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A Study on the Performance Characteristics of
Superheating of Suction Vapor in NH3 Refrigeration
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TC
TE
COP
GWP
ODP

Nomenclatures

Condensing Pressure [bar]

Evaporating Pressure [bar]

Saturated Pressure [bar]

Heat Capacity of Evaporation [ £W ]

Heat Capacity of Condenser [ 2W']

Refrigerant Mass Flow Rate [ kg/ ]

Cooling Water Mass Flow Rate of Condenser Outlet [ &g/ ]
Cooling Water Temperature of Condenser Qutlet [TC]
Chilled Water Temperature of Evaporator Outlet [C]
Enthalpy [ kcall kg ]

Specific Volume [ m?®/kg]

Volumetric Efficiency

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

Ozone Depletion Potential
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ABSTRACT

The Study on Performance Characteristics of
Superheating the Suction Vapor in NH3 Refrigeration
System Using Optimum Heat Exchanger

Jeon, Sang-Sin
Advisor : Prof. Ha, Ok-Nam, Ph.D.
Department of Mechanical Engineering

Graduate School of Chosun University

Recently, due to the environment problem such as depletion of ozone and
global warming, using of refrigerants has been restricted in the field of industry
around world. In this aspect of environmental problems, the best solution is to
use the natural refrigerant in the world such as ammonia of mineral compounds
and propane, propylene of HC(hydrocarbon). Among them, 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 & Disk type heat exchanger with ammonia as

refrigerant and prove the superiority of Shell & Disk type heat exchanger that
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has not been used in field of refrigeration and air-conditioning.

The result of performance characteristic test according to condensing pressure

and superheat temperature is as following.

1. As the degree of superheat was raised at each uniformity condensing
pressure condition, the mass flow rate of refrigerant was decreased due to
lowering of evaporative pressure, lowering of equilibrium temperature and
increase of specific volume at both Shell & Tube type and Shell & Disk type
heat exchanger. Also we found that as the condensing pressure was raised at
each uniformity degree of superheat condition, the mass flow rate of refrigerant
was decreased due to increase of compression ratio and lowering of volume
efficiency.

2. At each uniformity condensing pressure condition, Shell & Disk 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.

3. At Shell & Disk type heat exchanger, the mass flow rate of refrigerant was
decreased according as condensing pressure and degree of superheat were
getting higher. As the result, compression ratio and required power were
getting higher and the energy loss was incurred.

4. In case of Shell & Disk type heat exchanger, the highest COP was appeared
when the degree of superheat 0C and With 10C of superheat temperature,
COP was 37.196~37.4%. It showed the most decrease.

5. As a result of study, It revealed that Shell & Disk type heat exchanger was

applicable to the ammonia refrigeration system, it seemed possible to have some

_iX_



economic profit and to solve the environment problem because refrigerant was
charged less than Shell & Tube type heat exchanger and refrigerator can be

installed in limited area.
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Table 1 Characteristics of refrigerant

Natural HEFC HCFC
. Refrigerant Refrigerant Refrigerant
Refrigerant R717 | R290
. R134a | R404A | R22 R502
Ammonia| Propane
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(led/m’) 884 664 495 800 795 748
TC/TE
. Power (kd/m’) 153 123 90 159 143 149
40/0C
COP 5.78 5.40 5.5b1 5.03 5.55 5.01
Qe(led/m’) 401 322 213 368 383 353
TC/TE
. Power (kd/m’) 122 107 69 134 121 128
40/-20TC
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
Pgat(bar) 0 4.29 4.74 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

The theoretical refrigeration cycle and saturated properties are based on
the NIST REFPROP ver. 6.0.



Table 2 Comparison chart for heat exchanger

It Type| Shell & | Fin Tube Plate Brazed Shell &
cm . .

Unit Tube Type| Type Type Type |Disk Type
Weight kg 1000 700 500 300 200
Volume m3 1.0 1.0 0.4 0.2 0.2

Welding, P i
Welding, M/C., e 1ng. . res§1ng -
Manufactu Beari D/R M/C, Bearing,| Pressing Cutting Pressing
n T earing, , . . .
a ac ¢ ) g D/R, Rolling. Cutting Copper Welding
Rolling. etc A
etc Brazing
Lig © Li Liq : Li
. 904 Ges i Lig | Liq: Lig | Lig  Lig -
Application Gas ' Liq ) ) Gas : Liq
Gas ' Gas |Steam ' Lig| Gas ' Lig
Gas ' Gas Gas ' Gas
Max Press. bar 1000 50 16 25 100
Max Temp. T 1000/-320 400/-320 180/-25 230/-160 450/-196
Heat . Corrogation | Corrogation Corrogation
— Tube Tube & Fin
transfer Plate Plate Plate
K volume | kcal/m2hC 200-1500 15-800 Max 6000 Max 6000 Max 6000
Cost % 100 80 40 35 30
Maintenance % 100 30 50 Impossible 30
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Table 3 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 4 The effect of the refrigerants on the environment

Refrigerant obDpP 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 3300

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 5 General data of Ammonia compared with R22

Characteristics Ammonia R22
Chemical composition NHs CHCIF,
Molecular Weight (kg/kmol) 17.03 86.48
Ozone depletion potential 0 0
Glohal warming potential(100 years) 0 1700
Normal boiling point at 1.013 bar (C) -33.3 -40.8
Critical pressure (bar) 1133 49.9
Critical temperature (C) 1323 96.2
Enthalpy of evaporation at 0C (kJ/kg) 1261.7 204.9
Specific heat of sat. lig. at 0C (kJ/kgK) 462 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. lig. at 0C (kg/m®) 633.6 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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———— Theozretical cycle
Actual cycle

Pressure

(kPa)

Enthalpy(k]/keg) h

Fig. 1 P- & Diagrams of the theoretical and actual refrigeration cycles
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Table 6 Equipment specification of NH; refrigeration system for

experimental

EQUIPMENT MODEL & TYPE SPECIFICATION

Compressor Screw / Open 118 m*/h

Main moter TEFC 15 kW

Oil cooler Shell & Disk 46 m’

Condenser Shell & Disk 22 m’
Evaporator with . )

Shell & Disk 16 m

knock out drum

Bath tank Rectangle 1 m




Photo. 1 Photograph of the experimental apparatus



@ : Compressor @ : Oil separator @ : Shell & Disk Type Condenser

@ : Receiver (® : Expansion valve ® : Shell & Disk Type Evaporator
@ : Constant temperature bhath ®, @ : Circulation pump

P : Pressure senser T : Temperature senser

PCV : Pressure control valve SHV : Superheat controller

F : Mass flow meter PM : Power meter

— : Refrigerant "ttt . Cooling & Chilled water

Fig. 2 Schematic diagrams of the experimental apparatus
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3.1.1 Shell & Disk Type Eu3tr|9o ++x 2 EA
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Aside

Fig. 3 Details of flow direction in the Shell & Disk Type heat

exchanger



Fig. 4 Shell & Disk Type Plate
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Table 7 Experimental condition

Parameter

Experimental condition

Working fluid NHs (R-717)
Charge Rate(kg) &/ 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) 6300
Cooling & Chilled water Demineralized
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Fig. 5 The relations of suction mass flow rate and degree of

superheat at each condenser pressure.
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superheat at each condenser pressure.
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Fig. 18 The relations of cooling water mass flow rate and degree of

superheat at each condenser pressure.
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Fig. 20 The relations of heat capacity of condenser and degree of

superheat at each condenser pressure.
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Fig. 22 The relations of chilled water outlet temperature and

degree of superheat at each condenser pressure.
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Fig. 23 The relations of heat capacity of evaporator and degree of

superheat at each condenser pressure.
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