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Experimental study of the effect of mechanical vibration on the water
solidification rate in ice-on-coil energy storage system
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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
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€ ) the most conventional types of storage systems is the ice-on-coil storage system. The low heat transfer
Available Online 02 March 2018

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. 1 phase diagram of water freezing steps [11]
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Fig. 4 vibration transfer mechanism
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Fig. 3 cooling storage reservoir (arrows shows sensors positions)
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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
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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. 8 images related to the effect of longitudinal position of the vibrator from coils in the reservoir on the solidification

Fig. 10 During the freezing process, the thickness of the ice in the knee
is greater than the other points
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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

a sl Vb s gl o 8 @ly S by sah S sles 9 S

O 59y° 5l g Dglite Coadye

03 o tads 18 055 1397 sis 5 WS ARE SR LD |1


http://journals.modares.ac.ir/article-15-6048-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 12:10 IRDT on Tuesday May 29th 2018

ol 9 )bl O Jexo

J295 690 & Suwopud 3 dilobw )3 DT Slezmil Siglyd )3 & JaSuiis F 53 22 GSBle lblai)l 3l (225 )2

2 0o 4 5351 JUEST § 595129 (5351 b po sluho 5
4 pxie gl anie poogdle wanSBpae lyie 4 jgilmy o5 A8l
15 Spbisn dmline e 45,55 L 45 0,5 o b e aizn 0 LI
30 Ol el sl (SopSdl (6550 Bran Hlade jl iwlS b oee
Sy5liee Glie)l 4 (6,58 ALje 0aiS Gyae ly wdpae S oo
Btz 40 0,)Lil 0590 (5,9ld 3l oolaiwl (golaidl 38y Jdov .ol wwles
lp Bpo Ll oS 13 (cw)n 3)50 6500 G )0 Wlgiee ol
G Gl ke g jeilmg Srae e adgl W So 4 pltes
bl 5 aulre aslsl jo ygiling 5l eolaul 1o Brae (SO S
g oo

Olg i6skeS Gy 50 gl bawgi wm iUl (6551 G lade
o ialesT S oyley el 20gs @ly 0.19 o yisle;l o jeilmg ar Jlae!
edl> plod jo slosl 9,8 sl p3Y Hloy (Jg ol adBs 280 L il
S 5160 b sl p3Y mSTas g5l g i) all o 4dB5 120 5 iy
el el D19 0.5 5 S aS ol 5o (65,3 5 okS 182 & Lo a5

Pl ead LS8 & alol oy s e 2SI G pas ke
ailee yo Helimg cdlo jo oad LSad & Gal3dl oliee g5l g 5l oolanul
2 Lo 5lod o3 S5 4 g b adlo o o 193y oS
oAl 0,5 Fu e 5l aS cislepw B Ll W51 L SO (6l ,COP
Qi=MiceLt+ MicecAT [€))
LoplrCoaogd Sl sl L plrbi pr b 2l Mie alal, G100
BB les iSTas g wgd alais slos BB L plp AT 5 Ol ohg sk ,5
b o daoee Glsa b > oosS Jols o beS jo idie (sl p oslaiul
Jols Gloyw jlaie 0gs a8 3 jlas (0 14°C Les S| &S 590 0
PR L lEoyge (S Sl I og sl el Sl 21 L
Locwd ply W (S aSIl Slpss doyoie 2050
W=Q/COP=7 4)
5P ©lg 05 jlade a5 598 g0 cel il )| Oy 0, adlal ooyl b
Sl Gras Sl 7 Jlade JBlos (e o (Jg 098 Byae iy S S
L ot ol b 10 05 JBs 5,8 oo & yme ol 51 S
Tl 3 Al Srae sl axly 14 g oo ke Gloj 5o G Srae 9y

S 5 domyii -6

Seosp > 2l bl g5y p S Slibs)) S ey cal

Sosdae Jl g S5 JIE axg 350 hsS Gy & jleerSS plen

OISR b gy e it B o ey ol 058

Ay ogilmg 4 Jlosl Gl g 35,2 70 Lyl bailesl plas o wlils)|

Wb eols 41,8 13 0.19 L

S e 5l 658 o2 alold Sl aletaleil el b —
Sl ab atie b oy p Lo Lo S Gi5e JBI 0
ool 4 Ol g isS oom Alols & b o L5 snd oS5
s il b g O ygon ek 21 o500 50) wily o5 IS

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

400

350 F O —entrance
300 | RS

---middle

250
200

Heat (KJ)

150 r

100

20 40 60 80 100 120 140 160 180 200 220 240 260 280
Time (min)

Fig. 11 Total heat transferred from the reservoir every 20 minutes for
three different position of the vibrator probe
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storage tank on the solidification parameters after 280 min from
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