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Fundamental Study on Latent Cold Heat Storage by Means
of Oil Droplets at Low Freezing Point
(5th Report, Flow and Solidification Characteristics of Oil Droplets Ascending
in Low-Temperature Water Solution Having Various Flow Velocities)

Hideo INABA and Kenji SATO

Flow and solidification characteristics of tetradecane droplets {melting point of 5.8°C, latent heat
of 229.1 kJ/kg, density of 770 kg/m® (at 6°C) ] ascending in ethylene glycol water solution of 30 mass
percent at low temperature were investigated experimentally in order to examine the existence of a
liquid-liquid or liquid-solid direct-contact-type latent cold heat storage system. Some interesting
freezing behaviors of droplets were observed under the conditions of various water solution flow
velocities and oil injection nozzle diameters by the visualization technique. Eventually, the relation-
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ships between the solidification rate and some experimental parameters were clarified.
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L R : Refrigerator
0 KO F : Howmeter
C, MK P : Pump
e — w( : Thermocouple
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Fig. I Schematic diagram of experimental apparatus
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Table 1 Experimental conditions

Nozzle diameter d,, [mm] Oil flow rate V [m3/ s]

2.0 333x10°®
0.51 6.67x10°
Injecting oil temperature T, [°C] 30 40

Water solution temperature 7, [°'C] 0

-0.030~ -0.100

Water solution velocity U, [m/s]
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(a) Drop characterization map
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(b - 1) ~ (b - 3) Pictures of droplet on each drop configuration as
indicated in Fig. 2(a)

Fig. 2 Distribution of drop shape
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Fig. 3 Characteristics of drop and {rozen oil column formation
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Fig. 4 Behavior of frozen oil column (U . = —0.095 m/s)

3@ d & 912, KRBT RATHBH /N S WA
13, BIEROD X5, MWiEIERAIE L QAR E D & L hH
BTX5,

SIS & 902, KEWIRAEE U, = —0.055m/s ~I#
KI5 &, MO IF LHEAMET L, 20O8E, 31
T AHMEOMMBIL, EOKIS(QDOHBEICHE L THRD SN
TWB Z EWGNrD, & 612, K3b)H o - ERa il LB v
B ONTREE 2D, ZOREHL X D BRELBEELT
WHZEDHBITESL, 20X DI, KERFKEI AT

— 278 —

IS

B &, EOEEFEARV I E TITh R Twa 2 ki
D, T/, WMEF—EHS (VL) 2B LT 2010828
M, 3706 BRI RT 5.
IKEBICRAEIZHKR L, U, =-0.075mfs DA 5
&, BIBe—DITRT X902, BES AW ERT A% T
IREBWN X 2 MBYPEIAR L, ZOREE, 7 Akic
TR O BB ASBEIE S 1, IO B R A+ 5. ™K
3c—1)DH%EE,  ZVIIRIC T e & 5 BRE S
FLLBMATAZLIZXY, 2 ZVeEIC TG B ESS

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

BEE SRR OB E 7 A LSS BB By 2 EBRE GBS ) 1025

T, =40°C

d, =2.0mm

Vv, =333x10% m%/s
T.=0°C

(b-1) r=20(s

100

{mm]

50

(b-2) r=207s

Fig. 4 Continued (U, =-0.100m/s)
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Fig. 5 Behavior of oil droplet in solidifying process
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Fig. 6 Equivalent mean diameter of oil droplet vs. water solution
velocity
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Fig. 7 Ascending velocity of oil droplet vs. water solution veloc-
ity
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Fig. 8 Solidification rate of oil droplet vs. water solution veloc-
ity (d,, as parameter)
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Fig. 9 Solidification rate of oil droplet vs. water solution veloc-
ity (T, as parameter)
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