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Mathematical Model of Integrating Chilled Water Storage with Conventional

Air Conditioning System
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Abstract

The feasibility of integrating chilled water storage with
conventional water-cooled air conditioning system was studied
mathematically. The technical and economical profits were
calculated and compared among different operating strategies.
The operating data of the Golden Jubilee convention hall Khon
Kaen university was applied in the mathematical model to
demonstrate as a case study. The system was consist of 660
Ton water-cooled chillers and 700 Ton evaporative cooling
towers, with approximate 5,400 Ton-hr cooling load during the

operating period. Full storage, partial Storage strategies at 75, 50

186

and 25 percent of cooling load were simulated and solved by
EES software (Engineering Equation Solver) in consideration of
different ambient conditions. The electrical consumption and the
COP (Coefficient of Performance) data of each operating strategy
were calculated and used as a guideline to implement the chilled

water storage tank with conventional air conditioning system.
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Conven-  Full 75% 50% 25%
e tional Storage Storage Storage Storage
(kW) (kW) (kW) (kW) (kW)
0-1 0 653 0 0 0
1-2 0 651 651 0 0
2-3 0 649 649 0 0
3-4 0 648 648 648 0
4-5 0 647 647 647 0
5-6 0 646 646 646 0
6-7 0 645 645 645 645
7-8 0 644 644 644 644
8-9 0 651 651 651 651
9-10 0 0 0 0 0
10-11 589 161 461 520 586
11-12 674 161 463 522 589
12-13 680 161 464 524 591
13-14 680 161 464 524 592
14-15 684 161 465 525 593
15-16 681 161 465 525 593
16-17 686 161 465 525 592
17-18 692 161 464 524 592
18-19 689 161 464 523 591
19-20 601 161 463 522 589
20-21 0 0 0 0 0
21-22 0 0 0 0 0
22-23 0 659 0 0 0
23-0 0 657 0 0 0
P (kw) 692 161 465 525 593
E (kwh) 6657 8755 9817 9115 7847
E, (kwh) 6657 1607 4638 5235 5908
E,(kwh) 0 7148 5180 3879 1939
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Descriptions (Units) 100% 75% 50% 25%
Storage tank (8U.L407) 3747 2777 1851 926
Storage capacity (Ton-hr) 5940 4402 2935 1467
Tank cost (81%171) 14.65 10.86 7.24 3.62
Peak demand (kW) 161 465 525 593
Operating Period (m./ﬂ) 660 1080 960 780
Energy (MWh/1) 0.53 0.59 0.55 0.47
Electric cost (5’1u‘l.l’m/ij) 1.46 2.39 247 2.50
Annual saving (5’1%U’m/ﬁ) 1.15 0.21 0.14 0.10
Payback (1) 13 51 54 35

WoRansanwdnnsldauszuuanndu 1% 10 uaz 20 S
WwHziuIuni-gnd wohndasanuuniaunszzdszozfunu
aanadu 105 uaz 7.8 Danudey suwmsazanlusnwasuasla
ﬁunmﬁaamnﬁﬁh"l,w#iwgmdwmﬂ"fﬁ:uuLﬁw
6. ayLluaztalanaume

mMsdnsnsuuesszuraatidudenslsiuniiaes
mamﬁmmamfﬁﬁwmnﬁagaamsnu:miﬁwmuua:%ya
aamwummgwﬁﬂiuﬂ%ﬁ ausa b dunnwinialunisfiansmn
AnumInzaNTaIM sl uusz s I nd U uuUSua e
e Lmz*’ﬂ”agaﬁ"tsi"mnmsﬁwmmﬁmmin‘lﬁ"ﬂiznaumm’@ﬁu‘lﬂu
mseanuuudass Waswulasmiessnansldnussuuliuenme
wuLTINgUE Waldaunsausnissanmsnsltwasswlaagneg
dUsednFan uazsansai lultuslomtlunsnaunsinalulad
msamanssruluszuudsveneluasdnidisy twenisaa
ﬁﬂl%ﬁ’]ilﬁ’mWEﬁﬂ’mLLax“ﬁ’Jﬂa@]ﬂwtgﬁﬂﬂ’J’mﬁadﬂ’liﬁ’lﬁ’\‘]vLWﬁ’lgdq@]
vadszinale

a a

aanIINUIzn@
e

ma’uauqm amuﬁ'@mma:ag%’nwwmmu (EMCO)

VANINDNREVD LAY aﬂﬁmsaﬁfuagmmﬁ{ﬂ

Lana13a19d9

1. Turner, W. C., Doty, S., 2006. Thermal Energy Storage.
Energy management handbook, 6th ed., pp, 519-532.

2. Chavala, Jr., W. D., 2001. Technology Potential of Thermal
Energy Storage (TES) Systems in Federals Facilities.

Federal Energy Management Program, U.S. Department of

Energy, U.S.A..

3. Hasnain, S.M., 1998. Review on sustainable thermal energy

10.

1.

12.

13.

storage technology, part Il, Cool thermal storage. Energy
Research Institute (ERI), King Abdulaziz City for Science
and Technology (KACST), Saudi Arabia. Energy Conversion
& Management, Vol. 39, pp. 1139-1153.

nanw nuian, 2532, nsdnsanadulyldlumsldszoy
wuanuiudmmivdivaimeluliumm, anenasnuuaziag
. aoinaluladwszaaminaiouy’

mn girudag, 2541, nmadnsuazlmfudnonwnsld
msznufiuenududaein lue1ans n.101 nww. §inew
lng, madmimnisaaians, ansunalulafinszaan
IndTUY3

Gordon, J. M., Kim Choon Ng, Hui Tong Chua, 1995. Centri-
fugal chillers, Thermodynamic modeling and a diagnostic
case study, Int. J. Refrig., Vol. 18, No.4, pp. 253-257.

Solati, B., Zmeureanu, R., 2003. Correlation base model for
the simulation of energy performance of screw chiller, Ener-
gy Conversion and Management, Vol. 44, pp. 1903-1920.
Underwood, C. P., Yik, F.W. K., 2004. Modelling methods for
energy in buildings, Oxford, Blackwell Science, pp. 128-181.
Energy Research Institute, Chulalongkorn University,
http://www.teenet.chula.ac.th/climatic/ (accessed on Decem-
ber 2005).

Bahnfleth, W. P., Reindl, D. T., 1998. Procpects for Cool
Thermal Storage in a Competitive Electric Power Industry,
Journal of Agricultural Engineering, March.

ARI Standard 550/590-98, 1998. Standard for Water Chilling
Packages Using the vapor Compression Cycle, Air-
Conditioning and Refrigeration Institute, 4301 North Fairfax
Drive, Suite 425, Arlington, Va. 22203, U.S.A..
5’1Ud?uﬂ’]i@i’l%ﬁauLLR&’?LﬂiW;‘:VTﬂ’]‘ﬂ‘fWﬁGG’]%I@URZLSU@
28987A13AUAY 'Sl 28 Mﬂﬂi:‘guﬂmﬂﬂi:m@i‘mtyﬁ]m
AN, IPINLRVBBLAY, 27 Fuan 2545

Boonnasa, S., 2005. A Case Study of Energy Conservation
in KMITNB using Chilled Water Storage, The 1% Conference

on Energy Network of Thailand, pp. 238-243.

: : v
FIVUNANUIFING Laun 3 fﬂiﬂi%ﬂ;iJ’J“]ﬂﬂﬁlﬂ%@emﬂﬁﬂ’mi5ﬂJLﬂaiE]Qﬂmm\iﬂigmﬁ‘lﬂﬂﬂﬂﬂ 22 191



