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A Study On the Ice Making Characteristics
of the Ice Storge System using

the QOscillating Capillary Tube Heat Pipe type Evaporator
Sang-Hoon Song

Department of Refrigeration and Air-conditioning Engineering,
Graduate school,

Pukyong National University

ABSTRACT

Recently, ice storge system has become a very popular issue in
application to electric powered air conditioning systems. This
research is to study the performance test for ice storge sysjtefn
using the oscillating capillary tube heat pipe(OCHP). The ice
manufacturing svstem used for this rescarch is a OCHP as the
evaporator. The ice making characteristics in this ice storge
svstemn according lo operating conditions (charging ratio and
working degree of working fluid) based on experimental study
was invested. OCHP’s working fluids were R-134a and R-2Z,
charging ratios were 20, 30, 40(Vol.%) and working degrees

were 0~90". Insid diameters of OCHP were 2.0 mm and 2.8



mm. Jce manufacture occur connected tube with refrigerator
when ice storage system worked 2 hour late. After then heat
pipe’ capillary began ice manufacture. From this experiment,
optimum working fluid charging ratic of OCHP was 30%, and
the inclination angles were 90 » 60 > 45 > 30 > 0, however
horizontal mode was satisfied with working condition. OCHP(i.d.
2.0 mm) at R-134a 30% working fluid ice thickness 1s 29.5mm
and total ice storage capacity is 7.4 kW during 10 hours. And
OCHP(.d. 2.0 mm) at R-22 30%¢ working fluid ice thickness is
33mm and total ice storage capacity is 7.91 kW during 10
hours. This show that OCHP at R-22 30% working fiuid is
better than OCHP at R-134a 30% working fluid.

Experimental of OCHPG.d 2.8 mmlis that use other
refrigerant for heat pipe working fluid and vary charging ratio
of heat pipe refrigerani in horizontal mode . From this
experiment, optimum working fluid charging ratio of OCHP(2.8
mm) was 30%, and OCHP using the 2.0 mm tube was superior

to OCHP using the 2.8 mm tube.
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Nomenclatures

0.73]

q”

Greek

Area

Specific heat

Diameter

Heat transfer coefficient
Latent heat of wvaporization
Thermal conductivity

Mass flow rate

Figure of Merit for heat pipe

Figure of Merit for thermosyphon

Heat transfer rate
Heat flux

Temperature

symbols

Inclination angle
Viscosity
Density

Surface tension

[kJ/kgl

[m’]

[kJ/kg - K]
{mml]
[kW/m* + K]
[W/m - K]
[kg/h]
[kW/m"]
[kWs""/m” -

[W, keal/h]
[W/m"]
(K]

[ ]
[kg/s - m]
ikg/m’]

[N/m]

T



Subscripts

ice

W

Begin
End
Inside
Ice
Total

Storing water

_iv_



-

A £
of wep el A

o

A1 &

==

1

)

Ad e o A

1.1 149 w4
i

T
g

~—

wr
.

—_
file)

2 ol g

44 A2l

1 =]

al
S

ol tha] ol A

5

o

B
o

)
o

J

M

dizle] =

8ol A7) el

ofp

ol

N

°

fron)

| Aot wheA ol g

1

olgaA Fwels

=1

ol 7 &

2]
o

b

4o
3 o] & =WAA ALE

o5

—_—

i
i

Fufof B2te

EE!

Hr

< g

l:g

w

Pl

L.
=

Z el ice hall

el
-if\

—

Q
Q
o
m,h
HO

Al
o

do



o] Sirh[1]1~[4]

3

%R

ny!
1

'

I+
T

B

ol

15

X E A

1
s

i

Zn

g

o

o

]

A
BIE

4543 7}

T
.

!
- (latent heat) s o]&3le] 4

Is]

T

&

RLN

A

1
o

of

o] A

)

L

7

pTa
[s]

57

|

]

I
=

W
o
g

—_—

Q
3
—~

o
N

]

ol
=

atl

—_—

*
i

TR

5] &

5]

il

ol
Jo

el

1
%!

T
.

%
el

Jom, oA

o] 107 W/m

0

al
Jo
TO

1A
T

Gusel e o

K)e]

400 W/m -

!
=

. ch—)]

. &7} (container)e] &

=
L

o %

gl A

[10].

=l

l

EW

&
[s)

) 2]

<
ar

Ho

A (wick)

(oscillating capillary tube heat pipe),

ir

8] = o]



o] A+t

x
5]

(dream pipe)

AT

3} o]

o &
==

(thermosyphon),

3
1

X 1A} o)

(axial groove)\t ™41 2= & (mesh screen)

AAGe] wen vk

| v

of 31

< 43 (flexibility )o] Al

Iy

I
v

o

e

B

ol

1

ar

=
!

o

H (flooding  limit) et Bl 5

g &

o)
ER

A (boiling limit) % 2

G

o

SE!

Pipe

{Oscillating Capillary  Tube Heat

19873 Akachi[20]o 2} &}

1
T

OCHP)+=

o

oF
]

W

Fed

&

(flexibility)e] 7

2 a4

b

G
1

Aol

Al o] shato] o el v



1

=
=

=A, A H(static) A YA T}

po QR N
E

X,

L

o] St AR YE7)9 A ELo]

Hot

amic) A

LN

HAL
{dyn

Akl
= &l
]

O

1

12 Fde A7

E}o

(ice-on—coil type),

[=]

9] 5 s

4
0y
o
ol
oln
0

7]
M-

)
N

fite}
=
ifo

‘_._,.010
B

il

SRR R

£ 7] ¥ (capsule tvpe) To| UTh

el

—_
o

F=

.
1.

£ o]

1,

ol

0

T
B

3

<
<
..DO

I

jan

I}
o

RES

olp

al

B
A
ol
=<
=0
70

_

"I

Ho

L}, @8] 21

2

AKX

]01

& o

1l

o= T

1T
1o

o}

Is)

z

140} 7} 5

7
o

o)

L8

7

A7 Al W)

e

1}

—

Q

"
|E=!
_=



A EF 5-10

HAH T
1ol ool i H

)

=
©

=
=

UERE O T P

st A

ZZHFmm-Fem HEe AV)oz AA A

O
I B .

o]

1w ~E & (harvest type), ©°l

@

she

%

A
T

o

oo
W

To-

Iifo
bt
o

H
B

~

(ice slury tvpe), ¥4

[E]

2 7|

£

<
Gy
o
Mo

I

ol 4
NAEEA WA 45 &8 el AYs

3

Mir
z.a

™
B
e
B

~

()
ofy

mly

o

ma
Klo
i
-

o

el o

1)

8=

dol dep= A

o}z
=

o
T

oH

a9 5

ul
7(

—_—

&
ol
e

o

To
wr
b
——
file}

4o
T

Le
NI

i

e
fite]

] /\}_}.‘_%9] 7}A o] H]M]—D‘L o

%~

2 4§ E A

]
=

A g obaztx e

2

k=

Gl o
i

%517

N
ol

i

wr

—_
file]

o
ol
il

e

g
-

al
<
=0

—

HO

il

T

ot

wr

1h

Al

e
o]



Feb[3]~16]

°©

T

s
an

371

<

Q.

AF-3

Q.

Ho

ol

e

=]

=
S

2l

A=
j —

1986 Tetsuo

ol

ili

f
R

Feix, 1991'd Yamaha

S

T

Yoshivuki

en
™
)

wr

o 7

1993

j=1}
o

H

<

B
.1?
4
7

do

o
ol

ol

AT 13].

S

= A

1

e

Al

o

che

V. Bendnarskadhl

fil+)

H

E i} o)

1
s

=

474
<

s gk,

&k

e

S
= 1 2
2

I3

2
ted FE 712l

1l 4]

B

= A

=
[S]

]

4

77k il A C.
a7

=l

X

o

fA

b lvH15]. 223t H. Bogan®]

2

T

=2 2~
= 1

__[1

A

s

1

A1 7]

Rl

o

by
B

i

—_
o

n_AIO

o

]|
=

E

A

o] & A

%2 OCHP=

=

H
=T
St

=12

FasA A2

=
=

A R-134as} R-22

L

=
T

A

gl

(]
=T

1

%tk

5

HE

=

44

w3l e}l OCHPel
=3 OCHPY

-
g

o
e



Qo

F

1

(o]

o7 A

[0}

=)

13l A

2

AE A#AE 3 E yo|L

1987 Akachiof

A2 %
o] =

EELEE T

S
=

2.1 AF ATY

]

W B (check valve)

2 4]

FAe &

o
NI

=
o

ct.

R
< oz A9 U = (turn)

A]

od
=

bl E

s

©

13)
Al

A
s

=
=

=

T
o] Fig. 2.19] MEd=E Yy

- cl):]
o 1 mm g9l WEE 7

ks

fu—
fu

OCHP

e
Al
s
B
o
‘of

.—QL

A

=
=]

] 7]

=3
=

A

=

©
do
ux

B
~<H

7!
T

-
T

%0

of
dlo
aK

il
Ko

N

(serpentine) T

& M EERS)

=)

=HOE
L]

o 7%

F OCHP

kg
2

o] 2

-

S

‘o
T
ol

tho

D

A7A B ol

Gl

=
=

A e

=

S g

=71

o 79}

A

ww_._r



ol

o+

]

pu

‘__._.oﬂo

ﬂu.‘JO

B!

=4

&l

& Fel A

[
o
7]

ﬂz

oll

T Apolol A o

[e]

T

A 27t A ol
olutm, A7t 2 WA A

1

%

1.

1

1

]

Q
=

OCHP

1

o

4o
A

i
i

xg‘

a9

%EF ol

b 5o,

s

H O

il =

of f



tLiquid [ Vapor

Condensing

Part _A  Liquid

/ Oscillation

Adiabatic _Vapor Oscillation
Part Ij,l & Departure of
~ Small Vapor
Evaporating N Oscillation
Part ) by Nucleate
' Boiling

Fig. 2.1 Basic concept of oscillating capillary heat pipe.
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Table 2.1 Working fluids and temperature ranges.
Logarithmic | Working |Melting & Boiling| Critical Point, |Useful Ranges,
Temp. Scale Fluids Point, K at 1 amm| K & MPa(abs) K

Helium 1.0 & 4.21 0.2 & 0227 2~ 4
Hydrogen 13.8 & 20.38 3319 & 1315 14 ~ 31
Crvogenic Neon 24.4 & 27.09 445 & 0.018 27 ~ 37
Temperature Nitrogen 63.1 & 77.35 126.19 & 3.397 73 ~ 103
(0200 1) Argon 838 & 87.29 150.66 & 4.860 34 ~ 116
- Oxygen 54.7 & 90.18 154.58 & 5.043 73 ~ 119
Methane 906 & 1114 19055 & 4.095 91 ~ 150
Ethane 899 & 1846 30553 & 4871 | 150 ~ 240
R-11 162 & 297 47096 & 4.407 | 233 ~ 393
R-22 113.] & 2322 | 369.17 & 4990 | 193 ~ 297
R 134a 169.70 & 246.3 | 37403 & 4.056 | 213 ~ 300
R-141b 2530 & 302.0 | 42307 & 18117 | 253 ~ 420
R-142b 203 ] & 2633 |398017 & 33771 | 223 ~ 373
Low R-290 123, & 231.1 | 36970 & 4.248 | 200 ~ 330
Temperature| Ammonia 1955 & 2399 | 40222 & 11.333 | 213 ~ 373
(200~550 K| Ethanol 1587 & 3515 5139 & 6.14 273 ~ 403
Methonol 175.1 & 337.8 5126 & .09 283 ~ 403
Acetone 180.0 & 3294 508.1 & 470 273 ~ 393
Water 2731 & 3731 | 64699 & 22064 | 323 ~ 473
Toluene 1781 & 3837 591.8 & 4.10 323 ~ 473
Naphthalene| 3534 & 490 7484 & 4.05 408 ~ 478
Medium Dowtherm | 285.1 & 527.0 - 423 ~ 668
Temperature| Mercury 23472 & 6301 523 — 923
(530~750 K| Sulphur | 3859 & 717.8 - B30 ~ 947
Cesium 3016 & 943.0 723 ~ 1173
High Sodium 371.0 & 1151 - 373 ~ 1473
T ure Lithium 453.7 & 1615 - 1273 —~ 2003
CPETAMIET T Colcium | 1112 & 1762 : 1400 ~ 2100
(FR0=3000 K10 | 6006 & 2013 : 1670 ~ 2200
Silver 1234 & 2485 - 2073 ~ 2973

- 11 -
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Table 2.3 Thermophysical properties of working fluids.

(at 263 K)
. Enthalpy | Thermal Cond.|  Viscosity Absolute
Working Density
' kJ/kg mW/m - K pPa - s Pressure
Fluids Liquid | Vapor | Liquid | Vapor | Liquid | Vapor | kg/ m® | MPa
R-22 | 18840 | 401.20 | 99.3 877 | 1633 | 2434 | 1314.7 | 0.35479
R-134a | 186.70 | 39266 | 96.5 10.66 | 3086 | 1033 | 1327.1 | 0.20060
R-141b | 183.70 | 431.06 | 104.7 - 634.6 1294.2 | 0.01745
R-142b | 188.70 | 431.06 | 93 - 634.6 | 1024 | 1195.2 | 0.10030
R-290 | 175.23 | 563.23 | 1114 | 1465 [ 139.7 7.16 542.2 1 0.34510

R-600 | 177.05|571.12 | 121.0 | 1283 | 2239 | 662 | 611.1 | 0.06865

CAESAe xakEI%

EL[O
Ll
b
s

FgAQl AFz Ageluiel ugHg
oA W= A mFEEotd AbEeld], 9% s Esdtolze) A 10 kPa olstellA

= Z7)et 34| (vapor pressure limit) 5 ZEFAL £33 5 T ¥

-

#Aw= 2tz 2EeA 7l s, OCHPSY 7% 100 kPa o442l |9l
ot el BEL s Aow Z#ld 10l 20 Mpa ool HE IAUS
77 eldl HEelHE FAA AFsor sfrg A"l @ Aol T

g washe el Aol shdsh webd TaS7I%e] AelE 02~

,u‘rl

£
=

)

20 MPa ¢ 2 £ 5% e fAE dAsiol ah, oldel aFARE
# skl R-22(M, ¢ 20x10°, My @ 282), R-134a(M; @ 15x10°, M, : 18)& 2%

FAE ddstdd.

_16_



Table 24 Generalized results of experimental compatibility tests.

Working Fluids

Compatible Material

Incompatible Material

Wal Stainless steel, Copper, Monel, Aluminum,
ater ) .
Silica, Nickel, Titamum, Inconel
) Alum Carbon steel,
Ammonia . T, Copper
Stainless steel, Iron, Nickel,
Stainless steel, Iron, Co , .
Methanol ESS S PPt Aluminum
Silica, Nickel, Brass
Stainless steel, Aluminum,
Acetone . . .
Copper, Brass, Silica, Nickel
R-11 Aluminum
R-21 Aluminum, Iron
R 22 Aluminum, Copper
R-134a Aluminum, Copper
Heptane Aluminum
Dowtherm Stainless steel, Copper, Silica
L Tungsten, Tantalum, Stainless steel, Nickel,
Lithium o .
Molybdenum, Niobium Inconel, Titamum
. Stainless steel, Nickel, .
Sodium o Titanium
Inconel, Niobium
Ceslum Titanium, Niobium
. Molvbdenum, Nickel, Inconel,
Mercury Stainless sieel .. L
Tantalum, Titanium, Niobiurn
Stainless steel, Nickel
Lead Tantalum, Tungsten L
b & Tnconel, Titanium, Niobium
Silver Tantalum, Tungsten Rhemum

_.17_
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Photo 3.1 Photograph of experimental apparatus.
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1. Expansion valve 2. OCHP type evaporater
3. Compressor 4. Condenser

5. Electric voltage regulator 6. Digital power meter
7. Adibatic material 8. Thermal storage tank
9. Data acquistion system 10. Computer

11. Magnetic flow meter

Fig 3.1 Schematic diagram of experimental apparatus
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Photo. 3.2 Photograph of OCHP
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Photo. 3.4 Photograph of charging cvlinder
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(b) Charging ratio : 30 (vol. %)
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Fig. 4.1 Profile of temperature of OCHP and

storing water according to time
[ R-22. Horizon cooling 8 = 0" ) ]
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Fig. 4.2 Profile of temperature of OCHP and

storing water according to time
[ R-134a. Horizon cooling 8 = 0 ) ]
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Fig. 4.4 Profile of temperature of OCHP and
storing water according to time
[ R-134a, Inclination cooling (0 = 45 ) ]
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Fig. 4.6 Profile of temperature of OCHP and

storing water according to time
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Fig. 4.7 Varation of the temperature difference of

storing water and OCHP according to working degree.
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Fig. 4.8 Variation of the wall temperature difference of

evaporator head and OCHP according to working degree.
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{c) Ice thickness : 33 mm

Photo. 4.1 Ice making on OCHP
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Fig. 4.9 Ice thickness on OCHP profile with respect to time

at working degree (0"
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Fig 4.11 Ice thickness on OCHP profile with respect to time

at working degree 90°.
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Fig.4.13 Ice making quantity profile with respect to
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Fig.4.14 Ice making quantity profile with respect to

ice making time at working degreec 90°.
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Fig. 4.15 Variation of ice storage capacity according to

ice making time. (Working degree @ (0°)
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Fig. 4.16 Vanation of ice storage capacity according to

ice making time. (Working degree @ 45")
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Fig. 4.17 Variation of ice storage capacity according to
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ice making time. (Working degree : 90°)
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Fig. 4.18 Vanation of heat flux according te

working degree.
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