THERMODYNAMIC PROPERTIES OF WORKING FLUIDS
Thermodynamic Properties Obtained with CoolProp V6.6.0. Coolprop is a freely available library in Python [1]. This library includes functions for calculating the thermodynamic properties of 122 working fluids. The properties of the fluids: R245fa (Table 1), R600a (Table 2), 1234ze(Z) (Table 3) and 1234zf (Table 4) for analysis over the temperature and pressure range. The properties were estimated over a temperature and pressure range that allowed the results shown in the article to be recreated.
[1] Bell, I. H., Wronski, J., Quoilin, S., & Lemort, V. (2014). Pure and Pseudo-pure Fluid Thermophysical Property Evaluation and the Open-Source Thermophysical Property Library CoolProp. Industrial & Engineering Chemistry Research, 53(6), 2498–2508. doi:10.1021/ie4033999  
Table 1. Thermodynamic Properties of fluid R245fa
	T [°C]
	P [bar]
	h [kJ/kg]
	s [kJ/kg·K]

	40.0
	2
	436.65
	1.7802

	40.0
	3
	253.05
	1.1808

	40.0
	4
	253.08
	1.1806

	40.0
	5
	253.10
	1.1805

	40.0
	6
	253.12
	1.1803

	40.0
	7
	253.15
	1.1801

	40.0
	8
	253.17
	1.1800

	40.0
	9
	253.19
	1.1798

	40.0
	10
	253.22
	1.1796

	45.4
	2
	441.69
	1.7962

	45.4
	3
	260.36
	1.2039

	45.4
	4
	260.38
	1.2038

	45.4
	5
	260.40
	1.2036

	45.4
	6
	260.42
	1.2034

	45.4
	7
	260.44
	1.2032

	45.4
	8
	260.46
	1.2030

	45.4
	9
	260.48
	1.2029

	45.4
	10
	260.51
	1.2027

	50.7
	2
	446.76
	1.8120

	50.7
	3
	444.47
	1.7815

	50.7
	4
	267.76
	1.2268

	50.7
	5
	267.78
	1.2266

	50.7
	6
	267.80
	1.2264

	50.7
	7
	267.82
	1.2262

	50.7
	8
	267.84
	1.2260

	50.7
	9
	267.85
	1.2258

	50.7
	10
	267.87
	1.2256

	56.1
	2
	451.87
	1.8276

	56.1
	3
	449.71
	1.7975

	56.1
	4
	447.39
	1.7743

	56.1
	5
	275.25
	1.2494

	56.1
	6
	275.26
	1.2492

	56.1
	7
	275.28
	1.2490

	56.1
	8
	275.29
	1.2488

	56.1
	9
	275.31
	1.2486

	56.1
	10
	275.32
	1.2484

	61.5
	2
	457.01
	1.8431

	61.5
	3
	454.98
	1.8134

	61.5
	4
	452.81
	1.7906

	61.5
	5
	282.81
	1.2722

	61.5
	6
	282.82
	1.2720

	61.5
	7
	282.83
	1.2718

	61.5
	8
	282.84
	1.2716

	61.5
	9
	282.85
	1.2714

	61.5
	10
	282.86
	1.2712

	66.8
	2
	462.19
	1.8585

	66.8
	3
	460.27
	1.8291

	66.8
	4
	458.23
	1.8067

	66.8
	5
	456.04
	1.7878

	66.8
	6
	290.48
	1.2947

	66.8
	7
	290.48
	1.2945

	66.8
	8
	290.49
	1.2942

	66.8
	9
	290.49
	1.2940

	66.8
	10
	290.50
	1.2938

	72.2
	2
	467.41
	1.8737

	72.2
	3
	465.59
	1.8446

	72.2
	4
	463.67
	1.8225

	72.2
	5
	461.62
	1.8041

	72.2
	6
	459.42
	1.7879

	72.2
	7
	298.24
	1.3171

	72.2
	8
	298.24
	1.3169

	72.2
	9
	298.24
	1.3166

	72.2
	10
	298.24
	1.3164

	77.5
	2
	472.66
	1.8888

	77.5
	3
	470.94
	1.8600

	77.5
	4
	469.13
	1.8382

	77.5
	5
	467.20
	1.8202

	77.5
	6
	465.16
	1.8043

	77.5
	7
	462.95
	1.7899

	77.5
	8
	306.10
	1.3395

	77.5
	9
	306.09
	1.3392

	77.5
	10
	306.09
	1.3389

	82.9
	2
	477.95
	1.9038

	82.9
	3
	476.32
	1.8752

	82.9
	4
	474.60
	1.8537

	82.9
	5
	472.80
	1.8360

	82.9
	6
	470.88
	1.8205

	82.9
	7
	468.83
	1.8065

	82.9
	8
	466.64
	1.7934

	82.9
	9
	314.07
	1.3618

	82.9
	10
	314.06
	1.3615

	88.3
	2
	483.28
	1.9186

	88.3
	3
	481.73
	1.8903

	88.3
	4
	480.11
	1.8690

	88.3
	5
	478.40
	1.8516

	88.3
	6
	476.60
	1.8365

	88.3
	7
	474.69
	1.8228

	88.3
	8
	472.66
	1.8101

	88.3
	9
	470.47
	1.7980

	88.3
	10
	322.17
	1.3841

	93.6
	2
	488.65
	1.9334

	93.6
	3
	487.18
	1.9052

	93.6
	4
	485.64
	1.8842

	93.6
	5
	484.02
	1.8671

	93.6
	6
	482.33
	1.8522

	93.6
	7
	480.54
	1.8389

	93.6
	8
	478.65
	1.8266

	93.6
	9
	476.63
	1.8150

	93.6
	10
	474.46
	1.8037

	99.0
	2
	494.07
	1.9480

	99.0
	3
	492.66
	1.9201

	99.0
	4
	491.19
	1.8993

	99.0
	5
	489.66
	1.8823

	99.0
	6
	488.06
	1.8677

	99.0
	7
	486.39
	1.8547

	99.0
	8
	484.62
	1.8428

	99.0
	9
	482.75
	1.8315

	99.0
	10
	480.75
	1.8207





Table 2. Thermodynamic Properties of fluid R600a
	T [°C]
	P [bar]
	h [kJ/kg]
	s [kJ/kg·K]

	40.0
	5
	609.14
	2.3329

	40.0
	6
	296.30
	1.3259

	40.0
	7
	296.34
	1.3254

	40.0
	8
	296.38
	1.3250

	40.0
	9
	296.41
	1.3245

	40.0
	10
	296.45
	1.3240

	40.0
	11
	296.49
	1.3235

	40.0
	12
	296.53
	1.3230

	40.0
	13
	296.56
	1.3226

	40.0
	14
	296.60
	1.3221

	40.0
	15
	296.64
	1.3216

	40.0
	16
	296.68
	1.3211

	45.4
	5
	619.38
	2.3653

	45.4
	6
	615.25
	2.3296

	45.4
	7
	310.03
	1.3688

	45.4
	8
	310.06
	1.3683

	45.4
	9
	310.09
	1.3678

	45.4
	10
	310.11
	1.3673

	45.4
	11
	310.14
	1.3667

	45.4
	12
	310.17
	1.3662

	45.4
	13
	310.20
	1.3657

	45.4
	14
	310.23
	1.3652

	45.4
	15
	310.26
	1.3647

	45.4
	16
	310.29
	1.3642

	50.7
	5
	629.68
	2.3974

	50.7
	6
	625.81
	2.3625

	50.7
	7
	323.97
	1.4122

	50.7
	8
	323.98
	1.4116

	50.7
	9
	323.99
	1.4111

	50.7
	10
	324.01
	1.4105

	50.7
	11
	324.03
	1.4100

	50.7
	12
	324.04
	1.4094

	50.7
	13
	324.06
	1.4089

	50.7
	14
	324.08
	1.4084

	50.7
	15
	324.10
	1.4078

	50.7
	16
	324.12
	1.4073

	56.1
	5
	640.04
	2.4291

	56.1
	6
	636.40
	2.3949

	56.1
	7
	632.51
	2.3641

	56.1
	8
	338.16
	1.4550

	56.1
	9
	338.16
	1.4544

	56.1
	10
	338.16
	1.4538

	56.1
	11
	338.16
	1.4533

	56.1
	12
	338.17
	1.4527

	56.1
	13
	338.17
	1.4521

	56.1
	14
	338.18
	1.4515

	56.1
	15
	338.18
	1.4509

	56.1
	16
	338.19
	1.4504

	61.5
	5
	650.49
	2.4606

	61.5
	6
	647.04
	2.4270

	61.5
	7
	643.39
	2.3969

	61.5
	8
	639.49
	2.3690

	61.5
	9
	352.60
	1.4979

	61.5
	10
	352.58
	1.4973

	61.5
	11
	352.57
	1.4967

	61.5
	12
	352.56
	1.4960

	61.5
	13
	352.55
	1.4954

	61.5
	14
	352.54
	1.4948

	61.5
	15
	352.53
	1.4942

	61.5
	16
	352.52
	1.4935

	66.8
	5
	661.02
	2.4918

	66.8
	6
	657.75
	2.4587

	66.8
	7
	654.31
	2.4292

	66.8
	8
	650.66
	2.4021

	66.8
	9
	646.76
	2.3766

	66.8
	10
	642.56
	2.3521

	66.8
	11
	367.28
	1.5403

	66.8
	12
	367.25
	1.5396

	66.8
	13
	367.22
	1.5389

	66.8
	14
	367.19
	1.5382

	66.8
	15
	367.16
	1.5375

	66.8
	16
	367.14
	1.5369

	72.2
	5
	671.63
	2.5228

	72.2
	6
	668.53
	2.4902

	72.2
	7
	665.28
	2.4613

	72.2
	8
	661.84
	2.4348

	72.2
	9
	658.20
	2.4100

	72.2
	10
	654.31
	2.3864

	72.2
	11
	650.13
	2.3634

	72.2
	12
	382.27
	1.5834

	72.2
	13
	382.22
	1.5827

	72.2
	14
	382.17
	1.5819

	72.2
	15
	382.12
	1.5812

	72.2
	16
	382.07
	1.5804

	77.5
	5
	682.35
	2.5536

	77.5
	6
	679.39
	2.5214

	77.5
	7
	676.30
	2.4929

	77.5
	8
	673.06
	2.4670

	77.5
	9
	669.65
	2.4429

	77.5
	10
	666.02
	2.4201

	77.5
	11
	662.16
	2.3980

	77.5
	12
	658.01
	2.3764

	77.5
	13
	397.60
	1.6269

	77.5
	14
	397.51
	1.6260

	77.5
	15
	397.43
	1.6252

	77.5
	16
	397.36
	1.6244

	82.9
	5
	693.16
	2.5842

	82.9
	6
	690.34
	2.5524

	82.9
	7
	687.40
	2.5244

	82.9
	8
	684.33
	2.4989

	82.9
	9
	681.11
	2.4754

	82.9
	10
	677.72
	2.4532

	82.9
	11
	674.13
	2.4319

	82.9
	12
	670.31
	2.4112

	82.9
	13
	666.20
	2.3907

	82.9
	14
	661.73
	2.3702

	82.9
	15
	413.18
	1.6698

	82.9
	16
	413.06
	1.6688

	88.3
	5
	704.08
	2.6146

	88.3
	6
	701.38
	2.5832

	88.3
	7
	698.58
	2.5555

	88.3
	8
	695.67
	2.5305

	88.3
	9
	692.62
	2.5075

	88.3
	10
	689.43
	2.4858

	88.3
	11
	686.07
	2.4652

	88.3
	12
	682.52
	2.4452

	88.3
	13
	678.75
	2.4257

	88.3
	14
	674.70
	2.4064

	88.3
	15
	670.31
	2.3868

	88.3
	16
	429.27
	1.7140

	93.6
	5
	715.10
	2.6449

	93.6
	6
	712.52
	2.6138

	93.6
	7
	709.84
	2.5864

	93.6
	8
	707.07
	2.5618

	93.6
	9
	704.18
	2.5392

	93.6
	10
	701.17
	2.5180

	93.6
	11
	698.02
	2.4980

	93.6
	12
	694.70
	2.4787

	93.6
	13
	691.20
	2.4599

	93.6
	14
	687.49
	2.4415

	93.6
	15
	683.51
	2.4231

	93.6
	16
	679.22
	2.4046

	99.0
	5
	726.24
	2.6750

	99.0
	6
	723.76
	2.6442

	99.0
	7
	721.20
	2.6172

	99.0
	8
	718.55
	2.5929

	99.0
	9
	715.80
	2.5707

	99.0
	10
	712.95
	2.5499

	99.0
	11
	709.98
	2.5303

	99.0
	12
	706.87
	2.5116

	99.0
	13
	703.61
	2.4935

	99.0
	14
	700.17
	2.4758

	99.0
	15
	696.53
	2.4583

	99.0
	16
	692.64
	2.4409






Table 3. Thermodynamic Properties of fluid 1234ze(Z)
	T [°C]
	P [bar]
	h [kJ/kg]
	s [kJ/kg·K]

	40.0
	2
	450.05
	1.8338

	40.0
	3
	250.53
	1.1718

	40.0
	4
	250.55
	1.1716

	40.0
	5
	250.57
	1.1714

	40.0
	6
	250.59
	1.1712

	40.0
	7
	250.61
	1.1710

	40.0
	8
	250.63
	1.1708

	40.0
	9
	250.65
	1.1706

	40.0
	10
	250.67
	1.1704

	40.0
	11
	250.69
	1.1702

	45.4
	2
	454.96
	1.8494

	45.4
	3
	451.91
	1.8125

	45.4
	4
	257.67
	1.1942

	45.4
	5
	257.69
	1.1940

	45.4
	6
	257.71
	1.1937

	45.4
	7
	257.73
	1.1935

	45.4
	8
	257.74
	1.1933

	45.4
	9
	257.76
	1.1931

	45.4
	10
	257.78
	1.1929

	45.4
	11
	257.80
	1.1927

	50.7
	2
	459.91
	1.8648

	50.7
	3
	457.04
	1.8285

	50.7
	4
	264.90
	1.2167

	50.7
	5
	264.91
	1.2164

	50.7
	6
	264.93
	1.2162

	50.7
	7
	264.94
	1.2160

	50.7
	8
	264.95
	1.2158

	50.7
	9
	264.97
	1.2155

	50.7
	10
	264.98
	1.2153

	50.7
	11
	264.99
	1.2151

	56.1
	2
	464.88
	1.8800

	56.1
	3
	462.19
	1.8443

	56.1
	4
	459.31
	1.8167

	56.1
	5
	272.24
	1.2389

	56.1
	6
	272.25
	1.2386

	56.1
	7
	272.25
	1.2384

	56.1
	8
	272.26
	1.2381

	56.1
	9
	272.27
	1.2379

	56.1
	10
	272.28
	1.2377

	56.1
	11
	272.29
	1.2374

	61.5
	2
	469.89
	1.8951

	61.5
	3
	467.35
	1.8598

	61.5
	4
	464.65
	1.8328

	61.5
	5
	461.76
	1.8099

	61.5
	6
	279.68
	1.2610

	61.5
	7
	279.68
	1.2608

	61.5
	8
	279.68
	1.2605

	61.5
	9
	279.69
	1.2602

	61.5
	10
	279.69
	1.2600

	61.5
	11
	279.70
	1.2597

	66.8
	2
	474.93
	1.9100

	66.8
	3
	472.52
	1.8752

	66.8
	4
	469.99
	1.8486

	66.8
	5
	467.30
	1.8263

	66.8
	6
	464.41
	1.8064

	66.8
	7
	287.22
	1.2831

	66.8
	8
	287.22
	1.2828

	66.8
	9
	287.22
	1.2826

	66.8
	10
	287.21
	1.2823

	66.8
	11
	287.21
	1.2820

	72.2
	2
	480.00
	1.9248

	72.2
	3
	477.73
	1.8904

	72.2
	4
	475.34
	1.8642

	72.2
	5
	472.81
	1.8424

	72.2
	6
	470.13
	1.8231

	72.2
	7
	467.26
	1.8054

	72.2
	8
	294.88
	1.3052

	72.2
	9
	294.87
	1.3049

	72.2
	10
	294.86
	1.3046

	72.2
	11
	294.85
	1.3043

	77.5
	2
	485.11
	1.9395

	77.5
	3
	482.95
	1.9054

	77.5
	4
	480.70
	1.8796

	77.5
	5
	478.32
	1.8582

	77.5
	6
	475.82
	1.8395

	77.5
	7
	473.15
	1.8224

	77.5
	8
	470.30
	1.8063

	77.5
	9
	302.66
	1.3273

	77.5
	10
	302.64
	1.3270

	77.5
	11
	302.63
	1.3267

	82.9
	2
	490.26
	1.9541

	82.9
	3
	488.21
	1.9203

	82.9
	4
	486.07
	1.8948

	82.9
	5
	483.83
	1.8738

	82.9
	6
	481.48
	1.8555

	82.9
	7
	479.00
	1.8389

	82.9
	8
	476.36
	1.8234

	82.9
	9
	473.54
	1.8086

	82.9
	10
	310.58
	1.3494

	82.9
	11
	310.55
	1.3491

	88.3
	2
	495.45
	1.9685

	88.3
	3
	493.50
	1.9350

	88.3
	4
	491.46
	1.9098

	88.3
	5
	489.35
	1.8892

	88.3
	6
	487.14
	1.8713

	88.3
	7
	484.82
	1.8551

	88.3
	8
	482.36
	1.8402

	88.3
	9
	479.76
	1.8259

	88.3
	10
	476.97
	1.8122

	88.3
	11
	318.64
	1.3716

	93.6
	2
	500.68
	1.9829

	93.6
	3
	498.81
	1.9496

	93.6
	4
	496.88
	1.9247

	93.6
	5
	494.87
	1.9044

	93.6
	6
	492.79
	1.8868

	93.6
	7
	490.61
	1.8710

	93.6
	8
	488.32
	1.8565

	93.6
	9
	485.90
	1.8428

	93.6
	10
	483.34
	1.8297

	93.6
	11
	480.59
	1.8168

	99.0
	2
	505.94
	1.9972

	99.0
	3
	504.16
	1.9641

	99.0
	4
	502.32
	1.9394

	99.0
	5
	500.41
	1.9194

	99.0
	6
	498.44
	1.9021

	99.0
	7
	496.38
	1.8867

	99.0
	8
	494.23
	1.8725

	99.0
	9
	491.98
	1.8593

	99.0
	10
	489.61
	1.8466

	99.0
	11
	487.10
	1.8344





Table 4. Thermodynamic Properties of fluid 1234zf
	T [°C]
	P [bar]
	h [kJ/kg]
	s [kJ/kg·K]

	40.0
	2
	441.34
	1.8979

	40.0
	3
	439.47
	1.8585

	40.0
	4
	437.49
	1.8290

	40.0
	5
	435.41
	1.8048

	40.0
	6
	433.21
	1.7837

	40.0
	7
	430.85
	1.7646

	40.0
	8
	428.31
	1.7468

	40.0
	9
	258.80
	1.1984

	45.4
	2
	446.72
	1.9150

	45.4
	3
	444.95
	1.8759

	45.4
	4
	443.09
	1.8467

	45.4
	5
	441.13
	1.8229

	45.4
	6
	439.07
	1.8023

	45.4
	7
	436.89
	1.7838

	45.4
	8
	434.55
	1.7666

	45.4
	9
	432.05
	1.7503

	50.7
	2
	452.16
	1.9319

	50.7
	3
	450.47
	1.8930

	50.7
	4
	448.71
	1.8642

	50.7
	5
	446.87
	1.8407

	50.7
	6
	444.94
	1.8205

	50.7
	7
	442.90
	1.8025

	50.7
	8
	440.75
	1.7859

	50.7
	9
	438.45
	1.7703

	56.1
	2
	457.64
	1.9487

	56.1
	3
	456.04
	1.9101

	56.1
	4
	454.37
	1.8815

	56.1
	5
	452.63
	1.8584

	56.1
	6
	450.81
	1.8385

	56.1
	7
	448.91
	1.8209

	56.1
	8
	446.91
	1.8048

	56.1
	9
	444.79
	1.7897

	61.5
	2
	463.18
	1.9654

	61.5
	3
	461.65
	1.9270

	61.5
	4
	460.07
	1.8987

	61.5
	5
	458.42
	1.8758

	61.5
	6
	456.71
	1.8563

	61.5
	7
	454.92
	1.8390

	61.5
	8
	453.05
	1.8233

	61.5
	9
	451.08
	1.8086

	66.8
	2
	468.77
	1.9819

	66.8
	3
	467.31
	1.9438

	66.8
	4
	465.80
	1.9157

	66.8
	5
	464.24
	1.8931

	66.8
	6
	462.62
	1.8738

	66.8
	7
	460.93
	1.8568

	66.8
	8
	459.18
	1.8414

	66.8
	9
	457.34
	1.8272

	72.2
	2
	474.42
	1.9984

	72.2
	3
	473.02
	1.9604

	72.2
	4
	471.58
	1.9326

	72.2
	5
	470.09
	1.9101

	72.2
	6
	468.55
	1.8911

	72.2
	7
	466.96
	1.8744

	72.2
	8
	465.31
	1.8593

	72.2
	9
	463.59
	1.8454

	77.5
	2
	480.11
	2.0148

	77.5
	3
	478.77
	1.9770

	77.5
	4
	477.40
	1.9493

	77.5
	5
	475.98
	1.9271

	77.5
	6
	474.51
	1.9083

	77.5
	7
	473.01
	1.8918

	77.5
	8
	471.44
	1.8770

	77.5
	9
	469.82
	1.8633

	82.9
	2
	485.86
	2.0311

	82.9
	3
	484.58
	1.9934

	82.9
	4
	483.26
	1.9659

	82.9
	5
	481.90
	1.9438

	82.9
	6
	480.51
	1.9252

	82.9
	7
	479.07
	1.9090

	82.9
	8
	477.59
	1.8944

	82.9
	9
	476.06
	1.8810

	88.3
	2
	491.67
	2.0472

	88.3
	3
	490.43
	2.0097

	88.3
	4
	489.16
	1.9823

	88.3
	5
	487.86
	1.9604

	88.3
	6
	486.53
	1.9420

	88.3
	7
	485.16
	1.9259

	88.3
	8
	483.76
	1.9115

	88.3
	9
	482.31
	1.8984

	93.6
	2
	497.52
	2.0633

	93.6
	3
	496.33
	2.0259

	93.6
	4
	495.11
	1.9987

	93.6
	5
	493.87
	1.9769

	93.6
	6
	492.59
	1.9587

	93.6
	7
	491.29
	1.9427

	93.6
	8
	489.95
	1.9285

	93.6
	9
	488.57
	1.9156

	99.0
	2
	503.43
	2.0793

	99.0
	3
	502.28
	2.0420

	99.0
	4
	501.11
	2.0149

	99.0
	5
	499.91
	1.9933

	99.0
	6
	498.69
	1.9752

	99.0
	7
	497.44
	1.9594

	99.0
	8
	496.16
	1.9454

	99.0
	9
	494.85
	1.9326




