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ABSTRACT

A Study on Cooling Characteristics
of TMA-Water Clathrate Compound

for Low Temperature Latent Heat Storage

Kim Chang-Oh

Advisor : Prof. Nak-kyu Chung, Ph.D.
Dept. of Mechanical Design Engineering
Graduate School of Chosun University

Low temperature latent heat storage systems are supplied more and more so
that power load in the daytime due to refrigeration demand in the summer is
moved into the nighttime and the equalization of the whole power Iload.
However, in the case of ice storage systems that water is used as low
temperature latent heat storage material, refrigerator capacity is increased and
COP (performance factor) is decreased because the refrigerator is operated at
low temperature due to supercooling of water in the course of the phase
change from liquid to solid.

Materials that can store low temperature solidification latent heat are
organic/inorganic chemicals, eutectic salt systems and clathrate compounds. A
clathrate compound is a material that host (water; H>O) molecule of hydrogen
bond forms cage and guest (Gas) molecule is included into it and combined.
Crystallization of hydrate is generated at higher temperature than that of ice
from pure water. And physical properties according to temperature are stable
and congruent melting phenomenon occurs without phase separation and it has
a relatively high latent heat. But clathrate compound still has supercooling
problems.

TMA (Tri-methyl-amine, (CHs);N), the third amine series, is a colorless gas

- IX -



and soluble in water, ether and alcohol. A TMA gaseous molecule that is mixed
with water is included by water molecule in the hydrogen bond at a
temperature of phase change and forms a clathrate compound of cluster type.

This study was investigated the thermal characteristics of the TMA-water
clathrate compound including TMA of 20~25wt% as a low temperature latent
heat storage material at -5C, cooling source temperature. And 0.1wt%, 0.3wt%
and 0.5wt% of ethanol(CHsCH>OH) was added to TMA 25wt%-water clathrate
compound and its cooling characteristics were studied experimentally to restrain
supercooling at cooling source temperature of -6C, -7C and -8C. The next
study was investigated operating characteristics and performance factor (COP) of
the low temperature latent heat storage system in the case of TMA 25wt%-water
clathrate compound with ethanol as storage material.

The conclusion of above studies are as following ;

1. The phase change temperature was average 5.1C according to cooling source
temperatures in the case in which 0.5wt% of ethanol was added to TMA

25wt%-water clathrate compound.

2. The supercooling degree was average 2.0~24C according to cooling source
temperature and it was minimum in the case in which 0.5wt% of ethanol
was added, in addition the time of liquid phase retention was 328~406 sec

and it had the effect of restraining supercooling.

3. The specific heat was average 3.013~3.048 kJ/kgK according to cooling source
temperature in the case in which 0.5wt% of ethanol was added, and it was

lower 0.506~0.600 kJ/kgK than TMA 25wt%-water clathrate compound.

4. The volume was decreased after phase change from liquid to solid in the
case of TMA 25wt%-water clathrate compound with ethanol. And the rate of

volume change was average 1.77~226% according to cooling source



temperature and it was minimum in the case in which 0.5wt% of ethanol

was added.

5. The performance factor(COP) was average 3.458 while system was operated
in the case in which TMA 25wt%-water clathrate compound with ethanol
0.5wt% was applied low temperature latent heat storage material. Its COP
was higher 0.105 and 1.163 than in the case of pure water and TMA

25wt%-water clathrate compound.

The phase change temperature higher than water and restraint effect of the
supercooling by ethanol 0.5wt% can be confirmed through experimental study
on cooling characteristics of TMA 25wt%-water clathrate compound. This can
lead reduction of operation time of refrigerator in low temperature latent heat
storage system and efficiency improvement of refrigerator COP and overall
system. Therefore, energy saving and improvement of utilization efficiency are

expected.
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2-3 XAH3IE

32 5 8} 5 & (Clathrate Compound)2 Fig. 2-13% Zo] #4243 d EFAHH0)9

(cage) ol 71AEAH(Gas)7} X9 e EH ®H FRE st Atk 7)ol A

Faodde] BEEAE SX2E(host) £AE sH, o7l X He ZAEAE A

E(guest) EAtet ok HsEES] NAEAS FAHAY =&AL} oF

Waals forceoll sl &5 o] &3 EFETY £& =X F3& 240

APEY. AeHdEdEs 48 e 2HsHE °

< T 2 AMTH FFEol EEAN HH= BFE VAT E(Gas

Hydrate)©] g} gttt Table 2-1¢] e}

2 335~419kJ/kg AT olH HAFE 0C o]t AAo] BAPHAT
P

5~20C% vl £& 2ToA Fx

i

£
ot
Ru)
o
(]
o
o
ox
ox
&
v}

H} o
MGus + NH,0 == MGus-NH,0+ 1,
==
n,, m, G
N= w o ' G
Ng mg G,
A7NAM, M 7V AEAL] N: BEER]
me: 7229 AwF[kg] my =Y AE[kg]
nc : 7F229 &4 [mol] 17y 1 =9 ES[mol]
Ge : 7F2=9 &% % [kg/mol] Go : 9 &% F[kg/mol]



o8 WIAIA 9 Ao FE H &3 WEEE H, o1& EHIFES AAHTF
e 7IAEAY A Tl £ HEudl w27 EEkin.

2 AT AFEE TMA-EA EH3LEE(TMA-water clathrate compound)-2
(CH3):N¢F 10'/,H,02 249 74 Eoln, AWz erE 53C, 4AdgEy =
AHF41cal/g= 2H A U 53] 4 1A el GEYol7A g o] =
ol A §AS FAH vTHLE 0CHEEAN FIEF A ofe°] ¢l

i, FWANME FFo] &oldttt. TMAY € =4 ¢k Table 2-2¢] YE Y

TMA(Tri-Methyl-Amine ; TMA (CHs)sN ; C : 60.95% H : 15.35% N : 23.7%)
€ Fig. 2-2, Fig. 2-3% o] /]9 AAEAS} 3719 WeExr 283d #A+%
ZA A 59119 Aol o] dFola, AAd o] HlF2 0.6709°]1H PAE
161C, S718% 2(37I=1)°ltt. oHZ, SEEXF, dIFAd 7F&AclH, B84
(Fmf) S FAA71A Fev. S5 A7 e T VAEA vdes o
Eyote] EFEE 10-20 ZIgtstelM dFviy, 7B @Fvlel 450~500C =
SHAA 3F HYold TdES It HE olgES
N-dimethyl-, Methanamine, N, N-dimethyl-, N, N-Di-methylmethanamine® = &
At

N
P

rfo
2
X
fr

Methylamine, N,
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Fig. 2-1 Clathrate compound structure.

Table 2-1 Comparison of gas hydrate and ice in low temperature thermal

storage materials.

Clathrate Ice
Density of thermal storage 335~418.6 kJ/kg 335 kJ/kg
Phase change temperature 5~20 C 0T
Heat transfer method Direct contact Indirect

- 16 -



LN

—N—

Fig. 2-2 Trimethylamine chemical structure.

Fig. 2-3 Trimethylamine chemical 3D structure.

Table 2-2 Characteristics of TMA.®"

Critical
Ideal properties Critical properties
decomposition
Clathrate Specific
Boiling |Freezing | hydrate| temp. |Pressure| temp. |Pressure
volume
ptIC] | pt[C] [number| [T] [kPa] [TC] [kPa] 5
[m"/kg]
TMA
29 -117.2 11 5.3 - 160.2 | 4090.0 | 0.00429
(CHs)sN

- 17 -
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Fig. 2-6 The heat loss of test chamber.
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Fig. 2-8 P-h chart of low temperature latent heat storage system.
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Table 3-1 Basic specifications

of the used experimental apparatus.

Items Specifications
Refrigerator 3R/T
Test chamber Acrylic

(Low temp., High temp.)

47mm>30mm x30mm (widthxlengtxheight)

Constant temp. bath
(Low temp.)

224 7

Constant temp. bath
(High temp.)

Scientific Co., LTD : VS-190CS
(Range :-20C ~200C, Accuracy : +0.017C)

Circulation pump

(Low temp.)

LG PW-K132M

Circulation pump

(High temp.)

LG PM-250PD

Data acquisition

DA100 : Yokogawa Electric Co.

Thermocouple

K-type
(@ 0.25mm, Range : -200~3007C)

- 29 .



46

@ Epoxy @ Capillary tube
@ Silicon @ Thermocouple
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Photo 3-2 Pyrex Bottle in Test Chamber.

- 30 -



AHsts SAZA = 2=wsd AT AAWsE F4387] Ha4 Photo 3-3
7 o] K-type @7 AxE 25m AzZAEZetxa=9 01l HH(EH AE 001
)& o]kl dPZAE AAs A

Photo 3-3 Volume Change tester.

31 -
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TMAE (CH3)sN(G)+10'/4HO(L)S(CH3)N - 10 '/,H,O8) & 2 2407 F4
Agd =EA4N TMA Z7IAZA7E 2R H o] &S ol FH clusters A 3=
stetd 5EA4e AL o a8y 23 EES AAste AHE2RAN S8
HE dA4stA st AA FHE dol e F¥4 A4S vedd. y4 o
Fe ARFEFANEE Y a8l FFS A 8907 Wil ALFES F
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ZAARE Ay AT A Y TEe durz

= 4
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1"/-\

o] 22 =425 AYsA "ot olYd lFol W TMA-EA £33teE9 A4
Z+ WS #ske] Jre AUkl EATFAR FARE F7139EE Tl TMA
820 849 o}AE(Acetone ; CH:COCH3)3} ol €& (Ethanol(C;HsOH) 2 o
gl = 2] Z (Ethylene Glycol ; HO(CH,)OH) 5 °] AT}

T8 FHAEe E9 - g9y 542 te 2ov, 48492 Table 3-201 4
2] 3} 3 ot

Acetone(CHsCOCH3)> thiE 4l A E(ketone)o]™ F2 f5Aido AAZA 5ol
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=t d93HS 128TE =ole d99Y vEE EdHL 2 o T3t A FH o
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2XE, U449 5 Z4F A VEd=E EI3EY. HAASKINER) 1.20x10-2
g/cm - sec(20C), EHZH20C F 719 223dyn/cm, HA S HIE 0547 cal/gT,
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) 25 o]t}

Ethylene GlycolHO(CH2):OH)& 2+ 62.079] 7} a3 2fH dxolH,
B 2 (RS e (k)7 de AAelt. B, ¢F3 L 7S (NS
zton, dE 2o F&AHAMN)S Zeth $718 & F58%, B dgs ¢ of
AEAL 53 499 HIER2 4olm Atstetd 23, 2, SEt F
=3

A7 Al o3 TMA-EA EH3R= 454 43S TMA-E4 ZHH3E=
o &S AT 01wth e 03wth, 05wt 2 Z+zh H7iste] A7 4y
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=
FAE A2HAIxAAM 503 wE YALHS FPsto] HoHERE WL
o
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ol

- C, FEE(0TC) 229 cal/g, #9=1.3623, & (FHEXK
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Table 3-2 Characteristics of Additives.

Characteristics
. specific
Nucleating agent melting point | boiling point P )
. . gravity
[C] [C] o~
(at 207C)
Acetone(CH>;COCHS3) -94.3 56.5 0.792
Ethanol(C,HsOH) -114.15 78.3 0.789
Ethylene Glycol
-11.5 197.5 1.113
(HO(CH»),OH)
Table 3-3 Experimental conditions for freezing and test of low
temperature latent heat storage material.
Items Specifications
Cooling heat source [C] -5, 6, -7, -8
Test chamber [ 4] 42.3
Capacity(ml) 50
) Pyrex
Kinds of test tube Bottle - 46mm %881
Approximate
(diameterxheight)
Mass of test material [g] 60
Repetition numbers 50 times
* Pure water
Kinds of test material - TMA-water Clathrate Compound
- TMA 25wt% + Additive
Concentration of Additives [wt%] 0.1, 0.3, 0.5
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Brine Refrigeration Trainer (Ice Maker)
Bl W5 [W595] 23 4% (Model KTE-6000BR)

IIl't: Service Valve Press 4

= Filter Drier  Sight Glass  S.V1 Manual
Liquid Receiver

Evaporator

Law Pressure Liquid + Vapor

Low Pressure Vapor

I

High Pressure Vapor

Compressor

High Pressure Liquid

Photo 3-4 Low temperature latent heat storage system.
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Fig. 3-4 Pyrex Tube set.
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Fig. 3-5 Storage tank of low temperature latent heat storage system.
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Table 3-4 Basic specifications of low temperature latent heat storage system.

Items Specifications
Compressor 1 HP, Refrigerator for middle Temperature
Condenser 1 HP, Heat exchanger by air cooling

Expansion valve

0.5~1.5 tons, -10C

Evaporator & Storage Tank

Acrylic Chamber, Antifreezing solution(-30C)
400x300x420 (widthxlengtxheight mm)

Filter drier

% ", Welding type

Receiver 1 HP, Max WP 450 PSIG
Valve Solenoid valve % ”, Welding type
Refrigerant R22, 2.2kg
Thermocouple T-type

(@ 0.25mm, Range : -200~3007C)

Pressure sensor

VPRK-A1(-1~35 Bar) C-6C, VALCOM.CO.Lt
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L1(+)

L2(-)

NFB
PL
PB1
PB2
MC

N.F.B

MC_a

TC (Storage Tank)

SO 6 &

Circuit braker
Power Lamp
Push Button("a" contact)
Push Button("b" contact)

electromagnetic contactor

PUMP

Compressor

Condenser

Solenoid Valve
Temperature Controller

Agitation for Brine

Fig. 3-6 Sequence control circuit of low temperature latent heat storage system.
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Table 3-5 Experimental conditions for operation of low temperature latent

heat storage system

Items Specifications
Control Temperature [C]
-8
Brine Temperature [C]
Setting Temperature [C] -3
Control deviation [TC] £5
Storage Tank [/ ] 36
38mm><170mm
Pyrex Tube
(diameterxheight)
Mass of test material [g] 150
* Pure water
Storage materials - TMA 25wt%-Water
* TMA 25wt% + Ethanol 0.5 wt%

- 41 -



Y
™
Bk

ﬂ.

3]
=

]

L

A 4 A

UL

i
~

ol
oy
B

4-1 A2F4=

stel 1 wAE

[<)

Atz o

-
X

19}, Pyrex Bottled] TMAZ} 20~25wt% 2 X

9

=Ee TMA-=7
2 a7

4-1-1 TMA
£

A A

oA 20Ce &2 &

Ag APz W

N

—

o

B
W

el

] 3}

£

:\_]]_‘
FE

e

Itk TMA-E7

9

=

Fadth 29 g

&t Table 4-1~4-39]

S

S

bol A

9

Q2

°]-§

TMA-E A

4-1~4-67 o] YAZx7|LE 20CHE AP HAHL2T7A

on, YdHdLx 5Co 7P AF=

=

=

p

[
<3}
P

3k

NEESE
™

o

R

1

9
pid

SHA
Data acquisition system¥ PC
o] vlole st Fig. 4-1~4-63 2

9

%

=

o]

p—

A= FE 5% o

7} 5C=E

gl o] &
=

A=

=
g
o
=

TMA-=

Z(20T)oNA WA

el

ol

)

e
53!

2

F7] w & ol o

S

KX
=

| % & (congruent melting)

53!

42 -



Temperature [°C]

Fig. 4-1

Temperature [°C]

Fig. 4-2
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The cooling curve of TMA 20wt%-water clathrate compound at

cooling source temperature of -5C.
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The cooling curve of TMA 2lwt%-water clathrate compound at

cooling source temperature of -5C.
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Fig. 4-3 The cooling curve of TMA 22wt%-water clathrate compound at

cooling source temperature of -5C.
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Fig. 4-4 The cooling curve of TMA 23wt%-water clathrate compound at

cooling source temperature of -5C.
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Fig. 4-5 The cooling curve of TMA 24wt%-water clathrate compound at

cooling source temperature of -5C.
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Fig. 4-6 The cooling curve of TMA 25wt%-water clathrate compound at

cooling source temperature of -5C.
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Table 4-1 The phase change temperature(7,) of TMA-water clathrate

compounds.
TMA concentration
20 21 22 23 24 25

(wt%)

7, 54 5.6 5.6 5.7 5.7 5.8
(C) £0.082 | £0.054 | £0.022 | £0.172 | £0.119 | £0.033
6.C

5.8} )

5.6]- o —

Tp[C]

5.0 1 1 1 1 1 1
20 21 22 23 24 25

Concentration of TMA [wt%]

Fig. 4-7 The phase change temperature as weight concentration of

TMA at cooling source temperature of -5C.
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Table 4-2  The supercooling characteristics of TMA-water clathrate

compounds.
TMA Supercooling characteristics
concentration 4 7 AT
(wt) (sec) (€) ()
20 6181 -4.8+0.133 10.2+0.095
21 4228 -4.8+0.109 10.31£0.125
22 3839 -4.9+0.076 10.5+0.077
23 2341 -4.0+0.727 9.7+0.892
24 2251 -3.6+0.783 9.3+0.876
25 651 -2.2£0.376 8.0+0.388
12
11
ol 0/.\
.\o
— o \
9
|G 8t (]
7L
6L
5 ! ! !

| | |
20 21 22 23 24 25
Concentration of TMA [wt%]

Fig. 4-8 The supercooling degree as weight concentration of TMA

at cooling source temperature of -5C.
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Fig. 49 The time of liquid phase retention as weight concentration

of TMA at cooling source temperature of -5C.
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Fig. 4-10 The distributions of supercooling temperature and time of
liquid phase retention as weight concentration of TMA at

cooling source temperature of -5C.

- 51 -



>,
3
s
ki
fr
e
Y
iV
Br
n
o
h:
1
_Ti
o)
(i
o

A (crystallization) ©
SAA2H O &0 4B IF

Syzse] mebd Frhsed o= AE olge FPAEAME AR

o
m

ox b
o 1
o n
b
N
e,
o
:?L_',
™,
&

ar e
e
b

b rr
ok
o%
I

e
2
o
:?L_‘.
rlu
2
o
filo
T
T

%
E
[0}
[¢)
N,
5

aQ
]
c
(@)
o.
c
NP
o
)
ol
oX,
i
N
&2
o
W
©
e
oflt
ox
)
iy,
o
flo
oX,
o,
D
o H—1
N
)
=
it
kl

(I

AR g AgA o 1 7)
A7IA R e AL FA 9 271 ]3]
ol Al Hial ole AXFEF A=Y ¥

2 =FoAMe TMA 20~25wt% s ET3 TMA-EA4 L 3}dES 60g2 Pyrex
A

FEH FHFFZ A WAl Fig 4113 2o WMo 15CHE 10C7}
A WzE e A NS S5k A (20l et BlES AMdEAT. £ H

S Table 4-39l A dtgo

TMA 20~25wt% S X3t e TMA-EA THIFE] nde TMAS A
sxo wet o udEt Hi 0.135~0.687 kJ/kgK 23kov, TMA 25wt%-E 7
THFEL HFul DS 3499 kJ/kgkEAH T2 TMA AFEsE9 ZA$ET v
UEbSTE 183 Fig. 4-129F Zo] TMA® AZFF T/t 5545 Hdo A

=
o, ol TMAS ZAZFFsrrl =555 44 FHdA ¥AAAYFE, TMA-&

S
]
aq
>
o
©
N
o
-
o
=
S

o

_52 -



A TH}GES] AL}t F7se] BEAG TMA £ Age] oF F~H
gol welAe ez ALR®ET 53], TMA- 25wt 274 THIFEL d&
of %7l W&ol ALfA ] dHGE] SUF3kA

fe=]
A el Ao 2ezEEe A4l waAWA HYdEs}l Fopd

Table 4-3 The specific heat(cz,) of TMA-water clathrate compounds.

TMA concentration
20 21 22 23 24 25
(wt%)
CPm 4.051 4.022 3.817 3.640 3.539 3.499
(kJ/kgK) £0.069 | +0.061 | +0.074 | +£0.078 | +0.037 | +0.031
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Fig. 4-11 The Cooling curves of TMA-water clathrate compounds for
the specific heat measurement as weight concentration of

TMA at cooling source temperature of -5C.

o—
([

3.8

/

[kJ/kgK]

3.0 T T T T T T
20 21 22 23 24 25

Concentration of TMA [wt%]

Fig. 412 The specific heat as weight concentration of TMA at

cooling source temperature of -5C.
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Fig. 4-13 The cooling curve of TMA 25wt% with Ethanol 0.1wt% at

cooling source temperature of -6C.
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Fig. 4-14 The cooling curve of TMA 25wt% with Ethanol 0.1wt% at

cooling source temperature of -7C.
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Fig. 4-15 The cooling curve of TMA 25wt% with Ethanol 0.1wt% at

cooling source temperature of -8C.
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Fig. 4-16 The cooling curve of TMA 25wt% with Ethanol 0.3wt% at

cooling source temperature of -6C.
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Fig. 4-17 The cooling curve of TMA 25wt% with Ethanol 0.3wt% at

cooling source temperature of -7C.
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Fig. 4-18 The cooling curve of TMA 25wt% with Ethanol 0.3wt% at

cooling source temperature of -8C.
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Fig. 4-19 The cooling curve of TMA 25wt% with Ethanol 0.5wt% at

cooling source temperature of -6C.

25
20 Brine
) —— Pure Water
—— TMA 25wt%-Water clathrate compound
15 —— TMA 25wt% + Ethanol 0.5wt%
10

- TMA 25wt% + Ethanol 0.5wt%

Temperature [°C]

-10 1 1 1 1
0 1200 2400 3600 4800 6000

Time [sec]
Fig. 4-20 The cooling curve of TMA 25wt% with Ethanol 0.5wt% at

cooling source temperature of -7C.
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Fig. 4-21 The cooling curve of TMA 25wt% with Ethanol 0.5wt% at

cooling source temperature of -8C.
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Table 4-4 The phase change temperature of TMA 25wt%-water

clathrate compound with ethanol.

Cooling source Ethanol Phase change
temperature concentration temperature
[C] [wt%] 7, [C]

0 5.5£0.090

0.1 5.4+0.030
-6

0.3 5.310.051

0.5 5.1£0.066

0 5.3£0.154

0.1 5.4£0.012
-7

0.3 5.2+0.181

0.5 5.1£0.027

0 5.1£0.060

0.1 5.1£0.129
-8

0.3 5.0£0.026

0.5 5.1+£0.035
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Fig. 4-22 The phase change temperature of TMA 25wt%-water
clathrate compound as weight concentration of

ethanol.
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Table 4-5

The

supercooling

characteristics

clathrate compound with ethanol.

of TMA 25wt%-water

Cooling source Ethanol Time of liquid phase
| Supercooling degree _
temperature | concentration A7 [C] retention
[C] [wt%] 4 [sec]
0 8.0+0.548 698
0.1 11.1+0.602 2415
K 0.3 8.3+0.604 731
0.5 2.3+0.091 406
0 8.0£0.291 401
0.1 9.5+0.396 789
7 0.3 6.1£0.991 415
0.5 2.2+0.080 404
0 7.5£0.291 555
0.1 5.8+0.427 423
K 0.3 2.5+0.182 394
0.5 2.0+0.110 328
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Fig. 4-23 The supercooling degree of TMA 25wt%-water clathrate

compound as weight concentration of ethanol.
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Fig. 4-24 The time of liquid phase retention of TMA 25wt%-water

clathrate compound as weight concentration of ethanol.
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4-25 The distributions of supercooling temperature and time of
liquid phase retention of TMA 25wt%-water clathrate

compound with Ethanol at cooling source temperature of
-8C.
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Table 4-6 The specific heat of TMA 25wt%-water clathrate compound with

ethanol.
Cooling source Ethanol Specific heat
temperature concentration CPm
[C] [wtb] [kJ/kgK]
0 3.519+0.079
0.1 3.518+0.042
K 0.3 3.344+0.081
0.5 3.013+0.088
0 3.578+0.078
0.1 3.677+0.096
7 0.3 3.437+0.058
0.5 3.028+0.081
0 3.648+0.099
0.1 3.732+0.089
K 0.3 3.492+0.094
0.5 3.048+0.120
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Fig. 4-26 The cooling curves of TMA 25wt%-water clathrate
compound for the specific heat measurement as
weight concentration of ethanol at cooling source

temperature of -8T.
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Fig. 4-27  The specific heat of TMA 25wt%-water clathrate

compound as weight concentration of ethanol.
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Table 4-7 The rate of volume change of TMA 25wt%-water clathrate

compound with ethanol.

Cooling source Ethanol Rate of volume change
temperature concentration V,_s
< 100 [%]

[C] [wte] .
0 1.26+0.844
0.1 1.83+0.381

-6
0.3 1.94+0.311
0.5 2.26+0.341
0 1.57+0.844
0.1 1.72+0.341

-7
0.3 1.95+0.503
0.5 2.0710.180
0 1.01+0.486
0.1 1.68+0.112

-8
0.3 1.69+0.808
0.5 1.77£0.376
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Fig. 4-28 The rate of volume change of TMA 25wt%-water
clathrate compound as weight concentration of

ethanol.
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Fig. 4-30 The temperature of low temperature latent heat

storage system in case of pure water.
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Fig. 4-31 The pressure of low temperature latent heat

storage system in case of pure water.
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