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TITLE Tenp.grsﬁgepﬁngg rol “of Near-Infrared yzer 5 Back
around of ntio anent ghamﬁ§ggam
ﬁanagenentwf)‘r?mwl nstnuwim d nor e %ggtsfgpm\md y it p@?@?&esgm?%l .
tenperature control of ed analyzer Ther mal _
managenent in instrunment packaglng has &IMELE 10 been an inportant design
consi deration. Internal tenperature control of near-infrared (NIR)
anal yzers is essential for neasurenent preC|S|on More particul arly,

NI R spect r ophot onet dfefReFRIrefanizal WL Negrerinirared Anadnizer ons as
little as 2 to 4 degrees C, which cause 15 shifting of optimal

- wavel engt hs, and the additi of erro I n the neasurenent. - The
typi cal proc trolled wi thin a band of
tenperature by utiTheainvenvionanrebavés to thdﬁﬁaEOmiﬁﬂéeﬁéﬁ@tﬁﬂy In the

out 1 d-up. 11 on SECERERE 2Pl “and P6Ls B¥EfErtTathy ' BE Foaer FReccr hed in
U. S. Patent Neempep2Bungocombrotodficasreanrinfharedeanakyzer.renmmins "on"
until a low tenperphifRal | fhhademéRACHRd: ABrument packaging has always
10 been an important design consideration. Internal
temperature control of near-infrared (NIR) analyzers is
essential for measurement precision. More particularly,
NIR spectrophotometers can be affected by temperature
variations as little as 2 to 4 degrées C, which cause
15 shifting of optimal wavelengths, and the addition of error
in the measurement.

The typical process spectrophotometer is controlled
within a band of temperature by utilization of an on-off
type control strategy. In the "on" state, a condenser or

20 other device is turned on to remove heat build-up from
within the spectrophotometer enclosure. The condenser or
other device remains "on" until a low temperature limit is

. reached and then the condenser is turned "off." The
temperature in the spectrophotometer enclosure rises from

25 the heat generéted by the electronics and/or the external

- environment until a second temperature limit is reached,
which causes the condenser or other device to be turned
"on" again. This on/off temperature control approach
commonly allows the internal temperature to cycle 2-4 C
30  degrees. '

Summary of the Invention

A preferred temperature control strategy was devised
to remove heat from the analyzer and control the optical

35 bench temperature'continuously at aim. A temperature

sensor is fastened to the optical bench in an analyzer to
serve as a measurement input device for a control strategy
which is truly aim-seeking. The control strategy employs
a heat pipe heat exchanger to remove heat from the

1



then the condenser is turned "off." The tenperature in 25 the

spect r ophot enclosure rises fromthe heat gener
electronpgga@ﬁgﬁ%r the external ~ c:environment until a sé%gﬂggﬁgﬁggrature
limt is reached, - - whi.ch.causes the condenser or other device to be

tur ned z ‘?ﬂaiy%@:' réncl-gytﬁrém/ of T M&Pﬁés’ ca fFRPiPatducl) as

commonly al |l ows ternal tenperatu t | - d :
Surmary of e 3LGR gml:] © remov e’i@ tret?er?ov f%&t%ﬁé%fﬂ%ﬁ%’%ategy

was devi sedawlmmmmeﬂirdummm heed yemeghaarger anid athdhe opti cal
bench t et Al e Nt UL s UdMarl RS U Rt ened

to the optiéa an analyzser Serve as a asureneﬁ% I nput
devi ce for exchangsr.st Headgpipes me:rpaxs::tqumayrla;r msseBidi nip that cont rol

strat egy emaho RLtrAl e idls N a0, T ARl dd o Lhe

anal yzer enc sure at_ pi pe ‘uti |zes a such as an al eohol)
to renove-hé& Fhso catiitdeads QHR§QQ¥MQPWR°nentSc thereby

ellmlnatlng the need for additional filtering of the

cooling air.

10 A PID temperature controller achieves the desired
temperature setpoint by manipulation of heat exchanger fan
- speeds. The heat removal rate can be very precisely

controlled. In practice, both heat exchanger fans could ‘

~be controlled together; however, to achieve optimal
15 internal temperature uniformity, the internal heat
exchanger fan is maintained at full speed and just the
external fan is_éontrolled to adjust heat removal rate.
Optical bench temperature control is maintained to plus or
minus 0.1 degree C vs. a typical temperature contfol range
20 of plus or minus 2 degrees C. )
More particularly, the invention includes an
apparatus and a procesé for controlling the temperature of
an analyzer cabinet whereiq heat is generated within the
cabinet. The apparatus comprises a heat exchanger having
25 internal and external chambers surrounding heat pipe coils
attached to the analyzer cabinet. The internal side
chamber is in communication with the cabinet wvia an inlet
and an outlet; a continuously operating constant speed fan
located in the inlet is provided for circulating air past
30 the coils and through said cabinet. The external chamber
is in communication with fresh outside ambient air and a
variable speed fan circulates outside ambient air through
the external chamber. A temperature sensor located in the '
cabinet produces signals corresponding to the temperature
35 at the sensor location. The variable speed fan is
responsive to the signals produced by the sensor.
The other embodiment of this invention is an improved
process for controlling the internal cabinet temperature
of a near-infrared analyzer, and therefore, the accuracy
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an internal air circulation heat exchanger and then recondensing the
fluid at sfosemws8isHal air circulation heat 5 exchanger. ?ﬂﬁﬁﬁﬁ
particularly useful in that i nternal cabinet air, not ou alr
circul ated through the critical optical conponents t her eby

el i minating td® theednnialyzeid t i Tmbs fnprevemsntofcdierises comtt Nfusigly 10

A PIDt f%¥5 t I t £ ure set point
by mani Smo:{ ?‘E)érgeg'} a’[alé%(c gerf‘}f/ éﬂ@ éjﬁé éazeq:l%l cE"ngeg)lt‘!':a?%m)val rate
can be very [FWRARgRES 1ncﬁ#ﬂr%ﬁb¥§ﬁt,|an¢w aln i xEgPInAe, heont inudesiger

fans could cidulaning!darbd Qe el cofloMENEdd 4 AN Y é’FEﬂﬁfca'Lf

I nt ernal enperalure unlforn1t t he | nternal heat ange an is
mai nt ai neé atCRYqe %s"co tpaintain the r@mﬂ%ﬂ@ @mtdolled to

adj ust heat msiramlveﬂqt e:onstarm)ttiémﬁaemwfe ! erna,er@éénﬁ ctqihl 'Eg Cﬂrd&etss,

mai ntai ned tq eqree t al tenperature
control range @Oﬁ“‘gﬁﬂas olsg %Fhu%‘ toeé'& tli’fe sensfltplv M HFRS cul arl y,

t he inventi omnma‘id@@onentamm chvey snagimit i iEd 0B plus cwniimid iog t he
tenperature Qfegree & anal yzer cabinet wherein heat is generated within the
cabi net._The apparatus conprises a heat exchanger having 25 internal and
ext er nal 1&hanber s surroundlng heat plpe coils attached to the analyzer
cabi net. The Byilesf Ddgcyids D {3y COMMUNIi cation with the cabi net
via an inlet outlet tlnuous y. operatjing constant speed fan
l ocated in the inl ?Eg‘% ’tﬁad’ fEtFa‘ed‘?artc’tﬂ MW ERat iens o @n anadaizer and
through sai d amgbiasstocifitedximreralalc aihaixternal heat exchangers.

lsneiauﬂ_mmmuhmfmﬁmm

Referring to the Figure analyzer cabinet 10 contains
critical optical systems 12, in addition to electrical
components (not shown). "Critical optical systems" or
‘"critical optical components" are meant to include

20 photodetectors, gratings, grating mounts, etc., which are
temperature sensitive and are normally housed inside the
analyzer cabinet in what is called an "optical bench."
Temperature sensor 14 is attached to the critical optical
systems and outputs -a temperature signal to temperature

25 controller 15. Also, attached to analyzer cabinet 10 is a
heat pipe heat exchanger 16, having an internal side 16a,
an external side 16b, and heat pipe coils 18. The heat
pipe coils extend from the internal side to the external
side so that heat may be transferred from the internal

30 side to the external side. In addition, the internal side
has an internal inlet 20 for removing air from the
analyzer cabinet, and an internal outlet 22 for providing
temperature-controlled air to the critical optical

- systems. A continuously operating internal fan 24 is

35 mounted in the internal outlet 22 to provide movement of
air through the internal side of the heat pipe heat
exchanger. The external side 16b of the heat pipe heat
exchanger has an external inlet 28 for providing fresh
outside ambient air to the heat-pipe heat exchanger, and
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I's in communication with fresh outside anbient air and a vari abl e speed b
fan circul ates outside anbient air through t he external ﬁ@g@o%‘s
tenperatJY%9§@ﬁ§5r | ocated in the ~ cabi net produces S|g

corresponding to the tenperature 35 at the sensor |ocation. The vari abl e

speed fan iszp exEéﬁﬂQﬂSbﬁélée ﬁbefékQBéhéthQdHﬁEQ ertheoﬁGE§er
The ot her enbodinent of _.this invention is an ngrov process for

control ling ?*EF¥%?%rﬁb@ecabFn%PeFéﬁﬁePﬁFﬁiéed ags 33 hEaWQPﬁFFQréH
anal yzer, anghé hexeépnel 6G€1EECBOaEY provide movement of air through 2

f th I Thi 1

the' temper atdFe BFUTHRAL PLABPEobPHRaE BiPgoRSBhoRFERkASERe B0 AEE,
and, in Bespspeed comtiolbed|fan 32 tsrelleatrigaliypeonneceedobor bheed air
by ‘these Cr'Eé@?%ﬁ?é?fgté8ﬁ%r8?f@%nf§tSaﬁ? gﬁé”EgégdtB% Eﬂgp??ﬁ”ts at a

relatively -con ure
t enper at ur-e nmcx¢ase%n9§r@@greageﬁsb@seé enlth@aoutputogagoan EvapokbAt s

can be mai nt@édiss4Oubé UsSeRBof 185 Ohits pro¥$edifg fordlor less cooling
to the heat pipe coils 18 in heat exchanger 16.

10 In one example of a preferred construction, a Noren
Model CC600F heat pipe heat exchanger containing interior
and exterior fans (supplied by Noren Products, Inc., Menlo
Park, CA) was attached to the enclosure of a Guided Wave ‘
300P Near-Infrared Analyzer (supplied by UOP Guided Wave,

15 El Dorado Hills, CA). A Minco foil-type 100 ohm
Resistance Temperature Detéctor, or RTD, was attached to
critical optical components in the analyzer ‘and inputted
signals to a ECS Model 6415 PID temperature controller

"having a 10 amp control output. This output was in turn

20 connected to the external fan of the heat pipe heat

exchanger for control of the external fan speed.



:Brlef Description of The Figure is a schematic
11 ust ratwg@dags‘gn aH @l‘nﬂmulussoc ﬁﬁ}@gHéﬁtﬂs”é’éEN NgcPisosishoss heat
zexchangers. al acr spt Fon of cgbred nbodi nent

Referring to the Fi gure analyzer cabi net | ritical optical

systens 12, Whatdiigtchaimedeipctrical conponents (not shown). "Critica
optical systems’ pr Bn EBAEAERL PO £8heFOTPORENLRE BEfoIFgPhrkOoknC! Ude

20 phot odet ectors grating noun
tenperature %@n%m@iVéeanaah;@ehowhareynhb93édlsngeaerehed withinl §aid

cabi net in wagbihét cakhed PﬂéhéaboﬁﬁfﬁBl aTﬁéﬂﬁrékHﬁﬁnééfsor 14 is
attached to the crltlcal ens and outguts erature

t
signal t@& téﬂ$%+%9u+%t?§na£oﬂF$o?¥E?r§%f chawbers; FutReyn bnﬁn £3%er
cabinet 10 ipipe coibeptsai@cheadt ershbinggeraibachedi g esldnaﬁanyheﬁide

16 1 h t 18. { '
col's extond P ERFEheSRifc REPTERHcTF B FEEBREE RE1AS 10 Famnan e SRoa
may be transWe;heaaidoqabhaetnbprmeanSOQfsadelnbethenéxaarnatletdea I n
addi tion, th@ohﬂfﬁu&&élg Qﬁeratlﬂ ScBRstQhE" e&”#&h %g %Qédrfﬂn¥ E& arr

fromthe ~ analyzer an |nterna out prOV|
t enper af@r e- b@%%Foﬁpédcareulét%ns airtpasf epidcapils aaéstbﬁ@ugh‘sal

contlnuouslycaafﬁat;ngaiatekaeknaancﬁémbér3ﬁe1ﬂ§UBﬁeéoMﬁuﬁbeatﬂégrwﬁkh

outlet 22 to_proyvide np air thro i nter i de of the
heat pipe hebfesh °%§§ﬁéﬁg§?£l?ﬂ5 3i¥éran §|ngi%gf6fs?ﬂ% he3® pi pe heat

circulating outside ambient air through said external

chamber; a temperature sensor located in said cabinet;

15 said sensor producing signals corresponding to the
temperature at the sensor location; and said variable
speed fan being responsive to said signals.

2. The apparatus of Claim 1, wherein the temperature
20 sensor is located on critical optical components within
said analyzer cablnet

3. The apparatus of Claim 2, wherein the critical
optical components are of the group consisting of a
25 photodetector, a grating, and a grating mount.

4. In the process for controlling the internal
cabinet temperature of a near-infrared analyzer having
critical optical components, the improvement comprising:

30
a) continously measuring the temperature of the
Critical optical components in cabinet; and,
b) continously circulating temperature-
controlled air past the critical optical
35 components to maintain the components'at a
relatively constant temperature. |
This Sheet Has Been Replac
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ext ernal side. A speed-controlled fan t he ext er nal

outlet 30 to prowy de THY e5EsE e @frcl eéfagtlaaye of the
heat pi pe heat .ex han er 16 The &?d control |l ed, fap 32 hs electrically

connect ed t(?RtHé: rért%r%r% F FT99P %%s{'ﬁglg%e% df the fan

i ncreases ophitwdestsRstdrsal grating puandta sgomeing rmounbe - tenperature
sensor 14, thus providing nore or |ess cooling to the heat pipe coils
18 in heat exchanger 16. 10 In one exanple of a preferred
construc%ion, a MorerThe pivckss GEBO@Rima% pvhereiat tha chemperatene ai ni ng
interior r Hiie I nlo
Par k, CA) ﬁsﬁﬁiﬁ%ﬂﬁa{ f@’e‘( osure ol?é(aep@%e‘géwaveiﬁed 980%1%
Near - | nf rar & AHAYS & - ¥ A8F¥ee¥ By UOP Quided Wave, 15 El Dorado Hills,
CA). AMnco foil-type 100 ohm. Resi st ance Tenperature Detector, or RTD,
was attached to _

exchanger has an ex % MFM %f or providing fresh out si de anbi 'ent-
all’ tot gt
Wo;]ﬁ&gfoextferna L fcﬂ'HISe&?ﬁﬁzirmgstéﬁ'Eﬁ air %"H]s’t 968 X
32 i BERAGED ed |
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critical opti cal cohponents In the anal yzer and-i nputted

ECS Mbdel widddossks t enperature controller

having a 10
output. This output was in turn 20 connected to the exter
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4 : What is clainmed is: 1. An apparatus for controlling {he
t empgy afdye of an anal yzer cabinet. (10)..in-which heat is generated WOS 05736
~operational conponents. (12) | ocated i n sai d cabi net (10), said apdz ratus ———
conpri si ng: " a heat exchanger (16) having heat pipe coils (18), an
internal chanber (16a) and an external opppber (16b), said.chanbers (I 6a,

16b) surrounding said heat pipe coils (18), sai d heat exchanger (16)
bei'ng attached to said cabi net (10) such a way that said jnternal

chanber (16a) is |r1?ﬁﬁﬁﬁﬁﬁ?ﬁﬁ?cﬁP%ﬁ?%@S%FcN%%ﬁlﬁéﬁriq_ MARERE of an
outlet (20) fromsaid cabinet (10) and an inlet (22) to sald cablnet (10)

5 ' Background of the Invention

The invention relates to thermal management'in

instrumentation and more particularly it relates to
temperature control of a near—infrared analyzer.

Thermal management in instrument packaging has always

10 been an important design consideration. Internal _
temperature control of near-infrared (NIR) analyzers is
essential for measurement precision. More particularly,
NIR spectrophotometers can be affected by temperature
variations as little as 2 to 4 degrees C, which cause

15 shifting of optimal wavelengths, and the addition of error
in the measurement.

The typical process speetrophotometer is controlled
within a band of temperature by utilization of an on-off
type control strategy. 1In the "on" state, a ¢ondenser or

20 other device is turned on to remove heat build-up from
within the spectrophotometer enclosure as is described in
U.S. Patent No. 4,328,676. The condenser or other device
remains "on" until a low temperature limit is reached and
then the condenser is turned "off." The temperature in

25 the spectrophotomeﬁer enclosure rigses from the heat
generated by the electronics and/or the external
environment until a second temperature limit is reached,
which causes the condenser or other device to be turned

' ‘"on" again. This on/off temperature control approach

30 commonly allows the ihtefnal temperature to cycle 2-4 C
degrees.

Summary of the Invention
A preferred temperature control strategy was devised

35 to remove heat from the analyzer and control the optical’

bench temperature continuously at aim. A'temperature

sensor is fastened to the optical bench in an analyzer to

serve as a measurement input device for a control strategy

which is truly aim-seeking. The control strategy employs
40 a heat pipe heat exchanger to remove heat from the

1
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"a contlnuouslﬁ.operatlng const ant speed fan (24) being located in said

Iplnlp:tC((mZH m Hmﬁmrﬂt g air through sai.d cabinet (10) .and past said heat

d-ext ernal - chanber (16b) being in comunication
"With fresh out ¢i d& afbi®ent. air, a variable speed fan (32) circul ating
sai d outside anbient air through sai d external chanber (16b) to cool said

heat pipe cqgils (18 , .a_tenperature sensor (14) |ocated in said

cabi net pr&%ﬁ%%ﬂégs%bﬂ§F§gtﬁﬁresponding to the tenperature at the sensor

| ocat i on, said HarappEeaspeeﬂoEanoﬁﬂzblmehggthespemseyetUmesafd
SO byl e ABRAREL D! 1 f) GHULL nUAE Shrqchpbemetglure

3. The app@P%I%%l@ﬁatléPﬁPQnenhéréﬂﬁ)th@CéFEﬁléalSéeﬁléé igekpdhhts are
of the grcn§h£@n§p§gfggugfcgmghggggstector a grating, and a grating nount.

a heat exchanger (16) having heat pipe coils (18),
an internal chamber (16a) and an external chamber (16b),
said chambers (16a, 16b) surrounding said heat pipe coils
(18), .

said heat exchanger (16) being.attached to said
cabinet (10) in such a way that said internal chamber
(16a) is in communication with said cabinet (10) by means
of an outlet {20) from said cabinet (10) and an inlet
(22) to said cabinet (10),

a continueusly operating constant speed fan (24)
being located in said inlet (22) for circulating air
through said cabinet (10) and past said heat pipe coils
(18},

said external chamber (16b) being in communication
with fresh outside ambient air,

a variable speed fan (32) circulating said outside
ambient air through said external chamber (16b) to cool
said heat pipe coils (18),

a temperature sensor (14) located in said cabinet
producing signals corresponding to the temperature at the
sensor location,

said variable speed fan (32) being responsive to
said signals. ‘ '

2. The apparatus .of Claim 1, wherein the
temperature sensor is located on critical components
within said analyzer cabinet.

3. The apparatus of Claim 2, wherein the critical

optical components are of the group consisting of a
photodetector, a'grating, and. a grating mount.
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4. An [ roved rocess for controlllng the tenperature of a near-lnfrared

_anal: yzer H >l alﬂ ﬁ "l:orrponent s housed within a cabinet (10) having

rattached 16) having heat pipe coils (18), an internal
chanber (16a) an external chanber (16b) said chanbers (16a, 16b)

- -surroundi ng said heat pipe coils (18).wherein said internal chanber (16a)

communi cates witg, thﬁnCQHbPS%eé19}o¥é§saﬁotnésﬁt£8211ﬁg sgéd cabinet (10)

and an outlet (20) fromsaid cabfne e external Thanber (16b%
comuni cat eSeWPERAFTES WL ottt BeAE- Anfraradapnphyaer (30t brrl eRt EE2 Y 28)

having a vaé¢ﬁpbﬁeﬁpeeﬂou§ed(62&hlﬁhara&belaefzedlon h&aing hect oomed ad ur e of
at _anp. ai oint_of plus or

the critic .o t|ca£ nfg s | S, con# %Ie
mnus 0.1[ € \ad ange? BviBg n u§f9en§3§ﬁ?|n£ Yhe®Renperature of
t he 1nternallchembenp(16al andpexearsal nchambert (14W9) said

by means Ofcﬁaﬁﬁ@?gr@igie Oéuf ndln? ?1d heaéa§£§Qe€5$f% bféfr't'cal
conmponent s; Con |nu0us ciTculating ai means o
wherein said 1nterna1 cha er (1lé6a) communlca es with the

cabinet (10) via an inlet (22) to said cabinet (10) and

an outlet (20) from said cabinet and the external chamber
(16b) communicates with fresh, outside air via an inlet
{(30) and outlet (28) having'a variable speed fan (32),
characterized in that the temperature of the critical
optical components is controlled at an aim point of plus
or minus 0.1°C by:

a) continuously measuring the temperature of the
critical optical components in cabinet (10)
by means of a temperature sensor (14)
fastened to the critical components;

b) continuously circulating air by means of the
constant speed fan (24) past the critical
optical components to maintain the components
at a relatively constant temperature; and,

c) controlling the speed of the variable speed
external fan (32) from signals generated by
the temperature sensor (14).

5. The process of Claim 4, wherein the critical
optical components are of the group consisting of a
photodetector, a grating, and a grating mount.

6. The process of Claim 4, wherein the temperature

of the critical optical components is malntalned to plus
or minus 0.1 degrees C. :
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i’gnstant speed fan (24) past the critical opti cal ggmagponents to

fai ntain the conponents . at a relatively constant '4'”7‘,‘) rature;
e ]()9 cont r olworDg N EecTRA SelorRRTY dROANIZNTIORD| € S PE gD .
external fan from signal s gendteedoy fygran the tenperature

sensor INTERNATIONAL APBLICATION (FUBLISHED UNDER THERATENS COOPERATION| TREATY (PCT)

opt ' cogﬁgm Jiaifieatidh 6t N€ O OUP CONSISTI ect or
ar (lgl?:im"g a girﬂz;u ng dr;gl)unt. (Sm)]lfsﬁ%mf)%%ag}e%@“g&%g%n 4, V\m(?egﬂlostsﬁse
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er 234
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(57) Abstract

A preferred temperature control strat-
egy was devised to remove heat from the
analyzer and control the optical bench tem-
perature continuously at aim. A foil-type - 16b
RTD temperature detector is fastened tothe | TEMPERATURE AIR FLOW =
optical bench to serve as a measurement in- - CONTROLLER 30
put device for a PID control strategy, which 15 ~—
is truly aim-seeking. The control strategy —_—
employs a heat pipe technology to remove
heat from the analyzer enclosure. A heat '
pipe utilizes a fluid (such as an alcohol) to , 32
remove heat by evaporation of the fluid at '
an intemnal air circulation heat exchanger ANALYZER
and then recondensing the fluid at an ex- / — 1_0
ternal air circulation heat exchanger. The FAN
PID temperature controller achieves the de- SPEED

sired temperature® setpoint by manipulation CONTROL _

of heat exchanger fan speeds. The heat / —20 2

removal rate can be very precisely con- HEAT PIPE”

* trolled. In practice, both heat exchanger COILS C&I';I.ICCALAL

' fans could be controlled together; however, 18 1

to achieve optimal internal temperature uni- SYSTENS

formity, the internal heat exchanger fan is / 1
16" | \ 2

maintained at full speed and just the exter-
nal fan is controlled to adjust heat removal am
rate. Optical bench temperature control is 16a

maintained to plus or minus 0.1 degree C

vs. a typical temperature control band of CONTINUOUS = .
plus or minus 2 degrees C. INTEKZ‘QL FAN 14

TEMPERATURE MEASUREWENT




