2, into sonme of the circuits. Wen the
coil coowpngogmpacity is matching the air side cooling | ead/Box@renoi d
valve 33, is closed. Valves 31, and 33, remain in the closed position, the
number of active circuits remain the sdffre, 5 until there is a change in the
air side load. For constant volunme air handlers solenoid valves 31, and
33, are t.r ol | deviation fr ace or .retu air_.tenperature

set poi nts,%%g(#y lh\'/eg’ﬁeécg%éé \?Lglt%mssoaler %g]ﬁc e Iy ¢SV g\{lllle&h tf}}eo%%sldlppl y air

t enper aiciviod iset peipiici tyl @ sRekerdhing tthdla@r $idan cldiaratliosss,met hod of
positioning piston 5, is shown. Geared notor 45, drives worm screw 21, and
pi st on 5°leRodguplrdde & worm SAsiR21 Vadyes Ret clFirwy 3tendiemairhdgadhaen
geared @RLAeAPodiWils WD $Ch@M2Ls i AR 13 A5 e QR R Shon dE%méWS‘l
noved upwar ds, reverse rotation causes piston 5, to nove downwar ds. en
pi st &n Bntid dhieren ial b chengsayjndole add istide loaer. Furf acmstenttact s val ve
seat 46vO§h%_ w§te%_fl w t hr oygh t. cqil ié sto eﬁﬁ'There is.a rtjca
protrusi'On 8IS & PRRSY SEr FRIEVSH Ss TFpiy Shedde A5, "tﬁIfOQﬁﬁﬁﬁﬁﬁﬁéﬁtroove
in pistey BevietpoayEromispher 2r @t ;R0 kempal'a% @6 SaMRA Y, ifHbei ng
repositioned by wormscrew 21. The vertical protrusion and groove in

pi st on ¥arag®lgotolimeygirahegdlpag bygsierygating £xomseirrd ymailst ai n axi a

and rag%ﬁ%egg%hkggggFgﬁiWQ{n1screM/21, and bearing 20, also 25 contains a

water tig seal . nmotor 45, is under the control of prevailing
senslibl e air side |oad. The optional latent / sensible capacity ratio
control

con 10| L 3GagaemLLhEd by BLSton L Toe Iechan oMo pasitian piston T
Wi th piston 5, is shown. Geared motor 45, drives worm screw 21, and

piston 5, is coupled to worm screw 21, by a matching female
thread. When geared motor 45, turns worm screw 21, in one

15 direction, piston 5, is moved upwards, reverse rotation causes
piston 5, to move downwards. When piston 5, is driven all the
way down and it’s lower surface contacts valve seat 46, all
water flow through the coil is stopped. There is a vertical
protrusion on the inner surface of supply header 2, with

20 matching groove in piston 5, to prevent piston 5, to turn about
it’s axis when it is being repositioned by worm screw 21. The
vertical protrusion and groove in piston 5, are not
illustrated. Bearings 20, and 22, are to maintain axial and
radial positions of worm screw 21, and bearing 20, also

25 contains a water tight seal. Geared motor 45, is under the
control of prevailing sensible air side load. The optional
latent / sensible capacity ratio control is accomplished by
piston 7. The mechanism to position piston 7, in return header
3, is identical to the one described above in conjunction with

30 piston 5. Geared motor 47, positioning piston 7, is under the
command of space or return air relative humidity deviation from

setpoint.



30 piston 5. Ceared notor 47, positioning piston 7, is under the comuand
of space or return air relative humdity deviation from setpoint. WO

03/ 095925wB@B/0pBR3/ 01767 20 Referring to FIG 10, where 2CcIyBiximgower ed
version of positioning piston 7, in return header 3, is illustrated.
System wat er may enter or escape from #Pexi bl e bellows 48, via 5 smal

di aneter pipe 32, and bellows 48, in turn noves piston 7, to the desired
position. Control piping arrangenent, filter and solenoid valves are the
same as illustrated in FIG 8. The positioning signal for piston 7,

ori gi naRes efrramgr elatitge 1loynmiwtictrye de\siyattiedn povemeseteaigilon HF Referring to
FIG 11, illuystrating three stage control of cooling_coil by solenoid
valves.pﬁﬁ&F&PH@“ﬁl83550397'pﬁgc§@tpﬁn SFFOEYF Pirpdshéddérstrat&deate three
separ at @, &hafb ks e mayPRhY e N8R RpeThe Wat eh chdidWd %eqqqalnﬁc{hﬁéetb%a S

controlled by 15 individual solenoid valves 50, 51, and 52.
i1 ustr&amedd Samesserspipraend252 angr dedllosisd 48nd 1Bl turn operes i aonl?,

circuits 4 r i ywe d.thereds.no-water _flow. in circuits. and 8.
The- our tenFrE, SeBiks¥® o ciof P ceRrea  BiBien, e rehgmty . didds Mhuced
| at ent kolensildl eatapachiy rtaki @amen a0 iplase ratesolieneitd va vesdmotori sed
on / off valves or nodulating control valves may be utilised and the
groups BPSIELPRAPEs SaARAYalfPEs PaEECRot /| PHLOéBALtESt hres RePdririeng to FI G

12, a sebhiprepekked-hydnaglin peweLedpiston 25 assenbly is illustrated.
This piston asSenbly is placed in the supply pipe header 2, of the cooling

/ hé@tipg coil. The three chambers 53, 54, and 55, may be pressurised via
comect 9:8128% 58 £if. 20, SITRSFLLICLY (LORLYLDG.BY Ssaue (g sharber
cooling coil by solenoid valves. Dividing plates 49, placed in
supply pipe header 2, create three separate chambers in supply
header 2. The water flow to each chamber is controlled by
15 individual solenoid valves 50, 51, and 52. In the illustration
valves 50, and 52, are closed and 51, is open, thus only
circuits 4, are active and there is no water flow in circuits
6, and 8. The current operation mode is at reduced sensible
capacity also at reduced latent / sensible capacity ratio. In
20 place of solencid valves motorised on / off valves or
modulating control valves may be utilised and the groups of

circuits and valves are not limited to three.

Referring to FIG. 12, a self propelled hydraulic powered piston

25 assembly is illustrated. This piston assembly is placed in the
supply pipe header 2, of the cooling / heating coil. The three
chambers 53, 54, and 55, may be pressurised via connecting
pipes 56, 57, 58, respectively. Applying pressure to chamber
53, via pipe 56, expands flexible bellows 59, forcing split

30 friction ring 60, against the inner wall of pipe header 2, thus
clamping the upper part of the piston assembly in place.

Pressurising chamber 54, via pipe 57, will clamp the lower part



30 friction ring 60, against the inner wall of pipe header 2, thus

cl anpi ng the upper part of the piston assenbly in place. Pressurising
chanber 5wo osiogsops pe 57, will clanp the | ower part WO 03/ ®PeF9RE3/01767

PCT/ 1 B0O3/ 01767 21 of this piston assenbly in position. Delivering
pressurised fluid to chanber 55, via Bilpe 58, noves the upper and | ower
portions apart, as inillustrations A, & C. Permtting fluid to flow out

fromch 55, Jdets the upper .and | ower porti.ons t.o 5 nove to, cl pse

proxi ni %Pgtrshl%n’%ﬁﬁecﬁz% Fation B, Tt K @ﬁSée%]sveW&sQﬁ?%%lﬂr chanber
54, is rdtuinder qhisessid &5t held @tele O i ftHdaRist ah@ssamty wil
nmove down when fluid is delivered to chanber 55, and nobve up when fluid is
per ni t t PRI FDRPGHT f fFmichanpdrs BRtithe dppdr parRewtl thinasEand yeomy
10 nove I T r i Ege] ' . simlar
manner . #’%&g Oﬁ?\gr}r?\g?gkappl illcg%lgie'onl%cgé fﬁ% ?xgr esgdﬁ{rd]e ]téc‘)ﬂ?eclgt%%%% %gi]‘,o 54,
and 55, mevabltes dlivs epicstoorimsEisseds yirt o 1lelstreticap Rr Tovwhanbgy B3 header

2. 15 Referring . ta FI 3, .the pressurised fluid is derived fromthe

syst em HIGWE"t ﬁregiu&ﬁl%r @é%&&bﬁ%ﬁ 1% é’roscsél,n &é’df@ogr%%ec'es&%%,lowq%xi bl e
pi pes S@orrdomddf theC RAMIS axken@Ay 3 15hovdhebwd] whdreg, 5Pl hoi d

val ves 62, are closed, the three chanbers 53, 54, and 55, are pressurised.

Openi ng e VEirefote shamper @ Syolagishimpvirape hyes) ifdvweis] tie grmesisiras ite t he
respect ipqe anRer s5 ARqel rani 0 Il er,_ not Jllustrated,
gener at es%t“f\g%s%ggggﬁ{ icg”lg S| g";\§l5 't orrbh%r ﬁl&ge%ﬂ?%ﬁiccs{%g\ocahsesearﬁosfei/n%lﬁ’ B down
accolrdi mypvteo upherpewai hibrg |thad lowdarheagai lis cAldngraratiiny e tarditid issi ng
system power,, a dedi cated hydraulic or 25 _pneumatic pressure source may be

used. Aﬁ&méfrarafnﬁélpﬁit'i‘\? Uss ateTNAcSE BEPAEE L3108 ST MR PEEESURS tife

pi ston assemely 8nd shripgd be coapealdsngnd S fdRdRAdey 2.1 4,0l ace
of flexible hydraulic pipes 56, 57, 58.
up or down in pipe header 2.

15 Referring to FIG. 13, the pressurised fluid is derived from the
system, flows through replaceable filter 30, fixed orifices 61,
flexible pipes 56, 57, 58, to chambers 53, 54, and 55. When all
three solenoid valves 62, are closed, the three chambers 53,
54, and 55, are pressurised. Opening one or more of the

20 solenoid valves relieves the pressure in the respective chamber
/ chambers. An electronic controller, not illustrated,
generates the sequential signal to drive the piston assembly up
or down according to the prevailing load on the coil.
Alternative to utilising system power, a dedicated hydraulic or

25 pneumatic pressure source may be used. Another alternative is
to incorporate solenoid valves 62, in the piston assembly and
bring the connecting wires out from header 2, in place of

flexible hydraulic pipes 56, 57, 58.

30 Referring to FIG. 14, where the clamping of upper / lower
portions of piston assembly is accomplished by magnetic force.

This is for mild steel pipe headers only. Solenoid 63, is wound



30 Referring to FIG 14, where the clanping of upper / |lower portions of
pi ston assenbly is acconplished by magnetic force. This is for mld steel
pi pe headwp3wosdsgs Sol enoid 63, is wound WO 03/ 095925 PCTPICBABINM7E7 22
around ferrous bobbin 64. Split rings 65, are nmade of plastic and ferrite
m xture. \Wen solenoid 63, is energise&zthe magnetic circuit is conpleted
via ferrous bobbin 64, split rings 65, and steel pipe header. Split rings

65, expapd.and 3. 6LAIP IR pover ed ond 9 Lok assamlud BPLAGE: ;) Ui d

at ystem pressure is torcant rafr chanﬁer via orifi 1, and
when Sobﬁﬂofdrratéemﬁ%tuEQ CM&&@dso&éﬂ@ﬁds6Be|h&W@né&gls%ﬁ.&mmMn |n
illustrations A & C. (Qpening solenoid valve 62, relieves the pressure in

cent r al "BHRRBAF S5XCPAbs IFeFRERHG ERe V16 §F§F3H€ek5%*ﬁébﬁmupﬁ@ﬁ d | ower

portiong;gfgt @9 PLEKOB R3S SR heBeRer sbllllt&sn:&%tglsoressB FRHPl@ g ring
| oom nof illustrated, connects the three sol enoids to an external

elecﬁronﬂ@mpthenpewer@@ R@ﬂepﬁ'mgst@nFaS§emblya1magﬂetmc @llavigi g

arrangenent is_shown_ suitable for nan ferro |L.so for ferrous
neador s SYR5FT: PEPRRYES Lo Ao 4EEre anGeT S Ay STRPSTs Suaded By 9aFings

66, to eexpand andnCkanenadd Retlviel Be,headen odedl, N expiahEOMHd1gWiat 50N
solenoid 63, is energised to enable free novement of pi ston 20 assenbly
por ti onafi EAPWIt A pipe UFEEAEEONE ds&dCandPsPéRT Fedieriodis - veoleenoi d

val ve 'EEE§EQ@Eegh%epéeésﬁresﬁh!Ee&k@gl 8P amPrd %@r'Q eX|ﬁd%%§§§%hragn167

illustration C. Re ring to 16, a long tubular
is 125 ﬁnstadcenbedwepnpappeadamdzloWhe meeuoeﬁp@ﬁdmmanpuaﬂxw end of
diaphragn167 i S connecte

h | |1 d
o o G B S B ERe o AR LB M4 e R ek T i

vi a fi|&Q&u§@ra£@&9€dc6hn%@$% &3e %h%e@ogo&%h@ﬁﬂs ol w& &3:teafdiconnecting
pi pe 71, into bel ow 67, extends the
electronic sequencer.

15 Referring to FIG. 15, a magnetic clamping arrangement is shown
suitable for non ferrous also for ferrous pipe headers. Split
ring 65, of plastic and ferrite mix is loaded by springs 66, to
expand and clamp against pipe header 2. In this configuration
solenoid 63, is energised to enable free movement of piston

20 assembly portion within the pipe header. Closed and open
positions of solenoid valve illustrated in A & B. Split ring

65, and springs 66, details in illustration C.

Referring to FIG. 16, a long tubular flexible diaphragm 67, is

25 fitted inside pipe header 2. The upper expanded circular end of
diaphragm 67, is connected to pipe 71, and the lower collapsed
semi circular end is fastened to pipe header 2, at location 70.
System fluid via filter 30, forced by pump 68, via non return
valve 69, and connecting pipe 71, into below 67, extends the

30 circular portion of diaphragm 67, downwards, closing off
additional circuits. Turning pump 68, off and opening solenoid

valve 62, fluid is permitted to flow out from diaphragm 67,



30 circular portion of diaphragm 67, downwards, closing off additional
circuits. Turning punp 68, off and opening solenoid valve 62, fluidis
per m tt edwomsfobzses out from di aphragm 67, WO 03/ 095925 PCT/ICBABIDM7E7 23
col lapsing nore of the circular section into sem circular and permtting
water flow through nore circuits of th coil. |Illustrations A. & B. show
expanded circul ar and col |l apsed sem circular sections of diaphragm 67,

respectiv . dhis b particular,configuratjon is_suitable for cooli coils
b bum S T e e PR e Hen gt 80 F AL Snal et lona b ene PEPECE Y, Sl en
| oad onpéhei€oihgandtpoesklbwetsbotighfhosd thecwater ofl ewe &8ibot critical.

10 Referring to FIG 17, where an additional tubular diaphragm 75, is
pl aced ThErderdeiofrf Pipe BeadBPwiexpanfedi airgving 2BrapRLAGRESE7SSHBAd 75,
resul ts_i Ltiuer f | o e kL. As di aphragm
75, shu%%P% ?é#I%M/tﬁggﬁgﬁk ggépﬁgégﬁ %?faﬁ%%@%ggg??gg'n§§%%| operation it
i s uAdepatbicelati venhiugudatyononsrshjtableefdiraphpadgng6épiils dndbrnmid

sensi bl e heat control, Runnin 68, and openi ng sol enpid val ves 72,
74, Wil FEPRHTRE SLhSrbPe HABTPabBHEe cLbagt UV r BSBRc CEVar P ana fiear

i ndepenggpthy . 16R8NbAYLEE! 88O daMal ¥6S8it6de SButWbkE beSHht WAtBeaFlow

i ndependent respective increase in 20 sensible and | atent capacity. Upri ght

pi pe exiengponcydtifglto ensure renmpval of air trapped in di aphragm 75.
The I ength of diaphragm 75, may be 1/2 - 1/3 or |ess of pipe header 3.
Referring to FIG 18, there is a heavy ball 77, inside 25 di aphragm 67,

t hud0el Retaatring thermeedifior whener ahsa@dihpibB8al asbshawndiapkié&omlBs5, & 17.

Openi ng, sol enoi d valye 72, admts re fluid in t ubul ar ,di aphragm 67,
ona cur s P ERF POt £8Y dSIAFE RGP Er T BEREST EpeRlhgYsonenardtyal ve o2

ggggitsdiéﬁﬁﬁagﬁg §9apen@UYs9f rdkaphEagm Bési el khi@ bErMBECwALEEUI tS

flow through the coil. As diaphragm 75, shuts off flow through
the lower circuits, during normal operation it is under

15 relative humidity control, while diaphragm 67, is under
sensible heat control. Running pump 68, and opening solenoid
valves 72, 74, will reduce sensible and latent capacity
respectively and near independently. Opening solenoid valves
62, 73, will result in near independent respective increase in

20 sensible and latent capacity. Upright pipe extension 76, is to

ensure removal of air trapped in diaphragm 75. The length of

diaphragm 75, may be 1/2 - 1/3 or less of pipe header 3.

Referring to FIG. 18, there is a heavy ball 77, inside

25 diaphragm 67, thus eliminating the need for controls pump 68,
as shown in FIG. 16, & 17. Opening solenoid valve 72, admits
more fluid into tubular diaphragm 67, and cuts off flow to
additional circuits. Opening solenoid valve 62, permits f£luid
to scape out of diaphragm 67, resulting in more circuits made

30 open to flow.

Referring to FIG. 19, where tubular diaphragm 67, is turned 90



30 open to flow. Referring to FIG 19, where tubul ar di aphragm 67, is
turned 90 WO 03/095925 PCT/1B03/ 01767 24 deg. clockw se, | ooking down
suppl y heawoas/n2i92&nd extended all the way to the bottom ®CTaR0RI17€Nt €ri ng

pi pe connection 78, to supply header 2, is turned 90 deg. anti - clockw se
and split into two connections to headttr 2. In this configuration full 5
shut off of the chilled water flow through the coil is possible, besides

circuit by circujt.control of sensible coil. capacity. Referri to_FEl G
20, *t nedBVesSHPE i8R de LOGBIRE, S By ARG Vo Pe50Es. Ps FRfnER-FEdoa o4
const antnhdi {,£9r €6t ak abevent be Béﬁé}?uEﬁtE@in@e%ﬁb% RioR@ cheader 78, €entrol
fluid punp 68, takes systemfluid via filter 30, and delivers this fluid

to di apAEBgAYeleadry £ixds Suirnpded81depr ed8lie -1 6llioekwigley angs spdditnt ai ns
this pet u a t.le | gt i t.h I re.in retyrn 15
header %sﬁéhéﬁgr%gggggggkggeF8n¥§éﬁgﬁa?htgﬁnggl%sgggﬁgé%gggﬁﬁg ggéﬁgn

pr essur ehdtopfdf ofhéheoichi1lTkd aeteonfabwdiapbuapmtbé, coiin tiki s application

i's sane as OL fre slidin%,ﬁiston 5, .described in_association with_FIG 3.
v t

But t er f P§S§aPvE, 18S538RS guqtiaR¥i EyrGRLIENFPPEG Malsr SEPSHPRE CRAdugh t he

coi | and,gQc¢eptrolled by the sensible |oad and di aphragm 67, maintains
constant differential pressure across the coil by exposing nore or |ess
circuits to chilled water flow. Piston 35, of pressure relief valve 36, is

made of _ferrou terial . ,knc sing_/l. decreasi;ng, current £l ow through

solenoiﬁeg??r%ﬁgnngEg?én balEﬁg5p5gg§gﬁge1§g%95n5u§pﬁpglgépp §F9gl§g/ is

chanigedisTheindafiheteati al cphesstitedndfatahnedlacbosye the gekkssets ikhe

sensible to | atent capacitg ratio of the coil, thus it_is under relative
e

hurmi di t FEBREr BFPCWAERERere FeTRAPEr THPON PHMRI P8y hEakerr iptem féuid
di aphragm,6¢; 1k 8ratom Bhauekeh A LaLi PR PR RACRL diaphragm 67, via

fixed orifice 61. Pressure relief valve 36, maintains this
pressure at a constant level relative to the pressure in return
15 header 3. The pressure differential maintained is equal to the
design pressure drop of the coil. The action of diaphragm 67,
in this application is same as of free sliding piston 5,
described in association with FIG. 3. Butterfly valve 16, sets
the quantity of chilled water flowing through the coil and
20 controlled by the sensible load and diaphragm 67, maintains
constant differential pressure across the coil by exposing more
or less circuits to chilled water flow. Piston 35, of pressure
relief valve 36, is made of ferrous material. Increasing /
decreasing current flow through solenoid 37, the differential
25 pressure setting of relief valve 36, is changed. The
differential pressure maintained across the coil sets the
sensible to latent capacity ratio of the coil, thus it is under
relative humidity control. When there is water flow in all the
circuits, ie. diaphragm 67, is at minimum inflation, permanent
30 magnet 23, comes to close proximity to reed switch 24. Contact
closure of reed switch 24, indicates design flowrate across the

coil when operating at design pressure drop. This may be used



30 magnet 23, cones to close proximty to reed swtch 24. Contact closure
of reed switch 24, indicates design flowate across the coil when
oper at i ngwatozde®eyn pressure drop. This nmay be used WO 03/PQIABRH01767
PCT/1B03/ 01767 25 as an indication to facilitate water side system
bal ancing or used as an interlock to gPevent butterfly valve to open nore,
thus limting the coil to it's design water quantity. 5 Referring to FIG
21, the_functi.on.and .operation.qf, diaphragm 67, is the sane as, descri bed
in conj Ghcton Wth FI°& %_foafﬁglt&t]‘e?&a Fe 'S r‘igyrgéﬁnbi?a%qwgpﬁﬁ erfly
val ve wukskddiaaphnagmtetd.odne ompichicedt Tt tofr 1168t Wl R CHMLGd @, 79.
Sol enoid valves 72, and 62, when open, will permt fluid flowto or from
10 di apRREGmLE8tigghddrs vally tPhd 5§ eigsilgny Makeyr seniider- sensi bl e | oad
control and diaphragm 75, is acting as a conventional throttle val ve.
Referring to FIG 22, free sliding piston 80, of positive 15 buoyancy is
| ocatbedReeffesupply tpi fachedder t2e Romattiiomg towt hedradies oFl,dicimckwnse
transfers balls,82, fromreservoir 83, to .pipe . header 2. The balls 82,
force p??foﬁSB%Pedg\ﬁmﬁaFﬁs. =& edyi&y Sﬁ’nﬁgl,n ™ "o tir-odgh 1% he
pressur gigbevenard iReliowrdohe chingt @healbR tilke ragNMRss 1hiRUS 1M Yo drdddng force
is required 20 to overcome the the buoyancy of piston 80. The balls 82, are
of slidht posi fodd figayansy oandeitiran piger cormeasritioandé .alfoiengidkt on 80,
i's open,to. \at fLow Ahis,flo nds. .t ye .th nearest hall_ ta. block
t he opeF\f civ\ré%ui%{z’er??l\r@iy.ézRot%’g#ln\é’p%%dt ﬁ’é&g %%éf&ltB ,lué%?i -OWcIt%-‘c())cI?vﬁgf om
t r an$f eddsabakbgmB25, f rempedppiel2S MTeadevl2ndicdl meSeesOiars83ndadrst on 80,
now free to,nmove_up .and nore circuits beconme open to water flow Toothed
wheel 86?11?%%2& 108 GPkredaPRof3APRACEN /P A6t SCHiGSt P&t &d, and i s
under thaveaRtbak10knpLevakl ag,eensible load. 30 Referring to FIG 23,
noving balls 82, fromreservoir 83, to
Referring to FIG. 22, free gliding piston 80, of positive
15 buoyancy is located in supply pipe header 2. Rotating toothed
wheel 81, clockwise transfers balls 82, from reservoir 83, to
pipe header 2. The balls 82, force piston 80, downwards. Since
piston 80, has a bore through it the pressure above and below
the piston are the same, thus only a little force is required
20 to overcome the the buoyancy of piston 80. The balls 82, are of
slight positive buoyancy and if any circuit entrance above
piston 80, is open to water flow, this flow tends to move the
nearest ball to block the open circuit entry. Rotating toothed
wheel 81, anti - clockwise transfers balls 82, from supply
25 header 2, to reservoir 83, piston 80, now free to move up and
more circuits become open to water flow. Toothed wheel 80, is
driven by a gear motor, which is not illustrated, and is under

the control of prevailing sensible load.

30 Referring to FIG. 23, moving balls 82, from reservoir 83, to
supply pipe header 2, is accomplished by pump 68, supplying

pressurised fluid via non return valve 69, to the space in



supply pi pe header 2, is acconplished by punp 68, supplying pressurised
fluid via non return valve 69, to the space in WO 03/095925 PCT/1B03/01767
26 reservworo3g3szbel ow pi ston 84. Opening sol enoid val ve @ZT/IBVRITEVes the
pressure under piston 84, in reservoir 83, and permts the balls 82, to

nove from header 2, to reservoir 83. 5 @eferrlng to FIG 24, |IIustrating a
t enper ature based nethod of deterninlng % of circuits in operation. Air
handl i ng _unit 9 ongi sting.of filter COO|I CQi supply air
fan 11. Jes FXPﬁZaﬁg e%tgrs gﬁgtgprBﬁang Soa%ggégigﬁllf %gﬁd supply
air Ieayealabeboea@ @ﬁre:téuraermele&t @ﬁets:enmr, Th reseplvaded s8BQ rear the top
of cooling coil 1, . sensor T2 is_near the bottom of sane. There

i s al SOPETIEHE. t§€n§@ﬁl?3 I 0&&t BEVIEN ETORe Negaleing - aite S1eseamO v &de
tenperature sensed by T3, falls between tenperatures sensed by Ti, and T2,
is proportional to % of coil circuits in operation, except when 100% or 0%
of tBhe Bsfekréugt§an§GacﬂﬂveilAustmhtiandaz@@mﬂammtwnd hame@emethod

t enper at sense and T3, are the he fuII r zero
| oad coRtl EsnElarans Fy CeFRrRIiEs FroRPARe oty ult by iPRgaps, ards, Y.

t enper atuhes st2bgRefferriilggrt Q0F| Goo23nga cbang 1t ubuldaku@last Iandlfelalh riagm 67,
is fitted inside pipe header 2. The upper expanded circul ar end of

di aphr a§/tEYR BdrcEeAtEEEelhodpirpandlegnd t & Lowatios) |l§ps@e11d sapoly
circul ag;endcLge a%tteﬂ%gatﬁ and gsealg! g;%fa L d's'é%s%? 4e Q. ’E«% Ssed air
fromair source enters 8|a hragm en sol enoi'd valrve

opedp vneamonhectbpgoﬁlpeoling emuends thel diempul aengont iITAN dfs dmanhragm

67, do closing off _additional, circuits. Sol enoid valve 72,. ¢l osed
o CooPhR PRt ram, 8t odngh o ASTE 1S B1eR f BBy SeRE0St Taur 1R tAa aom

67, col kapsieavibge a0k tRecsid. C%@&é%@h@@&a‘tﬁh&‘é sefs 30 15 reul am1and
permtting water flow through nore circuits of the
between temperatures sensed by Tl, and T2, is proportional to %
of coil circuits in operation, except when 100% or 0% of the
15 circuits are active. At full and zero load all three
temperatures sensed T1l, T2, and T3, are the same, however the
full or zero load condition is easily determined from the

actual value of sensed temperatures.

20 Referring to FIG. 25, a long tubular elastic diaphragm 67, is
fitted inside pipe header 2. The upper expanded circular end of
diaphragm 67, is connected to pipe 71, and the lower collapsed
semi circular end is fastened to and sealed at sliding guide
70. Compressed alr from air source 85, enters diaphragm 67,

25 when solenoid valve 72, is open, via connecting pipe 71,
extends the circular portion of diaphragm 67, downwards,
closing off additional circuits. Solenoid valve 72, closed and
solenoid valve 62, open air is permitted to exhaust out of
diaphragm 67, collapsing more of the circular section into semi

30 circular and permitting water flow through more circuits of the
coil. Illustrations A. & B. show expanded circular and

collapsed semi circular sections of diaphragm 67, respectively.



coil. Illustrations A. & B. show expanded circular and collapsed sem
circul ar sections of diaphragm67, respectively. WO 03/095925

PCT/ 1 BO3/WDAB8/M9592Y 1|1 ustrati on C shows detail of slidingpgaiides/nd67 The
construction of tubular elastic diaphragm 67, is such, that it exhibits
nore elasticity along it's length thanZground it's circunference. 5
Referring to FIG 26, where the advantage of non uniform elasticity of

t ubul ar astic.diaphragm67,. is.ikllustrat.ed. ; ihaphragm 67, is fully
ianateéﬁgfgﬁk%F%ogfEe%ﬁ%Wspggggﬁ?eogt8&6§%ggiPﬁﬁégp?QSs& g in supply pipe
header 2pnkurtiberohOoifneupasari Blastipr €sspvheagupands idi aphaghe?, it
downwards, . U timately, reaching the bottomof supply header 2, and

shut t i n§*BLPLGE BPTEl BRAEREEHEH ﬁﬁén@oﬂF’foéapgthighﬁa|ﬁr§waé 166 F
conditiggrgﬁmkgkgﬁkgated here, all other functions are the sane as
described in conjunction with prior FIG 25. 15 Referring to FIG 27, a
hydraulic fluid of lower than 1 in specific gravity is used to inflate the

non uni for.m el.asti ci t yhul ar di aphra 67, The huoyant fluid is to
ensur e %ﬁﬁ?rFﬁﬁg hﬁp%iﬁbs?gpowgﬁaﬁ ggedggﬁﬁPESﬁFe?, PRRe IS O cul ar shape
20 firsklakhusieyt srothibahkkl edawater gibgwrbhemt Be, UpRER NSt reite@Ui t'S

first. When nmore hydraulic fluid_ is admtted, this circular _shape extends
downwar 88cec EePRY2ETY Oat &F fréhwyt dnfhdrtedciehi pdrppdgreysily prpssure

El evati aul | i .nr pnsi.d aphra ove the
orova | EagPREgaL A, R s B G R e B e 7
dowl@ar dacardsepioviedespif%uwat expbhdw shaphebbim %G, doweassedsydr aul i c

[ud ytlune, and o peeseure L nydiaplr agm.cr puiB, g8, s sarted anc
shutting off water flow through the coil 100%. This full shut
off condition is illustrated here, all other functions are the
same as described in conjunction with prior FIG. 25.

15
Referring to FIG. 27, a hydraulic fluid of lower than 1 in
specific gravity is used to inflate the non uniform elasticity
tubular diaphragm 67. The buoyant fluid is to ensure that the
uppermost portion of diaphragm 67, takes up circular shape

20 first, thus cuts off chilled water flow to the uppermost
circuits first. When more hydraulic fluid is admitted, this
circular shape extends downwards, cutting off water flow to
more circuits progressively. Elevating the hydraulic fluid
pressure inside diaphragm 67, above the prevailing pressure in

25 supply pipe header 2, expands diaphragm 67, downwards and
provides 100% water f£low shut off. To increase hydraulic fluid
volume and or pressure in diaphragm 67, pump 68, is started and
fluid is pumped from reservoir 86, via non return valve 69, and
connecting pipe 71, into diaphragm 67. To reduce the fluid

30 volume and or pressure in same, solenoid valve 62, is opened
and the hydraulic fluid is free to flow back to reservoir 86.

Although not illustrated, reservoir 86, may be directly



connecting pipe 71, into diaphragm 67. To reduce the fluid 30 volune and or
pressure in sane, solenoid valve 62, is opened and the hydraulic fluid is
free to fwowsbaksto reservoir 86. Al though not ill ustratred/iBoEesVOIr 86,
may be directly WD 03/095925 PCT/I1B03/01767 28 pressurised fromthe
chilled water supply pipe in order to 2%ininise the | oad placed on punp 68.
Referring to FIG 28, mhere the sane net hod of positioning of 5 piston 5,
in suppl i RE; head% trat A3 deicribeg .in ¢ qutlon W th
FIG 3, péxgé £ ERgt fﬁ@ th % vaWV Fs®YPBpY afeli “with © ri-dbl e speed
punp 87m1ﬂﬂﬁlaéﬁﬂhép$eddlgla@bd bn @g@gdseontroller 88, which in turn is
derived fromspace air tenp. deviation fromsetpoint, thus fromthe

prevailing 10 sensible load on the coil. The weight of piston 5, is chosen
to eq“ﬁéfé?ﬁlﬂSStS”FE esg rewﬂ%FEeEﬁ@CEaﬁétH@Eﬂo&UBE' okeedeh 2y o2nd
return header 37 For ree floating piston b, emai n statlonary,

t he §upphythaader1pr93§pig atbenpeedeirt 23 1boutbusnmatedquab ﬁhecm&b@dn
header pressure acting on it's tgop 15 i g ft ton As the
werght 57 pPeuBReBLonentin Bacdor BRREPLOtERE HBS GHRFESINT Y oaFap et ¢ he
coil, apypldextaiien &roeardesiansPeEEERENG! A . PRESSHUREWshblectDY® RIS
plston up or down until a new bal ance Is reached and the coil DI FFERENTI AL

PRESSUREYi sPgeddesngroagarn88EvivBéatl ynhavrRgliehdezdverf fapenepaceppagsur e
CO”Sta”E %%"d% gEEogoﬁégﬁ”Ee%gBﬁhtf'Qﬂhﬁv%k8ﬁ'kxe pgégsliﬁkae circuits,

al t houg e nu er of active rrcuits changes according to the heat Ioad.
Let 10s asasielthabadt be dhef eveiti @hepwesghteofcpbssohhé, cdslchssah desi gn

with the illustr ted osition of piston 5 and current eed punp 87.
25 Shou?@u?h tg EPyd |BﬁGSSHr?hégéﬁﬁFePﬁérgﬁ%@eeBoﬁPP8ﬁ§ €88 ex Fanps up

the spegfqof-cPUPR BLacqwhi 6h ablepnlis EREOEEE,ADRE BEEEB%USWﬂ%%r t hr ough
the currently active coil circuits,
remain stationary, the supply header pressure acting on it’s

bottom must equal the return header pressure acting on it’s top
15 plus the weight of the piston. As the weight of piston 5, is
fixed according to the design pressure drop of the coil, any
deviation from design DIFFERENTIAL PRESSURE will move this
piston up or down until a new balance is reached and the coil
DIFFERENTIAL PRESSURE is at design again. Evidently having the
20 differential pressure constant will ensure constant water flow
velocity in the active circuits, although the number of active
circuits changes according to the heat load. Let us assume that
the differential pressure across the coil is at design with the
illustrated position of piston 5, and current speed of pump 87.
25 Should the air side load on the coil increase, controller 88,
ramps up the speed of pump 87, which attempts to force more
chilled water through the currently active coil circuits,
resulting in a pressure differential increase across the coil.
Piston 5, is no longer in balance at it’s current position and
30 starts to ride up, permitting water to flow through more
circuits, thus reducing the differential pressure across the

supply and return pipe headers. The upward progress of piston



resulting in a pressure differential increase across the coil. Piston 5,
is no longer in balance at it's current position and 30 starts to ride up,
perm tti ngowawesv2so fl ow through nore circuits, thus red®cTngoddage?
differential pressure across the supply and return pipe headers. The
upwar d progress of piston WO 03/ 09592%9PCT/ | B03/ 01767 29 5, stops when

bal ance is achieved, that is the differential pressure across the coil has

dropped. back to it's design value.. ,Should .the air,_side.lpad decrease, the
Oppob (2 AP SIiaR Bt B S Wit oot B S ELRLaN et | ¢ he
new 5 et abee Pt DN tise r €8Cheas FAAHMBER Rtk pes SPECk i daesphstealbe. is

acting as a.gravity,opeyated pressure relief valve. The constant
di f f er epirowld prss sire Hedat PRI prse onte ORPRE:ES BBIRBEAAt Yl ocity in

the actjve cir Lu¢§55gmh§$§,n el n 19EPfcfféﬁf€scﬁ%Efit§hésng§pend?nt on
t he po TTon of’ this pi ston, know ng the position of piston 5, provides an
accuf atlea hads 1©3s 1 thie@s ut & nged dleeduant o yarod tivat epefspwe hijvehpoagbnt he
coil. In this particular enbodi nent an ultrasonic. transducer / receiver
17, is PP e nd ??m?L&E@YlE¥d°%$r§ﬁﬁgr9r%%%ﬁﬁ$ 5?1V@€hv?ivg'15 associ at ed
el ectronic circuitry the ultrasonic transducer / receiver operates as an
echo sounder and neasures the distance of piston 5 relative to the

pi st on' Bhaippers st gosferentigheoressiraupuintcaimed Bydatateandaccuratel y

relate the position of pi n}Z .10 ter flow.rates  Ihe adghgi Jas) &

. ’ t C nd. r
ent eri ng™an 500?%%/?%% \7\%?%‘?1? ﬁ%r%%r% SeReors Wt provi de tﬁe
necessasy adBpid Scitcebpuie dapsertengyonsede byotheioni bf Teipepastuor,
sensors are not illustrated in FIG 28. Mechapical stop 18, is to prgvent
pi st on 0OWERE ERf P Bt T eReO a1 T e Dot P ohTBF aguﬁgwrﬁéad@?a%saﬂ _
CUtt'”ngééuifﬁbe@ﬁgréﬁgnwﬁéﬁro§U@Qkér2§18@Dﬂ§¢£h98ugﬂﬂtﬁé sbde bahancing
of the system and providing self bal ancing '

this particular embodiment an ultrasonic transducer / receiver
17, is placed at the upper end of supply header 2. With it’s

15 associated electronic circuitry the ultrasonic transducer /
receiver operates as an echo sounder and measures the distance
of piston 5, relative to the piston’s upper most position. The
coil manufacturer’s data can accurately relate the position of
piston 5, to water flow rate. The addition of entering and

20 leaving water temperature sensors will provide the necessary
inputs to compute the energy used by the coil. Temperature
sensors are not illustrated in FIG. 28. Mechanical stop 18, is
to prevent piston 5, from going all the way to the bottom of
supply header 2 and cutting off the entering water supply

25 connection.

Water side balancing of the system and providing self balancing
facility, as explained earlier, requires that it is known when
piston 5, is at or near it’s upper most position. Evidently

30 this echo sounder type device is more than capable of
providing the required information and with some additional

electronic circuitry to indicate water side balance and or to



facility, as explained earlier, requires that it is known when piston 5,
is at or near it's upper nost position. Evidently 30 this echo sounder type
devi ce i swomsmItokan capabl e of providing the required infremmoi/@ancand with
sone additional electronic circuitry to indicate water side balance and or
to WD 03/095925 PCT/1B03/01767 30 int¥#|ock punp speed controller 88, to
facilitate self balancing action. Wile the enbodinent illustrated in FIG

IS, no | ow first cost wever _fro t andpoi nt of
punplngl?ﬁﬁ%j%ckrﬁ%m%p%Pﬁ? 503% if?? ggpr%@eﬁ?gli%gaﬁﬁ Egefficient
appr 0acha14h&ohd NEOE DO AL §H1 08t tRBALMEAL HERS wmglsagatfeﬂomhssicé baganci ng
to accurate energy neasurenents of the coil's energy usage. Referring to

FI G 29lsm@¢eaal@WohJéﬁtcwshdéplg’gloms PPWe¥ET 10oTna; @ a’é@EEW’CpPEe
header 2. The 8 |
from t JRCPBU *h8Y 8 Plendl SYLLROeh, 83058) 5 PLagEEsshy el ¥nkORgEE do! ng

S 0 enslUre that the upper circuits are
cut Qffeffﬂ@iéﬁmIéﬁﬁro&ﬂherAibamapcoﬁpor@tesogpé$snag Sequentbakrbyging

downwards. The  opened up and flattened nmantle 90, of control Ilnder 89,
al so 15f§ﬁ%m%e%?d@?%@%?bﬂgoFol@ﬁSFHaE? %?%?%YQTeaﬁﬁFeB?BSFeggl €and
sequentggilCér&géfgyyugh guit control, cylinder 89, is rotated through 180
degrees by nodul atihg notor 92. Cyllnder 89, is open at the bottom
permtting supply chllled water to enter the cylinder. The supply water is

admtte ronllns 9, 20t ¢ a Io
Refereng %5¥ﬁ?gb n@fét % Wﬁ% fF C|rg%§€ Yi Hm%enggylﬁndéiagéé isat O
degnee peasidéoguppli pﬂpeChéaabzszarEhéegebvsnglchbhl eglwatier, sat 486

degree position all the circuits are shut off. This_ particul ar__enbodi nent
shows tRé°%¥?%%}Y§1%e1ﬁ@9§ﬁn9@h€§ £RoBr toRt LEVasEScFREUPRETER i RRdFngFe

steps Eyldentlye SO gggCﬁﬁbekscékéeltgagfg fQr bedi vi-dpgalnenfiedit by

circuit contro
water flow prior to progressing sequentially downwards. The

opened up and flattened mantle 90, of control cylinder 89, also

15 shows progression of length of slots 91. For progressive and
sequential circuit by circuit control, cylinder 89, is rotated
through 180 degrees by modulating motor 92. Cylinder 89, is
open at the bottom permitting supply chilled water to enter the
cylinder. The supply water is admitted from inside cylinder 89,

20 to coil circuits via slots 91. Reference point being at the
coil circuit entry, when cylinder 89, is at 0 degree position
all the circuits are receiving chilled water, at 180 degree
position all the circuits are shut off. This particular
embodiment shows two circuits being switched in or out of

25 circulation in single steps Evidently this. concept is also
valid for individual circuit by circuit control, also for
switching of multiple circuits in single step by arranging
slots 91, in an appropriate manner. The embodiment illustrated
in FIG. 29, is most suitable for controlling chilled water

30 coils with low number of circuits, such as used in fan coil
units and small air handling units. The modulating motor 92, is

a conventional one used in standard control applications.



switching of nultiple circuits in single step by arranging slots 91, in an

appropriate manner. The enbodinent illustrated in FIG 29, is nost suitable
for contrwblosngsehilled water 30 coils with | ow nunber ofpcaiiBeunirer, such
as used in fan coil units and small air handling units. The nodul ating

notor 92, is a conventional one used i#l standard control applications. WO
03/ 095925 PCT/1B03/01767 31 Positioning signal for nodul ati ng notor 91,

orlglna%8§}£r0n1 oggék%e Ogﬂ@gg %?éu %gggg Q?V|at&§?85%%gh Rplnt for

or
const an pl'y “air “Ténper viation from

SetDOInboﬁ@it!@hédbb9a¢@|uéﬁpékétdkétﬂbbmhtﬂan breyskempoihn gemeral , it
woul d be evident to a skilled engineer that | ogical conbinations of above
descrlbé@néH§68|ﬁéﬁtgoﬁﬁﬁﬁdsaﬁ§6mspﬁ8@|ééOFuﬁEPPéMaPl§oF€@PSH§tU€?h|bltlng

SOIe Ordébhaﬁé %hfréﬁ aktbb QHE9§099§8£h$BQe'Qo&ﬂﬁefQEQQQhEQrAHh%' b$i Ng

di fferent i ments th principles of this invention remain the sane.
Circdit spgptemscuit control, shutting off the upper circuits first and
progressi ng downwar ds provides sensi bl e capacity control. Grcuit by
circuit control, shutting off lower circuit 15 first and progressing

upwar ds thagehbkt-al ¢sikaienlid beesghbeat kLead Eatilgegorh@heckBichbai nNi ng
different water side differential pressure across the coil effects circuit
flow veéPeerey, conbinpsapepabilr a8bpveedsf cEhPrie8miademegs s qUdat By SO

effePt'§§Poa§Er ﬁh&%ﬁ%m&?SﬁE&%}%?ﬁs 'ééﬁggﬁgﬁh wayaf of Legt LRggQ |atent /

sensi bl 10 contr I'xéd arenti al pressure across the
coi |10t hetwat pntbkodevelkrdbietly innthke foekyotnts Usiddssinantififkusnthe nunber

o 25U S RULLS L2 Sitecly propori onal Lo, Lhe wet et auant Ly L ouor
03/0959@5r8§1&'59369%2@1t control, shutting off the upper circuits
first and progressing downwards provides sensible capacity
control. Circuit by circuit comtrol, shutting off lower circuit
15 first and progressing upwards facilitates latent / sensible
load ratio control. Maintaining different water side
differential pressure across the coil effects circuit flow
velocity, thus temperature rise of chilled water consequently
effective coll surface temperature, is another way of effecting
20 latent / sensible load ratio control. At fixed differential
pressure across the coil the water flow velocity in the
circuits is constant, thus the number of active circuits is
directly proportional to the water gquantity through the coil,

offering an accurate means for measuring water flow rate.



32 What is clainmed is: 1. A fluid heat exchange device, conprising a
header and a plurality of interconnecting circuits between an supply port
5 and a r@eDuwsmPest, the interconnecting circuits being ceamaBoxa76t o t he
header by a corresponding plurality of connection ports at different

| ocations al ong the header wherein t hé?header includes a bl ocki ng control
el enent inside the header, the blocking control elenent being positionally

adj ust | on e; header to selectively block fluid flow fromthe
supply%%%ﬁiqu?ﬁgg%gﬁé$hégbonnection ports of the plurality of

interconnecting circuits, thereby selectively controlling those
i nterconnecting circuits of thedﬁéuralit of intercoqﬂecéing ircuits
whi ch are &ubjetd et FRERAIE HFTHET et FPBUGhSTRI 13 RPLFHeRRY Bn t he

posi ti amof51he, b OCkh G- COMEOL 1 &) EFBRtu t £ bétfbdh daheghpsxshapge device
accordi'ng to cllaim1, wherein the header is an supply header
i nt ed conmdct ecepermeedrt heths uppt srporteaptng hel pturb$ipging connected

Clai m 10 et astitheeadirtsetonattd PRRall TP R SR ErLASBREET (he

pl ural idty ®ffiatetieonnestiogs Calsndtshandedder reheraipothe RoaderA fluid
heat exchange device, conprising an suppl% header connected to an supply
port, aRetiAes edekPckbivietRfeb alerertr ipbre, tRRIS2PREr aFRey of

i nt efC%ﬁ@&ﬁiﬂ@ Ebk CHb Sey\%ir;&tﬂt ]@éfn&%‘&@f&f&qé?lﬁ?&@jQét&ﬂ@esaﬂehyy header

and to the return eader a corresponding plurality of connection ports
at 30 difi¢ enemdet ocat sehscal valy eatdclof £1hied sfippivyfhemdeheasdopéyupart

header, _wherein th Ly, head d.t head h includ
bl acki GO oF S  EHERECT MOk ot Ho Woaber 1N~ WO Barb95025 PCT) | BO3/ 01767

33 interconnecting circuits, thereby selectively controlling those
interconnecting circuits of the plurality of interconnecting
circuits which are subjected to fluid flow therethrough in

15 dependency on the position of the blocking control element.

2. A fluid heat exchange device according to claim 1, wherein
the header is an supply header interconnected between the
supply port and the plurality of interconnecting circuits.

20
3. A fluid heat exchange device according to claim 1, wherein
the header is a return header interconnected between the

plurality of interconnecting circuits and the return port.

25 4. A fluid heat exchange device, comprising an supply header
connected to an supply port, a return header connected to a
return port, and a plurality of intercomnecting circuits which
are connected to each of the supply header and to the return
header by a corresponding plurality of connection ports at

30 different locations along each of the supply header and return
header, wherein the supply header and the return header each

includes a blocking control element inside the header, the



bl ocki ng control el enent being positionally adjustable along the header to
sel ectively block fluid flow through the connection ports of the plurality
of intercwomsmbiors circuits, thereby selectively control IPCTgBOIOSET
interconnecting circuits 5 of the plurality of interconnecting circuits

whi ch are subjected to fluid fIOM/théﬁethrough i n dependency on the
positions of the blocking control elenents of the supply header and return

header .. 1 D.5._ A fl ui h ' [ - f j 1
i wneraeind stotioled ey PR A I AL GO S R T

nmovabl ecled Gigpddie theasel ect hesepyobeparfivwhg fhew tieadeghi the two chanbers
extendi ng along a part of the header_, dependent on the ppsition of the

pi st on HEEERAILEN 130K S OF | 1Y AT Eiiehary el HeST cRPAEE ot B9 gt ¥ 8uEFSi m 5,

wher ei ity At e d BLUE IV OO) tedh VB VE S BhESBILELEPECERBLE OhYT BYrEhersfl uid
flow through the return port, wherein the position of the novable piston

assenblof ithe hel umembetry i of comtentdmuedyiid ubtroeits ovni@hoayh the return

port. (Fig, LA £l ui at .exch e device according to claimb5,
mhereiﬁ“ﬂgﬁﬁg%%ii??o%i%+gt{£§%n% %ﬁgggg% vy in ?%%nﬁ%%%%ro?skﬁéasured by
nmeans oyt diSaSOni €né rensaute; ebacesl aélenenesdodf thbes@pphpatesdéor
nmeasuring the di stance between the piston assenbly and said end of the
header .aqFigetwyn grieadeTui d heat exchange device according to claim5
wherein the position of the piston assenbly in the header is neasured 30
by neans of a nulti turn potentioneter |ocated outside of the header,
whet @i rb t e bt ehthentt exchangeuipdedce caacohdeadetdorany cbupladmeolt he

o 100 BSSSIElY;. (FLS. FAo¥0.031095525 PLTLLEDSL0176]: 74, fukbil 0 oo

which is movable along the header, thereby separating the
header into two chambers extending along a part of the header
dependent on the position of the piston assembly.

15
6. A fluid heat exchange device according to claim 5, wherein
at the return port a valve is arranged for controlling the
fluid flow through the return port, wherein the position of the
movable piston assembly in the header is controlled by £fluid

20 flow through the return port. (Fig. 3)

7. A fluid heat exchange device according to claim 5, wherein

the position of the piston assembly in the header is measured

by means of a ultrasonic transducer placed at one end of the
25 header for measuring the distance between the piston assembly

and said end of the header. (Fig. 3)

8. A fluid heat exchange device according to claim 5, wherein

the position of the piston assembly in the header is measured
30 by means of a multi turn potentiometer located outside of the

header, wherein the potentiometer is coupled to a threaded rod

coupled to the piston assembly. (Fig. 4)



the position of the piston assenbly near an end of the header is neasured
by means of a system conprising a permanent magnet 5 at the piston assenbly
and a cooperatdivgs respective magnetic reed switch at a hea3imBg/afet he
header, wherein the magnetic reed switch is closed if the pernmanent magnet
isinclose proximty to the switch n¥ar said end of the header. (Fig. 5)
|0 10. A fluid heat exchange device according to claim6, wherein at the
return port a return control elenment is arranged for controlling the fluid
flow through the return port, wherein the return control elenent is

control bedabyiai§l Hedrpeesashge dilierenseokbgtingenof Lukdnr 6t uyRcpeessure at
the return port and 15 a reduced pressure which is reduced by a reduction

val ve iBheppepbtipenofothfubédsprassapemblievarbirngtaenthefsippl hepeet.
Fig. 6 id h i i t | ai , i 20
(Fig i?l%ea$?££3'ﬂ ﬁé&ngxg?aggSygﬁéhgﬁoﬁﬁggéghQP? ﬁe% aLm,2 ﬁ%@ﬁﬁg'n

t he supply po 'S arrange onée e sup eader,” a
suppby heatke phetutdeasaamblppbydheadevppoatiag abtspbetiotheegeedither eof

t he supply_header portion being extended b a tubul ar extension, portion
whi ch ige%@n?WéFcﬁnaEn@IEOPEFﬁgi93 t£8 Fﬁ@éEEppWQGHEABeFﬁﬁoPPEBﬁFESnd t he

pi ston assgmbl,yckh 23 c9BREHS®d ehedpbihgheftshapnapdia $gcendspi ston with
a plurality of neutral buoyancy spacer balls therebetween to be novably

ar r angedronimnheystppkehendechpoeeronaaddend phiethexheadeon @brti.oh)of the
header with the first piston located in the supply header portion and the
second piston located in 30 the extension portion, wherein the position of

t he [pi ston aassenbl yehs erRBhantbedebycthactbutitngr essulaidi &f efreaeeibet ween
fluid pressure acting on the first piston_in_the supply header WO 03/ 095925
PCT/ | BO3F 08?67 ©B8TBNBOALf RPuFr 8L PFBsSOPETXact PAEMERTL he 3&EBRESH £P8n in the

ext ensi ogn PPLi L PRy WHEr €40 khe bl,ut BLEASERE LecGeAt pBkkedyhlrein the

return control element is controlled by a fluid pressure

difference between fluid return pressure at the return port and
15 a reduced pressure which is reduced by a reduction valve in

proportion to fluid pressure prevailing at the supply port.

(Fig. 6)

11. A fluid heat exchange device according to claim 5, wherein

20 the supply port is arranged at one end of the supply header,
and the supply header includes an supply header portion at the
other end thereof, the supply header portion being extended by
a tubular extension portion which is bent at an angle relative
to the supply header portion, and the piston assembly is

25 comprised of a first piston and a second piston with a
plurality of neutral buovancy spacer balls therebetween to be
movably arranged in the supply header portion and in the
extension portion of the header with the first piston located
in the supply header portion and the second piston located in

30 the extension portion, wherein the position of the piston
assembly is controlled by the fluid pressure difference between

fluid pressure acting on the first piston in the supply header



maintain the desired differential pressure between the supply port and
return pipe header. (Fig. 7, 8) 5 12. A fluid heat exchange device

accor di ngwoo3mobsein 5, wherein a notor is arranged outsi decrhaos/dieeder
conprising the piston assenbly and is _coupled to a threaded rod which is
coupled to the piston assenbly for dﬁﬁving the piston assenbly al ong the
| D header. (Fig. 9) 13. A fluid heat exchange device according to claimb5,

wher ei e pj st Y, i the header d i Vi p ted by a

fl exi blr}ienébre% I@\Algl%%%%ﬁg@% i%(ée%ma%] OaIbn end %‘%éotrﬁ:{e %ie%%,fﬁS&?v%er ein the
bel | owsestiseroninge gk 1an a WHett el rs upipd yETwi dhepfeddede i tdodtwled be

rel eased fromfluid, thereby extending and retracting the |ength of the
bel | owdiaidshidt t 1R PP Gt rT % gt RF ok g??gge?%et]b‘? s %?Plgésenbl y

i nside gdhg Neadeseih deReNdeNcyeon @ﬁ%j epgtdy of the bellows. (Fig. 10) 20
ordi

14. A fluid heat exchange device acc ng to claimb5, wherein the piston
assehbly is conprised of a flexible bellows and a first piston and a

second pi ston.. which are arranged.at.  op it e o) | ex :

bel | owsll,oé \AAﬁAgrfe]ilhl%gk(lz 3 pi%}fcokha i%%luc esé)%gé%%%ﬁis/o eé}o%ﬁa% g‘%ﬂé%%%b%r and
a frictd aotdngis forrRiyal dles tde cihd e riedndenf cdier chandpethahp Lot dni cti on
ring is adapted to be pressed at the inner_wall aof, the header_for fixing

the respeRaivey fiad o GHEMETS the fHesgafed betd dfst dndt S t FRRhaTbEP s each
are Conéﬁ%'ﬂf'%é%/ C&é@&%ﬁg £ adémrﬂ_? SUpP! s s 3% f4 omwbi gha 1 beg chagbers or
["e erllows ma e e

the fl exi y separately supplied wwth fluid pressure or
rel Bdsdoeddem f (Bigl. Pressure, so that, for noving the position of the
pi ston WD 03/ 095925 PCT/1B03/01767 36 assenbly, the first piston is
adapted to be fixed at the wall

13. A fluid heat exchange device according to claim 5, wherein
the piston assembly in the header is drivingly supported by a
flexible bellows which is fixed at an end of the header,

15 wherein the bellows is connected to a fluid supply to be filled
with fluid or be released from fluid, thereby extending and
retracting the length of the bellows, respectively and
controlling the position of the piston assembly inside the
header in dependency on the length of the bellows. (Fig. 10)

20
14. A fluid heat exchange device according to claim 5, wherein
the piston assembly is comprised of a flexible bellows and a
first piston and a second piston, which are arranged at
opposite ends of the flexible bellows, wherein each piston

25 includes a radially expandable chamber and a friction ring
formed at the circumference of the chamber which friction ring
is adapted to be pressed at the inner wall of the header for
fixing the respective piston, wherein the flexible bellows and
the chambers each are controllably connected to a fluid supply,

30 from which the chambers or the flexible bellows may be
separately supplied with fluid pressure or released from fluid

pressure, so that, for moving the position of the piston



of the header by supplying pressure into the chanber of the first piston,
and the second piston is then displaceable along the header direction by
suppl yi ngwproe@sise® into the flexible 5 bellows, and in thecdiBp/aced
position the second piston is adapted to be flxed at the wall of the
header by supplying pressure into the3€hanber of the second piston,
whereafter the first piston is renovable fromthe wall of the header by

rel easing of £l ui ressure_fromthe flrs to a spl aceabl e

tomardsagﬁgm? XOnghgi§P5ﬁtb§ngPEa§Fn6 FB gﬁrg§§ﬁ%56%r5bﬁtﬁ@' | exi bl e
bel | owsof( Ehe- héadeﬂbyléupﬁlg;hﬂgdp&@@rsu@écﬂaﬁgetﬂ@wcmn@%oro@ Rhd 0 claim
5, wherein the header is conprised of a magnetizable material, and the 15

pi ston &$ZERLPYSEeNeoRpr B8 sPcand eiiskra BEl FBRE gaerd acieadtle gilsmsn and
a secongnpl AbaRe, MAELELE 1 bRCL) LAbARLSHON3AdSLDE s3RE0RE.DILON AL

arranged at opposite en S of ows, Wwheréein éach piston
incIﬁdebe&howbechndnﬁgn@headds@lacadl@bbytémpanﬂabbecohanplmm@@.h&rned at
t he circynf ring i.s ,adapted to

rence ch piston, erei
be pres@éﬁpgﬁg gﬁegﬁn é?eaaFF ﬁetW@lﬁhﬁéngﬁoBeﬁﬁﬁanytﬁ@PF@§H€@t|ve
pi st on, ?r%éﬁ@bnlhhg thexichbaphe! bewshies s@eeha%hé%yl 0%@%%410 the fluid
supply fromwhich the flexible bellows may be suppl ied with fluid pressure

or rel eAsEatf POALPRULE pEBSYBaPée Ssomhahe ®Bliopfmshiengepderpdsiti on of the
pi ston e t d e be.fixed_by the clanmp ring
9%%8%%&%9 EF fip&? gr%ggé E%o%.%ﬂ% %lrgttﬁlStPECF %

t her eof energi zin gnet of the
firdo dhspmaceaBMethewaedﬁndhﬁlSé@bndsphhenndbypkéQ%thﬁgab@nglhﬂ@. header
direction by supply pressure_into_the flexible 30 bellows, and in the

di spl acRYSFBEFEi 6 ﬁowhgh%ééﬁalbil@t BRlilewsaddpted €6 -bé3Pixed by the clanp
ring thereof to the wall of the header by energizing the el ectromagnet of

t he second WO 03/ 095925 PCT/ | B03/ 01767 37
15. A fluid heat exchange device according to claim 5, wherein

the header is comprised of a magnetizable material, and the

15 piston assembly is comprised of a flexible bellows and a first
piston and a second piston, wherein the first piston and the
second piston are arranged at opposite ends of the flexible
bellows, wherein each piston includes an electromagnet and a
radially expandable clamp ring formed at the circumference of

20 each piston, wherein the clamp ring is adapted to be pressed at
the inner wall of the header for fixing the respective piston,
wherein the flexible bellows is controllably connected to a
fluid supply from which the flexible bellows may be supplied
with fluid pressure or released from fluid pressure, so that,

25 for moving the position of the piston assembly, the first
Piston is adapted to be fixed by the clamp ring thereof to the
wall of the header by energizing the electromagnet of the first
piston, and the second piston is then displaceable along the
header direction by supplying pressure into the flexible

30 bellows, and in the displaced position the second piston is
adapted to be fixed by the clamp ring thereof to the wall of

the header by energizing the electromagnet of the second



pi ston, whereafter the first piston is renovable fromthe wall of the
header by de-energi zing the el ectromagnet of the first piston and is

di spl aceawbastemwas ds t he second piston by releasing of flpairdBm/@seure from
the flexible bellows. (Fig. 5 14) 16. A_fluid heat exchange device
according to claim5, wherein the bloéﬁﬁng control elenent is a diaphragm
extendi ng along the header fromthe supply port at one end of the header

to the : =Tyl d j onnect i on orts,
wherein h%cgri?'aphr ag%?%%d%?eﬁhf% E%Q#Lﬁ?e% \l/J\n]I': %h&tr%}?glgd?rg ﬁ%%t W??ﬁie)
connect i oh P theddeatied & -omgetdiez thaptiagmeateondgsetd of the diapghragm

is filled, ,and the connectjon ports are_suhsequently opened one after
anot her e‘?lns%%p%}(fi %ial%e%{ﬁ dt?i’rzae%%r‘gh? eTRCTTOPHAEPREPYi aphr agm

begi nni ngefepmrida £ ofes BN hedsdhiee Neadereiad £ 18« SPP! Yo PPLEs 0(%11% ot her
end of the header. (Fig. 16) 17. A fluid heat exchange device according to

clmlﬁfil%%erein 20 the supply port is arranged at one end of the supply
header, wherein the piston assenbly is conprised of a piston and a
plurality of neutral buoyancy spacer balls, wherein the neutral buoyancy
spacer bl A drledlddataed exrchdrege hiuthiere opposidend Oto t &Ea SHPP) Vulordi.and
said ch r, 1 S.connected %it%hza neut ral 25 buoyancy spacer ball reservoir,

wher ei n %%?W%%tl? T Hed Suit RIS rexrnding dleyantlye
spacer haldaed e e TASPMPIBoL0 SaighLhabess arpd rom sal d.ghanber to

the reservoir, thereby the position of the piston 1s controlled " dependent
on tH: mifsn d mdutthe Irasiemel epadere s it 8o Saichrdanber . (Fi g.

03/ 09505 56r) BT EI1E 28 S I dOp i iort @ pirpt s Sl Periged 1 or
control lilng & hed ldtiet the connection ports located along the diaphragm
are closed if the diaphragm is filled, and the connection ports
are subsequently opened one after another in proportion to a
15 fluid pressure reduction in the diaphragm beginning from the
one end of the header at the supply port to the other end of
the header. (Fig. 16)

17. A fluid heat exchange device according to claim 5, wherein

20 the supply port is arranged at one end of the supply header,
wherein the piston assembly is comprised of a piston and a
plurality of neutral buoyancy spacer balls, wherein the neutral
buoyancy spacer balls are located in the chamber opposite to
the supply port and said chamber is connected with a neutral

25 Dbuoyancy spacer ball reservoir, wherein a transfer means is
provided which transfers neutral buoyancy spacer balls from the
reservoir to said chamber or from said chamber to the
reservoir, thereby the position of the piston is controlled
dependent on the number of neutral buoyancy spacer balls in

30 said chamber. (Fig. 22)

18. A fluid heat exchange device according to claim 5, wherein



flow t hrough the supply port, wherein the position of the novable piston
assenbly in the header is controlled by fluid flow through the supply
port. (Fiwoo038%593519. A fluid heat exchange devi ce accor dipag/1Be/@bei m 5,
wherein the blocking control elenent is a sleeve which is rotatable in

t he header and conprising slots at i t88circunference at |ocations
corresponding to those of the connection ports, 10 wherein the slots have

different ,circu renti | i r tion
ports 5&94ﬁ$gﬁ$ﬁ£%§ éﬁﬁéfl%gﬁébﬁgf%ﬁ%ﬁﬁgeéié§%i€§¥%) ?ﬁ%ﬁiﬁg%iggﬂ?gfg.
29) 20.f1AW ldrirdurgattlex change, desitce wisooridi ndid esition dfaivlee 1 15 to 19

CCor AR D carky- ot A TRALY 1) F6 Pt GPHE o FEA g Mt d
deViceff%% through the supply port. (Fig. 28)
5
19. A fluid heat exchange device according to claim 5, wherein
the blocking control element is a sleeve which is rotatable in
the header and comprising slots at its circumference at
locations corresponding to those of the connection ports,
10 wherein the sléts have different circumferential lengths so
that different numbers of connection ports are in dependence of

the rotational position of the sleeve. (Fig. 29)

20. A fluid heat exchange device according to any of claims 1

15 to 19 and connected as a cooling fluid device.

21. A fluid heat exchange device according to any of claims 1

to 19 and connected as a heating fluid device.

20



