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(5 /) ABSTRACT

A heat exchanger evaluation system (84) includes a refrig-
enstion subsystem (126) and a platform (94) in conununi-
cation with the subsystem (126) fi)r attachnient of a heat
exchanger (32). The system„(84) hirther includes a themiai
ima ing camera (168) and a monitor (100) A method (180)
cit(ail» ioutiiig a thiiil (38) Iliroiigli (lii: llcal i:»ella(igni (32)
v»i the refngcrauon subsystem (126) Tlm c(micr» (168)
detects the temperature variation across the heat exchanger
(32) as the Ihiid (38) floivs through the beat exchanger, and
pmvides successive them)el in)ages representing the tem-
perature variation responsive to the flow of the fluid (38).
The thermai images are utilized to detemiine an elflcacy of
the flou tluough thc hant excluuigcr (32). In particular, a
dc(crnunation can bc madeas to whether thc flow dcviatcs
from a pre-determined flow path (79) of the fluid (38)
through the heat exchanger.

8 Claims, 15 Drawing Sheets
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METHOD AND SYSTEM FOR EVALUATING
11.UH) I&I.OW THROUGH A IIKAT

KXGI I AN('ER

TECHNICAL FIELD OF THE INVENTION

11&e present invention relates to ihe lieiil ol heat cxchang-
crs. Morc spec&iically. &1m prcscnt uivent&on relates to evalu-
ating a flov of fluid through a heat exchanger

1& i

BACKGROUND OF THE INVENTION

A hcai exchanger &s a dcv&cc for movu&g heat from one
fluid to another (i e.. from a warm or hot fluid to a cold or
cooler one) without allowing the fluids to mix. A heat
exchanger typically consists of a series of tubes in which one
of the ihiids runs. The second fluid nms over the nibes and
is hen&cd or cooled. Evaporaiors, condensers, rad&ators, and
the 1&kc are heat exchangers. For example, rel'ngcration
sysu:ms. i.c. mr cond&uoncrs, typ&cally mrludc iwo heal zil

exchangers, usually referred to as the evaporator and the
condenser.

FIG. I shows o simphfied block diagram of an exemplary
refrigeration system 20. Refrigeration system 20 includes a
compressor 22 &n flu&d conumuucaiion w&ih a con&leaser 24
»a a fluid 1&nc 26 Condmiser 24 &s ui thiid conununicaiion
with a mcicruig dcv&cc 28, wluch may bc m tim form of a
restrictor or an expansion valve, via a fluid line 30 Metering
device 28 is coupled with an evaporator 32 via a fluid line
34, and a fluid line 36 connects evaporator 32 to an input of &o

conipressor 22.
In operat&on, relet&vely lugh prcssure relhgcrm&i, ilm&oted

by arrows 38. &s ihschargcd in a gaseous form Ibom com-
pressor 22 via flu&d linc 26 to condenser 24. At condenser 24,
refrigerant 38 is condensed by the action of a cooler fluid, &i

such as air. flo&ving through condenser 24. '11&e liquid
refrigerant 38 thus formed flows vio fluid line 30 to metering
device 28. Metering device 28 controls the pressure ond flov
ol'refrigerant 38 uito evaporator 32 ui accordance w &ih nccxh
Relr&gcrani 38 passes uito flunl lute 34 m&d flov,s at rela- zo
ni cly lugh velocity through flu&d lute 34 anil uito evaporator
32 Air. as denoted by an arn&w: 41), &nay be either blown or
drawn thmuP evapomstor 32 As air 40 passes through
evaporator 32, evapomstor 32 removes heat (i.e.. cools) air
40. The cooled air 40 is subsequently retunted to the urea to ss
be cooled. for example. air 40 may be returned to a vehicle
comparuneni. Warn&cd rcl'ngerani 38 exits evaporator 32
and &s returned via tlu&d linc 36 to compressor 22 where thc
refrigeration cycle is continued

To obtain the maximum heat tronsibr from air 40 to o

refrigerant 38, rely&gerant 38 may be routed in evaporator 32
io nuikc muli&pic passes tluough thc air stream io bc cool&uk

pnor io bcuig d&scharged from evaporator 32 I'or rec&rcula-
tion Indeed, evaporators may be categorized in accordance
with the mustier of tin&ca cold refrigerant 38 passes tlirough
the core port&on of the evaporator, for example. o two-pass
system. a three-pass system, ond so forth.

FIG. 2 shows a pcrspcciivc view of an exemplary con-
fi ummion of evapomotor 32 I ivaporator 32 includes a refrig-
erant inlet 42. a refrigemont outlet 44, and a plurality of tube ri&

sheet assemblies 46 arranged in a stacked or bock-to-back
manner and brazed to ether to fomi the central portion. or
core. ol'evaporator 32. Tube shcci assemblms 46 are opera-
nt cly connected at thmr upper ends by mi inlet conduit 48
and an outlet conduit 50 (each ol wluch are shown u& host si
form) 'lube sheet assemblies 46 are funher operatively
connected at their lower ends by a first intermediate conduit

52 ilail a scen&lil alter&llcxliaie condu&t 54 (each of which arc
shown m ohost tiara&j ( onduits 48, 5U, 52, and 54 will be
discussed in greater detail below. 1ube sheet assemblies 46
are arranged to define spaces 56 therebetween to acconuno-
dote fins 58. Fins 58 operate to increase the heat transfer
perfomiance of evaporator 32„as known to those ~killed in
thc art

Each ol'tube sheet assemblms 46 includes a pair of lube
plates arranged in a face-to-face nianner and brazed together
about their periphery. A cavity (not shown) is formed
between the brazed tube plates thmugh wh&ch refrigerant 38
flov s. Evaporator 32 includes nvo types of tube sheet
assemblies 46, straight nibe sheet assemblies 60 and U-turn
tube shcci assembles 62.

Referring to FIGS. 3-4 in connect&on w&th FIG. 2,
lil(i 3 shows a planar vie&v of a first tube plate 64 of one

of straight tube sheet assemblies 60 I'l(i 4 shows a planar
view of a second tube plate 66 of one of il-turn tube sheet
assemblies 62. It slu&uld be noted that one of straight tube
sheet assemblies 60 is formed by o pair of first tube plates
64. Similarly, onc ol'-turn tube shcci asscmbhcs 62 &s

fi&rnuxl by a pair of scconil tube plates 66. F&rsi and a&mond

tube plates 64 and 66, respectively, are provided to illustrate
the intended flow of refri erant 38 through their correspond-
ing straight and U-turn tube sheet asseniblies 61) and 62,
respectively.

Referring particularly to Flfi. 3, first tube plate 64
includes a iirsi flu&d flow section 68 &n flu&d commu&ucat&on
with cimh of uric& conduii 48 and lirst intermcd&aie condu&t
52 li&rst tube plate 64 h&rther includes a second fluid flow
section 70 in fluid communication with each of outlet
conduit 5U and second intenned&ate conduit 54. A first
divid&n wall 72 separates first and second Ihiid flow sec-
tions 68 and 70. respectively. As such, when a pair of first
tube plates 64 arc brazed togetlmr, refngerant 38 tlowuig in
lirst tluul tlow acct&on 68 cannot mix with rcfngcrani 38
flowing in second fluid flow sect&on 70.

Refrigerant 38 flows into first th&id flow section 68 of
straight tube sheet assenibly 60 from inlet conduit 48 and
ex&ts first fluid flo&v section 68 via first intermediate conduit
52. In contrast. refrigemm&t 38 flows into second fluid flow
section 70 ol'triught tube shcct assembly 60 from a&mond

intermediate condo&t 54 and ex&ts v&a outlet conduit 50.
Referring now io FIG. 4. scmond tube plate 66 includes a

tlurd thiid flov, section 74 in flu&d commun&cation w:ith first
intermediate conduit 52 Second tube plate 66 further
includes a fourth fluid flowsection 76 in fluid communica-
tion with second intermediate conduit 54. A second dividin
wall 78 partially sepnratcs tiurd and I'ourth flunl flow sec-
t&o&ls 74 a&lii 76, rcspecilvelyc I&1 &I&lift&on, a ihnii ihv&ihng
wall 80 sc7&arates tlurd and fourth tlu&d tlow sections 74 and
76 from inlet and outlet conduits 48 and 51), respectively As
such, when a pair of second tube plates 66 are brazed
together. refrigerant 38 flo&vs from third fluid flov section 74
into fourth fluid flow section 76. However. tlfis refrigemmtt
38 cannot nux w iih rcfngcrmii 38 flow&ng ui inlet tmd ouilet
conduits 48 and 50.

Refngcrani 38 tlows mio third fluid flow section 74 of
11-turn tube sheet assembly 62 from first intermediate con-
duit 52. Refrigerant 38 subsequently flows from third fluid
flow section 74 into fourth lb&id flow section 76, ond exits
fourth ih&id flow section 76 vio second intermediate conduit
54.

FI(i 5 shows a plmntom schemauc represcniat&on of
evaporator 32 &llustraung a prc-dctcnn&ncd flow path 79 of
refrigerant 38 fron& refrigerant inlet 42, through evaporator
32, to refrigerant outlet 44 of evapomstor 32. As shown,
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refrigerant 38 enters evaporator 32 via refngcrmlt mlct 42,
and flows in inlet conduit 48 to straight tube sheet asseni-
blies 60. Refrigerant 38 flows thmugh first fluid fklv section
68 (I'l(i. 3) of each of straight tube sheet assemblies 60,
where refngerant 38 enters first intermediate conduit 52
(FICi. 2). Refrigerant 38 then flows tluough first intermediate
conduit 52 to U-turn tube shcct assemblies 62. enlcrs tlurd
fluiil flow section 74 (FIG. 4). and flows ulto foutth ihnd
floiv section 76 (Ill(i. 4) Refrigerant 38 subsequently flows
ollt ot'-turn tube sheet assemblies 62 into second intenne- in
diate conduit 54 (lq(i 2), and enters second fluid tlow
section 70 (FICi. 3) of straight tube sheet assemblies 60.
Refrigerent 38 flows from second fluid flow section 70 into
outlet conduit 50 (FIG. 2), where u exits evaporator 32 via
refrigerant outlet 44. I

Evapomltor 32 represents a multiple pass flow thmugh a
central core 82 ol'traight and U-turn tube sheet assemblics
60 mill 62. rcspcctively. Thm multiple pass flow tcclulique
facilitates optimal cooling perfonnance of evaporator 32.
Unfilrtunately. the cooling perfonnance of evaporator 32 lo

may be compromised when a bypass situation occurs in core
82. The bypass situation occurs when the flow of refrigerant
38 deviates from its pre-determined flow path 79. That is,
refrigerant 38 is able to bypass into another scwhon of core
82. instead of bmng directed tluough evaporalor 32 ui thc
pre-deternlmed, designed. or expected manner

Internal lcaka c, or bypass, ul a hmit exchanger can be
causcx) by a faulty manul'actunng tccluiiipm. For exiunple,
the incomplete brazing of first tube plates 64 (ill(i 3) that
form straight tube sheet assemblies 60 and/or second tube
plates 66 (FICi. 4) that form U-turn tube sheet assemblies 62,
can result in defects in the internal bmlcing of core 82 that
lead to the bypass situation. Some examples of bypass
include. but arc not limited to, leakage bc/ween iirsl and
second fluid flow sections 68 and 70 (FIG. 3). respcwhvcly,
leakage between inlet and outlet conduits 48 and 50 (11Ci. 2),
respectively, leakage between first and second intermediate
conduits 52 and 54 (FICi. 2). respectively. and so forth.

Some manufacturin facilities perform validation testin,
or midit checks, to identify defective heat exchanger cores
pnor to Ihcir mitry ulto the markcl. Onc such leal attempts
to identify internal leakage, or bypass, by measuring a

qumihty of heat rclection for a heat cxcian er core and
comparina diat measured quantity of heat rejectioo v ith a
desired heat re)ection threshold. Unfortunately, such testing
is complex. time consuming. and prone to error.

Obviously. it is hi hly desirable to prevent defective heat
exchangers from enterin the marl et. Moreover. as the
complexity ol'heat cxchangcr incrcascs, tluough more com-

O
plex fluid flow patlw such as heat cxchmlgcr 32, so too does
the probability of internal leakage. Accordingly, what Is
needed is an efficient method and a cost etfective system for
inspecting heat exchan ers for internal leaka e.

SUMMARY OF THE INVENTION

Accordin ly, it is an advantage of the present invention
that a system and niethod for evaluating a tloiv of fluid
through a heat exchanger are provided.

It is another advantage oi the present invention that a
system and method are provided that enable visualization of
fluiil flow tluough a heat cxclrangcr.

Yct Bnothcr iiilviintagc oi thi: pli:sc'Ill lnvcntliill ls liat thc
system and method enable the rapid, cost cfli:ctwe, and si
non-destnictive evaluation of a heat exclianger filr internal
leakage.

Thc above and other advmltagcs of thc preach( uivention
are carried out in one form by a method for evaluating a flow
of a fluid through a heat exchanger I'he method calls filr
routing the fluid throuah the heat exchanger, detecting a
surface temperature across the heat exchan er in response to
a flow of the fluid through the heat exchanger. and deter-
numng an cflicacy of thc flow in rcsponsc to thc surface
tc nip cl 'Ihi I c .

The above and other advantages of the present invention
are canned out in another form by a system for visualizin
a flow of a ihiid tluough a heat exchan er. The system
includes a relbigerant subsysiem for carrying Ihe fluid, Ihc
rclbigcrant subsystem uicluduig a compressor and a cun-
denser in coinnninication via a fluid loop A platform is
cmifigured for attachnlent of the heat exchanger, the plat-
form having a fluid inlet and a fluid outlet in communication
with the refrigerant subsystem. and the fluid inlet being
configured for attaclmient with an inlet of the heat exchanger
and the fluid outlet bcuig coniigured lhr attacluncnt with an
outlet of the evaporator. Thc system further uicludes contml
means for selectively routing the fluid thmugh the heat
exchanger via the tiuid loop, and a thermal unaguig camera
directed toivard a sample location at the platform filr detect-
in infmlred radiation corresponding to surface temperature
across the heat exchanger. A monitor is in conununication
with lhc (fennel imaging cmncra, tlm monitor prescntulg
(hernial lnnigcs Ii:spollslve to a vallBtion ol thc siilfacc
temperature of the heat exchanger

liRIlili l)ES('RIP('ION Oli IT II: DRAWINGS

A more complete understanding of the present invention
may bc dcrivcx) by referring to thc detailed dcscnption and
clalnls whcll collslilcrcil 111 corlllcctlon with lhe Figures.
v herein like reference numbers refer to similar items
throughout the liigures. and

FICi 3 sholvs a simplified block diagram of an exemplary
rcfngcration system,

lii(i 2 shoivs a perspective view of an exemplary con-
figuration of an evapomltor of the refrigeration system;

FICi 3 shows a planar View of a iirst tube plate ol'

straight tube shout assembly of the evaporator of FIG. 2.
FICi. 4 shows a planar view of a second tube plate of a

U-turn tube sheet assembly of the evaporator of FICi. 2;
FICi 5 shows a phantom schmnatic rcprcscntauon of thc

evaporator of IIICi. 2 illustratin a pre-determined tlov: path
of refngermit through the evaporator of lq(i 2;

FICi 6 shows a block diagram ol'a component layout of
a heat cxchangcr evaluation system ul accordance with a
prcfcrrcd embodiment ol'he present invention:

FICi 7 shows a block diagmlm of a functional configura-
tion of the heat exchanger evaluation system of FICi. 6;

lii(i 8 slmivs a flow chart of a heat exchanger evaluation
pmcess perfilrnled in connection with the system of I'l(i 6;

FICi. 9 shows a fkllv chart of an initiation subprocess of
the heat exchanger el aluahon process,

FICi 10 shows a flow chart of a pre-evacuation subprocess
of the heat exchanger evaluation process:

FICi. 11 shovvs a flow chart of a vacuum leal condition
subprocess of the heat exchanger evaluation process:

lii(i )2 shoivs a flow chart of a leak check subpmcess of
the heat exchanger evaluation process;

lil(i 13 shoivs a flow chart of a start test subprocess of the
heat exchanger evaluation process:

lii(i I4 shows a flow chart of an evaluate subprocess of
the heat exchanger evaluation process;
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FIG. 15 shows a flow chan ol'i cnd test subprocess of
the heat exchan er evaluation process:

lqCi 16 shows a flow chart of a post-evacuate subprocess
of the heat exchanger evaluation process;

lqCig 170-i show schematic representations of the
evaporator of FICi 2 illustmating internal leak, or bypass,
conditions; and

FIGS. Iga-6 show schematic representations of succes-
sive thermal images for visualizii&g a flow of refrigerant &0

tl&rough the evaporator of FIG. 2.

DETAILED DESC:RIPTION OF THE
PREFERRED EMBODIMENTS

1hc present invention involves a systein and method fi&r

the post-manufacturing evaluation of heat exchangers. Such
an evaluatnln can reveal internal leaka e deibcts in heat
cxchdngcls. Those dcfcctlvc hcai cxchBngixs cBB &hen bc
culled. or rqjccnxl, so that they do no& miter lhc market Thc
prcscnt invmlt&on w&ll be dcscnbcd in connect&on w»h»s
use ti&r evaluating heat exchanger 32 (l&lii 2) liowever, it
should be readily understood that the present im ention may
be adapted for testing any of a variety of multiple-pass heat
exchangers.

FIG. 6 shows a block diagram of a component layou& of
a heat exchanger evaluation system 84 in accordance with a
preferred embodiment of the present invention. System 84
includes a mobile test station 86 and a mobile operator
station 88. Test station 86 and opemator station 88 may be 10

coupled via a b&-direct&onal communication link 90. Mobile
test siation 86 and mob&lc opcrdtol s&dno&1 88 arc whcclcd
& chicles, or carts, u»fizcxi &0 convey lhc componcnls ofhce&
exchm&ger evaluation system 84 I lowever, stations 86 and
88 need not be wheeled vehicles, but may instead be one or 3&

nlore fixed structures that hold the comp&ments of heat
exchanger evaluation system 84.

In this cxmuplary coniigurauon. &cat sla»on 86 ulcludcs a
condenser 92 and a platfoml 94 pos»&oned on an outcr top 40
surface 96 of test station 86 Platform 94 is configured fi&r

attachment of a heat exchanger, for example, evaporator 32
(FICi. 2). In addition. condenser 92 and platii&nn 94 are
afiyted in spaced-relation v ith one another. Thus, a con-
dcnscr fan 98 of condenser 92 can bc utilized to draw
ambient air 40 across heat cxclmngcr 32 ioward condenser
92.

Operator station 88 includes a monitor 100„a camera lens
102 directed toward a sample location 103 nt platform 94,
indicators 104„and operator controlled actuators 106 posi- so
uoned about an outcr surl'acc 108 of Operator station 88.
Ind&cators 104 may be 1&ghts that arc illununatcd or cxt&n-

guished in response to various operating contigurations of
systenl 84 indicators l()4 include, ti&r exmnple. a "systen&
fail" indicator litt. a "system ready" indicator 112. a "sys-
tem nmning" indicator 114, and a "vacuum leak" indicator
116. Actuators 106 include. for example. a "system on**

pushbutton 118, a "system ofl" pushbuuon 120, a '*res& start"
pushbutton 122. and a '*tea& stop" pushbutton 124. The
remaining components of test station 86 and operator station
88 and the fiu&ction of each will be described below

FIG. 7 sho&vs a block diagram of a functional configum-
&1011 of heat cxchangor ovalud&1011 svstcln 84. Dashed lines
delmcatc lhosc componenm that li&nn teal sla»on 86 and
those components that form operator suit&on 88. In gmlcral, si
test station 86 includes a closed loop refrigenltion subsystenl
126 into which evapomator 32 can be installed and evaluated.

Whereas. Operator s&anon 88 ulcludcs thc appropnatc con-
trol and data collection mechanisms with which an operator
may evaluate evaporator 32.

Refngeration subsystem 126 includes a compressor 128
in fluid communication w&th condenser 92 v&a a lirst fluid
loop scc&ion 130. A second fluid loop sccuon 132 ultcrcon-
niwts an outlc& ol'condenser 92 w &th a rcce&vcr 134. Rcce&vcr
134 mcludes a filter 135 for tiltering contaminants from
refrigerant 38 circulating within refngeration subsystem
126 As such. refrigerant 38 &vill enter evaporator 32 free
from contaminams that might othenvise compromise its
pcrfhnnancc poor &o &ts entry into thc market. Al&hough only
liltcr 135 &s shown. receiver 134 may further ulcludc a
dcs&ccant for rcmovulg water from rcfngcrann In ad&it&on,
tlx&se skilled in the art &vill recognize that receiver 134 could
be integrated into condenser 92 and/or that biter 135 may be
inte ral to condenser 92.

Rcceivcr 134 &s in fluid conunun&cdt&on w&th a me&snug
dcvicc 136. such as an expmlsion valve, m& orilicc tube, and
the like, via a third fluid loop sect&on 138 A first valve 141),

labeled "MBVI", is positioned in third fluid loop section
138 between receiver 134 and metering device 136 In
addition, a hrst solenoid valve 141, labeled "SV1'1 is
positioned in third fluid loop section 138 between first valve
140 and mctenng dcvicc 136. Although mctenng dcv&ce 136
is shown as being intcrposcd bc&wccn lirst valve 140 and a
first flu&d port 142 of platform 94 along a fburth fluid loop
section 144. metering device may alternatively be incorpo-
mated into platform 94.

In an cxcmplary embod&ment. first valve (MBV1) 140 is
a mechanical ball val& c that opens when a iirst control s&gus l

is applied and closes when d second control s&gna1 is applied.
l&irst valve 140 is controlled to enable a flow of fluid 38
through third ihiid loop section 138 I&irst solenoid valve
(SV1) 141 is normally held open through the application of
a control si nal. but closes in response to the loss of the
control s&gnal, w hie& may occur dunng a power outage. The
ck&stuc ol lllst solcllonl 1 dli c 141 cnablcs &cs& std&1011 86 &0

bc pl»ccd ln&0 B lull si&lc Ilxxlc with Bll vBlvcs clos&xi &11

response to a power outage
The nomenclature "MBV" indicates the utilization of a

mechamcal ball valve fbr contmlling the flow of fluid 38
tluough thc fluid loop ol'cat station 86 The nomencla&urc
'*SV" indicates the unl&zauon of a solenoid valve for ensur-
ing valve closure and the cessation of the flow of fluid 38
through the fluid loop of test station 86 I'his nomenchature
applies to other valves discussed below 'I'he pairing of a
mechaiucal ball valve with 0 solenoid valve, as in first valve
140 with first soienoid valve 141. represents a compromise
in which thc ball vah c is ufifizcd to control flunl liow, but
rcq&ilies tw0 slgnBls (0&u: &0 open a&XI 01&c to close) while &ho

soleno&d valve only requires one s&gnal 'I hus. the solenoid
valve closes on ioss of power. but not tightly enough to be
used without the ball valve ti&r contmlling tluid flow I low-
ever, those skilled in the art will recognize tllat alternative
valve coniigurations may be employed for selectively con-
troll&ng thc flow ol'luid 38 that arc also able to close on loss
of power.

A fifth tiuid loop section 146 mterconnects a second fluid
port 148 and a third valve 150. labeled "MBV3", with a third
solenoid valve 151, Labeled "SV3**, interposed betvveen
them. A s&x&h tlunl loop acct&on 152 ultcrconnects third
valve, V3, 150 with compressor 128. Tlnis, iirst, second,
tlurd, lhurth, liflh, mid sixth flu&d loop scot&ons 130, 132,
138, 144, 146. and 152 form a closed fluid loop of refrig-
emlt&on subsystem 126
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In d prefi:rrixl cmboduncnt, a safi:iy mccianism, in thc
filrm of an interlock 153, is incorporated into platfilrm 94.
interlock 153 is an electromechanical element that either
prevents the disconnection of evaporator 32 from platforni
94. or alternatively. allo~a the installation or removal of
evaporator 32 from platform 94. By way of illustration. a
controller 166 may continually send dn uitcrlock control
signal (not shown) to interlock 153 via commuiucation link
90 'lhe provision of the interlock control ~ ignal causes
interlock 153 to disengage, as represented by the open in

switch configuration of interlock 133 Under such a condi-
tion. evaporator 32 can be installed or removed from plat-
foun 94. Alternatively, the ah~ence of the interlock control
sigrui1 at interlock 153 causes 111(crlock 153 to cilgagc. Whctt
interlock 153 is engaged, evaporator 32 is locked onto
platfoun 94, thereby preventing its removal 'Ibis interlock
feature prevents an operator fmm reinoving evaporator 32
when evaponttor 32 is under test

Refrigeration subsystem 126 further includes n pressure
sensor 154 in conununication with fifth fluid loop section io
146 for detcc(iug a fluid prcssure of refrigerant 38 m lifth
fluid loop section 146. In adihtion, a fluid bypass lute 156
interconnects third fluid loop section 138 with sixth fluid
loop section 152 uito which a bypass valve systeni 158 is
incorporated. Iiluid bypass line 156 splits into parallel hrst
and second line sections 156'nd 156", respectively. As
shown, a fourth solenoid valve 157, labeled "SV4". Bnd a
liquid desuperhcat solenoid valve 159, labeled '*LDSH-I",
dre coniigurcd in sauce along lira( linc ace(ion 1561 Bypass
valve systeni 158 further includes a fifth solenoid valve 161, ic
labeled "SV5" and a hot gas bypass valve 163. labeled
*'I IGl3P-I". conhgured in series along second line section
156".

Fiuid bypass line 156 and bypass valve 158 are utilized to
mam(ain a minimum flow of rcl'ugerdn( 38 tluou h corn- ii
pressor 128, as known to those stuflcd( in thc art. In particu-
lar. liquid desupcrhca( solenoid valve (LDSH-1) 159 and hot

as bypass valve (I I(il)P-I) (63 are einployed to maintaui a
constant pressure in the fluid loop of test station 86 v hen
station 86 is idle. Once evaporator 32 is evacuated (dis- do

cussed below). fourth and fifth solenoid valves (SV4, SV5)
15'7 dnd 161. rcspectivcly, arc opened to aflow station 86 to
idle properly.

Rcfngcration subsystmu 126 fuuhcr uicludcs a vacuum
pump 160 interconnected with fifth fluid loop section 146
via a vacuum line 162. A second valve 164, labeled
"MBV2". and a second solenoid valve 165. labeled "SV2**

are interposed in vacuum line 162 between fifth fluid loop
sccuon 146 and vacuum pump 160.

Operator station 88 ol'ca( cxclmngcr evaluation system B

84 mcludes controller 166, a thcnnal unaguig camera 168 of
which cmnenn lens 102 is part thereof. monitor 100. indica-
tors 104. and actuators )06 ('ontroller 166 generally over-
sees, mana es, and controls the various components of
system 84„ including interlock 153, a pump down timer 167, ls
labelixl TI. and an evacuation umer 169, labeled T2. Con-
troller 166 may encompass a wide variety oi electrical
dcviccs (progranunablc or not progrdnunable) having thc
ability to pmvide venous output signals in response to
venous input sigttals. sc

Conmumication betv een controller 166 and test station
86 is schematically represented by communication link 90.
In addition, conununicduou between controflcr 166 and
thcnndl unaguig cmncra 168 is schema(ically ripresmitml by
a second conununicdtiou lurk 170. Sinularly. conunuiuca- si
tion betiveen controller 166 and indicators 104 is schemati-
cally represented by a third communication link 172, and

conunuiucation between controller 166 and actuators 106 is
schematically represented by a fourth communication link
174 Images detcctcd by theunal unaguig camera 168 are
conveyed to monitor lt)0 via a first video link 176. '(he
images dc(ected by Uienna1 imaging camcrn 168 may also bc
optionally dtgifizix( and stored in memory (uot shown) of
controller 166, as gcncrdlly rcprcsen(cd by a almond video
link 178 I ixantples of system controller 166 include, but are
not limited to, niicrocomputers, personal computers. dedi-
cated electrical circuits having analog and/or digital com-
ponents. progranunable logic controllers„and vanous com-
binations thereof.

I,ens 102 of them(el ima in camera 166 is directed
toward evapnrator 32. i e, smnple location (03 (I'l(i 7),
v hen evaporator 32 is secured to platform 94. Thermal
imaging camera 168 is an infrared device that detects the
difl'erent levels of infmred energy given ofl by areas of
diifcrmit tcmpcrdtures mid displays tlmsc as a pat(em on
monitor 100. As relbigermit 38 flows through evaporator 32,
the cool refrigerant 38 causes a surface tempennture of
evaporator 32 to cool This chaime in surface temperature of
evaporator 32 is detectable by thermal imaging camera 166
Thermal images generated by them)el imaging camera 166
are presented on monitor 100. An operator can readily
rcvicw the thcmial unagcs (o detcnnine wlmthcr the surface
tCiilpei iitiirC i if Cvd pot dkit 3 2 la Cia ilgiilg 111 dCcoi dailCC With
pre-determined tioiv path 79 of refrigennnt 38 'I'hus, the
presentation of the thermal in(ages enables a user to ascer-
tain whether the flow of refrigerant 38 deviates fmm pre-
detennuied flow path 79. A deviation from pre-determined
flow path 79 indicates inteuial leakage, i.e., a bypass con-
ilitioii.

lil(i 8 shows a tiow chart of a heat exchanger evaluation
pmcess 180 performed utilizin heat exchanger evaluation
system 84 (Fifi. 7). In general„heat exchan er evaluation
process 180 represents tasks needed to evaluate the refri-
erau1 tlow path of onc hen( exchanger, lor cxamplc, evapo-
rator 32 (FIG. I). However. process 180 can be rc7tcated d

mul1iplicity ol umcs to cvaludtc a corresponding multiplicity
of heat exchangers. Process 180 is envisioned as being
executed during post-manufacturing validation testing to
verify the efficacy of the manufacturing proces~. For
example. one heat exchanger from a single production lot of
heat exclmngcrs may be (csted to veri('y thc eflicdcy of thc
mauufactunng process for tlmt particular production lot of
heat exclmngcrs. Thc present invention cnablcs post-mmiu-
facturing validation testina that is rapid and does not result
in the destruction of the tested heat exchanger Accordingly,
the present invention achieves great cost savin s, in tern(a of
materials. time. and labor, over prior an validation testing
tcclliliqucs.

Iieet exchanger evaluation process Lgfl includes a series
of subprocesses, or subroutines. executed and controlled in
large part by controfler 166 (Ill(i. 7) of heat exchanger
evaluation system 84 (FICi. 7). interspersed with opemtor-
assisted tasks and decisions. An overview of heat exchanger
evaluation process 180 is provnlixl below, aud de(aflcd(
discussion of 1hc subprocesscs is provided ui coiuicction
with the ensuing figures

Heat exchanger evaluation process 180 begins with an
initiation subprocess 182. Initiation subpmcess 182 is per-
filrnuxl by controller 166 (FIG. 7) to iniunte thc s(artup of
relrigcration subsystem 126, to sct system 84 ui the correct
coiiiigiiiiitioil, dilil kl ChCCk for SB(i:tv llaZBiils. lilt(la(lou
subprocess 182 is described below in connection with I'l(i
9
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In rcsponsc to a successful cxccu&ion of u&i&ianna sub-
pmcess 182, a task N4 is performed by an operator At task
184. the operator loads heat exchanger 32 (liqfi 2) nnto
platform 94 (lilt) 7) of system 84

Next. a pre-evacuate subpn&cess 186 is perfi&nned by
controller 166 to draw a vacuum on system 84 utiliring
vacuun& pump 160 (FICi. 7) and pull any air out of system
84. Air is undes&ruble in system 84. because the nir com-
promises the effective operation of condenser 92 (FIC) 7). In
a&)dition, prc-evacuate subproccss 186 is perlbrmed to vcnl'y&ii
that ci aporator 32 has no leaks to thc outside enviroruueut,
i e., external leaks. Pre-evacuate subprocess 186 is descnbed
beloiv in connection with I l(i 10

Following prc-cvacuatc subproccss 186, a query task 188
is perfoni&ed to determine whether evapomtor 32 success-
fully passed pre-evacuate subprocess N6 When evapomtor
32 fails pre-evncuate subprocess 186, evaporator 32 is likely
to be defective, and process 180 proceeds to a vacuum leak
cond&t&on subproccss 190. However, when prc-evacuate
subprocess 186 &s passed. heat cxchan cr evalua&ion process
180 proceeds to a leak check subproccss 192.

Vacuum leak cond&t&on subproccss 190 is managrxi by
controller 166 (FIG. 7) to u&d&cate an evaporator cxten&al
leak. to disconnuuc fur&her tcstu&g, and to opt&onally rcpca&
initiation subprocess N2 Vacuum leak em&dition subpro-
cess )9)) is described below in connection with I'lfi H

l,eak check subprocess 192 tests whether evaporator 32
can sustain the vacuum imparted on it during pre-evacuate
subprocess )86 'thus. leak check subprocess 192 deter-
mines whether evaporator 32 might have a minute leak to the &i)

outside environment that causes it to lose its vacuum after a
period of tune. Leak clmck subpmccss 192 is descnbcd
below u& connection w&th FIC). 12.

In response to the executinn of leak check subprocess 192,
3&

query uisk 194 w perl'onncd to detcnnine evaporator 32
passed leak check subprocess 192. When evaporator 32 fa&ls

leak check subpmcess )92. evaporator 32 is likely to be
defective. and process 18)) proceeds to vacuum leak condi-
tion subprocess 190 However, when leak check subprocess

40
192 is passed„heat exchanger evaluation process 180 pro-
ceeds to a start flow test subprocess 196.

Start floii test subprocess 196 is perfom&ed by controller
166 to start thermal imaging camem 168 (Flti. 7) and begin
the flow of rcfngerant 38 (FIG. 7) tluough relhgcration
subsystem 126. Sturt flow test subprocess 196 is descnbed
bc)on u& connect&on with FICi. 13.

Following start flow test subproccss 196, an evaluate
subproccss 198 &s perfonued. Evaluate subprocess 198
involves &hc rcwcw of thcmuil uuages generated by thermal
imaging cmnera 168 to deterniine and record ivhether refrig-
emnt 38 (I'ICi 7) follows pre-determined tiow path 79 (lilti.
5) through evaporator 32. Evaluate subprocess 198 &s

described below in connection with FICrk 14.
I lest excha&mer evaluate process )80 continues with an

end fk&w test subpmcess 200. End flow test subprocess 200
is performed by controller 166 (FIG. 7) to discontu&ue
thcnnal imaging aud &o drain evaporator 32 (FIG. 7) of
rel'rigcran& 38 (FIG. 7). End flow iest subproccss 200 &s

described below in connection with I'ICi 15.

Nexn a post-evacuate subproccss 202 is perforn&nl by
con&roller 166 &o drum a vacuum on cvapora&or 32 and &u sc&

test station 86 in the correct configuration fnr iuilnading
evaporator 32 Post-evacuate subprocess 202 is descnbed
below in connection with FIG 16. si

Once post-evacuate subprocess 2U2 has been perfnrmed,
pmcess NO continues with a task 2))4, perfi&nned by the

opera&or. A»ask 204, &he operator unloads, &.c., rcmovcs.
heat exchanger 32 (lilt) 2) from platforn& 94 (lq(i. 7) of
system 84.

Followu&g task 204. a query task 206 &s pcrlbrmcd to
determine v;hether evaporator 32 successfully passed the
refrigerant flow test. as noted during evaluate subprocess
198 In an exemplary embodiment„evaporator 32 passes the
flov test v:hen the them&al images indicate that refrigemnt
38 flows tluough evaporator 32 in correspondence with
prc-dctcmuncd flow pa&h 79 (FIG. 5). Conversely, cvapo-
ra&or 32 fmls the tlow test when &hc thcnual unagcs u&d&cate

that the flnw of refrigerant 38 deviates fron& pre-determined
tlow path 79.

When it is determined at query task 2()6 that evaporator 32
hns passed the refrigerant flow test, process 180 proceeds to
a tasl 208. At task 208, evaporator 32 is enabled for
slupmcnt &o market, per corn cnt&onal labchng and inventury
control procedures.

Howcvcr, when &t &s dctcmunnl a& query &ask 206 &ha&

evaporator 32 has not passed the refrigerant flow test, or
alternatively, following vacuum leak cond&tion subprocess
19)), process 18U pn&ceeds to a task 2H) At task 21)). the test
fa&lure is reported along with, for example, the production
tracking number of evaporator 32. nnd the nature of the
fa&lure, i.c., an cx&emal leak or an &ntcmnl, bypass. leaL
Folio&ving c&ther of tasks 208 and 210, heat cxclmngcr
evaluatin&1 pmcess 180 exits

)rifi 9 shows a floiv chan of in&tiation subprocess N2 of
heat exchanger evaluation process )80 As n&entioned above,
in&t&ation subprocess 182 is performed by controller 166
(FICr. 7) to initiate the startup of refrigemt&on subsystem
126. &o sct system 84 in the correct conliguration, mxl to
check for sufi:ty hazards.

In&t&a&ion subproccss 182 beg&ns w&th a query task 212.
Query task 2)2 determines whether a system start s&gnal has
been detected. )hrou h the execution of subpn&cess N2,
cm&troller 166 continuously monitors for activation of "sys-
tem on'* pushbutton 118 (FICi. 6) by the operator. When
act&vation of "system on'* pushbutton 118 is not detected,
in&tia&ion subproccss 182 loops back to query &ask 212 to
continue mon&tonng for activat&on of '*system on" pushbut-
ton IN I lov ever, ivhen activation of "system on" pushbut-
ton 1)8 is detected, initiation subpmcess 182 proceeds to a
task 2)4

At task 214, controller 166 (FIC). 7) s&gnals first. second,
and third i alves (MBVI, MBV2, MBV3) 140, 164. and 150,
respectively (FICi. 7) to close. In this exemplary embodi-
ment, first, second, m&d tlnrd valves 140, 164, and 150 are
mechaiucal ball valves. i.c.. valves that requ&rc a lira& con&rol
signal open the valves. m&d a secnnd control signal to close
the valves. 11&us, controller 166 is readily able to individu-
ally control and si nal first, second, and third valves 140,
164. and 150 into closed or open positions It bears noting
that first. second, and third solenoid valves (SVI, SV2, SV3)
141, 165, and 157, rcspccniely. rcqu&rc the first contml
signal &o open. Loss of thc lirst control signal w&ll subse-
quently cause first, second. and th&rd solenoid valves 141,
165, m&d 157 to close.

)in)lowing task 214, a task 216 is perforn&ed At task 216,
controller 166 enables potver up of refrigeration subsystem
126 In particular. compressor 128 and condenser 92 motors
are tumed on, fan 98 &s tumed on. m&d vucuum pump 160 &s

act&va&ixk Rclbigcrimt 38 &s allowed to flow vui bypass valve
158 &o c&rculatc Uuuugh refngcrat&ou subsys&cm 126,
bypassing evaporator 32 Other components, I nov:n to those
skilled m the art. may be included along fluid bypass line



US 7,428,919 B2
12

156 (FIG. 7) that changes the state ol rcfngerant 38 mto thc
liquid-gas mixture expected by compressor 128.

In response to systeni startup at task 216, a task 218
initiates pump down timer 167 (Iilti. 7), by first setting it to
zero and then allow in pump down timer 167 to increment.
The term "pump down" referred to herein is the activity of
draimng rcfrigcrant 38 from evaporator 32 via rcfngeration
subsystem 126, and stonng excess rclbigemnt 38 in rcceivcr
134 (lil(i. 7)

Initiation subprocess N2 contimies with a query task 22(l. in

At query task 220, controller 166 deterinines whether a
current time on pump down timer 167. i.e., Tl. is greater
than a pre-determined pump down time limit. i.e.. TI LIMIT.
Thc pump down umc limit is a prc-dctcrnuncd value,
rciauicd ui program code cxccutcxt by controller 166. that
establishes a maximuni amount of time needed tiir drainage
of refrigerant 38 Of course, during a first itemtion of query
task 220, the current time on pump down timer 167 will nnt
be greater than the pump dov n time limit. As such. program
control proceeds to a query task 222. in

At query task 222. controller compares a pressure value
detix ted at pressure sensor 154 with a lugh pressure tluesh-
old for system 84 When the measured pressure is greater
than the high pressure threshold. initiation subprocess 182
pmceeds to a task 224 to attempt to lower the pressure
detected at pressure sensor 154. The detected pressure at
pressure sensor 154 may be undesirably high if refrigerant
38 renuiins in Iifth tlunl loop section 146 (FIG. 7) Ibom a

pret ious test aud/or if au evaporator is still connected to
platform 94 I Iowever, when the measured pressure is lower ic
than the high pressure threshold. initiation subprocess 182
pmceeds to a task 226 (discussed below)

At task 224„controller 166 si naia third valve (MBV3)
150. to open and sivgnals fourth and fifth solenoid valves
(SV4, SV5) 157 and 161, rcspcctively to close to allow any is
renuiinuig rcfrigcrant 38 to draui, i.e.. pump down. for
collection ui receiver 134 (FIG. 6). A backgrounrl activity,
task 228. is perfornied to increment pump doivn timer 167.
Although shown as a discrete task. it should be understnod
that incrementin tasl 228 is performed in accordance v.ith sn
conventional timing pmcedures. In response to tasks 224
and 228 and Ibllowing a waiting pcnod, subprocess 182
loops back to query task 220 to detcnuuie whether a currmit
umc on pump down timer 167 exceeds thc pump down time
liniit Accnrdingly. tasks 22tl, 222, 224, and 228 are per-
fiirmed to drain, or pump down, refrigeration subsystem 126
as needed, so as to put test station in a safe mode.

Conversely. when query task 222 determines that the
pressure detcctcxl at prcssure sensor 154 is less than the high
pressure tlucshold, task 226 causes controller 166 (FIG 7) o

to corn ay signaling to close Iirst, second, mitt thirrl valves
(MBVI. MI3V2, MBV3) 140. 164, and 151)„as needed. Task
226 also causes controller 166 to convey signaling to open
fourth and hfth solenoid valves (SV4, SV5) 157 and 161,
respectively (FICi 7)„so that test station 86 will idle prop- ss
crly.

A task 230 is pcrfornux! Ibllowuig task 226. At task 230,
controller 166 indicates that heat exchtm cr evaluation sys-
teni 84 is ready Indication is made by illuminating systeni
ready indicator 112 (I'ICi 6). sc

Folloiving task 230„a task 232 is perfomied by controller
166 to disengage interlock 153 (FIG. 7). As mentioned
aboi e. controller 166 normally provides an uiterlock control
signal to uiterlock 153 wluch causes interlock 153 to be
disengaged, thcrcby allowing evaporator 32 to bc installed ss
or removed front platform 94. Accordingly, if another
evaporator from a previous test was already locked onto

platfiirm 94, it can now bc safely removed. Moreover, task
232 ascertains that interlock 153 is "disengaged". so that
evaporator 32 (lil(i Z) can be successfiilly loaded onto. and
eagaged ivith first and second tluid ports 142 and 148 (I'IG
7) of platform 94. Thus, interlock 153 is disengaged only
after it has been determined that the pressure detected at
prcssure sensor 154 has droppcxl to a safe level below the
high prcssure tlui:ahold. Following task 232, uiitiation sub-
pmcess N2 exits and heat exchan er evaluation process 18t)
(Iiiti. 8) can continue. I'or example. the operator can liiiw
safely load evaporator 32 (I'ICi 2) onto platform 94. as
shown in task 184 (FIG, 8) of process 180 (FICi. 8).

Returning back to query task 220. when pump down timer
167 times out, i.c., thc value ol'ump down timer 167
cxcimds thc pump down tune lunit, T1LIMIT, pro rtun
control proceeds to a task 234. It should be appreciated that
task 234 is arrived at only when punip down tuner 167
exceeds the pump doivn time limit, 'I'l IMI'I'. and the
system pressure detected at pressure sensor 154 (FICi. 7)
fails to drop below the high pressure threshold In such an
instance, system 84 (FIG. 7) cannot bc placed in a safi:
opcratuig mode. Thus, task 234 is pcrformcxt to indicaie a
system malfunction Indication is made by illuminating
system fail indicator 11(t (lil(i. 6)

A task 236 is performed in connection with task 234. At
task Z36. refri eration subsystem 126 (FICi. 7) is deacti-
vated. For example, controller 166 sends the appropriate
signaling via conuminication link 90 to dcactivatc the com-
ponents of test station 86 (FICi 7). Following task 236.
initiation subprocess 182 exitg but heat exchanger evalua-
tion process Igt) (FI(i. 8) cannnt contimie due to a malfunc-
tion of test station 66 (lii(i 7).

FICi. 10 shows a flow chart of pre-evacuate subprocess
186 of heat exchaiiger evaluation process 180 (FIC). 8), ks
mentioned above, prc-i:vacuatc subproccss 186 is pcrfortncxt
to draw a vacuum on system 84 utilizuig vacuum pump 160
(FIG. 7), pull any air out of system 84, and to vcnfy that
evaporator 32 has no leaks to the outside em ironni eat. 'I'hus,
subprocess 166 external leakage validation testing of evapo-
rator 32.

Pre-evacuate subprocess 186 begins with a query task
238 Query task 238 detcrmincs whether a test suirt signal
has been dctectixl. Tluough thc execution of subproccss 186.
controller 166 continuously momtors lor activation of '*test

start" pushbuttnn 122 (lil(i 6) by the operator When
activation of "test start" pushbutton 122 is not detected,
pre-evacuate subprocess 186 loops back to query task 238 to
continue monitorin for activation of "test start'* pushbutton
122 However, when acuvation ol'*test starf'ushbutton
122 is dctectcd, pre-cvacuatc subproccss 186 proceeds io a

query task 240.
At query task 24tl. controller 166 (I'IG 7) determines

whether a heat exchanger, i.e, evaporator 32 (lilti. 7) is
detected in engagentent with platform 94. Detection is
ascertained when an interlock feedback si nal (not shown)
is comnunucatcd to controller 166 via conununication luik
90 (FIG. 7) and convmitional signaluig procedures. When an
interlock li:idback sigiial is ixit detixtcd prc-cvtmuatesub-
pmcess 186 proceeds to a task 242 I Iowever, when query
task 240 detemiines that evaporatnr 32 is in engagement
v ith platfoun 94. pre-evacuate subprocess 186 continues
v Itll ai task 244.

At task 242. system 84 mdicatcs thc absence ofevaporator
32. Indication may be made by illuminauug system fml
indicator 110 (FIG. 6). System fail indicator 110 may bc sct
to blink on and otfi or may be set to stay on Alternatively,
or in addition. an audible alarm (nnt shoivn) niay sound to
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indicate (hc abscncc of evaporator 32. In rcsponsc to task
242, subprocess 186 loops bacl to query task 238 to
conunuc monitoruig lor activation ol "Icst start" pushbu(1on
122. and the presence of evaporator 32

Following the detection of cvapora(or 32 at query task
240. task 244 causes the engagement of interlock 153 I'hat
is, the interlock control signal normally pnivided to inter-
lock 153 by controller 166 is discontinued. The inteimptiou
of the interlock control si nal cmises engagement of inter-
lock 153 thereby preventing the removal of evaporator 32 iii

from platfomi 94.

Next. a query task 246 verifies whether test station 86
(i'l(i 7) is operating under nominal conditions ')itis veri-
fication may entail internal si naling between controller 166

I
and test station 86. When test station 86 is not operating
under nomuial condiuons, subprocess 186 mav loop back to
query tasl 238 to continue moiutoring for activaIion of *'test
start'* pushbuuon 122, thc presence of evaporator 32, and
nominal operations signaling in such a loop back scenario,

20
pre-evacuate subprocess L86 cannot pniceed until test sta-
tion 86 is safely configured. However, when test station 86
is operating under nominal conditions, subprocess 186 pro-
ceeds to a (ask 248.

At task 248, system 84 indicates that a test is in progress.
indication niay be niade by illmuinating "system running,"
indicator 114 (FIC). 6).

Subproccss 186 contumcs with a issk 250. At task 250,
controller 166 signals lirst and tlurd valves (MBV1, MBV3)
140 and 150. respectively (I'ICi 7). to close, and signals so

second valve (MI3V2) 164 (I'ICi 7) to open Since vacuuni
pump 160 (lil(i 7) was previously activated. vacuum pump
160 inunediately begins to evacuate evapomtor 32.

A tasl 252 performed in connimtion with task 250 uutiates
evacuation tinu:r 169 (FIG. 7), "T2** by lira( se(tmg it to zero,
and then allowing evacuation timer 169 to increment

Pre-evacuate subprocess 186 continues with a query task
254. At query tasl 254. controller 166 detemtines whether a
currmi( ume on evacuation timer 169, i.e., T2, is greater than
0 pre-de(ennined evacuauon umc limik i.c.. T2LIMIT. Thc 30

evacuation time limit is a pre-determined value, retained in
pmgram code executed by contmller 166, that establishes a
maxinnini mnount of time for evaporator 32 to be fully
evacuated. Of course. during a first iteration of query task
254. the current time on evacuation timer 169 will not be
grCS(ci tll;Ili t)IC Cvtlcuatloil tllllC lillllt. AS SOC11, ptograili
control proceixls to a query task 256.

At query task 256, controller 166 compares a pressure
value detected at pressure sensor 154 ivith 0 low pressure,„
threshold (PLov, THRESHOLD) for svstem 84. %Vien the
detixtcd prcssure is lower than thc low pressure tlucshold,
indicaiing cvacuauon w complete, prc-evaruaIc subprocess
186 proceeds to 0 task 258.

At task 258. controller 166 (I Ri 7) signal ~ second valve
(MBV2) 164 to close. thus concludin evacuate subprocess
186. Following task 258. subprocess 186 exits.

When query (ask 256 dctcnnines tha( thc dctectcd pres-
sure is greater than the low pressure threshold, subprocess
186 proceeds to a task 260. At task 260, controller 166 io
imposes a predetermined waiting period. and a back round
activity. a task 262. is performed to increment evacuation
orner 169. Although shown as a discre(c task, I( should be
understood that incrcmcnting task 262 Is perfomied in
accord;mce with convmitional timuig procedures. In ss
response to tasks 260 and 262, subprocess 186 loops back to
query task 254 to determine whether a current time on

evacuation timer 169 cxcecds tlu: evacuation time limik
Accordmgly, tasks 254. 256, 260. and 262 are performed to
evacuate evaporator 32

Returning back to query task 254. when evacuation tiiner
169 tunes out. i.e.. the value ofevacuation timer 169 exceeds
the evacuation time limit, T2LIMIT. program control pro-
ceeds to vacuum leak condition subproccss 190, wluch is
described in dc(ad in coiuiection with FICi. 11. I( should be
appreciated tliat subprocess 190 is arrived at within pre-
evacuate subprocess 186 only ivhen evacuation tuner 169
exceeds the evacuation time limit, 1 21.)MI'I, and the system
pressure detected at pressure sensor 154 (FIC). 7) fails to
drop below the low pressure tlueshold. In such an instance,
evaporator 32 (FIG. 7) ctuino( bc evacuated. Evapomtor 32
may not be cflimtivcly cvacuatcd If I( is defi:cove, havuig 0

leak to the outside environment. In response to the execution
of vacuiun leak condition subprocess 190 within pre-evacu-
ate subprocess 186. subprocess 186 exits having failed to
fully evacuate evaporator 32.

FICi. 11 shows a flow chart of vacuum leak condition
subproccss 190 ol'ca( cxchmigcr cvaluauon process 180
(FIG. 8). Subproccss 190 is managixl by con(roller 166 (FIG.
7) to indicate an evaporator external link. to discontimie
further testing, and to optionally repeat initiation subprocess
L82

Subprocess 190 be ins with a task 264 At task 264,
controller 166 (FIG. 7) indicates a vacuum leak Indication
may bc made by illuminaung 'acuum leak" indicator 116
(FIG. 6).

Next, a task 266 is performed to disengage interlock 153
(ii )(i. 6) so that evaporator 32 can be removed from platform
94 Disengagenient of interlock 153 is accomplished by
providui the interlock control signal fmm controller 166
(FICr. 7) to interlock 153.

In response to task 266. a query tusk 267 is performed. At
query task 267. con(roller 166 dctcnnincs wlmthcr evapo-
rator 32 is dctccted ui engagement with platform 94. Dctcc-
tion Is ascertained when an interlock feedback signal is
cmnniunicated to contmller 166 via comniunication link 90
(FIC). 7). When the interlock feedbacl signal is detected,
indicating that evaporator 32 has not yet been removed from
platfiirm 94, program conuol loops back (o query uisk 267
to ilivait tile kiss of tile Illtcrlock lbcdbtick ~ Igllal. C otlsc-
qucnfly, controller 166 may pause lbom further activities
until It detects the loss of the interlock feedback sigital
I lowever, when contmller 166 detects the loss of the inter-
lock feedback signai, indicating that evapomtor 32 has now
been remoi ed from platfomi 94, program control proceeds
to a task 268.

AI task 268, controller 166 uidicatcs that the current test
has been discontinued. Indication may bc made by extin-
guishing "system running" indicator 114 (11(i 6)

liollowing task 268, proaram control may optionally
proceed to initiation subprocess 182, which is described in
detail In connection with FIG. 9„ to await another attempt to
pcrfomi a leak check and fluid low test on another evapo-
rator. In rcspoiwc to thc execution of uutiauon subproccss
182 within vacuum leak condition subprocess 190, subpro-
cess 190 exits.

lil(i 12 shows a floiv chart of leak check subprocess 192
of heat exchanger evaluation process 180 As mentioned
above. leak check subprocess 192 is perfomied to determine
whctlmr evaporator 32 can sustain thc vacuum imparted on
it during pre-evacuate subproccss 186 I'or 0 pcnod ol'ime,
thereby ruling out a nunutc leak to Ihc oumidc mivimnmcnk

l,eak check subprocess 192 begins with a task 272 At task
272, controller 166 (FIG 7) initiates evacuation timer 169
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(FIG. 7). "T2", by tirst sctung it to acro, mid thml allowing
evacuation tinier 169 to increment.

Leak check subproccss 192 cont&mrna v;&Ih a query task
274. At query task 274, controller 166 compares a prcssure
value detected at pressure sensor 134 with a low pressure
threshold (PI ow 'll fl(l:SI IOI.I)). When the detected pres-
sure is lugher than the low pressure threshold. indicat&ng a
vacuunl leak. leak check cubprocesc 192 proceeds to
vacuunl leak condition subprocess, discussed in connection
with FIG. 11. w&th cvapomtor 32 havuig fa&lcxl thc leak lest. I'i

Subprocess 192 subsequently exits. However, when thc
detected pressure is lower than the low pressure threshold at
query task 274. leak check subprocess 192 proceeds to a
query task 276

At query tasl 276, controller 166 detemtines whether a
current time on evacuation tnner 169, i.e., T2. remains less
Iht&n Ihc prc-dctcrnlhnxl cvacuanon nnlc haul. &.C.,

T2LIMIT. When thc current nmc on evacuation &micr 169 &s

less tluul TZLIMIT, progrtm& control procccds Io a uisk 278.
At task 278, controller 166 imposes a predeternuned

waiting period. and a backgn&und activity. a task 280. &s

performed to increment evacuation timer 169. Although
shown as a d&acrete task. it should be understood that
incrementin task 280 is performed in accordance v.ith
con& ca&aural lunulg proccdurcw

In rcsponsc to tasks 278 and 280, leak check subproccss
192 loops back to query task 274 Io again check evaporator
pressure at pressure sensor 154 (I'Ki 6). and to again check
evacuation timer 169 When evacuation ti&ner 169 times out,

&i&

and the detected pressure at pressure sen~or 154 rema&ns
below the low pres sure tlu echo ld. leak check subpro cess 192
cx&ts. w&th evaporator having successfully passed Ihc leak
check.

FIG. 13 shows a flow chart of strut flov, test subprocess 3(
196 of heat exchanger evaluation process 180 (l&Ki 8) As
nlentioned prev&ously, start test subprocess 196 is performed
by controller 166 to start thermal imaging camera 168 (I&Ki.

7) and route refngerant 38 (FICI. 7) through refrigeration
subsystem 126.

To that end. subpmcess 196 begins with a task 282 At
task 282, controller 166 (FIG. 7) sends thc appropriate
sigruilulg iia second cor&umuucanon lulk 170 (FIG. 7) to
start thermal imaging cement 168 (I'K& 7), and begin the
logaina of thermal images representing the surface tempera-
ture across the heat exchanger, i.e.. evapomtor 32.

Task 282 is followed by a task 284. At task 284. controller
166 initiates the flow of retbigemtnt 38 in refrigeration
subsystem 126 (FIG. 6) of test station 86 (FIG. 6). In order
to do so. controller 166 signals secund valve (MBV2) 164 c

(FIG. 7) to close, and s&goals lira& and tlurd valves (MBV1,
MIIV3) 140 and 150 (I'Ki 7) to open Accordingly. refrig-
emnt 38 is enabled to enter evaporator 32 As refrigerant 38
flows tlmlugh evapomttor 32. the thermal images of evapo-
rator 32 will reveal a temperature change across evaporator 11

32 resulting from thc cool rcfngeram 38 flowuig uito thc
wamicr evaporator 32. When refngeranl 38 fi&llows prc-
dcternnncd tlow path 79. thc thermal images v,&ll reveal a
change in the surface temperature of evaporator 32 &n an
expected manner I lowever, when there is internal leakage, ic
i.e.. a bypass condition. the thermal ima. es will reveal
changes in the surface tempemtture of evaporator 32 tlmt
deviate Ibom the expected manner. Exemplary illus&rat&ons
ol'hcnnal images w&11 be discussed below ui co&ulcc&ion
with FIGS. Ign-b. Followu&g thc &n&uation of thc flow of si
refrigerant 38 at task 284. start flow test subprocess 196
exits

16
FICi 14 shows a liow chart of evaluate subprocess 198 of

heat exchanger evaluation process 18(l (I'Ki 8). Iivaluate
subprocess 198 involves the review of themial images
generated by thermal imaging camera 168 to determine and
record whether refrigerant 38 (FICi. 7) follows pre-deter-
m&ned flow path 79 (FICi. 5) tlu ough evaporator 32. Evaluate
subproccss 196 may bc executed as a **real-nmc" activ&ty in
conjunct&on with thc in&nation of start tlow test subprocess
196 (l&Ki. 13) Alternatively. Ihe thermal in&ages may be
recorded and evaluated "off-line"

Subprocess 196 begins &vith a task 286 at w:hich the
themiai images for a given flow test are evaluated. In an
exemplary embodiment. an operator may review succes-
sively presented thermal unages Io detcnnu&e whcthcr Ihc
flow of rcfngcrant 38 Iluough evaporator 32 dcv&ates I'rom
pre-determined flow path 79 (I& Ki. 5). Alternatively, task 286
may be an automated evaluation in which a computing,
system is utilized to compare Ihe thermal images with data
corresponding to normal flow along pre-determmed flow
path 79.

In response Io task 286. a query tusk 288 &s performed. AI
query task 288, a determination &s made as to whether
refrigerant 38 ti&llows pre-determined flow path 79 'I his can
be a&1 operator deterlnined decision and/or a processor
determined decision

When refri erant 38 follows pre-determined flow path 79,
evaluate subprocess 198 proceeds to a task 290. At task 290,
an ident&lier for evaporator 32, simh as a production tracinng
number. is rccordcd along with an uidicator that evaporator
32 passed the fluid flo&v test

Ilowever, &vhen it is determined at query task 288 that
refrigerant 38 does not ti&liow pre-determined flow: path 79,
evaluate subprocess 198 proceeds to a task 292. At task 292,
an identifier for evaporator 32„such as a production tmtckin
number, is recorded along w &01 an &nd&cator that evaporator
32 fa&lcd thc fluid liow test. Follow&ng e&ther of tasks 290
and 292, evaluate subproccss 198 ex&ts

l&Ki 15 shows a flow chart of end test subprocess 2I)0 of
heat exchanger evaluation process 18(l (I'ICi 8). As men-
tioned abo&e. end test subprocess 200 is perfomied by
controller 166 (FIG. 7) to discontinue thermal imaging and
to dra&n evaporator 32 (FIG. 7) ol'ely&gcrnnt 38 (FIG. 7).

End lest subproccss 200 begins w&th a query task 294.
Query task 294 detcnnines whether a test slop signal has
been detected. throng)& the execution of subprocess 186,
controller 166 continuously monitors for act&vation of "test
stop*'ushbutton 124 (FIG. 6) by the operator. When acti-
vation of "test stop" pushbutton 124 is not detected. end test
subproccss 200 loops back Io query task 294 Io connnue
monitoring Ibr acui anon of "test stop" pushbutton 124.
However, when acnvauon oi'*test stop" pushbutton 124 &s

detected, pre-evacuate subprocess 186 proceeds to a task
296 Those skilled in the art will readily recogmxe that the
test stop signai need not be provided by an opemttor. In an
alternative embodiment, controller 166 may stop the fluid
flow test afier a pre-detcnnined penod ol'&mc.

At task 296. conuollcr 166 sends thc appropnatc s& nal-
iug v&a second conunu&ucauon link 170 (FIG. 7) to discon-
tinue the logging of thermal images by stopping the opera-
tion of thermal imaging can&era 168 (I&Ki. 7)

Foilov, ing task Z96. a task 298 is performed by controller
166 At task Z98. controller 166 signals first valve (MBVI)
140 (FIG. 7) to close and signals fourth and lil'th solenoid
valves (SV4, SV5) 157 and 161. respiwuvely, to close. W&fll

lirst valve 140 closed. refr&gcrant 38 now flows tluough
cmnpressor 128 (FKi 7) and condenser 92 (l&Ki 7). dntins
from evaporator 3Z, and coflects in receiver 134 (l&Ki 7)
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A query task 300 is performed following task 298 At

query task 300. controller 166 monitors the pressure
detected at pressure sensor 154 (Ffti 7) to determine
whether it drops below the high pressure threshold (Pih
THRESHOLD). The pressure at sensor 154 will drop as
refrigerant 38 drains fmm evaporator 32. When the pressure
has not dropped below thc lugh pressure threshold. progrmn
control loops back to query task 300 io cuntimic monitoring
for a pressure drop at pressure sensor 154 I lov ever, v hen
controller 166 deternlines at query task 300 that the detected in

pressure has dmpped below the high pressure threshold,
subprocess 200 continues with a task 302.

At task 302, contmller 166 signals third valve (M13V3)
150 (Ill(i. 7) tn close 'I hat is, refrigerant 38 i ~ sufliciently
drained from evaporator 32, &.c., evaporator pump &iowa has
occurred. In add&t&on. controller 166 signals foutth mid Iifth
solenoid valves (SV4, SV5) 157 and 161, respectively (FICI.
7). to open so that test station 86 will idle properly. Follov-
ing task 302, end test subpnlcess 200 exits.

FIG. 16 shows a tlow chart ol'ost-evacuate subprocess &o

202 of heat exchan er evaluation process 180 (FICi. 8).
Post-evacuate subprocess 202 is performed by controller
166 to evacuate evapomltor 32 and to set test station 86 in the
correct conhguration for unloading evaporator 32

Post-evacuate subprocess 202 begins with a task 304. At,,
task 304. cnntroller 166 signals first and third valves
(MI3VI. MI3V3) 140 and 150. respectively (I&Ki 7), to
close. and sigoals second valve (MBV2) 164 (FIG. 7) to
open.

A task 306. performed m connection v ith task 304,
1&&

initiates evacuation tinier 169 (Illfi 7), "'I'2" by first settiag
it to zero, and then allowing evacuation limcr 169 to
micron&can

Subprocess 202 continues with a query task 308. At query
task 308, cnntrnller 166 compares a pressure value detected
at prcssure sensor 154 (FIG. 7) with a low prcssure tlucslx&ld 3&

(PLow THRESHOLD). When thc dciectcd pressure ls lower
than the low pressure threshold, post-evacuate subprocess
202 proceeds to a query task 310. However. when the
detected pressure is not lower than the low pressure thresh-
old, subprocess 202 pmceeds to a task 312 sn

At query task 310„controller 166 detemlines whether a
current tinle on evacuation tuner 169, i.e, 7 2. is greater than
a pre-determined evacuation time liinit, i.e, I'2I,IMI'I'.
When thc currmlt tune on cvacuauon umcr 169 is grwiter
(hi&otic pic-ilctcrnnncxl cvacutiuon finlc haul, post-cvacuiitc
subprocess 202 proceeds to a task 314 (discussed below).
However, when the current time on evacuation timer 169 is
less than the evacuation time limit, subpnlcess 202 also
pmceeds tn a task 312 It bears noting that if either the
pressure detcctcd at pressure sensor 154 &s nol below the low
prcssure tlucshold or if Ihc current tmle on cvacua1&on lunar
169 &s not greater thnn thc evacuation time hm&L process
control proceeds to task 312

At task 312, controller 166 uuposes a prcdctermlncd
wmung pcnod, and a background acuvity, a task 316, is

&1
perfilrnled to increment evacuation timer 169. Although ''
shown as a discrete task. it should be understood that
increnlenting task 316 is performed in accordance v ith
conventional timing procedures

In response to tasks 312 and 316, post-evacuation sub-
process 202 loops bacl to query task 308 to again check ""

evaporator pressure at pressure sensor 154 (I&l(i 6). and to
again check evacuation timer 169 When evacuatinn timer
169 &mica ouL and thc dct&xted prcssure al prcssure sensor
154 re&na&us below the low pressure tlucshold, post-evacu-
ation subpmcess 202 proceeds to task 314. The post-evacu- ss
ation activities thomughly drains evaporator 32 so tlmt
evaporator 32 can be prepared for eventual distribution

At task 314. controller 166 (FIG. 7) signal ~ second valve
(MBV2) 164 (FIG. 7) to close.

A task 318 is performed followin task 314. Task 318 is
pcrfomlcd by controller 166 to discngagc ulterlock 153
(FIC&. 7). That is, controller 166 resumes the pmvislon of the
interlock control signal lvhich causes interlock 153 to be
disengaged. mid thereby allows evaporator 32 to be removed
from pLltform 94

In response tn task 316. a task 320 is perfilrmed. At task
32U, system 64 indicates that a test is no longer in progress
Indication may be nuidc by extingu&shing thc previously
illuminated "system rumung" indicator 114 (FIG. 6).

Next, a task 322 indicates that system 84 m pcrformcd by
controller 166 to in&hcate tluit heat exchanger cvaluat&on
system 84 is ready. Indication is made by illuminating, or
maintainin the illumination of. system ready indicator 112
(I&I(i. 6). 1&nllov,ing task 322. post-evacuation subprocess
2U2 exits.

l&I(iS. 17a-i show schematic representations of evapora-
tor 32 of FIG. 2 dlustraung exemplary ultcmal leaks, or
bypass conditions. FIG. 17a rcprcscnts a first bypass con-
dition 324 in which leakage of refrigemnt 38 occurs betvveen
inlet conduit 48 and outlet conduit 50 (FICI. 2). yielding a
first flnw path 326 that deviates greatly from pre-determined
flov path 79 (I&R) 5) Similarly, 11Ci (7b represents a
second bypass comhuon 328 in w luch leakage of refrigerant
38 occurs bctw can lirst intcmlcdiatc conduit 52 mid s&xond
intermediate conduit 54 of straight tube sheet assemblies 60
(FIC&. 2). yielding a second flow path 330 that also deviates
from pre-determined tlo&v path 79 (Illfi 5) I'ICi 17C rep-
resents a third bypass condition 332 in which leakage of
relbigcrant 38 occurs between Iirst u&tcrmcxiratc conduit 52
and second intenncdiatc conduit 54 of LI-tun& tube sheet
asscmblics 62 (FIG. 2). yielding a third tlow path 334 that
also de& iates from pre-determined flow path 79 (FICI. 5).

First. second. and third bypass conditions 324. 328. and
332 are provided for clarity of exphmation. Hov ever, those
skilled in the art &vill recognize that evaponltor 32 could
exhibit other internal leakage, or bypass conditions, that
result in refrigerant flow paths difli:rent from those wluch are
shown Ncvcrthelcss. &t should be readily apparent 01st
internal lealmge can cause an ineffective flov of refbigerant
38 through evaporator 32, tlms decreasing the cooling per-
fonnance nf evapnrator 32

FICiS. 18a-b show schematic representations of succes-
sive thernml images tier visualizin a flow of refrigerant 38
(l&ICi. 5) through evaporator 32 (i&I(i 2) 11(i 18a represents
a nonnnal tlow condition 336. whcrcas, FIG. Igb rcprcsents
second bypass condnion 328 of FIG. 17b In each of FIGS.
18a and Igb. rey shading enclosed by outwardly radiatin
rings represents a vvaml surface temperature 338 of evapo-
mltor 32, and diagnnally oriented hatching represents a cool
surface temperature 340

I'he schematic representations of thermal images pre-
sented m I&l(IS 1ba-b are highly simplified for clarity of
illuslration. How cvcr. as well known to those skilled in the
art, a thermal imagulg camcr;i. such as ctuncra 168 (FIG. 7).
detects the different levels of infmlred energy given ofl'y
areas of different temperatures and displays these as a
pattern or as gradations of colnr on a screen Accordingly,
actual therinal images produced by heat exchanger evalua-
tion system 84 (FIG. 7) and displayed on monitor 100 (FIG.
7) arc likely to bc Ibr more complex thml what is shown.
Nevertheless. the schematic representations of FICIS. 18a-b
serve to further the understanding of the present invention.

Referring parucularly to FICi. 18a, FIG. 18a shows a first
them&el image 342 logged at test onset, &.c., zero sccon&hu a
second thermal image 344 logged at thirty seconds, a third
themlal image 346 lo ed at sixty seconds. and a fourth
them&el image 348 logged at one hundred and twenty
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seconds. Under nominal flow condiuon 336, first fllemial
image 342 indicates warm surlbce iempcraturc 338 across
all of evaporator 32 at test onset. Second thermal image 344
reveals that at thirty seconds. refri emnt 38 has flowed Into
straight tube sheet assemblies 60 (Ill(i. 5) Cool refrigerant
38 in straiaht tube sheet assemblies 60 is revealed by cool
surface (mnperaturc 340 on thc riglu sale OI'econd thermal
image 344. while thc lcfi side of second thcnnal trna e 344
still exhibits warm surface temperature 338. Third themial
image 346 reveals that at sixty seconds. refrigerant 38 has

1(l
now also flowed into u-turn tube sheet assemblies 62. As
such, third thermal iniage 346 sholvs evaporator 32 having
cool suribcc temperature 340 across iis mltire surface. Tlus
trend contuiues in fourth thcnnal imd c 348 at onc hundred
and nventy seconds where evaporator 32 continues to have
cool surface tempemture 340 across its entire surface.

Referrin now to 11(i 186, ill(i 186 sholvs a first thernial
image 350 logged at test onset. i e, zero seconds, a second
thcnndl unage 352 loggcxl at flurty seconds, a flnrd thermal
image 354 logged at sixty seconds, mid a fourth fllemial
image 348 logged at one hundred and twenty seconds. Under io
second bypass condition 328, first thermal image 350 Indi-
cates warm surtace temperature 338 across all of evaporator
32 at test onset 'Ibis is as expected since no refrigerant 38
luis yct flowcd into evaporator 38.

Second thermal unagc 352 rcvcals tlrdt at tlurty seconds,
refrigerant 38 has flowed into stmi ht tube sheet assemblies
60 (FI(k 5). Cool refrigemnt 38 in straight tube sheet
assemblies 6(l is revealed by cool surface temperature 34()
on the right side of second thermal image 344. while the left
side oi'econd thermal image still exlubits wana surface

iotempcraturc 338. Accordulgly. lira( and second fllemial
images 350 and 352, respectively, correspond with first and
second thermal images 342 and 344 (FI( h Iga) of nominal
flolv condition 336

I lowever. third thernial uliaae 354 reveals that at sixty
seconds. refrigerant 38 has uot flown imo u-turn tube sheet
asscmblics 62, as it would have under nomuial flow cond&-
lion 336 (FICI. 18a) Rather. there is little diflerence between
third thermal image 354 and second thermal image 352. Tlus
trend contimies in fiiurth thermal inmge 356 at one lnuldred
and tlventy seconds where there is little difference between do
fourth thermal unagc 356 and second thcnnal nna e 352

COIIScqllclltlvl llllrd Bill foulfll 111C11nal nnagCS clciirlv
show a deviation of refri erant 38 flow from pre-determined
flow path 79 Moreover. the thermal ima es. detecting
surface tempemture variations. can be rapidly acquired for a
single flow lesl ln less thail Bppl'iixlilultcly twit nlhllltcs.
Upon leva:v; of tile lllcrllldl nnagcs, (ill oper'Stol cllll re) ccl
such a heat cxclrdngcr for use ui mi air condiliouin syslmn,
such as refrigeration system 20 (FICC I). However. if review
of the thermal images reveals nominal flow condition 336
for a particular heat exchanger, the subsequent pump diown C

and post-evacuation procedures, enable the bent exchanger
to be suflicn:ntly clcancd so that evaporator 32 can be
prepared for eventual ihstnbution.

In sununary, the present invention teaches of a system and
metlu&d for evaluating a flow of fluid tlimugh B heat 11

exchanger 1 he system includes a thermal imaging canlens
directed tolvard the heat exchanger that provides thernial
images of fluid flow tluough thc heat exchanger. The fllemial
images mlablc visual inspection of the heal cxchangcr so as
to detect internal leaks e. The system and method enable the (o
rapid, cost efl'ective. Bnd non-destructive evaluation of B heat
exchmiger for both external and internal leakage. tlnis
decreasin the pmbabihty of defective bent exchangers
cntcring the market.

Although the prcli:rred cmbodunems of thc invmltion
have been illustrated Bnd described in detail. it will be

IC(ldlly Bpparellt kl fllosc Sl ill(XI ul lllc Bit 01st Valtous
modilications may bc made therein without dcpartuig from
the spirit of the invention or front the scope of the appended
clauns. For example. those skilled in the art wifl appreciate
that there is a great variation in the order in which many of
the tasks described herein may be performed

What is claimed is.
I A niethod for evahiating a flow of a fluid through a heat

exchanger comprisin
inspecting said heat exchan er for a leak benveen said

heat exchanger and an ambient environment, said
inspecting operation comprising:
placuig a vacuum pump in fluid communication with

sall ical cxchallgcn
utilizing said vacuum pump to pull a vacuum on said

heat exchmiger: and
measuring a fluid pressure of said fluid between said

heat exchanger and said vacuum pump. v herein said
absence of said leak is revealed when said fluid
pressure Is less (iran a low prcssure tlucshold:

when an absence of smd leak is rcvedlcd, said method
further comprises

routing said tiuid thmugh said heat exchanger;
detecting a surface temperature across said heat

exchan er in response to a flow of said fluid tlirough
said heat exchanger; and

delcnninuig an cflicacy of said flow in response lo said
sllrfacc tclllpci'iuule.

2 A method as clainied in claim I wherein said routing,
,'Ictlvilv

conlpilscs'nterconnecting said heat exchanger in a fluid loop fiir
said fluid, said Ihiid loop including a condenser; and

enablin delivery of said fluid from said condenser to said
llcill cxcllallgcr.

3 A method as clmmed ui claim 2 whereui said heat
exchanger and said condenser are in spaced-relation. and
said method further comprises utilizing a condenser fan of
said condenser to dralv anibient air across said heat
exchanger toward said condenser.

4 A method as clainled in claim 2 hirther comprising
Iillcnng saul fluid prior to said routing acuvity.

5 A method as claimed ui claim I whermn when a
presence of said leak is revealed, said method further

ciilnprlscs'eporting
said leak: and

suspending said routing„detectin „and detemiinin
acti( ities.

6 A method as clmmed in claim 1 whereui said detcctulg
activity compnses.

ullllzlllg a tllCrlllill tnlaglllg SVS(Cill ki dctCCI d Vali(I(ion Ol
said surface temperature across said heat exchanger;
Bnd

presentin thermal images responsive to said variation of
said surface temperature on a monitor.

7 A method as clduncd in claim I whcrcui saul heat
cxchangcr has a pre-dmcnnined flow path for said fluid, and
said dctcrmining opcrauon ascertains whether said flow of
said fluid deviates from said pre-determined flow: path

8 A method as clainied in claim 7 wherein said heat
exch m er is an evaporator for an air conditionin system,
said fluid is refrigerant. and said method hirther comprises
ri:ICC(lllg Sdld Cvilporatol IOI l(SC nl Saul Blr colulllloiullg
system when stud tlow of smd rcfrigcrant dcviatcs I'rom said
prc-dctcnnincd flow path.


