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and 4 as thefPP ayll bhe graphs of Figures 1, 4 and 6 will now be utilised to

~explain the operation of the present ahr,r ngenent. Referring once nore to

Figure®l, a coefficient of per f or gEwc ), a measur e of efficiency is
defl ned 10 by: Refrigeration CQutput h-Hterr] COP=

(1) Power I nput [err] 15 An
i ncrease ' Wﬁgwcglt the %§§Pwé$t§g5%w seevigtionseavi ng t he evaporator 10
i ncreades t the conpressor 12 (point
. eYpter & B A7 SRS L np
1'). Assuning &g Jiwmqexwméﬁ ?‘ﬂ;f/ﬁa doid bigﬂﬁ’fe i1l be 20
-[err] COP' = h,=87.29 Btu/lb (203.0 Jig); P,=51.94 Ibffin? (358.1 kPa) absolute (2) [err] It turns
out the GORharCOP as shown in the follow ng cal cul ations. 25 Typi cal
-val ues3for the chllleg cygLe 70 7 Btu/lb (164.4 J/9g);
[err] (37.2 kPa) Lﬂ_at_ ’gi [err] (37.24kPa)
absol ute [err] =87 9 Bfgg_lnby( O;’gng_ﬂ;hg) [wgg] (358 i Pa) absol ute so

that: 30 [err] 35 Increasing [err] by 10[err]F (-5. 56[err]C) i.e. to the

r poi nt 1, glnereasifget roy 10°(F1(§$6°@ 9 gf) thalpsisk Uit givesalmdn72. Jofin® 11757341/9) absofuge7 and:40. 3
i 54. 66 127.1 COP' = ) =3. 57
(4) 87.29-72.0 opQa 031674, 16”:'(‘% % ié_lhudsw [err] Thereyjs a

% 1.08% i ncrease in CCPaMH-m@ch idzerrep b (015%[er B$.£) of tenperature. That
11s, ([err] COP/COP)=0.0108AT, where AT is in units of 1F (0.556C). A

Si rrplified &psati on for % decrease of power input (KW can be 50 witten
for %increase. of COP. [err] %%O\M‘IICQ beggds to: (AKWKW =-0.0108

(7) 60 © —0.108T The val ues of [errf can
-be cal gyl ated from measurementsmand cagobe updated. Exanple 65 Consi der
a chiller with a 1400 ton (1422.4 tonne) capacity and using the present

arrangement TheT&ga1 08% increase in COP for each 1°F (0.556°C) of temperature. That is, {ACOP/COP)=0.0108AT,

where AT is in units of 1°F (0.556°C}. A simplified equation for % decrease of power input (KW} can be
so written for % increase of COP:

_L -AKW cop
i = =0.0108AT (6)
Kw cop
55
t which leads to:
1
(AKW/KW)
————=-0.0108 {7)
60 AT

The values of (AKW/KW)AT can be caiculated from measurements and can be updated.

Example
65 Consider a chiller with a 1400 ton (1422.4 tonne} capacity and using the present arrangement. The
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-265 Bl tenperature of the chilled water is increased by 10[err]F

.. The energy cost is USS [err] Btu. COP=3.224 and the conpressor
driving efficiency is n=0.72. The annual energy cost per ton= [err] TQ?

‘.a'ri'nual savi ng=206( 1400) (0. 0108) (10)=US$ 31,147. 10 Alternately, using

equation (7): 5 Annual saving —AK%e4 &b
106 [err] 20 The control strat %%)2?0@ ]élent arrangenent is that the

fchill ed watt@tiperaurp aif abell thdiled SvavaXis lfcseaskdWhy 102F tH.956°05 Oh6 eodrgy bast liscUiss gaotasiuon
‘plant are $&@PF3R7%end Wk icampressdiend driyingeaffisieney s Me0ddst open val ve of chilled
wat er- at 90 percent open. The 10 percent safety factor is left for
,operational safety and can be adjustzd Thewe are5other factors which may
flimt the maxihgiasasd ereref cashPy termiper atul e——Thils Tt éS%®8ésuper vi sory
“setting due to a higher |evel opti mi%t i on®%n t A%t case the maxi num
~chilled vwat erqfeR&d ggmgezyg(44bo)@%1&%(gj_ggsagﬁ;bby this valve rather than the
nost open, val ve position. he chilled water supply tepperature [err] is
i ncreased fmérnamrmdeqeﬁtfqnw)ency while the return chilléd water
tenperature [err] renmains at its maX| mum al l owable limt, the tenperature
di fference AT | d @ an increased flow to increase the
overal | heat t?g?]lfsafgeur%goe Wl%l eér;at3 figr the sanme | oad 30 conditions. However,
i ncreased’ f1 ow neans i ncreased punping cost. An optinumtrade-off exists
bet ween the increased cost of P8%pi nifo8thd t he 8¥credsed cost of
refrigeration (mainly tR&OUBHPrassor), - THE*Rigervi Sppy=tBhet i of the
present arrangement adjust the amount of chill e& wat er tenperature

i ncrease$’ as aQYkrdi Brdrdgy WF the [pRkdnk arrdngemedt fid iehtamCohilal water @bb@RFedit akimised
system i s dbieaiederast trtehg‘rlgmtloo plaft arae!atlsflm ﬁftuvedo eehvrk§eplnb theininst apem Yaivdbf ®Bled

e of She AR e e el s e SR e

can be ex '&Qﬁfe@ yahis v@lbé }athied @ af  thel mobtespRR Val élb&nt COO ant or r' ger ant)

~at the condengete Afgh @ﬁer suppll ?Jﬂderaltﬁér?er@ Fe%sefd%r rfpldvb P EHALH) cvﬁi'g e th Geturn
evapor at or .cn hte tB¥gpdritBre TE) laMaigé MG max allovatld limit, SheBimp SRR WiffdYence AT is
I ncr easi ng redueed: iMiis Inedas\a/airereaseemnﬂ‘hueap tHA/orveraldmr eastetsoetisieX{rakd @ade idaar

a gi ven boadndiings. é'nwweommmed f'@ﬁ m[em insregead PHAiNg Cfpu lﬁtﬂ%@r"@aﬂﬁb’ests between
descri bed ége Buare sé? e l%%trgp;n n?ar nae een?ﬁ us%qze(;f rour!?éSc tHed wa brt mdorretgessor) —
h head 5 o~ s p{ F] ? I’T é T’l emperature increases
- (12) 5 FOWheté”lﬁi: éaemf at r”efﬁ:@é‘rfn&i’n s&ﬁérﬁ Js dennédhe :eé/ap@baﬁeef remb@ddrd., hed Rork W)
[err]=a eoneduirad o enove tecwperat ure difference of chilled water supply and
return. Substituti ng into equation (12h [err] As the chilled water supply
;tenperature is increased for a give flled water return tenperature, gAT
‘1s decreased. This relation establi shew a di‘rect proportion between [err],

i and [errko vaiaek: ATr can be repl aced by

! n.=equipment efficiency; and

I . n.=cycle efficiency.

i However, the cycle efficiency n, can be expressed as

45 . T-T, AT,
Ne= = (9
? ) To To
where:
; T.=temperature (of coolant or refrigerant) at the condenser; and
i 50 T,=temperature (of refrigerant) at the evaporator.

Combining the terms gives:

Q. Q.
W = =(
55 n NeTq

AT, =K,AT, (10}

As AT, is decreased by increasing the chilled water temperature, W is decreased, as expected, for a
given load and environment.
On the other hand, pump power can be described as
60
W,=C,mh (11
where:
C,=a constant;
m=mass flow; and
&5 h=head.
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: -onal val ues are [err] for the total power and the tenperature 4
ference respectively. As AT decreases, an optinmum AT is obtai ned at @ '
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ﬁp'c')nds to a total Whigher than [err]. The supervisory control unit
vi'sory logic) 30 of the present arrangenment is shown in Figure 3.
Reférrlng to Figure 6, the general idea is to operate about the [err] area
fdr mnimsed power. If process ggad) 127765 Be, AT will be made snaller [ 6
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supply wat elcuivgs o, W, 0% 88Sshbwn irbRigurs 6lEBRMWINEESHaY valRB bifeGl,, RBABSthd B power and
connect edth¢ embbretufd difttrerantised@ydAL LTypereadesirae osHMISOAT is(oﬂtz‘gne&a’i)mmdeiphedumr Kk

det er mi ni tAKY-weliHYs Foint Tred btar"md eaptaties maﬂ F@f‘é‘ﬁ'@é"!’?'ﬁ @Pmtufeemgre?s@l
whi ch i s g‘j;j‘ {th ‘r;a,s pm’-‘gf Vf% BALE I [ 1] A et fB" FEPYEP VBFY
where [€rT Tlh Y em@&%mdﬂua ry RGN of He JheVK: dridhgeMehilis hdWh iARGulea! I ]

is a Chan@s&erhrﬁbtblﬂi@uﬂlﬁftﬁegéi\ﬁﬁadhﬂi w&e&aiehﬂotﬂwpﬁyar&ﬂﬂrdh&trﬂ&d’d do@BDE pdtdds RSd
[err], t hieredefedr &hed be evapesrodiiar unti] £Forq redpbipt Jherplies ot HVANE) wilihglcyiculated by the
t enper at u?”@e;["\é?flf/]mgmég‘("t‘ﬁ op §i°9'§? 38 g‘? EH(E L L‘(%) e%’%{vﬁl h'sggilj] aP%éré:éErf%w’t he
suppl y *f effi§eba e Phctd | o Sl e % oy

supply t eﬁﬁ@ér@ﬁJWQ“Vm@?hah % |6&I H&vder HQSbltnlg\@ma@d”l Hafh and thd @RREREU W Be low

-cont r ol metm®r i8R orasivee thed TL.ohérdee wpaesann 3q iy peoiitted Of thermams ANBANTffi@Im the

recei vi ngd"('h‘en Pre*r%?r(@we%'
(22) fdf J¥R !hyi’ fher &Yy

F8?@?"&1‘ T>e°T 'FI*‘@" ‘X’W@’Q%@"‘fqefgﬂeﬁ éh%@ﬁ’ﬁt’%lﬁ@°§@?§0r
r s ~atrt
receivi ng a deman err

?Z'Te } STt JES [ RECSS '8 -y Por

and" 1 vaI ve neans (16) fo

“controlliagisishe Ioad vaI ve means accor d| ng to a | oad demand si gnal vvhi ch
~corresponds to the dlfference bet ween the supply terrperature [err] and the

| owest <6f tHeA"r%faé %’Pﬁf‘éf"f'@ f cgnt °éi’frt ‘a’ﬁ‘ M’aVéﬁE?@“e%‘Sa' least ong

57
a1 angERER, e 5'“’“&"9%.0% Wit 3@% iggmﬁe i Sl e
i ncl udes a SUYirdtteRPpefdture sekdd Rlsuply {e r&(@ﬁﬂ@ﬂﬁ t&r@o lthbgrocess (5,8);

conpr essor rEBaMd @ehﬁ:)eraamdsetneorazﬁdfotr sonab a\mudn terspersgure kmnWaerdtdnenhe bhasrss tshe

 punp mean®: (14) for deterni n|n the total amount of work needed.

. connect ed*!bt Pla % 'Sbfhat’ ”‘1‘h 15E“’—' %ﬂ“&?rbtf‘ﬂgﬂxa” joaliky

arrangerreqy RATTHN 100 mg o pbdadt &y PR eSOl

n}egrix (12) for
control nrearg 2p ERIDHRES(38) chbhleStkd LARDRESN mbOERGE r%ars 18y, § Gth

and secondo&exaqaeumamgmear&emeOS)Sor(g?ézerarZr?g a fe@rerbe @bipataturd1J .0 Reicklisf fer@ine ef tAé'
bet weersst H@pyumﬁ @Al Hendrire reenP@ et Ureserd 8Wrd a crangkeh & tmnllauﬂ%i@e)f( ¥vork (W))

) ri’iiffi‘iegEmnf i neolfbank no

conpar at ob ¢

ézi.e it &Lﬁvi ol ﬁrf“::

“the di ffenenagoy Ifbnt;ﬁrmﬁé B ot O RCpdelVE Ml ference in
s t enper abur e tanp@atb@tcestrd ingng GO)mbmcadtthemecimaergueow momjroi freprene® furadecttvifgehe | .

e et e -

4. An ar r BRjeNe M raeror dih §>tb?)f'fetlf%[T‘FPﬂr%U'e\méP@?HfGt'F@e'WO@ R‘ea‘éﬂpé’rt?ﬁ‘?ﬁfﬁieﬁf'eahs

: t ’5 f ceivi v l e( 6) ntr,
i ncl udes g‘?ﬁ gn e;@\q'“rﬁ rfd|]n E}D em ds wh|c corr % @tm % (eo%e 8&5
the coNpre330T ehBaBrel L) and ﬁ@stsamﬁer Aty tém RisEhts i?@‘imm

a second delayn Rbdgendd) ac&b@dﬂﬁ@@tcﬁdntmwwe@u{epwrk 5] teﬁvhengsmeinsnglddéu 4 sun@ining
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