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An Experimental Study on the Low-Temperature Behavior
of Stratified Fluids in the Square Cavity
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ABSTRACT: An experimental study on the stratified fluids was carried out to investigate
the flow characteristics, heat transfer through the interface of fluids, and the applications of
thermal behaviors in the square cavity. The same volume of water and silicon oil was filled
in it. The experiments were performed with the variations of initial temperatures and cooling
surface temperatures. And the effect of vertical or horizontal cooling surface positions in the
square cavity was investigated.

When the cooling surface temperatures were -4C, the supercooling phenomena were
observed for both cases of cooling surface positions in the full region regardless of the initial
temperature of fluid. In the square cavity with horizontal cooling surfaces, the lower the
initial temperatures were, the longer the supercooling durations were, and with vertical
cooling surface the lower the initial temperatures were, the shorter the supercooling durations

were.

Key words: Supercooling (#W), Freezing interface (52 A W), Stratified fluid (S4&A),
Cooling surface (¥Z+¥), Latent heat (F<Q)
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1. Refrigerator 8. Workstation

2. Constant temp. bath 9. Mass cylinder

3. Circulation pump 10, Constant temp. room
4. Heat exchanger 11. Temperature controller
5. Cooling surface 12. Agitator

6. Test section 13.  Silicon oil

7.

Data logger system 14. Distilled water

Fig. 1 Schematic diagram of experimental
apparatus.
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Fig. 2 Vertical temperature distribution with
initial temperature of fluid, Tc=-4T,
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(a) Just before emitting (b) Just after emitting
latent heat. latent heat.

Fig. 3 Isotherms T.=—-4C, Ti=7C, 6=0".
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Fig. 4 Vertical temperature distribution with
initial temperature of fluid. T.=-4T,
6=90°, £=04 .
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(a) Just after emitting (b) 1 hour after emitting
latent heat. latent heat.

Fig. 5 Isotherms, Tc=-4TC, Ti=7C, 6=%0"
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(a) Just after emitting (b) lhour after emitting
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Fig. 6 Freezing process of water, T.=-4T,
Ti=7C. =90
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Fig. 7 Vertical temperature distribution with

initial temperature of fluid, T.=-9TC,
6=0" , £=04 .
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Fig. 8 Vertical temperature distribution with

initial temperature of fluid. T.=-9T,
6=90" , £=04 .
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(b) After 1 hour

(a) After 0.5 hour
Fig. 9 Isotherms, T.=-9C, T=7TC, 6 =90°.

AgoE FA9 xVex L TAA A
otx wA dAHRen AFPAF F o 054
Zto]l AUWA SFRGAA B X Fage
&84 Aol 0CITHY AR FAFHA
Auste 9 YAdEste B o3 o]
o2l T AL S ¢ & ULTH Fig. 8 E

50l B x7|eTst B3 prt HETE
W3l Fzlo] Zojd SHo| =gA dojde
& A%
Fig. 9& §A¢ &7|&=7} 7Cols $3Yz
Mg ZIYE AL Aol BE FLAE YE
A a1golt. 28 JFUL J|FoE wAA W
o] AgHTo] R T 7EFL AALEY
sgaSo) olFoiNmz A AW ZAHNA
2e 2o 451 glon WaHyg Ao
A BE A meke BAo] o)Roaut” =
g SRaAe expsng ARFAY 22
stgol o HArd ARFAA g $4dEn
APAQY IAPL FAAH AFHFo] o]FIX
g FRFANME YDA MRE Fo] A
7t AEgn Fgugo] o)FoiAEE HFo
Z s BEFHe AEdAFgo] et 4
ggol Azsgon AdHeY APz
At AR fAste] daPo] L2y Yoz
R4},

M ox

34 4R FA RS

Fig. 10& z7|2%7} 5Ceoln WzdHe &%
7t 24zt -4°C, -6C, -9°C, -12C Y AHH) <
P LEE veldle gzt

stRyzdue] 227t -4TdW 2P HTFL

6 T T T T T T T
O 4 4
c; 2 42
g
=
0- 0
g
=
2 42
4 . : 4
0 20 40 80 8 100 120
Time (min)
Fig. 10 Bulk mean temperatures of oil with

the vertical and horizontal cooling
surfaces, Ti=5C, £=04 .
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Fig. 11 Supercooling durations with initial
temperature of fluid.
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