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Optimal Control Algorithms for the Full Storage Ice Cooling System
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ABSTRACT: Optimal control algorithms for the full storage ice cooling system were devel-
oped by using a dynamic simulation program. Control algorithms for the storage charging
mode were developed for the chiller outlet temperature setpoint control and the chiller capacity
control. Control algorithms for the storage discharging mode were developed for the proper
mode selection, the storage-only mode control, and the storage-priority chiller-shared mode
control. Two different cases of the expected outdoor air temperature profile and the expected
cooling load profile were used to analyze the effectiveness of these algorithms. Simulation re-
sults show the energy savings and the satisfactory controls of the ice storage system. There-
fore, control algorithms developed for this study may effectively be used for the improved
control of the ice storage cooling system.

Key words: Ice storage cooling system(*J &g W3 Al2¥), Dynamic models(F3 % 49), Op-
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Fig. 1 Ice storage cooling system.
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Fig. 2 Storage charging mode.
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Fig. 4 Storage-only discharging mode.
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Fig. 5 Storage-priority chiller-shared discharging mode.

FAHA A YEx d5EEE QEHES T
A=l gl

Azzger Wuysts gas ¥Hx o
ERE Aojgng &S Fig 4% 2ol ¥Fzx5
gy grex 243 dndFE ¥EFES A
iy Aol dueF, ALV APEE Ao
gagFen P gtk ¥EERS hEd
TR 44 daAFL FuINZ pds
o dasr|E et 97% 100% AtolelAl 60
Z o) fAHYE HYEE 1T ®Fy, da
8715 Augne] dugr)E A%t 80% olst
A 60 o FAHL £F WEFRE

of Qe 4
AgEs Aol U

953 Ao ~WBAS)LZYY BET 2
237 44ess fA87] 9% dnsss o
W Aol ¥meFos wdHR we=g]
Aol ¢melEe AHg S

Wrzwon FEF WETHE B/ 2
gobt WEx: 94 9By THEE Ao} &2
%ol BEAEE Fig 5% 2ol A ¥E7)
grew 44 YueF, F57 83 Ao 22
9%, digsld drds Ao YagFos T
gElo) vk YA WE/ EFTFEE 44 22
PEe AmBIIE APBR) ARVINE AR
9}

o
off
N
afy
L
o
oft
nE
Iz

M=7F 97% A 100%

Atole] 602 ol FXHW HALEE 1T ¥F
o, dRgNE B Eufrig JiEst 80
% olstoll A 60% olA HAHAE MALEE 1T
o)A FAH Yo HdA dnPFozRE
Y dRALER FX317] g ¥E7) £%F A
of d4mneEH FYAAANLHZRE AHdAz
AEF7) AARXEZ FAlsy] 4% dzris
AapgiE Aol dmeFez dFHHE W=
A Ao} dmEEFS AMEIA

5. Algaiold Zx o n@

W& Y Aladg Agdoldssl st

Case !
— ~—Case?2

240 _\V/

220

200 ™~

Temperature (T}

18.0 -~ P

160—J

Time (hours)

Fig. 6 Qutdoor air temperature.



AE&gw &g Axse) AXA gnF 355
Table 1 Hourly chiller outlet set temperature
Xt X2 X3 X4 X5 X6 X7 X8 Xg X10
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Fig. 7 Convergence of design variables.
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356 =g - olE%
360 [Case 1] [ —— Storage side three way vaive autiet set tem perature , 380 |Case 2 —— Storage side three way vaive outlet sat temperature
— — Heat exchanger side return air temperature 32_0J — . Heat exchanger side return air temperature

=1 T T T 28,0 e
o~ 286 - \_‘\ — 240 T ——

% " e — T
2 2407 g moi
E 9.0 g n,o—~——l J——‘

8.0 8.0
70J 70
60 T T T T T T T T T 60 T T T T T T T T T T T
8 & 10 M1 4z 13 14 15 18 17 18 19 20 8 8 10 1 2 13 14 18 8 17 4B 19 20
Time (hours) Time (hours)
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Fig. 10 Control results at storage-only discharging mode.
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Fig. 12 Storage-priority chiller-shared discharging mode.
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