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ponitoring systemor nenitor enbodying the invention can be used, for
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for calculating U values. For an evaportor lwi th chilled water inside the

tubes, U .s given by: [elU]= 55—-whe-:-e:——9-|h-——-f—hﬁe+a-a-p?-f-actor, [err](s¥ film
coefficients for water and refrl ger,ank _9_95 yya_l_gg icKnle§s, [err] = thernmal
' ar .

h
conductivity of the tube nate+ I,+6_OK; AmAmAimaE{‘f da, [err] = outside
and inside areas, and rf = fouling factor.

55 Wwhere:
@, = fin shape factor,
h,. h, = film coefficients for water and refrigerant,
X = wall thickness,
K, = thermal conductivity of the tube material,
60 A, = mean area,
A,, A; = outside and inside areas, and
r; = fouling factor. .
In case U,,, is provided by the manufacture of the evaporator, Equation (5) should be checked against
the manufacturer's value and should be corrected by a multiplication factor K; if needed.
65 The values of h,, h,, are velocity and temperature dependent and the K value may be temperature
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Ln case [err] is pr.ovided by the manufacture of the evaporator, Equation
(5) should be checked agai nst the manufacturer's val ue and shoul d be
corrected by a multiplication factor [err] if needed. 65 The val ues of
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general nomml< :nes%rveli:mqblsaﬂﬁorw/(shﬁnperature and velocity. The corrections
on nom nal Walvmmofanq err] and [err] due to the vari at|ons of the

terrperatur ﬂ%i ;g X are rra > The case of n %ﬁ ragar frgoni)}zor,
e s @ﬁf I Gt oD imr. A FL L R ©T8 %0
applied to Iﬁ WG d8%R Erﬂbﬂj hal&hd\ dr Z‘l 3§géné\‘§l R-hﬁ mperature
schenat i ead velocint THeZorrddtiensioa immiga wausts of/let and hj°ydueid the \bﬂattbrmif Itheaanmmammd

wi th ot hﬁ\eVP'nyysafef“aéﬂla or at ors mass vel ocity of refriger; ant can

o T AT T e %ﬁrm"%%r"%ﬁﬁﬂg‘;@a ot

condensekanliie takdarfom inBRucmBRts Gﬁ&ﬁfpregmmﬁ’t Aow 3t &n mlet 16 & & donp 14bEit can _
utilised drr@ﬁv be measiﬁhéfremapgnm Grof Ggmﬂmms gdrevdhe bnntdnsscarvr&pmrmms anitsinletor i s ¢

F‘ ised. oy i s shovvn in Fi
Iwéesza etmearré V“sra*?aetr;%at"w ;:?5 3§ e i %i or ant
surface burtage MAGhOdGle . .an ShblIyaica hoat ra’aaarf Skua afsfalinodald@o.Note -
actual héat thervated kg anaid atecfed Back Ihlmd thetwasdr strface Tiad meduld 3 [ptaiked dn Rigura3itd ed

back jnt ?:'tl#ée %hawpcegmneawers quems@uw aetrwpraetéumem 39 ofiFigure

al cul’ lye 18 m}}mn@sfle @odule 50
EHi g “T‘és'brﬁ" il WE‘Q T T

Figure 4mtrrdrmua euasanﬁ'w |eoewmoaroam .redétaunmgdr Gatﬁéi acttocwd re YoMk fdulin ST er
nodul e 56cios biinddtermited as the ratio Bf aptuakan8 prigihad mgjuesiof U Namelyct ural data to

cal cuf’ate the original or nomnal val ue f heat transfer coefficient, [err]
as in Equation (5). The actual val uggQf_Tat transfer coefficient, )err] S
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exchangewgrﬁaPnom'?a'S%"gq'g?setLe PVen Th the ASHRAE Gui de Books. Consi der [err]
gi vensg n Equation (6) a non-lineasy°=uETicimp 1 tenperature and nmasse)f | ow
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where: 65 4 EP 0155:826 Bl to [err] The. val ue
of .the nunerator [err] is determned from Equation (6) by calculating [err]
for various [err] values:while the other variables are held at their

rnomi nal values [err] and [err] ER 0#55t826.8B1f" are used in Figures 3 and
4. Water cool ed condensers and precoolers can_also be nonitored in the sane
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three surPREE"f FOWPRSELIF M5 s have to be cal cul ated. Their cal cul ations
are covered in Equation (6). A nodjLigdnrel gty on over Equation (5)bs:
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[err] 20 where: h= filmcoefficient for air. To avoid undue conplication,
~manuf act m‘tsr:t:sd%%t a sihoul d beBuQs!gd |ip/f },npossi bl e. The functional relations as
in EquationtIC stfilayene of t he manufacturer's data in case the
‘anal ytical E:a:cgﬂ:%?xﬁ%f&im%ﬁ Pr&C€tical . 45 In greater detail, as
'shown isn Fi gelr evagarativb 2R alr.85EMR" @hiénSerd 1134 e} tcliss HqBktioh (79 orl £'Fbd aiREddled
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t 0 meas urcelcilitnsred RovetstE Equatidn(6). A miodfiekANON éMeDEquatbn (B} isii Ngl e tenperature
value is used therefore for refrigerant input and output tenperature in 50
Equation (3). Added accuracy can be obtaingd by using different tenperature
transmgtters for the Wnput refriger%g) or
ot her heat exchange fluid_ih anpt Ker_deat _ggqﬂ_ang'erl_emwﬂonrrbnt. e flow
FT2 of refrigerant througﬁrh‘he evao‘k,ﬁtOr ﬁgio ihg, obthgi ned from a nass fl ow
logic unit 19 at the inlet 16 of the conpressor 14 which is of known
structwe.heThe signal fromFT2 is applied to the fouling nonitor |ogic 20.
55 THE (Y @lm Qeric@fisb @Ry ant in the evaporator 10 is measured by a |evel
transm tter vd gvok unfEH dompAdatiéh, manutstullerisidate B oaid e gpdiifpassibié. PheTanctional rearibnsal
heat tr ansfieEquatied {10Céasrte devdlaped ifmmithe menufastirdris atafin Fisg threcanglvticeheslayigliensf | ow

rate of_ Heeeme 'agk medium s nmpasured by a flow transwitter FT.. The
i q& i in Fi r ranspl and TT, are assoc .
rer o6 st et b el bl el
t he_p ef 1 i 5 iciake dold vt lwhich®B4 & fmbéHRfe TV, THE FaridinfiteP T1Q Waasu¥ds thelinpat températkimovin
struct ur er,, @0 the watdi &he’ @mpbrg@reatidnsinBtes TT3[I$ used tb Imeds1 thelraeap Gertranaere il Se
whi ch i s exhsroatorig)] Acsindigtemparaturieivaiue igided theneforeforrsirigerant inpyfang 4ty mmner%‘gr@ 2
nt

shows theEwsiani(3)fddegaceysacy carheobBiged by ysing diffprent tarmper °r' nd
PR e 1::25',,3%@" R Tt AT e SR

t he tenpeah@t i8¢ e o%ﬁ»%mségar @4 which RIof knowndtr{idtiré. | Tha sighdb fromeTr] is agplibdi® thakslirid ow
| ogi ¢ uni worii@r lodie 268hown i n greater detail in Fi |gur e 6, the npdule 60
gener afes a Theleyrhofgefrigerant in the evaporator 10 is measured by a evel transmitter LT!. This value is used in.
obtaining the original or nominal heat transfer coefficient value in the circuitry of Figure 4.
The mass flow rate of heat exchange medium is measured by a flow transmitter FT,. ] o
The refrigerant is supplied through the evaporator 10 by the compressor 14 in the refrigerant circuit.
Controllable valves are shown, which are of known structure. .
60 The refrigerant is supplied through the condenser 18 which is also cooled by a cooling unit 11, also of
known design. B : )
Figure 2 shows the fouling monitor logic 20 which forms the performance monitor embodying the
invention. .
The actual heat transfer module 60 is connected to the temperature transmitters TT,, TT, and TTj, as
65 well as the mass flow logic unit 19. As shown in greater detail in Figure 6, the module 60 generates a value
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and T. funitn3Z-auitipliation( Gnjits [3¢ abde seroad oividing wal 36 ras We) asadhiticpal seopearbat amvse ( 8)
to (11) . ,'cPfeﬁahiﬁqmﬁ)@stesﬁr- \;,aém; beambcg%ll?%wﬂ gﬁ)dwéh% mé"?ﬁf} ipR (@h@ang er r ]
and (8 PR Sy DT S A B Sl ool

f UNCH | OMifBsigr) hesd functitn Sondrltor Bia Whifted Kesshéthte thb imcfions HoUdbd MIEqUAIGR (1,07 S ar e
utilised tEgweadanatrates the réftigtednt eufacdBie0modulend0gL adiduiing A,1 Here gdnirfencon

i | | ust r aerssaters 41 are inflisepforageterating theveridus funstionehebded 4@ efamplejaFqation(i haswell Her e
agai i’ gagggﬁ%ﬁgﬁ%gfmwmﬂawwm' Mopdesd3miych geesianilattp thg morwes 3§ of igpge
functions™g ultfates 6B {2l nbat FART OBuId Boldichdcoffdcled fothe Wister Bikrdce it €T S
44 and snbdile 39 ant Yefrigerdrd su éfilmmmdﬂhgﬁa éma ﬁ}gﬁjﬁi’pﬁ féricfidnalunits Such 8€
modul es s@Bming uhitshay 2amdtipliense amd adivider @iti56.atle mbdulp 80ém@erndnksiEgUatiat (Shtotcleulate

anal ¥1 i dhg noming onariginalthest tigpsfiar icestfisnt Yhi.@h a functiop ahincand b supplieddromtheynits 8¢ f ace
o LA T L TR L 0 oo Ll 7
Of i Mo (4) Hor! calRiiing L Gctuct Nedt eaites LgbrIdiGin LEL. Ditforbhce, Ghitd 85 obibimi 16 varbugnd a |
di vi der difletehces betwbbre the@éhhpetatdrés dsiapplisE By the sinpRtatudétririamities T3 TTUARET,20 the .
nQui ffal mass ﬂnvnié‘gbhw (pfckaown steuatufed supplies ftifei radse fiow fater M| toagmudtiplienfidt the outpt of er r |

and h, g,g;gﬁgrjm infigch "E‘h‘é‘; J ﬁﬁgwirapfaa% ﬁ?qs’ecifﬁg dl@fﬁ“@@ﬁ%ﬂ%ﬁﬁé@ép’aﬂm dat a
os desch ST RIUnITeT %ﬁm? PSP e pec i pophyetop wil e el
actual Igewtraté LRGSR thdTDY Wakie DdécoMithg 1o the follSiRg Eduatiohdekitddytivectt eabstifiing ( 2)
( 3) , 20an&qyatipns (Brand 3d) rwd Bduatian (e act ual heat transfer coefficient [err]
‘Difference units 63 obtain the various differences between the tenperatures
as supplied by the tenperatureC M@,r@'%{t-é'[:gld [err] and [err]. A 25 nmass
flow meter 67 (ofUkgown ' flowrate [err] to a
mul téspl i er 64, the out put igqdm(Tdopd + ot Nl @ mul tiplier (B8 bythe
ratio of the specific heht . 9)) T ' ase water) and the
surface area of the heat ekchangg @Lw)di vider| 66 is used in
conjunction with the diffefence uniT@moT'q{ﬁtai n the_kati o whoe natural
| ogaithmIn is taken in a function unit 61. Further dividers 66 are used
t 0 genesmte ainigien@inpérituieNe ubddl fod refridetdRt i | L1 Qui;Rg eguation
der.i veddepprinidrabeve] bt Bas il &t T, r8ima sngﬁ%&'ﬁ'gtﬁgﬁﬁgﬁa%ﬂapﬁgﬁ?%? "f'ﬁétp%qgl'—fdhg#i on
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Figure 3 shows the water surface filmnodule 30 which uses sinple
functional units such as summng units 32, multiplication units 34 and a
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to elimnate the effects of [err] and [err] Functi on generators 31 are
ytili se@ﬂ’@%ﬂogg:gﬁﬁabeamigaé 1ee9\°°ffﬂgm ‘E;ﬁjzsfg[‘bm are 1 2 of odul caﬁ
desi gn &ﬁ‘ s ‘E agg 5 %‘Lﬁ 310Ghd BNS
needed ¥ P"B%C?"twy ure uStrat esgiu e’re |gerar= esgttjrface film
nodulse 4 ﬁ,eﬁo.ﬁaér ew@man@at[mhﬁér chifficientig,) is\ivifiading tHeartug) eales, Hioing firsl divider
utili seehifédro g %mmefogtlmdfegxﬁlaed@cmﬁm Et%ns%om”‘é)eded {? agi exsFasg Ie |n '19
Equat i on (e s shawyjbp patecsy E | g%" ord onal
oo e B R e el il

pr ovrode‘éﬁuair‘arawr 0 bhmsurrmdeesﬁ @in @8 abadltb Githin e&re o6& TR MTBrdiL, 2 o V\/m ch
i S connectFedktibo géreeators BE aresutilifesice giendrm rrmhjqum famptionse Pyt {ge nlavrtof @Qﬁlﬂerce

fi 1 m nodasige- Tese [%rs*gﬁom se"&r e@'s ng'?t orw%qe gm licn a
SUTTm ng ll&ﬁ i%%re E%gng rau a ell"l ﬁati’f’?

Mediirsul 53 wmmarw&.m.ﬁrtoamd@du a igure
transfe3 ammsfofprmndbﬂt [err] as a funct | on of [err] and [err] suppl | ed from

the units F&Df%&lw@es theg rpalm,alt {ransféin module Swhighds C@a?%dag%

Equat | oﬁ°ﬂ'¥ mt 1%& 52El n :H [?Jf:‘% ggd‘ljhlafsgﬂa &E& le (5) gﬁﬂd ‘::I‘a::

tr ang ehhe HoMalo s ?evs ot U1 & AU stiTor i Q6b°plu eded (4)
for cal aulﬁlrlemcﬁda@ '&ﬁtsti uritQfta atsmad%ﬁﬁdaﬁn Equafiér (6) ie Blso [aiised. Di fference units .
63 obt ai n Fiduee 8/illustretes the raétﬁa!hmcretssfdymodnjeﬁo tvt'reh nseﬂepetp a{nt!h"e%ghafsuefl?pp!?? & by

t h-e.,_ t € r(ét t?f 'fqlﬁ ﬁ?q ?@aé h mperatur, tl’ nsml ers and lﬁOf
knowg s cﬁj jte %er rt:%% &?Jtéﬁl f $a fhukibih b HeSutddtof t he
out put  Whic hﬁ ipliedd, |md|n¢u itip |ér% bythé‘raﬂo icBBat 7 tHe Ynekdifd &(fn&ﬁltﬁsailaté &nd

speci f i the n@tece dred ofttincheabntthanyd surfadelh dividerse isnvaédbin orgurdtignhwithathe tﬂlﬁerencaluelss of

t he hea't° abseirtthe tatio wied patural kmad!hm 'ua«a'%'nasfuwe'uumwg%@?p’ﬁ ebj}f
di f fgr eBROB"atA ('%') 3 Ep‘;'zfp‘e? VRl []5 Feitg & o gruaron irecty F%“'f‘a'rzbqn i n
a functl nunit o6 Rere dtvi ders 66 are used to generate ultinmately the
[err] value, according to the (f: -qquation derived by directly
substituting 30 Rguations (3) & W POF nt&ofuation (2): [err] 40 Since a
si ngl e tenperat ur eqts used @’ reff.rqeyam- i npup. apd) out put tenpergiyyres
[err] and [err] as descralbed | { fyi ng Equation (14)
yields: ‘[err] 55 1t is noted tha hstia?t@u nodul e$ and conpartnentalised
function and sinple mathenptic oéie fl nﬁ 5 l‘ocks camp all be provided by a
NETV\D?K 90 |nstrument NE 90 |s tra trrark of “The Bailey Controls
Confd Smc X m)dul ar arrangenent avoids the use of a conputer
Wit h it s ﬁ%§§gd% %{g".ﬁﬁtiﬁ]ﬁ e sbmﬂrfﬁgéﬂ'féﬁu g" SePRST AP Eve 3P & cwatfe
purpose e noni tori"fg pfj'f’po§e 'S 91506 ChP&Ved nore rapidly. Cains 1.
dhgat exchanger performance nonitor for generating a fouling factor (FF)
i ngttative of the 65 cl eangi ges@r, of he t exchang (10% having a heat
exghange surfacg g(gg oot © ol ern hote *f )EP QO 155 826 Bl
medi um whi ch pas agai.l n& TOone Bi f th éﬂeat exghanger surface ea and
a heat exchange fluid whi ssers)d-:(g‘lgf’hé T oppo)sqls‘?@c’!d s?rd'e of the?ﬁeat
exchange surface area, the performance nonitor conprising: first
tenperature transmtteC Megans [é‘i;‘r -frar supplying a first signal

corresponding to an=o ol Yerr] of the nediumexiting fromthe

heat exchanger (10); 5 secoold 1 mper ature transmtter neans [err] for
upps yi ng a_second SI naI corres ond| ng to an lsn L]ﬁt)ﬁg?gatu E;é% '

the msd& i %ﬂks o‘f‘& ﬁﬁ ﬁ@%& b3 g % PR ade et er

: 1& olsTd % ﬁar@ﬁeﬁﬁﬁm& 4 thE ubdofd cbAPREY vathifse

[ er r ss6 tre\/ambgmgﬁmg iddgtdagefb defiéveiamk b@rpsdedihe @fonitdiing berpbsedsatddange

sur ac eachieeatt mére rapidiyrass fl ow rate means [err] for supplying a fourth
si gnal gorrespondl ng to a mass flowrate [err] of 10 the nedi um passing
t hr ough B8 heat exchanger (10): second nass flow rate nmeans [err] for

suppl yi ng 12 af hdat BxchbrieP berfohbes RRSHtbN@r lgenefatin BSfoliirdWaktart @FI(WbikatRé of R heat
ex ¢ Rang@eahlindsslofsarmat dxchahfer d1ophavinga Heexakcranged sarigperarda I )tiansierriag basabethiemta

transfer nodule (60) connected to the first, second and thlmw[e\
transmtter means [err] and to the gecond nass flow rate nmeans (FT2) for

oo g & oraen S onn LT




15 corresponding to an actual heat transfer coefficient [err] of the heat
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