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ABSTRACT

Research into natural refrigerants that use CO,, instead of chlorofluorocarbons and hydrofluorocarbons, has
increased due to the environmental problems caused by ozone depletion. CO, refrigerants are more
environmentally friendly than conventional refrigerants because they have better latent heat of evaporation and
heat transfer efficiency properties. However, they have very low critical temperatures and require high design
pressures; therefore, pressure control valves, which reduce the pressure of the CO, refrigerant to a safe level
and apply it to the refrigerant air conditioning system, are necessary to secure stability against high pressure.
In the present study, we evaluated the flow characteristics and valve performance of the pressure control
valve using a CO, refrigerant by measuring the pressure, velocity, and flow coefficient. In addition, we
examined the applied forces caused by the internal pressure from the highly pressurized CO, refrigerant and
required thrust characteristics.
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Table 1 Mechanical properties of SUS316

Density E UTS Poisson’s
(kgf/mm®) (GPa) (MPa) Ratio
7.87 190 480 0.265

Table 2 Operating conditions of pressure control

valve
Opening Flow Pressure(kPa)
rate(%) Coefficient(gpm) Inlet | Outlet
100 140
50 70 27 20
10 40

(2) Open

Fig. 1 Configuration of pressure control valve

(b) Close
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Total Pressure
Contour 1

32,522
30.464 —
28.406 | |
26.347
24.289 -
22.230
20.172
18.113
16.055
13.996

[kPa]

(a) Opening rate 100%

Total Pressure
ontour 1

C
28.337
26.701
25.065
23.429
21.792
20.156
18.520
16.884
15.248
13.612

[kPa]

Total Pressure

Contour 1
2717
25.81
24.44

23.08

21.72
20.35
18.99
17.62
16.26

14.89
[kPa]

(¢) Opening rate 10%

Fig. 2 Pressure drops regarding to opening rates

Table 3 Formulas for calculating forces applied in

value

Packing Force

Frog=SD, ol feY

Piston Force Fp=Py « A,
Disk
Body/Cage Fpp=0.09 « AP+ A+ L+ ODgpyp
Friction Force
Differential
F = P . A .
Pressure Force Dp plug differ

Sealing Force | Fg =(0.0667 « P,,+100) * m « By

160

- CV
140

120 -

100

80 r

60

a0 |

Flow Coefficient(gpm)

0 . .
0 10 20 30 40 50 60 70 80 90 100 120
Opening Rate(%)

Fig. 3 Change of flow rates regarding to opening
rates
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Fig. 4 Packing force regarding to opening rate
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Fig. 9 Required force for operation of valve
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