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fr71 FEA, Caluw BE E4S 7HAIL A7) WE ) 400 Ato] 29} A3 o=
454 Wsrt ey, 771 ZEA(CH,COONa * 3H0, Na:SO, + 10H,0)= AT
EA4S 7ML Q7] W&ol A o} 534 A3 400~600 Atol 2] H3 $o

Gehte 954 walE Aad Ao, Fagel Ao} 9t AP QANAL &

2oz AN FIdHF FLENE JATE & Jde S Fed =S E F
A}t F7] FEA, CuHiul A3l 2= 62CH o, FAHFE 50~52 keal/kgol A2,
/48 E, G 0572~0.750 kecal/kgCH o™, H3HIE, Cud 0540~0690 keal/kgC ST
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ABSTRACT

An overdose of fossil fuel for greenhouse heating causes not only the high cost and
low quality of agricultural products, but also the environmental pollution of farm village.
To solve these problems it is desirable to maximize the solar energy utilization for
the heating of greenhouse in winter season.

In this study phase change materials were selected to store solar energy concen-
tratively for heating the greenhouse and their characteristics of thermal energy storage
were analyzed. The results were summarized as follows.

The organic CxHss, and the inorganic CH;:COONa * 3H:O and Na.SO; * 10H:O were
selected as low temperature latent heat storage materials. The equation of critical radius was
denived to define the generating mechanism of the maximum latent heat of phase change
materials. The melting point of C#H» was 62C, and the latent heat was 50.0~520kcal/kg
The specific heat of liquid and solid phase was 0.54~0.69%kcal/kgC and 0.57~0.75kcal/kgC
respectively. The melting point of CH;COONa - 3H:0 was 61~62C, the latent heat was
64.9~65.8 kcal/kg and the specific heat of liquid and solid phase was respectively 0.83
kcal/kgC and 0.51~0.52 kcal/kgC. The melting point of Na.SO. * 10H,O was 30~309C,
the latent heat was 53.0 kcal/kg and the specific heat of liquid and solid phase was
respectively 0.78~0.89 kcal/kgC and 0.50~0.70 kcal/kgC When the urea of 21.85% was
added to control the melting point of Na.SO, * 10H.O and the phase change cycles were
repeated from 0 to 600, the melting point was 16.7~16.0C and the latent heat was 36.0~28.0
kcal/kgC.

AF, D JAEE FAAM Loju= free energy

SR BFo i M2 YAEY massBANN Lojrh
free energy change
AF @ 2R% HEM doju< free energy AF, : 23] S9IA AT free energy cha-
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Table 1 Melting point and latent heat of the paraffins(C.Hz.+2) to the n variation.

Number of Carbon Atoms

—=— Melting point —— Latent heat

Fig. 1 Melting point and latent heat of some kinds of paraffins.
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Chemical Melting Latent Unit Cost
n Formula Tempfrature Heat ($ /ke) Other
() (kcal/kg)
14 CuHs 5.6 55.00 15.62
15 CisHs 10.0 49.44 30.13
16 CisHy 18.2 56.70 20.08
17 CiHss 22.0 51.10 30.13
18 CisHss 28.2 58.30 30.13
19 CiHy 319 52.80 27.93
20 CaHe 37.0 58.90 41.15
21 Cngu 41.0 51.10 _
22 CzHys 44.0 59.40 —
23 CuHas 47.0 55.60 —
24 C24H50 51.0 60.60 -
25 CasHs 54.0 56.70 —
26 CpeHs 56.0 61.10 -
27 CzHss 59.0 56.10 —
28 CosHss 61.0 60.60 2.25
29 C29H60 64.0 57.20 .
30 CmHg 65.0 60.00 .
31 C31H64 68.0 57.00 —
32 CxHes 69.5 40.50 —
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Fig. 2 Latent heat of different phase change materials vs. melting point.
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Fig. 3 Phase change cycle tester.

71



Fig.4 SETARAM

Table 2. Combination of experimental variables.
iti I
Basic Additives PCM Cycle Test Analysis
Materials Items
(PCM) I LH Heating
Nucleating | Thickenner | Control | Control Cooling [Duration| No. of
Temp.
Agent Agent | Agent ) Teme. Cycles
(wt%) (wt%) | (wt%) | (wt%)
0.00
(Reagent 29 0.75 45 10 1.5 3 T
2do) 3.0 15 5.0 1.00 | Cp
& 75 | 125 LH
1.50
0.00
N2:50 - 10H,0 8‘32 T,
(Industrial 3.0 15 21.85 1'00 45 10 15 |0~600| Cp
grade) 195 LH
1.50
CusHse |
(Paraffin Ta
of 0 0 0 0 80 30 1.5 0~400 Cp
industrial LH
grade)
NagP 407 ' 10H20 CMC(C-Na
(wt%) (wt%) Ta
C(I:fggf;:lﬂ o | o 80 30 15 |0~400| Cp
3.0 4.4 LH
grade) |
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Table 3. Thermophysical properties of CisHss with phase change cycles.

Number of CasHzs(Paraffin)
phase change . Cp(kcal/kgC)

cycles Tm(C) LH (kcal/kg) Solid Liquid

0 62.42 52.238 0.750 0.690

100 62.31 51.813 0.706 0.653

200 62.21 51.387 0.661 0.615

300 62.10 50.962 0.617 0.578

400 61.99 50.536 0.572 0.540

Table 4. Thermophysical properties of CH;COONa * 3H,0 with phase change cycles.

Number of CH:COONa * 3H,0(S.A.T.)
h . C
phase change Tm(C) LH (keal/kg) . Cp{kcal/kgC)
cycles Solid Liquid
0 62.00 65.812 0.523 0.832
100 61.95 65.588 0.520 0.831
200 61.90 65.365 0.516 0.830
300 61.85 65.141 0.513 0.829
400 61.80 64.917 0.509 0.828
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Table 5 Effect of phase change cycle on the thermophysical proterties of SSD(industrial grade)

Grade Number Cp(keal/kgC)
of LH
of phase Tm(C)
chan (keal/kg) solld Liquid
SSD g€ d
cycles
Reagent 0 29.72 53.08 0.742 1.002
grade
0 30.33 52.50 0.680 0.779
100 30.20 52.30 0.635 0.782
e dustrial 200 29,90 53.65 0.584 0.822
“Sd:a 300 30.00 50.30 0.701 0.885
gra 400 30.90 48.90 0.703 0.899
500 30.30 49,50 0.701 0.854
600 30.50 50.50 0.702 0.855
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Table 6 Effect of urea content and phase change cycle on the thermophysical properties of
SSD(Reagent and Industrial grade).

Number SSD(Reagent grade) SSD(Industrial grade)
Urea
of phase | @ tent Cp(kcal/kgC) Cp(keal/kgC)
change Tm Ly | PHecaVKe Tm Ly | Cptkealks
(wt%) . .
cycles (C)  |(kcal/kg) (C)  |(kcal/kg)
Solid Liquid Solid Liquid
0.00 29.72 53.00 0.742 1.002 — — — —
0 2.50 29.98 48.51 0.669 0.832 — — — —
5.00 28.58 42.74 (0.746 1.020 — — — —
7.50 25.18 38.51 0.790 1.002 — - - —
0 21.85 — — — — 16.70 46.22 0.517 0.798
200 21.85 — — — — 16.50 35.75 0.584 0.634
400 21.85 — — — — 16.50 35.50 0.599 0.637
600 21.85 — — — — 16.50 34.00 0.705 0.735

Table 7 Effect of S.V and urea treatment and phase change

SSd(Industrial grade)

cycle on the latent heat of

P.C.
cycles

0
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urea
content
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Fig. b Effect of S.V treatment and phase change cycle on the latent heat and melting point of
SSD(Industrial grade)

Table 8 Effect phase change cycle on the latent heat of SSD treated with S.V(Industrial grade)

PL. 0 200 400 600
cycles
Cp Cp Cp Cp
Thermal (kcal/kgC) (kcal/kgC (kcal/kgC) (kcal/kgC)
Properties
\ Tm | LH Tm | LH Tm | LH ‘Tm | LH
(C) [keal/kg) (C) [(kealfkg) (C) |(keal/kg) (C) |(keal/kg)

S.V(wt%) S L S L S L S L
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freezing times but little effect on the these quantities at longer times. On the amount of frozen
mass, lintial liquid superheating is less affected than tube wall subcooling.

Study on the Thermal Storage Characteristics of Phase Cha-
nge Materials for Greenhouse Heating

Song, Hyun-Kap* * Ryou, Young-Sun* ‘- Kim, Young-Bok**
*Dept. of Agricultural Machinery Engineering, Chung-Buk National University
**Dept. of Agricultural Machinery Engineering, Kyung-Sang National University

An overdose of fossil fuel for greenhouse heating causes not only the high cost and low qua-
lity of agricultural products, but also the environmental pollution of farm village. To solve these
problems it is desirable to maximize the solar energy utilization for the heating of greenhouse
in winter season.

In this study phase change materials were selected to store solar energy concentratively for
heating the greenhouse and their characteristics of thermal energy storage were analyzed. The
results were summarized as follows.

The organic CzHs, and the inorganic CH3COONa * 3H20 and Na:SO+ + 10H20 were selected as low
temperature latent heat storage matenials. The equation of critical radius was derived to define the ge-
nerating mechanism of the maximum latent heat of phase change materials. The melting point of CzHs
was 62C, and the latent heat was 50.0~52.0kcal/kg The specific heat of liquid and solid phase was 05
4~0.69%kcal/kgC and 057~0.75kcal/kgC respectively. The melting point of CH3SCOONa * 3H20 was 61~
62C, the latent heat was 64.9~65.8 kcal/kg and the specific heat of liquid and solid phase was
respectively 0.83 kcal/kgC and 0.51~0.52 kcal/kgC. The melting point of NaSO+ + 10H20 was 30~
309C, the latent heat was 53.0 kcal/kg and the specific heat of liquid and solid phase was res-
pectively 0.78~0.89 kcal/kgC and 050~0.70 kcal/kgC When the urea of 21.85% was added to co-
ntrol the melting point of Na2S0O+ + 10H20 and the phase change cycles were repeated from 0O to 600,
the melting point was 16.7~160C and the latent heat was 36.0~28.0 kcal/kgC.

A Theoretical Study for the Design of Solar Air Heaters
Using Porous Material

Yong-Ha Hwang® * Seung-ho Park*" ‘- Jong-Eok Kim**

Department of Thermal Engineering, National Chung ju University
Départment of Mechanical Engineering, Hong-Ik University
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