@creat ive
\“common

O N § E.E B

O248= 0lHE A4S M2=

o 0l HEES SH, HHxE, 38, A, 23 2 88F = S&LIL
o RS HEEE HEE = sU0

CS3 &2 2 AS MS0r gLk

AEARAMN. A5tz A HSAMHE EATHADE ZLICH

HZd. A5t= 0| A5=S Pl SHE2 02T

=

o Flotk=s, 0 =2 HOIS0IL =2 22, 01 53
ZH5EH LHEHHMOF ERLICH
o HEAHMZSH SE2 ANE 228 OlgE =4

AEAYN 02 01X Ad= A% WEN el 3

III'°‘I
IUIU
ne
=
q,
i3
e
=

0lZ12 D& H S Legal Code)E Olalat?| H 228 218

Disclaimer &

Collection




[ UCI]1804: 24011- 200000234313

20074 8H
A B A (B2 B 20 ) B2 am

NHs¢} HFC-134a5 AF&3H

HERA ) A5 AT

AR REA RS oA KB
-8 #F B

ok R



NHs¢} HFC-134a5 AF&3H

HEFA ) A5 AT

The Study on Comparison of Performance

Characteristics in Refrigeration using NHs and HFC-134a

20074 8/

FARE B 2w KB

- 20E B



NHs;¢} HFC-134aE A}-&-3
FEgAel A5 AT

EEE Co RTINS S

o Hisre HEEMEL(HNSIE BB
HoRALOR BRI

20074 4 H

] BECERRS 2o KB
PRI o 208 B
& a ]



Gk HAEE LB # S

B 2

B

r

%
&
%

o dfE Y T,

B W ARER 2ot LEE L Ik g &
8 ®IEERER i LEEL gt & E
8 EIEERER ¥ LB W & 5

20074 6 1

N SN



Bl
N

Nomenclatures

List of Tables

List of Figures

List of Photographs

Abstract

A27 BHEOlE

2.1 Yool EA

2.1.1 ¥rj7} ztojor & 44

2.2 $EYoKNH; R717)9 &4

2.3 HFC—134a%] &4

2.4 WEAOIF B4

2.4.1 o] YFAlolE

2.4.2 AA YEAtolE

2
(SN
o2l
>
ot

i

)
L

iii

v

Vi

vii

10

12

12

14

17

22



26

ol

7K

26

31

N

35

39

43

5.5 COP

45

N
w

0

46

[

__OL
Ak

!



TC
TE
COP
GWP
ODP

Nomenclatures

Condensing Pressure [bar]
Evaporating Pressure [bar]
Saturated Pressure [bar]

Heat Capacity of Evaporation [ g ]
Heat Capacity of Condenser [ gl
Refrigerant Mass Flow Rate [ o/ 4]

Cooling Water Mass Flow Rate of Condenser [ 4o /]
Cooling Water Temperature of Condenser [T ]

Chilled Water Temperature of Evaporator [TC]

Enthalpy [ ezl 4e]
Specific Volume [ 47/ o]
Volumetric Efficiency

Temperature of Condensing [T ]
Temperature of Evaporating [T ]
Coefficient of Performance
Global Warming Potential

Ozone Depletion Potential



Table

Table

Table

Table

Table

List of Tables

1 Characteristics of refrigerant

2 Recommended properties for an alternative refrigerant -

3 The effect of the refrigerants on the environment

4 Equipment specification of refrigereration

system for experimental

5 Experimental condition

v —

21

25



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

9

10

11

List of Figures

P-h Diagrams of the theoretical and actual refrigeration cycles.- 15

The schematic diagrams of refrigeration system. 20
The relations of suction mass flow rate and
superheat temperature at each cCONdensSing PreSSULrE. s 28

The relations of suction pressure and superheat temperature at

each condensing pressure. 30
The relations of cooling water mass flow rate and
superheat temperature at each CONdensing PreSSUrE. s 32

The relations of cooling water outlet temperature and superheat

temperature at each condensing pressure. 34
The relations of condenser heat capacity and
superheat temperature at each condensing PreSsSure. . 36

The relations of power and superheat temperature at

each condensing pressure. 38

The relations of chilled water outlet temperature and superheat

temperature at each condensing pressure. 40
The relations of evaporator heat capacity and
superheat temperature at each CONdensing PreSSUrE. s 42

The relations of COP and superheat temperature at

each condensing pressure. 44



List of Photographs

Photo. 1 Photograph of the experimental apparatus

_Vi_

19



ABSTRACT
The Study on Comparison of Performance
Characteristics in Refrigeration using NH; and HFC-134a

Jae-Geun Kim
Advisor : Prof. Ok—-nam Ha Ph.D.
Major in Mechanical & Metallurgical Education

Graduate School of Education, Chosun University

Nowadays CFC refrigerants has been restricted because it cause
destruction of an ozone layer and global warming. In this aspect of
environmental problem, the best solution is to use the natural refrigerant in
the world such as ammonia of mineral compounds and propane, propylene
of hydrocarbon. The natural refrigerants easy and cheap to obtain as well
as environmental.

Therefore, this experiment apply the NHs; and HFC-134a to the study of
performance characteristic though the superheat control and compare the
energy efficiency of two refrigerants from the high performance.

The result of performance characteristic test according to condensing

pressure and superheat temperature is as following.

1. As the mass flow rate, NHs has steady than HFC-134a in condensing

pressure and superheat temperature. Also NHs; was operated double the

- vii -



operating load than HFC-134a, that the condensing pressure was
decreased.
As the result, NHs will apply to a small size refrigerating system than

HFC-134a.

. As the condensing pressure was raised, the COP was decreased due to

increase of COIHDI’GSSiOH rate and power.

. The COP of the was refrigerant NHs was higher than HFC-134a, in case
of NHs, the most suitable operating when the superheat temperature 1T

at each condensing pressure.

If NHs; applies to the HFC-134a refrigerating system in the field of
industry, it is posible to have economic profit and to solve the
environment problem.

Therefore, the NHs; is suitable as the alternative refrigerant of the

HFC-134a.
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Table 1 Characteristics of refrigerant

Natural Refrigerant HFC Refrigerant
Refrigerant
R717 R290 R134a R404a
ODP 0 0 0 0
GWP 0 3 1300 3300
ASHRAE SAFETY GROUP B2 A3 Al Al/A1
Qe eal/nr ) 884 664 495 800
TC/TE
. Powergay/um) 153 123 90 159
40/0C
COP 5.78 5.40 5.51 5.03
Qe eal/nr mr) 401 322 213 368
TC/TE
. Power /) 122 107 69 134
40/-207T
COP 3.28 3.02 3.09 2.75
-40 0.72 1.11 0.51 1.35
-20 1.90 2.44 1.32 3.06
Psa(bar) 0 4.29 4.74 2.92 6.07
20 8.57 8.38 b.71 10.91
40 15.54 13.72 10.17 18.16

The theoretical refrigeration cycle and saturated properties are based on

the NIST REFPROP ver.6.0.



Table 2 The effect of the refrigerants on the environment

Refrigerant ODP GWP

CFC - 11 1.0 400
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 - 142hb 0.065 2000

HFC - 22 0 650
HFC - 125 0 1300
HFC - 134a 0 1300
HFC - 143a 0 3800

HFC

Refrigerants HFC - 152a 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 3 General data of Ammonia compared with HFC-134a

Characteristics Ammonia | HFC-134a| HCFC-22

Chemical composition NH;s HFC-134a| CHCIF2
Molecular Weight (kg/kmol) 17.03 102.031 86.48
Ozone depletion potential 0 0 0
Global warming potential(100 year) 0 1300 1700
Normal boiling point at 1.013 bar (C) -33.3 -26.06 -40.6
Critical pressure (bar) 113.3 40.65 49.9
Critical temperature (C) 132.3 101.08 96.2
Enthalpy of evaporation at 0C (kJ/kg) 1261.7 198.6 204.9
Specific heat of sat. lig. at 0C (kJ/kgK) 4.62 0.98 1.17
Specific heat of sat. vap. at 0C (kJ/kgK) 2.66 0.8518 0.74
Thermal conductivity of sat. liq.

. 0.520 0.0796 0.096
at 0C (W/m K)
Thermal conductivity of sat. vap.

. 0.022 0.0134 0.010
at 0C (W/m K)
Dynamic viscosity of sat. liq.

. 175.8 201.9 210.1
at 0C (10-6Pa * s)
Dynamic viscosity of sat. vap.

. 9.09 12.41 11.8
at 0C (10-6Pa - s)
Density of sat. lig. at 0C (kg/m’) 638.6 1206.0 1281.8
Density of sat. vap. at 0C (m'/kg) 0.289 32.249 0.047
Flammable or explosive? Yes No No
Toxic/irritating decomposition No No Yes
Approximate relative price 0.2 - -
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Fig. 1 P-h Diagrams of the theoretical and actual refrigeration cycles.

———— Theoretical cycle
— Actual cycle

pressure drop

Pressure
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Enthalpy(k]/ke) h
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Photo. 1 Photograph of the experimental apparatus
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Fig. 2 The schematic diagrams of refrigeration system.
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Table 4 Equipment specification of refrigereration system for experimental

Equipment MODEL & TYPE specification
Compressor Screw / Open 118 m'/h
Main moter TEFC 15 kW
Oil cooler Shell and Tube 7.0 o
Condenser Shell and Tube 8.0 m'

Evaporator with

knock out drum Shell and Tube 4.0 ot
Bath tank Rectangle lm

_21_
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Table 5 Experimental condition

Parameter Experimental condition
Working NH; (R-717) / HFC-134a
Charge Rate(kg) 85/ 35
Refrigerant
Condensing press.(kPa) 1500~ 1600
Superheating(C) 0~5
Bath temp.(TC) 28
Ambient temp.(C) 24
Chilled water flow rate(kg/h) 6800

Cooling & Chilled water

Demineralized
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Fig. 3 The relation of suction mass flow rate and superheat temperature at

each condensing pressure
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Fig. 4 The relation of suction pressure and superheat temperature at each

condensing pressure
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Fig. 5 The relations of cooling water mass flow rate and superheat

temperature at each condensing pressure
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—a— R717:1500(kPa) —e— R717:1550(kPa) —— R717:1600(kPa)
—a-134a:1500(kPa) —o— 134a:1550(kPa) —— 134a1600(kPa)

Tcw(C)

0 1 2 3 4 5
Degree of superheat (C)

Fig. 6 The relations of cooling water outlet temperature and superheat

temperature at each condensing pressure
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Fig. 7 The relations of condenser heat capacity and superheat temperature

at each condensing pressure
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Fig. 8 The relations of power and superheat temperature at each

condensing pressure
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Fig. 9 The relations of chilled water outler temperature and superheat

temperature at each condensing pressure
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Fig. 10 The relations of evaporator heat capacity and superheat

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

condensing pressure
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