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ABSTRACT

A Study on the Performance Characteristics of
Refrigeration System Using Natural Refrigerant

Ha, Kyeong—-Soo
Advisor @ Prof. Ha, Ok-Nam, Ph.D.
Department of Mechanical Engineering
Graduate School of Industry,

Chosun University

Ammonia can be used in the wide temperature range and it has quite
good merits as a refrigerant due to a great COP and heat transfer rate,
moreover high critical pressure and high critical temperature. But also it has
the characteristic of toxicity, inflammability and explosiveness. Therefore, in
this study, we will find the most suitable operating condition of Shell &
Tube type heat exchanger with ammonia refrigerant. The result of
performance characteristic test according to condensing pressure and
superheat temperature is as following.

we found that as the condensing pressure was raised at each uniformity

degree of superheat condition, the mass flow rate of refrigerant was

- vil —



decreased due to increase of compression ratio and lowering of volume
efficiency. At each uniformity condensing pressure condition, Shell & Tube
type heat exchanger had slight change in a capacity of evaporator and
capacity of evaporator was decreased according as condensing pressure and
degree of superheat were getting higher. It revealed that Shell & Tube type

heat exchanger was applicable to the ammonia refrigeration system, it seemed

possible to have some economic profit and to solve the environment problem.
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Table 1 Characteristics of refrigerant

Natural HFC HCFC
Refrigerant Nllz{ef rlgerc;;tg - Refrigerant Refrigerant
I R134a | R404A | R22 R502
Ammonia| Propane
ODP 0 0 0 0 0.055 0.33
GWP 0 3 1300 3300 1700 5600
ASHRAE SAFTY
B2 A3 Al Al/A1 Al Al
GROUP
qe(ka/m’ ) 3884 664 495 800 795 748
TC/TE
. |Power(kad/m’) 153 123 90 159 143 149
400TC
COP 5.78 5.40 551 5.03 5.55 5.01
qe(kd/m' ) 401 322 213 368 383 353
TC/TE
. | Power(kd,/m’) 122 107 69 134 121 128
40/-20C
COP 3.28 3.02 3.09 2.75 3.17 2.76
-40 0.72 1.11 0.51 1.35 1.05 1.30
=20 1.90 2.44 1.32 3.06 2.45 2.90
Pi.(bar) 0 4.29 474 2.92 6.07 4.98 5.70
20 8.57 8.38 5.71 10.91 9.10 10.18
40 15.54 13.72 10.17 18.16 15.37 16.87
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Table 2 Recommended properties of an refrigerant

Necessary

stability
safety (non-flammable non-toxic,
environmentally benign)

excellent thermodynamic properties

Desirable for machinery

reliability

lubricant solubility

low moisture solubility
material compatibility
good transport properties

high dielectric strength

Desirable to facilitate

application

amenable to recycling
ease of leak detection
easy recharging

low cost




Table 3 The effect of the refrigerants on the environment

Refrigerant oDP GWP
CFC-11 1.0 4000
CFC CFC-12 1.0 85000
Refrigerants CFC-13 1.0 11700
R502 0.33 5600
HCFC-22 0.055 1700
HCFC HCFC-123 0.02 93
Refrigerants HCFC-124 0.022 480
HCFC-142b 0.065 2000
HFC-22 0 650
HFC-125 0 1300
HFC-134a 0 1300
HEC HFC-143a 0 3800
Refrigerants HFC 1oz 0 140
R404A 0 3300
R407A 0 1500
R410A 0 1700
R507A 0 3300
Natural Ammonia 0 0
Refrigerants Propane 0 0
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Table 4 General data of ammonia compared with R22

Characteristics Ammonia| R22
Chemical composition NH; CHCIF2
Molecular Weight (kg/kmol) 17.03 86.48
Ozone depletion potential 0 0
Global warming potential(100 years) 0 1700
Normal boiling point at 1.013 bar (TC) -33.3 -40.8
Critical pressure (bar) 113.3 499
Critical temperature (C) 132.3 96.2
Enthalpy of evaporation at 0C (k]J/kg) 1261.7 204.9
Specific heat of sat. lig. at 0C (kJ/kgK) 4.62 1.17
Specific heat of sat. vap. at 0C (kJ/kgK) 2.66 0.74
Thermal conductivity of sat. lig. at 0C (W/m K) 0.520 0.096
Thermal conductivity of sat. vap. at 0C (W/m K) 0.022 0.010
Dynamic viscosity of sat. lig. at 0C (10-6Pa - s) 175.8 210.1
Dynamic viscosity of sat. vap. at 0C (10-6Pa - s) 9.09 11.8
Density of sat. liq. at 0C (kg/m”) 638.6 1281.8
Volume of sat. vap. at 0C (m’/kg) 0.289 0.047
Flammable or explosive? Yes No
Toxic/irritating decomposition No Yes
Approximate relative price 0.2 1
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———— Theoretical cycle
— Actual cycle

pressure drop

Pressure

(kPa)

Enthalpy(k]/ke) h

Fig. 1 P- } Diagrams of the theoretical and actual refrigeration

cycles
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Photo. 1 Photograph of the experimental apparatus
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Fig. 2 Schematic diagrams of the experimental apparatus
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Table 5 Experimental condition

Parameter

Experimental condition

Working fluid NHs (R-717)

Charge Rate(kg) 85 / 35

Refrigerant

Condensing press. (bar) 15.0 ~ 16.0

Superheating( C) 0 ~ 10

Bath temp. (C) 28
Ambient temp. (C) 24
Chilled water flow rate(kg/h) 6800

Cooling & Chilled water

Demineralized
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Fig 4 The relations of refrigerant mass flow rate and superheat

temperature at each condensing pressure.



T
ol

0
_EH

A

ol

L S Esh vrol el

st
2

)

T

L,
on

.Eu

Fig. 5= ¥¢=7]

el
;OU

No

_Eu

W
=
T
)

o

How St

I

] %

3 w7} vrolel el
Fig. 4014 wi vle} o] el

.Eu

¢+

B

~
Njo

]

]

%

=
=

o
o

9}

1
R

o]

ez gl

1
i

719 A

W ol v, wejA

gewst vob]

3

i

9

%
R

oy

)

14.5 bar &7 A

o=

=
=

©.
°

.Eu

—

o

0
A

spnb ® Sl

"

;O.._

M

ol
W
it
ok

.Eu
)

Moz vrol A

2

No
A

—_—

0o

Gl
o))
K

T

L,
on

.Eu

ov R}dAE 1THY 3}

7] wH 9

= =
1T

Qojups] WE 7%

= #2999 A7t

A}

°]

==
o

wol A ]

o~

3} ) eye] A

=
=

BH

e o= 7l

ki3

e e el

219l A

)
i -

=

°]

NBEFC " S

1
.

Kol
T

o
—_—

0

o

o2 YERTH



3 4 &5 6 7 8 9 10
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Fig. 5 The relations of suction pressure and superheat

temperature at each condensing pressure.
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Fig. 6 The relations of cooling water mass flow rate and superheat

temperature at each condensing pressure.
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superheat temperature at each condensing pressure.
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Fig. 8 The relations of condenser heat capacity and superheat

temperature at each condensing pressure.
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Fig. 9 The relations of chilled water outlet temperature and

superheat temperature at each condensing pressure.



o 1t 2 3 4 5 6 7 8 9 10

Degree of Superheat (°C)

Fig. 10 The relations of evaporator heat capacity and superheat

temperature at each condensing pressure.
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Fig. 11 The relations of power and superheat temperature

at each condensing pressure.
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Fig. 12 The relations of COP and superheat temperature

at each condensation pressure.
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