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ARTICLE INFORMATION ABSTRACT

Original Research Paper Various solutions have been suggested to overcome the issue when cooling peak hours and electric
Received 28 December 2017 energy consumption coincide. One of the solutions is to store the cooling load at off-peak hours. One of
Accepted 17 February 2018 the most conventional types of storage systems is the ice-on-coil storage system. The low heat transfer

Available Online 02 March 2018 oSy ' | . € aLtr
vatiable Oniine B Marc rate in this system is one of the challenges. Since the conduction heat transfer coefficient of ice is low,

by starting the ice formation, the heat transfer between the refrigerant inside the coil and the reservoir’s

Keywords: . . . A . .

Water Freezing water will reduce. One idea to increase the heat transfer rate is to postpone the starting time of the

Mechanical Vibration freezing process to keep active the natural convection mechanism. In the present study, mechanical

Ice On Coil Storage System vibration has been used to linger freezing initiation in ice-on-coil energy storage system. The effect of
longitudinal and lateral positioning of the probe, on the amount of temperature and initiation time of
freezing as well as the amount and structure of formed ice has been investigated. The results revealed
that placing the vibrator at the middle of coil over its two ends leads to further increase in the amount of
formed ice. It is found that applying mechanical vibration can postpone the initiation time of the
freezing process and decrease the subcooling temperature. Moreover, it is shown that the amount of ice
formation is a function of subcooling temperature and initiation time of freezing. Finally, the energy
consumption of the vibrator and the energy consumption reduction in peak-hour are calculated.
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Fig. 2 Ice storage system and cooling machine (compression chiller)
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Fig. 4 vibration transfer mechanism
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Fig. 5 Results related to the effect of lateral distance position of the vibrator from coils in the reservoir after 1800 sec after start of solidification
Slacwil 3,5 5 4 1800 538 31 g o S5 1 5T 0 S 5ty o8 Sanndye S oy B S

327

03 o losis 18 0531397 slaya (yurde Silse uwiie


https://dorl.net/dor/20.1001.1.10275940.1397.18.3.34.5
https://mme.modares.ac.ir/article-15-6048-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-03-20 ]

[ DOR: 20.1001.1.10275940.1397.18.3.34.5 ]

ol 9 )bl O Jexo

J295 590 & Swepnd Ailolw )3 T Slezil 3ialpd )3 F JaSls E 25 1 SSe bl )l 3l (275 ) 2

o sbemil 98 5E S 0y 5 sled (09 Fiml WlEoe 5090 00
o5t Foml a5l 6 ye e 40 alold b aylie 5 (g Lie 31 alols
O G eSS B 00 S oo o slezmil £9,8 ) 8 0 2 sles
0dd el Bogp aS L] 5l g Al atils (6 eS Bogp el 4 LS
W e S e g sled Canl LSS iulesT 90, 40 e bwgs
SW ooy alol molidl 51 oo olals )l jI pels cle musg o
6obe lama 51 1 Houe b g o (akalo) o S Wb JosS 51 565l
Hlegrb oole S jlzae S He plan R0 Gl 4 abee G2
(F52) )b oo aials Dlpis 93,5 oo odalin goe i 5 38
14] 058 oo dlrs 53 alail) 5l oS o
Ax=Aoxexp (-ax) ()
@ 23bco zoe louwe jo ad)F ISG Lol zae amsls Ag alaly cpl o
aaly o a5 jeblen il ol sl T 5l zge o b Cdlus 55
5ol zge a3l Alold ul8l L o zae dels 998 oo cvwlive (2)
@S S e gy (28l slezmil iy, p (S e (65185 50 5 Wb
O 3 ead i8S Sl s S B Gl b a5 (Shge )0 wes e lad
Sezg adl el ez b plp b 2t bsS 5l Hsilimy dolh ol
cils aalgss slezsl anl B 1 6,86 95l 0

95 3l rgl g (Job el alolé -2-4
2 %l «hsS 62959 5l il cmlie ok Aol (L sl
Sl Gesile B) (5w 4 hsS (59959 Djyglme 5o wdlie sladl-
Sl aile 32 alold) JogS (Sl 4l j0 (o3P 4 bsS 53959
@l @ azg b ad ool J15 ol Ojglome 13 5 (B3P 4 hisS 50958
2Ll halesl a2 00 oS 5l sgiling ooe alols 144 iy
oo bedle ol 5o ond LS5 g LSl b ool S e s
50 el o ool iales "8 JSE" 5o slezsl g4, 5l ast 1800 cundS
ok Comge ot b Lo a5 "8 JSB" (0 eak o sl Sl el e
JeSid (Fuyio Sl b o (Sslite polie ciel 35w 50 45l mg S
9 2l B 53 gy S ols S8 L e e pglad ;o cunl ol
4>l 50 bgee (0,00 G (F9S o5 S9doe odaliv (e She
15 slyms S aS o 5 a5 el Sl o ol il 3o Vb
i bl 4 (o a0 )ble b g @b S 18 UK U o9l @)l
252 cidS 5l e Sl cpl o slezsl £g 0 il aBl xS 55k
& oSl 4 baypo pslai ol 58 4 03¥ ols &y Gialejl Slel 5l aids
Slwso 33 35 50 5l eaile (BL T adss 5l oy alolddl oo JoSis
S Ly j0 5o samlie "9 IS" Jlagai jo a5 jsbiles
Syw py sles Bllas 3 5 oS slezil £9,0 oy hsS pw 99 4 Cod
28 o Gl Sl S Wb onny ol g 0 el 2SS ]
9 ehotl bl 4y Cond 708 Oyl JUl sl 13 e (Sl alas
JUS! Jlw 5392 35 JI5 @2 (53959 55 L s pdy o0 5o hisS 2l
el ity o)l JUE Gl (SRS Jdsa asly 0 5 o)l
Slals )l g clls 50 slezmil 4 bgiye a5 "10 ISE" o a5 4365 len

03 o los 18 055 1397 sl ya (e Silse uwiie

25
a0 L = = = = 7] mm
G e 5 mm
=15
T T, sssssss A0 mm
=
|10
(1]
=}
E s
—
0 -
5 . . L . L L S eans, L
1 26 51 76 101 126 151 176 201 226 251 276
Time [min)

Fig. 6 The temperature recorded by the sensor located on the adjacent
coil surface for three different lateral distances of the vibrator
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Fig. 7 Total heat transferred from the reservoir every 20 minutes for
three different cross-sections of the vibrator
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Table 1 the effect of lateral position of the vibrator from the coil on the

solidification parameters after 280 min from beginning of experiment
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Fig. 9 The temperature recorded by the sensor located on the adjacent
coil surface for three different position of the vibrator probe
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Fig. 11 Total heat transferred from the reservoir every 20 minutes for
three different position of the vibrator probe
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Table 2 The effect of longitudinal position of the vibrator inside the

storage tank on the solidification parameters after 280 min from
beginning of experiment
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