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Nomenclatures

2. : Condensing pressure [bar]
2, : Evaporating pressure [bar]
7, - Saturated pressure [bar]
Q. © Heat capacity of evaporation [ £p]
Q. . Heat capacity of condenser [ ]
m , ° Refrigerant mass flow rate [ g/ /]
w .o - Cooling water mass flow rate of condenser outlet [ g/ /]
7., + Cooling water temperature of condenser outlet [T]
7., © Chilled water temperature of evaporator outlet [C]
Y . Enthalpy [ gcz/ £g]
v : Specific volume [ 1%/ sl
n, Volumetric efficiency
TC : Temperature of condensing [C]
TE © Temperature of evaporating [C]
CcoP . Coefficient of performance
GWP . Global warming potential

ODP . Ozone depletion potential
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ABSTRACT

An Experimental study of Performance Characteristics in

Refrigeration System using NHs; and R22

Lee, Seung-Jae
Advisor : Prof. Ha, Ok-Nam, Ph.D.
Department of Mechanical Engineering

Graduate School of Chosun University

The ammonia refrigerant has been widely used because of its outstanding
properties such as good heat conductivity, and high critical temperature and
pressure, but it has disadvantages such as toxicity, inflammability and
explosiveness. Thus, this study apply the NHs and R22 to study the
performance characteristic from the superheat control and compare the energy
efficiency of two refrigerants from the high performance. The condensing
pressure of refrigeration system is increased from 15bar to 16bar and degree of
superheat is increased from 0 to 10C at each condensing pressure.

As the result of experiment, when comparing the each COP, we knew the
NHs is suitable as the alternative refrigerant of the R22.

This study conducted the comparative analysis of performance of refrigerating
systems using NH3; and R22 with respect to the change in condensing pressure

and superheat and the results are presented as follows.
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1. The refrigerant mass flow was more steady NHj3 than R22.

2. For both NH3 and R22, at the same condensing pressure, as the superheat
increases, the energy was lost plentifully. Because, the refrigerant mass flow
was decreased and compression ratio was increased.

3. When the degree of superheat is 2°C, the COP was higher NHj; than R22.
When the degree of superheat is 1C according to condensing pressures, the
COP was the highest for NHs. When the superheat was 0, the COP was the
highest for R22.

4. We knew the NHsj is suitable as the R22 alternative refrigerants.
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Table 1 Characteristics of refrigerant

Natural HFC HCFC
Refrigerant Nlll:frigelzg; . Refrigerant Refrigerant
Ammoil ial Propane | R1342 |[R404A| R22 | R502
ODP 0 0 0 0 |0.055]| 0.33
GWP 0 3 1300 | 3300 | 1700 | 5600
ASHRAE SAFTY GROUP | B2 A3 Al |A1/A1]| Al Al
qe(beal/m) 884 664 | 495 | 800 | 795 | 748
Ig/gg Power(ka/m’) | 153 123 90 159 | 143 | 149
COP 578 | 5.40 | 551 | 5.03 | 5.55 | 5.01
qe(beal/m) 401 322 | 213 | 368 | 383 | 353
43;2?,(3 Power(kal/m’) | 122 107 69 134 | 121 | 128
COP 3.28 | 3.02 | 3.09 | 2.75 | 3.17 | 2.76
-40 0.72 | 1.11 | 051 | 1.35 | 1.05 | 1.30
-20 1.90 | 244 | 1.32 | 3.06 | 2.45 | 2.90
Psat(bar) 0 429 | 474 | 292 | 6.07 | 4.98 | 5.70
20 8.57 | 8.38 | 571 | 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
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 4 General data of ammonia compared with R22

Characteristics NH; R22
Chemical composition NH3 CHCIF»
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 (C) -33.3 -40.8
Critical pressure (bar) 113.3 49.9
Critical temperature (C) 132.3 96.2
Enthalpy of evaporation at 0°C (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

P
pressure drop
¥
Pressure
(kPa)

Enthalpy(k]/ke) h

Fig. 1 P- } Diagrams of the theoretical and

actual refrigeration cycles.
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Temperature
of Tomperature |, =

LOCAL INSTRUMENT |

| Controller
Converter — 7
TRS [ Pc - L)

Data acquisition &
Digital control system

1 : Compressor 2 : Oil separator 3 : Condenser

4 : Receiver 5 : Expansion valve 6 : Evaporator

7 : Constant temperature bath 8, 9 : Circulation pump
P : Pressure sensor T : Temperature sensor

PCV : Pressure control valve SHV : Superheat controller

F : Mass flow meter PM : Power meter

. Refrigerant . Cooling & Chilled water

Fig 2 Schematic diagrams of the experimental apparatus



Table 5 Equipment specification of refrigeration 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 m*

Condenser Shell and Tube 76 m’
Evaporator with 5

Shell and Tube 40 m”

knock out drum

Bath tank Rectangle 1m’




Photo. 1 Photograph of the experimental apparatus
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Table 6 Experimental condition

Parameter

Experimental condition

Working fluid

NH;(R-717), R22

Charge Rate(kg) 85/ 35
Refrigerant
Condensing press.(bar) 15.0 ~ 16.0
Degree of Superheat(TC) 0~ 10
Bath temp.(C) 28
Ambient temp.(C) 24
Chilled water flow rate(kg/h) 6800
Cooling & Chilled water Demineralized

Load (%)

73.0(NH3), 36.5(R22)
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Fig. 4 The relations of suction mass flow rate and degree

of superheat at each condensing pressure.
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Fig. 5 The relations of suction pressure and degree

of superheat at each condensing pressure.
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Fig 6 The relations of Condenser Pressure and mc,

at Degree of Superheat 0.
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Fig. 7 The relations of Condenser Pressure and mcy

at Degree of Superheat 1C.
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Fig. 8 The relations of Condenser Pressure and mcy

at Degree of Superheat 2°TC.
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Fig. 9 The relations of Condenser Pressure and mcy

at Degree of Superheat 3C.
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Fig. 10 The relations of Condenser Pressure and mcy

at Degree of Superheat 4C.
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Fig. 11 The relations of Condenser Pressure and mgy

at Degree of Superheat 5C.
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Fig. 12 The relations of Condenser Pressure and mgy

at Degree of Superheat 6C.
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Fig. 13 The relations of Condenser Pressure and mgy

at Degree of Superheat 7C.



Mew (kg/h)

8000

——R717 —=w—R22

6000 [

4000

2000

15.0 15.5 16.0
Condensed Pressure(bar)

Fig. 14 The relations of Condenser Pressure and mcy

at Degree of Superheat 8C.
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Fig. 15 The relations of Condenser Pressure and mcy

at Degree of Superheat 9C.
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Fig. 16 The relations of Condenser Pressure and mgy

at Degree of Superheat 10TC.
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Fig 17 The relations of cooling water mass flow rate and

degree of superheat at each condensing pressure.
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Fig. 18 The relations of cooling water outlet temperature and

degree of superheat at each condensing pressure.
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Fig. 19 The relations of condenser heat capacity and degree

of superheat at each condensing pressure.
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Fig. 21 The relations of chilled water outlet temperature and

degree of superheat at each condensing pressure.
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Fig. 22 The relations of evaporator heat capacity and degree of

superheat at each condensing pressure.
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