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Th o ic oet s fWa r(Stea be)

Critical Pressure: 22.064 MPa, Critical Temperature 373.95°C
Ideal Gas Constant of Steam: R =0.4615 klJ/kg.K
Specific Heat Capacity of liquid water: Cioo = 4.18 kJ/kg.°C

t P p rty able:

Saturation Properties - Temperat re Table (0.01°C - 150°C)

o Saturation Properties - Temperature Table (150°C - 373.95°C)
Saturation Properties - Pressure Table (1 kPa - 1 MPa)
Saturation Properties - Pressure Table (1 MPa - 22.064 MPa)
Superheated Vapor Properties - (0.01  Pa - 0.4 N Pa)

s Superheated Vapor Properties - (0.5 MPa - 1.4 MPa)
Superheated Vapor Properties - (1.6 MPa - 3.5 MPa)
Superheated Vapor Properties - (4 MPa - 8 MPa)

Superheated Vapor Properties - (9 MPa - 40 MPa)
o Compressed Liquid Water Properties - (5§ MPa - 30 MPa)

team Proper y a les (Excel Ve sion):

Saturation Properties - Temperature Table
o Saturation Properties - Pressure Table
Superheated Vapor Properties
ompressed Lig id Water Properties

Source of data: NIS Chemistry WebBook - accessed Jan 2008

a Pro ety ‘agrams:

o Pressure-Enthalpy (P-) Diagram

Enthalpyv-Entropyv (k-s) Diagram
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Sat ati n Prope ties for t am- emperature able (0.01° -150°C)

[Temp [Pressure [volume (m3/kg) energy (ki/kg)[  enthalpy (ki/kg) | entropy (ki/kgK)

[°C [ MPa [ vf | vg | uf | ug | hf [hfg [ hg [ sf [ sfg | sg
[0.01] 0.00061[0.00100] 205.99]  0[2374.5] 0.001[2500.9[2500.9] 0| 9.1555] 9.1555
[ 5[0.00087(0.00100[ 147.01[ 21.02[2381.8] 21.0[2489.1[2510.1[0.0763[ 8.9485[ 9.0248
[ 10[0.00123[0.00100[ 10630[ 42.02[2388.6 42.0[24772[2519.2[0.1511[8.7487[ 8.8998
| 15 0.00171{0.00100] 77.875| 62.98[2395.5| 63.02465.3(2528.30.2245| 8.5558| 8.7803
| 20{0.00234{0.00100( 57.757| 83.91{2402.3| 83.9/2453.5|2537.4/0.2965 8.3695| 8.6660
[ 25[0.00317[0.00100] 43.337[104.83[2409.1[ 104.8]2441.7[2546.5{0.3672] 8.1894 8.5566
| 30} 0.00425[0.00100| 32.878{125.73[2415.9| 125.7|2429.8{2555.5/0.4368] 8.0152 8.4520
L
I
L

~35[0.00563[0.00101] 25.205[146.63[2422.7 146.6[2417.9[2564.5[0.5051| 7.8466] 8.3517
40 0.00739(0.00101 | 19.515{167.532429.4| 167.5{2406.0|2573.5(0.5724 7.6831| 8.2555
_45[0.00960(0.00101| 15.252|188.43[2436.1] 188.4]2394.0|2582.4/0.6386| 7.5247| 8.1633

| 50 0.01235{0.00101{ 12.027{209.33|2442.7| 209.3{2382.0{2591.3]0. 70381| 7.3710} 8.0748
[ 55[0.01576[0.00102 9.5643[230.24[2449.3[ 230.3]2369.8[2600.1[0.7680] 7.2218[ 7.9898
[ 60{ 0.01995[0.00102] 7.6672[251.16[2455.9] 251.2]2357. 6|2608 810.8313{ 7.0768] 7.9081
| 65[0.02504{0.00102( 6.1935[272.092462.4| 272.1)2345.4|2617.5/0.8937| 6.9359] 7.8296
| 70| 0.03120{0.00102( 5.0395[293.03{2468.9{ 293.2|2333.0|2626.1{0.9551| 6.7989 7.7540
| 75[0.03860[0.00103] 4.1289[313.99|2475.2| 314.0{2320.6|2634.6|1.0158] 6.6654] 7.6812
| 80[0.04741]0.00103| 3.4052{334.96|2481.6 335.0{2308.0|2643.0{1.0756| 6.5355| 7.6111
| 85/ 0.05787]0.00103] 2.8258[355.95|2487.8| 356.0{2295.3|2651.3|1.1346| 6.4088( 7.5434
[ 90} 0.07018/0.00104} 2.3591{376.97(2494.0| 377.0(2282.5|2659.5|1.1929| 6.2852{ 7.4781:
[95[0.08461{0.00104] 1.9806[398.00[2500. o[ 398.1{2269.5|2667.6[1.2504] 6.1647{ 7.4151
[100[0.10142[0.00104] 1.6718[419.06{2506.0] 419.2[2256.4]2675.61.3072 6.0469( 7.3541
[ 110] 0.14338[0.00105[ 1.2093(461.26]2517.7 461.4/2229.7|2691.1{1.4188] 5.8193| 7.2381
| 120]0.19867[0.00106 0.8912(503.60{2528.9| 503.8{2202.1|2705.9{1.5279] 5.6012| 7.1291
] 130| 0.27028 0. 001'07|0 66800|546 09{2539.5| 546.4/2173.7|2720. IF 6346/ 5.3918| 7.0264

[ 150[ 0. 47616]0 00109,|0 39245(631, 66[2559 1] 632. 2|21 13] 7[2745 9‘[ i ,8‘!1§.[,4.?9$_3.! 68371

Saturation Properties - Temperature Table (0.01°C - 150°C)

« Saturation Properties - Temperature Table (150°C - 373.95°C)

e Saturation Properties - Pressure Table (1 kPa - 1 MPa)

o Saturation Properties - Pressure Table (1 MPa - 22.064 MPa)
Superheated Vapor Properties - (0.01 MPa - 0.4 MPa)

e Superheated Vapor Properties - {0.5 MPa - 1.4 MPa)

e Superheated Vapor Properties - (1.6 MPa - 3.5 MPa)

o Superheated Vapor Properties - (4 MPa - 8 MPa)
o Superheated Vapor Properties - (9 MPa - 40 MPa)
o Compressed Liquid Water Properties - (5 MPa - 30 MPa)

Source of data: NIST Chemistry WebBook - accessed Jan 2008




aturation P operties for team - Tempe ature Table ( 50° -3 3. 5° )
: Temp lPressure Wume (m"3/kg) [energy (kJ/kg)r enthalpy (kJ/kg) | entropy (kJ/kg.K)
[°C [ MPa [ vf [ vg [uf [ug | hf [hfg | hg | sf | sfg | sg
150[ 0.4762[0.00109[0.39245(631.66[2559.1| 632.2(2113.7[2745.9]1.8418(4.9953( 6.8371
160| 0.6182[0.00110[0.30678[674.79[2567.8] 675.5(2081.9[2757.4{1.9426( 4.8065| 6.7491
[ 170[ 0. 7922r00111[0 24259[718.20[2575.7| 719. 1[2048.8{2767.9[2.0417[ 4.6233] 6. 6650
[ 180[ 1.0028(0.00113[0.19384761 922582.8] 763.1[2014.1[2777.2[2.1392[ 4.4448[ 6.5840
| 190[ 1.2552[0.00114[0.15636[806.00{2589.0| 807.4{1977. 9[2785.3[2.2355[ 4.2704 6.5059
[ 200[ 1.5549[0.00116[0.12721[850.47[2594.2 852.3[1939.7[2792.0[2.3305[ 4.0997[ 6.4302
| 210 1.9077/0.00117/0.10429[895.39[2598.3| 897.6/1899.7(2797.3|2.4245|3.9318| 6.3563
[~ 220[2.3196[0.00119[0.08609/940 82 2601. 2| 943.6[1857.3[2800.9[2.5177[ 3.7663| 6.2840
[ 230[ 2.7971[0.00121[0.07150[986.81[2602.9] 990.2(1812.72802.9]2.61013.6027] 6.2128
[ 240[ 3.3465[0.00123(0.05971(1033.4[2603.1[1037.6|1765.4/2803.0[2.7020| 3 4403} 6.1423
[ 250[ 3.9762{0.00125[0.05008{1080.8[2601.8(1085.8/1715.1[2800.9|2.7935] 3.2786| 6.0721
| 260] 4.6923[0.00128[0.04217(1129.0[2598.7[1135.0/1661.6|2796.6(2.8849| 3.1167| 6.0016
[ 270] 5.5030{0.00130[0.03562(1178.1|2593.7[1185.31604.4/2789.72.9765| 2.9539) 5.9304
[ 280[ 6.4166[0.00133[0.03015(1228.3[2586.4(1236.9(1543.0|2779.93.0685| 2.7894] 5.8579
[ 290" 7.4418[0.00137[0.02556(1279.9[2576.5[1290.0|1476.7(2766.73.1612| 2.6222| 5.7834
[ 300[ 8.5879[0.00140[0.02166(1332.9[2563.6[1345.0{1404.6|2749.63.2552 2.4507| 5.7059
[ 310[ 9.8651[0.00 45[0.01834(1387.9[2547.1(1402.2[1325.7{2727.9|3.3510 2.2734| 5.6244
I
|
l
i
!
I

320[ 11.284[0.00150[0.01547[1445.3[2526.0(1462.2(1238.4|2700.6(3.4494 2.0878| 5.5372
330] 12.858[0.00156/0.01298(1505.8[2499.2]1525.9/1140.1[2666.0(3.5518| 1.8904| 5.4422
340[ 14.601]0.00164[0.01078[1570.6[2464.4]1594.5]1027.3|2621.8[3.6601 1.6755| 5.3356
350] 16.529[0.00174[0.00880(1642.1[2418.1{1670.9] 892.7|2563.6(3.7784| 1.4326| 5.211
360| 18.666[0.00190[0.00695[1726.3[2351.8[1761.7| 719.8/2481.5[3.9167| 1.1369[ 5.0536
370[ 21.0440.00222[0.00495[1844.12230.3[1890.7| 443.8[2334.5/4.1112{ 0.69| 4.8012
[373.95] 22.064[0.00311[0.00311[2015.7[2015.7[2084.3]  0]2084.3[4.4070| 0[4.4070

Saturation Properties - Temperature Table (0.01°C - 150°C)

o Saturation Properties - Temperature Table (150°C - 373.95°C)
Saturation Properties - Pressure Table (1 kPa - 1 MPa)
Saturation Properties - Pressure Table (1 MPa - 22.064 MPa)

o Superheated Vapor Properties - (0.01 MPa - 0.4 MPa)

o Superheated Vapor Properties - (0.5 MPa - 1.4 MPa)

o Superheated Vapor Properties - (1.6 MPa - 3.5 MPa)
Superheated Vapor Properties - (4 MPa - 8 MPa)

Superheated Vapor Properties - (9 MPa - 40 MPa)
s Compressed Liquid Water Properties - (S MPa - 30 MPa)

Source of data: NIST Chemistry WebBook - accessed Jan 2008




Saturatlon Properties for Steam - Pressure Table (1 kPa - 1 MPa)

ressure

Temp

volume
(m"3/kg)

lenergy (kJ/kg)‘ enthalpy (kJ/kg)

entropy (kJ/kg.K)

zIo

v |

vg |

of [ ug | hf | hfg | hg

Sf [sfg [

SE

0, 001| 6.97/0.00100{129.18]

29.3|2384.5|

29.3| 2484.4| 2513.7

0.1059]8.8690( 85749

0.0012] 9.65[0.00100/108.67

40.6

2388.2|

40.6| 2478.0[ 2518 6{ 0.1460

8.76228.9082

0.0014| 11.97/0.00100{ 93.90]

503

23913|

50.3[2472.5[2522.8[ 0.1802

8.6720] 8.8522

0.0016[ 14.01

[0.00100]

82.74|

58.8[2394.1|

58.8| 2467.7| 2526.5 0.2100

8.5935/8.8035

0.0018] 15.84

10.00100]

74.01|

66.5[2396.6] 665 24634 2529.9[0.2366[8.5242[8.7608

0.002| 17.50

10.00100|

.99

734

2398.9| 73.4{2459.5/2532.9( 0.2606{8.4620] 8.7226

0.003| 24.08

10.00100]

45.65

101.0

2407.9

101.0[ 2443 8[2544.8[0.3543[8.22218.5764

0.004| 28.96

10.00100]

34.791

121424145

121.4[24323(2553.7( 0.4224{8.0510[ 8.4734

0.006) 36.16

[0.00101]

23.73] 151.5[2424.2[ 151.5[ 2415.1[ 2566.6] 0.5208] 7.8082[ 8.3290

0008| 41.51

{0.00101]

18.10] 173.8]2431.4] 173.8| 2402.4[ 2576.2| 0.5925] 7.6348[8.2273

0.01] 45.81

10.00101|

14.67] 191.8]2437.2[ 191.8[ 2392.1[2583.9[ 0.6492( 7.4996[ 8.1488

10.012] 49.42

0.00101f

12.36] 206.9

2442.0| 206.9] 2383.4] 2590.3| 0.6963 7.3886( 8.0849

0.014] 52.55

0.00101]

10.69]

220.0

2446.1] 220.0{ 2375.8]2595.8] 0.7366] 7.2945[8.0311

0.016[ 5. 31|000102| 9.431] 231.6 2449 8 231.6[ 2369. 0] 2600. 6|07720|72126|79846

0.018] 57.80[0.00102] 8.443| 242.0|2453.0| 242.0[ 2363.0[ 2605.0] 0.8036{7.1401[7.9437

0.02] 60.06[0.00102 7.648[ 251.4{2456.0[ 251.4[ 2357.5] 2608.9[ 0.8320[ 7. 0752]7.9072

0.03[ 69.10{0.00102] 5.228]289.2[2467.7] 289.3[ 2335.2| 2624.5[ 0.9441| 6.8234] 7.7675

| MP
B
]
|
|
|
|
I
|
|
l
|
|
[
|
|
|
|
|

0.04{ 75.86]0.00103| 3.993| 317.6|2476.3| 317.6| 2318.5( 2636.1| 1.0261[6.6429] 7.6690
[ 0.06 85.93[0.00103] 2.732[ 360.0{2489.0[ 359.9 2293.0[2652.9[ 1.1454[6.3857[ 7.5311

0.08[ 93.49[0.00104] 2.087[ 391.6[2498.2[ 391.7] 2273 5] 2665.2| 1 2330{6.2009} 7.4339

0.1} 99.61]0.00104| 1.694| 417.4|2505.6| 417.5| 2257.4| 2674.9 1.3028{6.0560{7.3588

0.12[104.78[0.00105( 1.428[439.2[2511.7[ 439.4[ 2243.7[2683.1] 1.3609| 5.9368] 7.2977

0.14[109.29[0.00105] 1.2366( 458.3[2516.9] 458.4[ 2231.6| 2690.0[ 1.4110]5.8351| 7.2461

0.16[113.30[0.00105[1.0914[ 475.2[2521.4[ 475 4] 2220.6( 2696.0[ 1.4551(5.7463[ 72014

0.18[116.910.00106]0.9775] 490.5[2525.5[ 490.7] 2210.7] 2701 4] 1.4945(5 .6676| 7.1621

02

120.21]0.00106 0.8857| 504.5(2529.1| 504.7( 2201.5 2706.2( 1.5302[5.5967{ 7.1269

|
|
|
|
|
I
|
|

03

133.52[0.00107(0.6058] 561.1]2543.2[ 561.4] 2163.5[ 27249 1.6717|5.3199( 6.9916

0.4]143.61

0.00108

0.4624

604.2

2553. 1’| 604.7

2133.4]2738.1

1.7765;

5.1190{6.8955

0.6]158.83

0.00110

03156

669.7

2556.8{ 6704

2085. 7| 2756.1

1.9308

4.8284]6.7592

0.8[170.41[0.00112]0.2403] 720.0[2576.0] 720.9| 2047.4[ 2768 3] 2. 0457|46159[6 6616

11179.88]0.001130.1944] 761.4| 2582.7| 762.5] 2014.6| 2777.1{2.1381[4.4469] 6.5850

o Saturation Properties - Temperature Table (0.01°C - 150°C)

o Saturation Properties - Temperature Table (150°C - 373.95°C)

e Saturation Properties - Pressure Table (1 kPa - 1 MPa)

o Saturation Properties - Pressure Table (1 MPa - 22.064 MPa)

o Superheated Vapor Properties - (0.01 MPa - 0.4 MPa)

o Superheated Vapor Properties - (0.5 MPa - 1.4 MPa)

e Superheated Vapor Properties - (1.6 MPa - 3.5 MPa)

o Superheated Vapor Properties - (4 MPa - 8 MPa)

¢ Superheated Vapor Properties - (3 MPa - 40 MPa)

o Compressed Liquid Water Properties - (5 MPa - 30 MPa)




atura ion Properties or team - Pressure Table (1 a-22.06 a)
Pressure| Temp [volume (mAB/kg)[energy (kl/kg)| enthalpy (kJ/kg) | entropy (Kl/kgK)
MPa | °C | vf | vg | uf [ ug | hf [ hig [ hg | sf | sfg | sg
[ 1[179.88[0.00113[ 0.1944[ 761.4[2582.7[ 762.5[2014.6[2777.1{2.1381{4.4469(6.5850
1.2[187.96]0.00114[ 0.1633] 797.0{2587.8| 798.3{1985.4(2783.7/2.2159(4.3058|6.5217
[ 1.4[195.04[0.00115[ 0.1408( 828.4[2591.8| 830.0| 1958.8|2788.8|2.2835|4.1840|6.4675
[ 1.6[201.37[0.00116] 0.1237[ 856.6{2594.8 858.5]1934.3|2792.8]2.3435[4.0764|6.4199
l
|

1.8[207.11[0.00117] 0.1104] 882.4[2597.2| 884.5]1911.4|2795.9{2.3975|3.9800{6.3775
2[212.38[0.00118[ 0.0996] 906.1[2599.1| 908.5| 1889.82798.3|2.44683.8922{6.3390
"3[233.85[0.00122[ 0.0667(1004.7(2603.2[1008.3| 1794.9/2803.2(2.64553.5401|6.1856
~ 4[250.35[0.00125 0.0498[1082.5{2601.7{1087.5| 1713.32800.8(2.7968|3.2728|6.0696
T 6[275.58(0.00132] 0.0325[1206.0{2589.91213. 5[1570.7[2784.6[3.0278[2.8623[5.8901
| '8[295.01{0.00139/ 0.0235{1306.2{2570.5[1317.3] 1441.4]2758.73.2081{2.5369|5.7450
10[311.00[0.00145] 0.0180[1393. 5[2545.2(1408.1] 1317.4[2725.5(3.3606(2.2554[5.6160
12[324.68(0.00153[ 0.0143[1473.1[2514.3[1491.5[ 1193.9[2685.4(3.4967 7[1.9972[5.4939
14[336.67[0.00161[ 0.0115[1548.4|2477.1{1571.0] 1066.9/2637.9|3.6232|1.7495(5.3727
16[347.35{0.00171] 0.0093(1622.3[2431.8[1649.7 931.1|2580.8{3.7457/1.5006{5.2463
18[356.99[0.00184] 0.0075[1699.0[2374.8[1732.1] 777.7[2509.8|3. 8718[1.2343[5.1061
20[365.75[0.00204] 0.0059[1786.4|2295.0{1827.2{ 585.1 2412.3{4.015.]0.9158(4.9314
22.064[373.95[0.00311[0.00311[2015.7[2015.7{2084.3 0[2084.3(4.4070]  0[4.4070

ey ettty r— —— et

Saturation Properties - Temperature Table (0.01°C - 150°C)
Saturation Properties - Temperature T ble (150°C - 373.95°C)
Saturation Properties - Pressure Table (1 kPa - 1 MPa)
Saturation Properties - Pressure Table (1  Pa - 22.064 MPa)
Superheated Vapor roperties - (0.01 MPa - 0.4 MPa)
Superheated Vapor Properties - (0.5 MPa - 1.4 MPa)

» Superheated Vapor Properties - ( .6 MPa - 3.5 MPa)
Superheated Vapor Properties - (4 MPa - 8 MPa)

e Superheated Vapor Properties - (3 MPa - 40 MPa)

o Compressed Liquid Water Properties - (5§ MPa - 30 MPa)

Source of data: NIST Chemistry WebBook - accessed Jan 2008




Superheated Vapor Properties for Steam - (0.01 MPa - 0.4 MPa)

P=0.010 MPa (45.8°C)

_P=0.050 MPa (81.3°C)

P=0.10 MPa (99.6°C)

Temp| volume | energy fenthalpy! entropy |I[ volume 'energy fenthalpy| entropy |[ volume [energy fenthalpy[ entropy
°C _Iv(m"3/kg)u(kl/kg) th(krke) s(kke K)fiv(m 3/kg)u(ki/kg) i(kIkg) fs(kIkg K) iv(m'3/kg) u(kl/kg) Ih(ii/kg) fs(k kg K)
_Sat|  14.67[ 2437.2] 25839  8.149||  3.240' 24832] 26452] 7.593|  1.694] 2505.6[ 26749 7359
|l sof " 1487[24433[ 25920[ sazal - - [ I .
L 100[ 1720 25155 2687.5]  8.449| 3.419] 2511.5] 2682.4] 7.695|  1.696[ 250621 2675.8] 7361
150]  19.51] 25879 2783.0  8.689Il  3.890i 2585.7] 27802[  7.941| 1937 25829 2776.6] 7615
|l 200]  21.83] 2661.3( 2879.6]  8.905[  4.356, 2660.0] 2877.8]  8.159]|i ~ 2.172[ 26582} 2875.5]  7.835
250[ 24.14[2736.1[ 29774] 9.102f 4821 2735.1] 29761 8.357|| 2.406] 2733.9] 29745  8.035
{[_300[  26.45] 28123 3076.7(  9.283|} 5284 28116 30758 8.539| 2639] 2810.6] 30745 8217
| 350 28776[ 28900 3177.5]  9.451)| 5747 2889.4] 31768 8.708| 2.871] 2888.7 31758  8.387
{l 400]  31.06[ 2969.3[ 3279.9]  9.609)[ 6.209] 2968.9 3279.3] 8.866|| 3.103| 29683  3278.6]  8.545
| 450]  3337[ 3050.3[ 3384.0[ 9758}l 6.672[ 3049.9] 338357 9.015||  3334[ 3049.4] 3382.8]  8.695
| 500 35.68] 3132.9] 348977 9.900  7.134] 3132.6] 3489.3[ 9.157|  3.566{ 31322 3488.7]  8.836
600] 40.30[ 3303.3] 37063 10.163||  8.058[ 3303.1{ 3706.0[ 9.420|| 4.028 330238[ 3705.6] ~9.100
700]  44.91| 3480.8| 3929.9] 10.406|| 8.981] 3480.6{ 3929.7{ 9.663 4.490| 3480.4] 39294 9342
800  49.53[ 3665.3] 4160.6] 10.631f  9.905[ 3665.2] 4160.4] 9.888|[ 4.952[ 3665.0] 41602] 9.568
900]  54.14| 3856.9| 43983] 10.843i 10.828| 3856.8| 43982 10.100|  5.414[ 3856.6] 4398.0] 9.780
1L1000] _ 58.76[ 4055.2| 46428 11.043]] 11.751] 4055.1] 46427 10300]] ~ 5.875[ 4055.0] 4642.6] 9.980

P=0.20 MPa (120.2°C)

- h’emp,l volume

| volume |energy

P=0.30 MPa (133.5°C)

P=0.40 MPa (143.6°C)

gnthalp); [ entropy

volume |energy ,rt:.nthalpyl entrop—y~

11 °C w(m"3/Kg)u(kI/kg)lh(ki/kg) [s(ki/kg K){iv(m"3/kg) u(kT/kg) lh(kV/kg) [s(k/kg K) [|v(m3/kg) fu(k kg) h(kI 7k g) [s(k kg K)
Sat.| 0.8857| 2529.1] 2706.2]  7.127)1 0.6058: 25432/ 2724.9] 6.992|[ 0.4624[ 2553.17 2738.1]  6.896
150f  0.9599( 2577.1[ 2769.17  7.281{| 0.6340° 2571.0{ 27612]  7.079|[ 0.4709[ 2564.4] 2752.8[ 6931
200f 1.0805[ 2654.6| 2870.7'  7.508|l 0.7164( 2651.0] 286591  7313)[ 0.5343( 2647.2] 2860.9] 7.172
250] 1.19891 2731.4[ 2971.2[  7.710)[ 0.7964; 2728.9] 2967.9]  7.518{[ 05952 2726.4] 2964.5] 7380
300 1.3162{ 2808.8] 3072.1;, 7.894|| 0.8753" 2807.0] 3069.6]  7.704| 0.6549] 2805.1 3067.1]  7.568
350 1.4330[ 2887.3] 3173.9]  8.064[ 0.9536i 2885.9/ 3172.0]  7.875|l 0.7140| 2884.4] 3170.0]  7.740

|l 400[ 1.5493] 2967.1{ 3277.00  8.224l§ 1.0315  2966.0{ 32755  8.035| 0.7726] 2964.9] 3273.9] 7.900

|l 450] 1.6655] 3048.5] 3381.6] 8373l 1.1092; 3047.5] 3380.3] 8.185[[ 0.8311[ 3046.6] 3379.0]  8.051
500 1.7814| 31314 3487.7] 8.515| 1.1867 3130.6! 3486.6] 8327|| 0.8894] 3129.8 34855 8193
600{ 2.0130] 3302.2[ 3704.8]  8.779| 1.3414; 3301.6] 3704.0] 8.591|[ 1.0056[ 3301.0{ 37032] 8458

[ 700] 22443 3479.9[ 392838  9.022(| 1.4958) 3479.5] 39282[ 8.834[ 1.1215[ 3479.0] 3927.6] 8.701

1l 800] 2.4755| 3664.7] 4159.8)  9.248lll 1.6500| 3664.3{ 4159.3[ 9.060|[ 12373[ 3663.9[ 4158.8]  8.927

| 900[ 2.7066[ 3856.3] 4397.61  9.460l 1.80421 3856.0] 4397.3[ 9.272|[ 1.3530] 3855.7 4396.9]  9.139

[1000] 2.9375] 4054.8] 4642.3]  9.660/ 1.9582] 4054.5[ 4642.0[ 9.473|[ 1.4686[ 4054.3] 4641.7] 9340

e Saturation Properties - Temperature Table (0.01°C - 150°C)

» Saturation Properties - Temperature Table (150°C - 373.95°C)

» Saturation Properties - Pressure Table (1 kPa - 1 MPa)
o Saturation Properties - Pressure Table (1 MPa - 22.064 MPa)

o Superheated Vapor Properties - (0.01 MPa - 0.4 MPa)
e Superheated Vapor Properties - (0.5 MPa - 1.4 MPa)

o Superheated Vapor Properties - (1.6 VIPa - 3.5 MPa)

¢ Superheated Vapor Properties - (4 MPa - 8 MPa)

s Superheated Vapor Properties ~ (9 MPa - 40 MPa)

o Compressed Liquid Water Properties - {5 MPa - 30 MPa)

o mr— .




Superheated Vapor Properties for Steam (0.5 MPa - 1.4 MPa)

P=0.50 MPa (151.8°C) _ P=0.60 MPa (158.8°C) |  P=0.80 MPa (170.4°C)
Temp| volume  energy lenthalpy: entropy ||| volume Tenergy lenthalpy| entropy ||| volume {energy lenthalpy| entropy
°C v m3/kg)fuki/kg)h(kI/kg) [s(k/ke K| v(m"3/kg)ju(kWkg)h(kl/k ) is(kI/kg K) ||vim"3/kg)u(k)/kg) [h(kV/kg)is(kV/kg K)
Sat| 0.3748[ 25607 2748.1]  6.821)( 0.3156] 2566.8] 2756.1]  6.759||l 0.2403{ 2576.0| 2768.3|  6.662
200] 0.4250[ 26433 2855.8, 7.061[ 0.3521] 26393 2850.6]  6.968}i 0.2609( 2631.0/ 2839.7|  6.818
(7250] 0.4744] 2723.8] 296100 7.272|[ 03939] 27212 2957.6]  7.183)| 0.2932] 2715.9] 2950.4|  7.040
300 0.5226| 28032 3064.6] 7.461| 0.4344] 2801.4[ 3062.0]  7374fi 03242{ 2797.5' 30569 7.235
350] 0.5702| 2883.0| 3168.17  7.635[ 0.4743] 2881.6[ 3166.1(  7.548|ll 0.3544] 2878.6| 3162. 7411
400{ 06173 2963.7 327237 7.796|[ 0.5137] 2962.5 3270.8]  7.710( 0.3843( 2960.2; 3267.6| 7.573
450[ T 0.664 | 3045.6] 3377.7] 7.947|[ 0.5530[ 3044.7| 3376.5|  7.861f 0.4139( 3042.8; 33739 7726
500[ 0.7109] 3129.0] 34845 8.089| 0.5920] 3128.2] 3483.4] 8.00 || 0.4433[ 3126.6] 34813]  7.869
600[ 0.8041] 3300.4] 37025] 8.354} 0.6698] 3299.8] 3701.7{ 8270} 0.5019] 3298.7 3700.1{  8.135

[700] 0.8970( 3478.5[ 3927.0]  8.598{ 0.7473] 3478.1} 3926.4| 8513l 0.5601j 3477.2; 39253] 8379

900|  1.0823| 3855.4 4396.6 9.036|l 09018/ 3855.1| 4396.2[ 8.952|[ 0.6762[ 3854.5[ 43955] 8.819

|

800] 0.9897] 3663.6| 4158.4]  8.824|| 0.8246 3663.2[ 4157.9] 8.740|[ 0.6182[ 3662.4] 4157.0  8.606
!
|

11000] 1.1748] 4052.0{ 4641.4[ 9.236|[ 0.9789] 4053.7| 4641.1 9.152|[ 0.7341] 40532, 46405|  9.019

P=1.00 MPa (179.9°C) P=1.20 MPa (188.0°C) |  P=1.40 MPa (195.0°C)
fTemp] volume |energy enthalpy| entropy [i| volume 'energy [enthalpy| entropy |ll volume |[energy fenthalpy| entropy
| °C_v(m"3/kg)u(kI/kg) |h(kI/kg) [s(k¥/kg K)i{v(m"3/kg) n(k)/kg) [h(k/ke) sk kg K v(m"3/kg) lu(kI/kg) Ih(kI/kg) s(k kg K)

| Sat.| 0.i944] 2582.7] 277711 6.585|| 0.1633, 2587.8| 2783.7  6.522|| 0.1408 2591.87 27888  6.468

200] 0.2060| 26222| 2828.3;  6.696|| 0.1693' 2612.9 2816.1]  6.591|f 0.1430[ 2602.7] 2803.0] 6498

250] 0.2328[ 2710.4[ 294317 6.927|[ 0.1924] 2704.7' 2935.6;  6.831fi 0.1636| 2698.9! 2927.9]  6.749
300[ 0.2580[ 2793.6] 3051.6]  7.125| 0.2139] 2789.7' 3046.3]  7.034 0.1823[ 2785.7' 3040.9]  6.955

350] 02825 2875.7] 31582 7.303||[ 0.2346. 2872.7] 31542] 7214

-
|

I

E _ 0.2003| 2869.7; 3150.1|  7.138
[T400[ 0.3066] 2957.9] 3264.5]  7.467| 0.2548] 2955.5] 3261.3]  7.379

02178] 2953.1" 3258.1[  7.305
450] 03305 30409] 3371.3]  7.620{ 0.2748] 3038.9] 3368.7[  7.533|[ 02351 3037.0 3366.1[  7.459

500 0.3541[ 3125.0] 3479.1  7.764{| 0.2946] 3123.4| 34769 7.678([ 0.2522[ 3121.8] 34748 7.605
600[ 0.4011] 3297.5[ 3698.6] 8.031[[ 03339 3296.3[ 3697.0]  7946| 0.2860{ 329511 3695.4] 7873

700 0.4478] 3476.2] 3924.1] 8.276|( 0.3730( 3475.3[ 3922.9]  8.190||[ 03195[ 3474.4] 3921.7] 8118

800 0.4944| 3661.7) 4156.1, 8502\ 0.4118] 3661.0[ 4155. | 8.418/ 03529[ 3660.2] 41543[  8.346
900§ 0.5408; 3853.9 43948,  8.715 0.4506] 3853.3] 4394.0 8.630J| 0.386]B852.7 4393.3 8.559
1000] 0.5872] 4052.7] 46399 8916/ 0.4893[ 40522[ 4639.4] _8.831][ 04193[ 40517 46388 8759

e

o Saturation Properties - Temperatur Table (0.01°C - 150°C)
Saturation Properties - Temperature Table (150°C - 373.95°C)
Saturation Properties - Pressure Table (1 kPa - 1 MPa)
Saturation Properties - Pressure Table (1 MPa - 22.064 MPa)

¢ Superheated Vapor Properties - (0.01 MPa - 0.4 MPa)
o Superheated Vapor Properties - (0.5 MPa - 1.4 MPa)

e Superheated Vapor Properties - (1.6 MPa - 3.5 MPa)
o Superheated Vapor Properties - (4 MPa - § MPa)

* Superheated Vapor Properties - (3 MPa - 40 MPa)
o Compressed Liquid Water Properties - (5 MPa - 30 MPa)

Source of data: NIST Chemistry WebBook - accessed Jan 2008




Su:erheated Vapor Properties for Steam - (1.6 MPa - 3.5 MPa)

P=1.60 MPa (201.4°C)

P=1.80 MPa (207.1°C)

P=2.00 MPa (212.4°C)

[Temp| volume | energy lenthalpy| entropy || volume  energy fenthalpy| entropy || volume |energy lenthalpy| entropy
[ °C_[w(m3/ke) u(kI/kg) [h(kI/kg) [s(kV/kg K)|Iv(m3/kg) ki/kg) [h(k /keg) s(k ke K) | v(m"3/kg) lu(k ke) [h(klk g) k(T Vkg K)
Sat.| 0.1237| 2594.8] 2792.8,  6.420§| 0.1104i 2597.2| 2795.9! 6378l 0.0996( 2599.1[ 27983 6339
225]  0.1329] 2645.1] 2857.8]  6.554fll 0.1168; 2637.0| 2847.2] 6482 0.1038] 26285[ 2836.1[ 6416
| 250] 0.1419] 2692.9) 2919.9]  6.675]1 0.1250! 2686.7] 2911.7]  6.609| 0.1115] 2680.2{ 29032[ 6.548
| 300] 0.1587{ 2781.6] 3035.4] 6886 0.1403, 27774 3029.9] 6.825[ 0.1255] 27732{ 30242 6.768
| 350 0.1746] 2866.6] 3146.0{ 7071} 0.1546) 2863.6] 3141.8|  7.012|| 0.1386| 2860.5] 3137.7[ 6.958
| 400[ 0.1901] 2950.7[ 3254.9]  7239[| 0.1685; 2948.3[ 3251.6]  7.181|[ 0.1512[ 29459( 32483 7.120
450  0.2053] 3035.0( 3363.5  7.395/ 0.1821' 3033.1] 3360.9] 7.338|f 0.1635[ 3031.1] 33582[ 7287
500] 0.2203[ 3120.1] 3472.6]  7.541)| 0.1955] 3118.5] 3470.4] 7.485|| 0.1757| 3116.9] 34682 7434
{ 600] 0.2500[ 3293.9] 3693.9] 7.810) 02220, 3292.7| 3692.3]  7.754|( 0.1996] 3291.5] 36907 7.704
| 700] 02794 3473.5 3920.5]  8.056)l 0.2482| 3472.6] 3919.4]  8.000[| 0.2233] 3471.6[ 39182 7.951
800 0.3087] 3659.5] 4153.3] 8.283| 0.2743] 3658.8[ 4152.4] 8228l 0.2467| 3658.0[ 4151.5[ 8179
1| oo0[ 03378 3852.1 4392.6] 8.497|[ 0.3002{ 3851.5 43919 8442|[ 0.2701] 38509 4391.1] 8393
1l 1000]  0.3669] 4051.2| 4638.2]  8.697(| 0.3261] 4050.7| 4637.6] 8.643ll 0.2934] 4050.2[ 4637.0] 8.594
P=2.5 MPa (224.0°C) P=3.0 MPa (233.9°C) P=3.5 MPa (242.6°C)
iTemp[ volume |energy jenthalpy! entropy 1l volume 1 energy lenthalpy| entropy ||| volume |energy lenthalpy entropy
[ °C W(m3/ke) (I/ke)[h(kI/kg) s(k/kg K) |fiv(m’3/kg) (kT/kg) [h(kI/kg) Is(kI/kg K) liv(m"3/kg) u(kI/ke) h(k/k ) s(kIkg K)
“Sat.  0.0800( 2602.1{ 2801.9] 6256} 0.0667| 26032 28032 6.186] 0.0571[ 2602.9] 2802.6]  6.124
250] 0.0871] 2663.3 2880.9!  6.411]| 0.0706] 2644.7 2856.5] 6.289|| 0.0588[ 2624.0] 28297 6.176
300( 0.0989] 2762.2[ 3009.6:  6.646)i 0.0812; 2750.8] 2994.3]  6.541| 0.0685] 2738.8] 29784 6.448
1l 350[ 0.1098] 2852.5] 3127.0!  6.842| 0.0906] 2844.4] 3116.1] 6.745| 0.0768[ 2836.0; 3104.8[ 6.660
[ 400 0.1201] 2939.8{ 3240.1°  7.017){ 0.0994| 2933.5| 3231.71  6.923| 0.0846 29272 32232 6.843
[ 450] 0.1302] 3026.2] 3351.6] 7.177|| 0.1079] 3021.2] 3344.8] 7086} 0.0920( 3016.1" 33380[ 7.007
500] 0.1400] 3112.8[ 3462.7,  7.325|| 0.1162] 3108.6] 3457.2]  7.236|| 0.0992{ 3104.5] 34516 7.159
600 0.1593° 3288.5 3686.8  7.598|| 0.1325! 3285.5, 3682.8]  7.510 0.1133] 3282.5" 36789 7.436
[ 700[ 0.1784] 3469.3| 3915.2;  7.846[i 0.1484] 3467.0 3912.2]  7.759|[[ 0.1270[ 3464.77 39093]  7.685
800[ 0.1972] 3656.2[ 41492] 8.074l 0.1642] 3654.3 4146.91  7.989[  0.1406[ 3652.5] 41446 7.916
900{  0.2160] 3849.4] 4389.3] 8.288|[ 0.1799] 38479 4387.5] 8203|| 0.1541 38464 4385.7]  8.130
1000[  0.2347( 4048.9] 4635.6]  8.490|] 01955 4047.7] 4634.1]  8.405|| 0.1675] 4046.4| 46327 8332

o Saturation Properties - Temperature Table (0.01°C - 150°C)

Saturation Properties - Temperature Table (150°C - 373.95°C)
» Saturation Properties - Pressure Table (1 kPa - 1 MPa)
» Saturation Properties - Pressure Table (1 MPa - 22.064 MPa)
o Superheated Vapor Properties - (0.01 MPa - 0.4 MPa)
» Superheated Vapor Properties - (0.5 MPa - 1.4 MPa)

o Superheated Vapor Properties - (1.6 Pa- 3.5 MPa)
Superheated Vapor Properties - (4 MPa - 8 MPa)

o Superheated Vapor Properties - (9 MPa - 46 MPa)
o Compressed Liquid Water Properties - (S MPa ~ 30 MPa)

Source of data: NIST Chemistry WebBook - accessed Jan 2008




Superheated Vapor Properties for Steam - (4 MPa - 8 MPa)

P=4.0 MPa (250.4°C) P=4.5MPa 257.4°C) |  P=5.0 MPa (263.9°C)
|[Temp| volume |energy jenthalpy| entropy ||| volume lenergy fenthalpy| entropy (|| volume [energy lenthalpy| entropy
“C_vm3/kg) /ke) [n(ki/ke) [ ke K) | (nr 3/icg) (i k) it /kcg) (kg K) | v(am 3 kg aiclTkg) fn(il/kg) (/g K)

Sat.| 0.0498] 2601.7 2800.8]  6.070| 0.0441  2599.7[ 2797.9]  6.020/ 0.0395 2597.0[ 2794.2] 5974

275] 00546 2668.9] 2887.3]  6.231|[ 0.0473] 2651.3| 2864.3[ 6.143| 0.0414 26323] 2839.5]  6.057

300[ 0.0589] 2726.2( 2961.7]  6.364|[[ 0.0514; 2713.0] 29442  6.285[l 0.0454| 2699.0( 2925.7]  6.211
[ 350 0.0665[ 2827.4] 3093.3]  6.584 0.0584] 2818.6] 3081.5]  6.515[ 0.0520] 2809.5 3069.3]  6.452
200 0.0734[ 2920.7] 32145]  6.771|| 0.0648] 2914.2] 3205.6] 6707/ 0.0578 29075 3196.7]  6.648
450[ 0.0800[ 3011.0[ 3331.2] 6.939| 0.0708 3005.8] 33242| 6.877|| 0.0633] 3000.6; 3317.2|  6.821

500]  0.0864[ 3100.3[ 3446.0]  7.092/ 0.0765] 3096.0| 3440.4]  7.032|| 0.0686] 3091.7| 34347 6.978
7 600[ 0.0989[ 3279.4] 36749 7.371f[ 0.0877{ 3276.4[ 3670.9] 7.313| 0.0787] 32733 3666.8[ 7.261
700]  0.1110] 3462.4] 39063]  7.621f 0.0985] 3460.0[ 39033]  7.565[[ 0.0885[ 3457.7[ 39003 7.514
(7800 0.1229] 3650.6] 414237 7.852||[ 0.1092[ 3648.8] 4140.0]  7.796| 0.0982[ 3646.9] 41377  7.746
"960]  0.1348| 3844.8] 4383.91  8.067| 0.1197] 38433 4382.1] 8012 0.1077] 3841.8] 43802 7.962
(1000 " 0.1465| 4045.1| 46312]  8.270)[ 0.1302] 4043.9] 4629.8] 8214f] 0.1172[ 4042.6] 46283[  8.165

P=6.0 MPa (275.6°C) P=7.0 MPa (285.8°C) P=8.0 MPa (295.0°C)

{Temp| volume [energy lenthalpy! entropy |l volume "energy fenthalpy| entropy fi| volume [energy enthalpy| entropy
7=C M 3/kg)julki/kg) [h(kIke) (kg K) iv(m”3/ke)lu(kT/kg) [h(kI/kg) Is(kI/kg.K) iv(m"3/kg) u(kI/kg) hkI/kg) k(kIkg K)
| "sat.]  0.0325] 2589.9] 2784.6]  5.890}]l 0.0274| 2581.0] 2772.6]  5.815[ 0.0235] 2570.5] 2758.7]  5.745
300 0.0362{ 2668.4 2885.5] 6.070(| 0.0295( 26335 2839.9]  5.934[| 0.0243[ 2592.3! 2786.5] 5794
350[ 0.0423| 2790.4 304391 6.336| 0.0353[ 2770.17 30169] 6.230[| 0.0300] 27483[ 2988.1]  6.132
400{ 0.0474[ 2893.7[ 31782]  6.543|] 0.0400" 2879.5{ 3159.2[  6.450|( 0.0343] 2864.6: 3139.4]  6.366

[7450[ 0.0522[ 2989.9] 330297  6.722||| 0.0442[ 2979.0{ 32883  6.635[| 0.0382] 2967.81 32733  6.558
[ 500[  0.0567( 3083.1{ 3423.1;  6.883|[ 0.0482 30743 3411.4]  6.800[ 0.0418] 3065.4] 3399.5]  6.727

| 7600]  0.0653[ 3267.2] 3658.77  7.169lil 0.0557 3260.9] 3650.6  7.0911l 0.0485] 3254.7' 36424]  7.022
700 " 0.0736( 3453.0] 38943"  7.425[i 0.0629| 3448.3| 3888.2]  7.349|| 0.0548| 3443.6{ 38822 7.282
800{ 0.0817] 36432[ 4133.1°  7.658;| 0.0699] 3639.5] 41284 7584/ 0.0610| 3635.7| 4123.8] 7518

500] 0.0896 3838.8| 4376.6]  7.875] 0.0768| 3835.7| 4373.0] 7.801{| 0.0671[ 3832.6  43693] 7.737

-
i
)

17000] 0.0976] 4040.1[ 46254] 8.079 0.0836! 4037.5[ 4622.5] 3.006|( 0.0731] 40350 4619.6] 7942

o Saturation Properties - Temperature Table (0.01°C - 150°C)

o Saturation Properties - Temperature Table (150°C - 373.95°C)
« Saturation Properties - Pressure Table (1 kPa - 1 MPa)

e Saturation Properties - Pressure Table (1 MPa - 22.064 MPa)
o Superheated Vapor Properties - (0.01 MPa - 0.4 MPa)

« Superheated Vapor Properties - (0.5 MPa - 1.4 MPa)
o Superheated Vapor Properties - (1.6 MPa - 3.5 MPa)

o Superheated Vapor Properties - (4 MPa - 8 MPa)
o Superheated Vapor Properties - (9 MPa - 40 MPa)
¢ Compressed Liquid Water Properties - (S MPa - 30 MPa)

Source of data: NIST Chemistry YWebBook actessed Jan 2008




Superheated Vapor Properties for Steam - (3 MPa - 40 MPa)

 P-9.0MPa(3033°C) |  P=100MPa(1L.0°C) |  P=125 MPa(327.8°C)
Temp| volume [energy [enthalpy| entropy | volume [ energy fenthalpy[ entropy || volume [energy fenthalpy[ entropy
°C_ v(m"3/kg)lu(k)/kg)h(kIkg) s(k kg K) f[v(m"3/kg) lu(k/kg) [h(k/ke) [s(kI kg K |[M(m 3 /kg)u(kI/ke) h(iIkg) [s(k kg K)
Sat| 0.0205] 2558.5| 2742.9]  5.679|l 0.0180] 2545.2] 27255  5.616/[ 0.0135] 2505.6] 26743  5.464
350 0.0258] 2724.9 2957.3]  6.038|[ 0.0224] 2699.6[ 2924.0[  5.946|( 0.0161] 2624.8] 2826.6] 5.713
["400[ 0.0300] 2849.2[ 3118.8]  6.288(| 0.0264] 2833.1] 3097.4] 6214 0.0200[ 2789.6| 30400  6.043
1l 450[ 0.0335[ 2956.3( 3258.0] 6.487|[ 00298 2944.5[ 32423] 6422/ 0.0230[ 2913.7 32014 6275
500] 0.0368] 3056.3[ 3387.4]  6.660 0.0328] 3047.0[ 3375.1]  6.600( 0.0256] 30232 33436[ 6465
I 600] 0.0429] 3248.4] 3634.1]  6.961{l 0.0384] 3242.0] 3625.8]  6.905| 0.0303[ 3225.8] 3604.6] 6783
700] _0.0486[ 3438.8 3876.1] 7223} 0.0436, 3434.0] 3870.0[  7.169| 0.0346[ 3422.0] 3854.6[ 7.054
Il 800[ 0.0541] 3632.0] 4119.1]  7.461Lj 0.0486] 3628.2] 4114.5]  7.409([ 0.0387[ 3618.7[ 4102.8] 7.297
1l 900] 0.0596| 3829.6| 4365.71  7.680|| 0.0536! 3826.5] 4362.0]  7.629|[ 0.0427] 3818.9] 43529 7519
|11000[ 0.0649( 4032.4| 4616.7]  7.886|] 0.0584) 4029.9] 4613.8]  7.835|[ 0.0466] 40235 46065  7.727
~ P=15.0 MPa (342.16°C) P=17.5 MPa (354.7°C) _ P=20.0 MPa (365.8°C)
|femp| volume [energy fenthalpy[ entropy || volume [energy fenthalpy| entropy || volume [energy fenthalpy| entropy
I1-2C I(m3/icg) i ice) In(k e sCil/kg K I 3 cg) i kg) (i) sk k. K|+ ("3 k) fuCk k) [n (i) s(J/kg K)
_Sat| 0.0103| 24556] 2610.7]  5.311| 0.00793| 2390.5| 2529.3[  5.143{l[ 0.00587[ 2295[ 24123 4.931
375] 0.0139] 2650.4] 28589 57050 0.01056] 2567.5] 2752.3]  5.494|[ 0.00768] 2449.1] 2602.6[ 5.28
| 400[ 0.0157] 2740.6] 297570  5.882[ff 0.01246( 2684.3] 2902.4] 5721 0.00995[ 2617.9[ 28169 5.553
|| 450[ " 0.0185| 2880.7 3157.9]  6.143|" 0.01520' 2845.4] 3111.4]  6.021|| 0.01272[ 2807.2] 3061.7] 5904
| 500[ 0.0208[ 2998.4] 3310.8]  6.348[ 0.01739' 2972.4] 3276.7]  6.242[[ 0.01479] 29453, 32412 6.145
[ 600[ 0.0249] 3209.3] 3583.1]  6.680|| 0.02107, 3192.5] 35613]  6.589| 0.01819] 31753] 3539.0]  6.508
700{ 0.0286 3409.8] 3839.1°  6.957|l 0.02434 3397.5] 3823.5]  6.873[ 0.02113[ 3385.1" 3807.8] 6.799
800[ 0.03211 3609.2[ 4091.1]  7.204|[[ 0.02741' 3599.7[ 4079.3[  7.124|| 0.02387[ 3590.17 4067.5]  7.053
900 0.0355[ 3811.2[ 4343.7/ 7.429\ 0.03035  3803.4| 4334.5] 7351 0.02648] 37957/ 43254 7283
1000] 0.0388] 4017.1] 45092, 7.638| 0.03322] 40107| 45920]  7.562|| 0.02902] 40043 4584.7]  7.495
Supereritical Vapor
P=25.0 MPa P=30.0 MPa » P=40.0 MPa
'ﬁ'empl volume | [energy lenthalpy| entropy 1 " volume , energy lenthalpy! entropy | volume [ energy lenthalpyl entropy
[ °C Mm"3/kg)lu(kl/ke) [h(kI/kg) 5(kI/kg K) lIM(m"3/kg) n(kI/ke) In(kI/kg) [s(kI kg K) || (m3/kg) [u(kIkg) (kI /ke) [s(k kg K)
1| 3751 0.00196] 1799.9| 1849.4]  4.034| 0.00179! 1738.1) 1791.8]  3.931|| 0.00164] 1677 17426[ 3.829
400( 0.00601[ 2428.5| 2578.6]  5.140]} ooozsog 2068.9] 2152.8]  4.476{] 0.00191] 1354.9@ 19314 4115
[ 450] 0.00918| 2721.2[ 2950.6]  5.676|j] 0.00674 2618. 91 2821.0]  5.442j 0.00369| 2364.2| 2511.8[ 4.945
| s00] o0.01114 2887.3 3165.9]  5.964} 0.00869| 2824.0 3084.7[  5.796|[ 0.00562[ 2681.6] 2906.5] 5.474
[ 600[ 0.01414] 3140.0] 3493.5"  6.364([ 0.01145 31034 3446.7]  6.237|| 0.00809| 3026.8, 33504 6.017
1 700[ 0.01664] 3359.9] 3776.0,  6.670|[ 0.01365/ 3334.3[ 3743.9] 6.560( 0.00993[ 3282.0" 3679.1] 6374
|l 800[ 0.01892{ 3570.7| 4043.8]  6.932|[ 0.01563] 3551.2] 4020.0]  6.830|}| 0.01152[ 3511.8" 3972.6]  6.661
900] 0.02108 3780.2[ 4307.1  7.167|[ 0.01747( 3764.6] 42888  7.070| 0.01298[ 37333 4252.5] 6911
1000] 0.02315] 39915 45702  7.382| 0.01924' 3978.6] 4555.8]  7.288|| 0.01436] 39529 45273]  7.136

» Saturafion Properties - Temperature Table {(0.01°C - 1506°C)

o Saturation Properties - Temperature Table (150°C - 373.95°C)

» Saturation Properties - Pressure Table (1 kPa - 1 MPa)
o Saturation Properties - Pressure Table (1 MPa - 22.064 MPa)

o Superheated Vapor Properties - (0.01 MPa - 0.4 MPa)

o Superheated Vapor Properties - (0.5 MPa - 1.4 MPa)

o Superheated Vapor Properties - (1.6 MPa - 3.5 MPa)

o Superheated Yapor Properties - (4 MPa - § MPa)

o Superheated Vapor Properties - (9 MPa - 40 MPa)
e Compressed Liquid Water Properties - (S MPa - 30 MPa)

Source of data: NIST Chemistry WebBook - accessed Jan 2008
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Compressed iquid Wat r Properties - (5 MPa - 30 a)
P=5MPa P =10 MPa P =15 MPa
Temp/density | energy enthalpy| entropy | [[density]energy fenthalpy| entropy | |[density|energy fenthalpy' entropy |
°C kgm’3 R(kI/ke) |h(kJ/kg) SGkgK)| {lke/m™3 hu(ki/kg)[h(kke) k(kike K)| llke/m"3h(kI/ke) hdki/kg) s(kIkgK)
[ 20{1000.4] 836 886 02954 |[1002.7] 833] 933 02544| |[1004.9] 830 ~979[ 02932
[ 407 992.4| 1669 172.0] 05705 |[ 9965 166.3| 1764 0.5685 (7998.7] 165.8] 180.8]  0.5666! .
60; 985.3[ 2503] 2554 0.8287| |[ 987.5] 249.4[ 259.5] 0.8260| || 989.6] 248.6] 263.7, 0.8234
80 974.0[ 333.8] 339.0{ 1.0723| [ 9762] 332.7] 342.9] 1.0691| [ 978.4' 331.6( 346.9! 1.0659
100{ 960.6] 417.6] 4229 13034| |[ 962.9] 4162] 426.6[ 12996| ([ 9652] 4149 4304 12958
120] 9455 5019 5072[ 1.5236] || 947.9[ 500.2| 510.7[ 15191| || 950.4° 498.5] 51431 1.5148
140] 928.6] 586.8] 5922{ 1.7344| |[ 931.3] 584.7] 5955 1.7293) | 933.9] 582.7] 5988, 1.7243
160] 910.1[ 672.6] 6780 1.9374| |[ 913.0] 670.1] 681.0] 19315| |[ 915.8] 667.6] 6840 19259
180] 889.7( 759.5[ 765.1[ 2.1338| I[ 892.9[ 756. | 767.7] 2.1271| I[ 896.0] 753.6] 7703] 2.1206
200[ 8673 8479 853.7[ 23251} |[ 870.9] 844.3] 8558 23174| || 874.5| 840.8] 8580] 23100
220 842.6] 9384 9443 2.5127{ || 846.8] 934.0] 9458 25037 || 851.0] 929.8] 947.4! 24951
240/ 815.1] 1031.6] 1037.7] 2.6983| I 820.2[ 1026.1] 1038.3[ 2.6876| || 825.0] 1021.0{ 1039.2; 2.6774
2600 784.0 1128.5] 1134.9] 2.8841 7903[ 1121.6] 11343 2.8710{ { 796.2] 1115.1{ 1134.01 2.8586
P =20 MPa ‘ “P=25MPa_ P =30 MPa
Temp[density[?nergy Enthalpyﬁntropy ‘Idensitylenergy enthalpy| entropy [density _renergy Ie:ntha!pyi entropy l
°C kg/m’3 ja(kV/ke) (kI /ke) sk Ikg K| ikeg/m3[u(ki/ke) hki/kg) [s(kI/kg K)|  Hke/m3 ju(k/kg) Ih(k/kg) s(ki/kg K)
20{1007.1] 82.7] 1026[ 02921| {{10093[ 82.4f 107.2] 02909] [1011.5] 821 1118 0.2897|
40[1000.8] 1652] 185.2[ 0.5646| [[1002.9[ 164.6] 189.5] 0.5627 [[1004.9 164.1| 1939 0.5607,
60 991.7] 247.8] 267.9] 038208| ([ 993.8[ 2469 272.1[ 08182 || 995.8] 246.1] 2763 038 56
801 980.5] 330.5] 350.9] 1.0627| [ 982.6 3294 | 3549 10595 | 984.71 328.4[ 35891 1.0564
[1001 967.4] 41350 4342 12920 [ 969.7[ 4122[ 4380 12883| (| 971.8" 410.9] 4417 12847
(1207 952.7[ 49697 s517.8] 15105 || 955.1[ 495.2( 5214] 1.5062] {| 957.4] 493.7] 5250, 1.5020
140/ 936.4] 58071 602.1] 1.7194| |l 938.9] 578.8] 6054 1.7146| || 941.4] 576.9| 608.8] 1.7098
160[ 918.6] 66531 687.1[ 1.9203| |[ 921.3] 663,0] 690.1| 19148| | 924.0, 660.7] 6932 1.9094
["180{ 899.1[ 750.8; 773.0[ 2.1143| [ 902.1] 748.1] 7758 2.1081| [ 905.1] 745.4[ 77850 2.1020
| 200] 878.0] 837.5] 8603 2.3027| | 881.3[ 8342 862.6[ 22956 | 884.6] 831.1] 8650/ 22888
[ 220] 854.9] 925.8] 9492] 24867 || 858.8] 921.8] 951.0[ 24786/ || 862.5] 918.1] 9529 24707
\[ 240] 829.7] 1016.1] 10402] 2.6676| || &34.1] I011. | 1041.3] 2.6582) [ 838.4] 1006.9 1042.7 26491
[ 260] 801.8[ 1109.0] 1134.0 2.8469| | 807.1/ 1103.2[ 11342] 2.8357| 1| 812.1] 1097.8] 11347  2.8250
[ 280] 770.5[ 1205.5[ 1231.5] 3.0265| {[ 777.0[ 1198.3[ 1230.5| 3.0129} || 783.1[ 1191.5] 1229.8; 3.0001
I 300 734.7] 1307.1] 1334.4] 3.2091| || 743.0[ 1297. [ 1331.3[ 3.1919| || 750.7] 1288.9] 132891 3.1760
[320] 692.1[ 1416.6] 1445.5] 33996 || 703.5[ 1403.4[ 14389| 33764| || 713.6| 1391.6] 1433.7' 3.3557
1l 340 6372 15402 1571.6] 3.6086] || 655.1[ 1519.4] 1557.5] 3.5731| || 669.7| 1502.3] 1547.1  3.5438
7360 5a8.0] 1703.6] 1740.1] 3.8787| | 589.3[ 16562 1698.6] 3.7993) | 614.4[ 16267 16756 37498

o Saturation Properties - Temperature Table (0.01°C - 150°C)

Saturation Properties

- Temperature Table (150°C - 373.95°C)

o Saturation Properties - Pressure Table (1 kPa - 1 MPa)

Saturation Properties

Superheated Vapor Properties - (6.01 MPa - 0.4 MPa)
Superheat d Vapor Properties - (0.5 MPa - 1.4 MPa)

o Superheated Vapor Properti s - (1.6 MPa - 3.5 MPa)

Superheated Vapor Prop _riies - (4 MPa - § MP )
Superheated Vapor P. operties - (9 MPa - 40 MPa)

- Pressur Table (1 MPa -22.064 MPa

Compressed Liquid Water Properties - (5§ MPa - 30 MPa)

Source of data: NIST Chemistry WebBook - accessed Feb 2009
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Thermodynamic Properties of R134a TetraFlouroEthane - CF3CH2F

Critical Pressure: 4.059 MPa, Critical Temperature 101.06°C

R134a Property Tables:

Saturation Properties - Temperature Table (-40°C - 20°C)
Saturation Properties - Temperature Table (20°C - 101.06°C)
Saturation Properties - Pressure Table (60 kPa - 3 MPa)
Superheated Vapor Properties - (0.06 MPa - 0.24 MPa)
Superheated Vapor Propertics - (0.28 MPa - 0.7 MPa)
Superheated Vapor Propertics - (0.8 MPa - 1.6 MPa)
Superheated Vapor Properties - (1.8 MPa -2.0 Pa)

R134a Property Tables (Excel Version)

® & & @ ¢ o o

e Saturation Properties - Temperature Table
e Saturation Properties - Pressure Table
o Superheated Vapor Properties

Source of data: NIST Chemistry WebBook - accessed Jan 2008

R134a Property Diagrams:

e Pressure-Enthalpy (P-/1) Diagram
o Enthalpy-Entropy (/i-s) Diagram

Note: R134a has a Global Warming Potential (GWP) of 1300 with respect to Carbon Dioxide. There
is currently serious consideration of replacing it with R744 (Carbon Dioxide) in refrigeration and heat
pump applications.

000

BY NC SA

Engineering Thermodynamics by Israel Urieli is licensed under a Creative Commons Atiribution-
Noncommercial-Share Alike 3.0 United States License
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R134a - TetraFlouroEthane Saturation Properties - Temperature Table (-40°C -

20°C)

[ Temp || Pressure || volume (m"3/kg) || enthalpy (ki/kg) entropy (kJ/kg K) |
| °C kPa vf L _ve | _bf hfg hg sf sfg sg
[ -40 st2l 0.0007054 0.3611]] 0.00 225.86| 225.86] 0.0000] 0.9687| 0.9687
| -36 62.9] 0.0007112[ 02977 5.04[ 223.35] 228.39) 0.0214] 0.9418|| 0.9632
[ -32) 76.7L_0.0007172)[ 0.2473][ 10.10)[ 220.81] 230.92) 0.0425| 0.9157 0.9582
[ -2 927 0.0007234) 0.2068|[ 15.20|[ 218.23] 233.43| 0.0634 0.8902[ 0.9536
[ 26 10179 0.0007265|[ 0.1896| 17.76] 216.92 234.68|] 0.0738| 0.8777 0.9515

24 11L.3[ 0.0007297 0. 741 20.33) 215.60) 235.93|| 0.0841]| 0.8653| 0.9495|

22 12173 0.0007329 0.1601][ 22.91][ 214.26] 237.17[ 0.0944|[ 0.8531) 0.9476]
[ 20 1327 0.0007362[ 0.1474| 25.49 212.92| 238.41] 0.1046] 0.8411] 0.9457|
[ 18]  144.6] 0.000739¢][ 0.1359 28.09| 211.55]| 239.64 0.1148| 0.8292) 0.9440|
[ -16 157.3]  0.0007430)[ 0.1255] 30.69[ 210.18| 240:87 0.1250| 0.8174| 0.9423|
| -14 170.8[  0.0007464|[ 0.1161)[ 33.30)[ 208.79| 242.09 0.1350] 0.8057] 0.9407
[ -12] 85.2] 0.0007499[ 0.1074)[ 35.92] 207.39| _243.31j] 0.1451]| 0.7941][ 0.9392]

-10 200.6[ 0.0007533)[ 0.099¢][ 38.55] 205.97 244.52|| 0.1550f 0.7827|} 0.9377

-8 2169 0.0007571|[ 0.0924|[ 41.19)[ 204.53] 245.72| 0.1650| 0.7714] 0.9364

[ -4 2343 0.0007608|| 0.0859][ 43.84] 203.08| 246.92| 0.1749] 0.7602)] 0.9351
[ 4 2527 0.0007646| 0.0799[ 46.50 201.61][ 248.11][ 0.1848| 0.7490| 0.9338
[ 2 2722 0.0007684| 0.0744] 49.17[ 200.12J[ 249.29) 0.1946] 0.7380][ 0.9326
| of 292.8] 0.0007723) 0.0693|[ 51.86 198.60 250.46][ 0.2044] 0.7271| 0.9313
| 2| 3146 0.0007763| 0.0647[ 54.55| 197.07 251.62) 0.2142]] 0.7162|[ 0.9304
4 337.7|0.0007804|[ 0.0604)[ 57.25| 195.53| 252.78] 0.2239] 0.7055][ 0.9294)

6 362.0]  0.0007845| 0.0564|] 59.97)| 193.95 253.92 0.2336]| 0.6948|| 0.9284]

| g 387.6[ 0.0007887 0.0528| 62.69| 192.36 255.05] 0.2432) 0.6842|| 0.9274]
[ 12 443.0[ 0.0007975) 0.0463|[ 68.19 189.11][ 257.29 0.2623][ 0.6632] 0.925¢
[ 14 504.3[ 0.0008066| 0.0408][ 73.73|| 185.74) 259.47|[ 0.2816][ 0.6424] 0.9240]
[ 20 571.7[ 0.0008161) 0.0360] 79.32)[ 182.28 261.6|[ 0.3006] 0.6218|[ 0.9224]

Saturation Properties - Temperature Table (-40°C - 20°C)
Saturation Properties - Temperature Table (20°C - 101.06°C)

Saturation Properties - Pressure Table (60 kPa - 3 MPa)

Superheated Vapor Properties - (0.06 MPa - 0.24 MPa)

Superheated Vapor Properties - (0.28 MPa - 0.7 MPa)

Superheated Vapor Properties - (0.8 MPa - 1.6 MPa)

Superheated Vapor Properties - (1.8 MPa - 2.0 MPa)

Source of data: NIST Ch mistry WebBook - accessed Jan 2008




R134a - TetraFlouroEthane Saturation Properties - Temperature Table (20°C -

101.06°C)
Temp | Pressure || volume (m"3/kg) | enthalpy (kJ/kg) I entropy (kI/kgK) |
°C ][ kPa | vf |l vg || hf | hfg [ hg [ sf |[ sfg || se

| 20 5717 0.0008161) 0.0360] 79.32] 182.26] 261.60] 0.3006[ 0.6218][ 0.9224
[ 24 6458 0.0008261][ 0.0319 84.98 178.70| 263.68] 0.3196[ 0.6014} 0.9210
[ 26 6854 0.0008313| 0.0300| 87.83) 176.87 264.7[ 0.3290| 0.5912][ 0.9203
[ 28 7269 0.0008367 0.0283] 90.70] 175.00] 265.69] 0.3385[ 0.5811][ 0.9194]
[ 30 7702 0.0008421] 0.0266] 93.58| 173.09) 266.67] 0.3479][ 0.5710|[ 0.9189)
| 32 8154 0.0008478| 0.0251) 96.48] 171.16 267.64 0.3573| 0.5609]] 0.9182]
| 34 862.[ 0.0008536] 0.0237 99.40] 169.18][ 268.58] 0.3667[ 0.5508|[ 0.9175|
| 36 911.9[ 0.0008595| 0.0224] 102.33)[ 167.17)[ 269.50|[ 0.3761][ 0.5407][ 0.9168

38 963.2 0.0008657| 0.0211] 105.29[ 165.12][ 270.41] 0.3855] 0.5307|[ 0.9162
| 40 1016.6] 0.0008720] 0.0200] 108.27) 163.01)[ 271.28| 0.3949[ 0.5206] 0.9155
L 42 10722 0.0008786| 0.0189 111.26] 160.88] 272.14| 0.4043][ 0.5105][ 0.9147
[ 44l 1130.1) 0.0008854] 0.0178] 114.28] 158.69) 272.97 0.4136[ 0.5004][ 0.9140]
| 48)l _ 1252.9 0.0008997| 0.0160| 120.39][ 154.16] 274.55] 0.4324[ 0.4800][ 0.9125
| 5213854 0.0009150] 0.0143] 126.60| 149.41][ 276.01][ 0.4513]] 0.4595][ 0.9108

5615282 0.0009317) 0.0128][ 132.92][ 144.40] 277.32] 0.4702| 0.4387[ 0.9089)
| 60j 1681.8] 0.0009498)[ 0.0114] 139.36] 139.13| 27849 0.4892) 0.4176] 0.9068]
| 70 2116.8[ 0.0010038 0.0087[ 156.14 124.37] 280.51] 0.5376] 0.3624|[ 0.9000]

80l 2633.2| 0.0010773][ 0.0064|[ 174.25 106.42][ 280.67) 0.5880|[ 0.3014] 0.8894]

90 3244.2 0.0011936] 0.0046] 194.78 82.49|[ 277.27 0.6434|[ 0.2272][ 0.870¢|

1000 39724 0.0015357[ 0.0027[ 225.15[ 34.39[ 259.54 0.7232 0.0921]| 0.8153]
| 101.06[ 4059.1][ 0.0019533| 0.0020] 241.49 0l 241.49| 0.7665]] 0J[0.7663]

o Saturation Properties - Temperature Table (-40°C - 20°C)

Saturation Properties - Temperature Table (20°C - 101.06°C)
Saturation Properties - Pressure Table (60 kPa - 3 MPa)

Superheated Vapor Properties - (0.06 MPa - 0.24 MPa)

Superheated Vapor Properties - (0.28 MPa - (0.7 MPa)

Superheated Vapor Properties - (0.8 M a - 1.6 MPa)

Superheated Vapor Properties - (1.8 M _a - 2.0 MPa)

Source of data: NIST Chemistry WebBook - accessed Jan 2008
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R134a - TetraFlouroEthane Saturation Properties - Pressure Table (60 kPa - 3 MPa)
[IPressureli Temp || volume (m"3/kg) enthalpy (kJ/k | entropy (ki/kg.K) ﬁ
[kPa || °C |__vf | vg hf hfg | [ sf | sfe I sg |
I 60]_-369] 0.0007098] 03112 39 2239 2278 0.0164 0.9481)] 0.9645
| 80| -3L1 0.0007185 02376 11.3[ 2202 2315 0.0472[ 0.9100[ 09572

2t

\T__1o0 _-26.4 0.0007259[ 0.1926[ 17.3[ 217.3[ 234.5] 0.0720] 0.8799 0.9519
120 223 0.0007324 0621 223 2145 237.0f 0.0928] 0.8550 0.9478)|
[ 140] -18.8] 0.0007383[ o0.1402 27.0 2121 239.2] 0.1110] 0.8337|] 0.9446)

160] -15.6] 0.0007437 0.1235 312 2099 241.1][ 0.1270[ 0.8150 0.9420}

180 -12.7] 0.0007487 o.1104[ 350 207.9 2429 0.1415 0.7982 0.9397)

200]__-10.1]| 0.0007534 0.0999| 385 206.0 2445 0.1547 0.7831[ 0.937§
220 _-7.6] 0.0007578 0.0912[ 41.7[ 2043 2459 0.1668| 0.7693] 0.9361]
T 240]  -5.4|| 0.0007620] 0.0839[ 447 202.6] 247.3[ 0.1780] 0.7566| 0.9347)
[ 260 -3.3] 0.0007661] 00777 479 201.0] 248.6[ 0.1885 0.7448 0.9333
™ 280 -1 0.0007699 0.0724 503 199.5 249.7[ 0.1984] 0.7338] 0.9322)

300[__ 0.7 0.0007737_0.0677 s2.8[ 198.1) 250.9 0.2077[ 07234 0.9311
[ 320 2.5 0.0007773 00636 553 1967 2519 0.2163] 07137 0.9301
340 42) 0.0007808| 0.0600 57.5[ 1954 252.9[ 0.2248[ 07044 09293
[ 360 5.8 00007842 0.0567 59.8[ 194.1] 253.8[ 0.2328] 0.6956 0.9284
I 400 8.9 0.0007907[ 0.0512 64. 1916 255.6] 0.2477] 0.6793|| 0.9270

500 15.7] 0.0008060| o0.0411 734 186.0[ 259.3[ 0.2803 0.6438 0.9241
600 _21.6] 0.0008200] 0.0343 813 180.9] 2624 0.3081}f 0.6138 0.9219
[ 700] 26.7] 0.0008332[ 0.0294 888 1762 265.1 0.3324] 0.5876| 0.9200]
800|313 0.0008459| 0.0256 955 1718 267.3[ 0.3541[ 0.5643) 0.9184]
{900 35.5| 0.0008581] 0.0227] 101. 167.7[__269.3_0.3739[ 0.5431] 09170
[_1000[ _ 39.4] 0.0008701] 0.0203[ 1074 163.7[ 270.0[ 0.3920 0.5237| 09157
™ 1200] _ 463 0.0008935] o.0167 117.8 156.1)[ 273.9[ 0.424s] 04886/ 0.9131]

1400 52.4] 0.0009167 0.0141 1273 1489 2762 0.4533 04573 0.9106|
1600 57,9 o.0000401[ o0.0121[ 136.0] 141.9 2779 04792 0.4287 0.908
1800 62,9 0.0009640 0.0106] 1441 1351 2792 0.5031j 0.4020) 0.9051

2000 67.5] 0.0009888|  0.0093 1518 128.3 280.1[ 0.5252 0.3767[[ 0.9020
I_2500] _77.9] 0.0010569| 0.0069 169.7] 1112[ 2809 0.5755[ 03170 0.8925
[ 3000 862 0.0011413 0.0053| 186. 92.6] 2792 0.6215] 02578 08792

« Saturation Properties - Temperature Table (-40°C - 20°C)

« Saturation Properties - Témperature Table (20°C - 101.06°C)
« Saturation Properties - Pressure Table (60 kPa - 3 MPa)

o Superheated Vapor Properties - (0.06 MPa - 0.24 MPa)
« Superheated Vapor Properties - (0.28 MPa - 0.7 MPa)
« Superheated Vapor Properties - (0.8 MPa - 1.6 MPa)

o Superheated Vapor Properties - (1.8 MPa - 2.0 MPa)

Source of data: NIST Chemistry WebBook - accessed Jan 2008




Superheated Vapor Properties for R134a - (0.06 MPa - 0.24 MPa)
P=0.06 MPa (-36.9°C) P=0.10 MPa (-26.4°C) P=0.14 MPa (-18.8°C)

[Temp][ volume [lenthalpy]{ entropy | ITernp" volume |lenthalpy][ entropy |ji{Templ| volume Jlenthalpy][ entropy |
v s o 5

| C “(m"?»/kg)"h(kykg) (kI K l ¢ Em"3/kg_) ||h(k”kg) kel °C Jmrsng|PEIke) (kJ/kg.I:)l

[sat 03012 22780964 sat] 0.1926] 234.5] 0.953([ Sat)| 0.1402] 239.18] 094462

20 03361 240.8 ro1gff[ -20f "0.1984 239.5 0.972| -10[ o.1461][ 246. 0972
-10_0.3505[ 248.6 1048 -10[ 0.2074 247.5 1o03lf [ o0.1526] 2546 1.003
[_of o3648] 2565 1.077_d[ o.2163 2556 103310 0.1591[ 2629  1.033
10 03789 2647 110710 02251 263.9[ 1.063)|[ 20[ 0.1654 2714 1.067]
[ 20 03930 2729 1135l 20 02337 2729 1092l 30 o.1717 280.0 1.091]
[ 30 o.4071 2814 r.iedj 30 02423 2807 1.120)l| 40 o.1780] 288.7[ 1.120)
40| 0.4210] 290.0] [0 o.2509] 2893 ta4gjfl[ ol 0.1841] 2976 1.147
[ 5o 0.2594[ 29s. 117660 0.1903] 306.6[ 1.175
60 02678 307.0[  1.204|| 70 0.1964 3158 1207

[ 3164

326.0)

335.4

!

RANN

[ o4627 3168 1273 70 02763 3163 1.231)l| 8o 02024 325.1 1229
8ol 0.2847 3256 1257 90 0.2085 3346 1259

80|l 0.4765

1.300]

I
[ 90] 04903 132690 02930 335.00  1284ll|[ 100 02145 3442 1.287
[ 100 05041 1.352

P=0.18 MPa (-12.7°C) P=0.20 MPa (-10.1°C) P=0.24 MPa (-5.4°C)
[Iemp“ volume "enthalgx“ entropy J[{{Temp|[ volume Jlenthalpy][ entropy | [ITemp|[ volume Jenthalpy] entropy |

I?I(m"?’/k; "h(km‘g) I °C (m"‘3,/kg)"h(kykg) ) [ °C i(m’;/kg)"h(k]/kg) (kJ/lfg.K)\
[ Sat]l o104 2429 0.940)l| sat) 0.0999 244.3] 0.938]| i Sat] 0.0839 2473 0.939
[ -0 oani9 2452 0948l of o.1o48 253.10 0.970] il o 0.0862 252.0 0952
[ o o172 2536 0.980f[ 1ol 0.1096[ 261. 1.001) I”10 0.0903| 2607 0.983]
[ 10 o.1224 262.0[ 10108 20 0.1142 2702 1030 [ 20[ 0.0942] 269. 1.013]
[ 20 01275 2706 104030 o.1187[ 2789 1.060)||[_ 30 0.0981 278.3 1.043
[ 30 0.1325] 2793 1.069 [ 40 o.1019[ 287.1  1.079
[ 40 01374 288.1] 1.098)i[ so o.1277[ 2967 1.116} |50 0.1057] 296.1 1.100
[ 50 01423 297.0 [ 60 0.1321] 305.8] 1.144)|{[ 60 0.1094 3052 1.128
[ 60 0.1472] 306.1 L 70 o.a364 315.0[ 1.17a{IL_70[ o.1131)f 3145 1156
[ 7d[ 0.1520] 315.3 (80 o.1407 3244 1198 80 0.1168 3239 1.183
[ 80 0.1567[ 324.6 ool 0.1451) 333.9[  1.225)[ | ool 0.1204] 333.5 1.209

[ 90| o.1618] 334.1 100l 0.1493) 343.6 1.251)|[it 100 0.1240] 3432 1.23¢
[ 100[ 0.1662 343.8

Saturation Properties - Temperature Table (-40°C - 20°C)
Saturation _roperties - Temperature Table (20°C - 101.06°C)
Saturation Properties - Pressure Table (60 kPa - 3 MPa)
Superheated Vapor Pro erties - (0.06 MPa - 0.24 MPa)
Superheated Vapor Properties - (0.28 MPa - 0.7 MPa)

Superheated Vapor Properties - (0.8 MPa - 1.6 MPa)
Superheated Vapor Properties - (1.8 MPa - 2.0 MPa)

L]
*
L]
.
L 4
*
.

Source of data: NIST Chemistry WebBook - accessed Jan 2008
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Superheated Vapor Properties for R134a - (0.28 MPa - 0.70 MPa)

P=0.28 MPa (-1.2°C) P=0.32 MPa (2.5°C) P=0.40 MPa (8.9°C)

[remp|[ volume Jlenthalpy][ entropy [i{{Temp|[ voiume Jlenthalpy]| entropy |ll[Temp[ volume Jenthalpy]| entropy |
° v ] o IV \%

l_g 3% ng ol " Kmrame) PE Dlnang fil *C lmsng [Pke) (k.l/lfg._Kjl
[ Sat) 0.0724[ 249.7 0.932)|[ Sat.] 0.0636] 2519} 0.930jf[ Satjl 0.0512f 255.6 0.927
[ 10 0.0765][ 259.7 0.968| 10 0.0661) 258.7)  0.954 10 0.0515|  256.6 0.931||
20 o.0800[ 2685 0.999l 20 0.0693 2677 0986l 20] 0.0542 2659 0963
[ 3000834 2774 1029 30 0.0723 2767 1014l 30 0.0568 275.1]  0.994]
[ 40 0.0867 286.4 |.058L 40 0.0753 285.7]__ 1.045] [_]l 0.0593l 284.3 1.024|
[ so o0.0000[ 295.5[ 1.086)[| SO 0.0782f 294.9; 1.074 0.0617 _293.6( 1.053]
[ e[ 0.0932[ 3047 1114 60 00811 304.1{ 1.i02 60 0.06a1[ 301.0[ 1.081]
[ 70 0.0964 3140 1142l 70 0.083% 313.5| 1.1304 70] 0.0664 3i2.4  1.109
[ 8o 0.0996] 323.5  1i69ll{[__ 8ol 0.0868[ 323.0[ 1157 8o] 0.0687 322.0f 1.137
[ oo o.1028 333.1[ 1.196}f[ 90 9.0893 332.] 1.184|"%|| 0.0710][ 3317 1.164)
100 0.1059 342.8 1.222)||[ 100 0.0923 3424 1.211)j[ 100 0.0735] 341.6] 1.19]]
[0 o.1000[ 3527 1.248)fl 110[ 0.0950 3523 1237 [ 110 0.0755| 3519

(120 o121 3627 1274|120 0.0978| 3624 1.263|| [ 120 0.0777]_361.6]

P=0.50 MPa (15.7°C) P=0.60 MPa (21.6°C) P=0.70 MPa (26.7°C)
[Temp||_volume Jlenthalpy]{ entro [Temp|| volume |lenthalpy][ entropy JilTemd[ volume lenthalpy] entropy |

v A\

m&lm%/kg) h(kJ/kg) fkj/kg.K)l °C mr3keyNkke) de ol °C Nl ngh0/e) (kmfg.K)J
[ Sat) 0.0411 259.3]  0.924)l|_Satf 0.0343] 262.43 0.92sz |_Satf| 0.0294] 265.05 0.920]
[ 20 o.0421) 263.5( 0938l 30[ 0.0360] 270.8[ 0.950)||l 30| 0.0300]| 268.45] 0.931
[ 30 0.0443) 273.0[ 0.970)I 40l 0.0379] 280.6 0.982" 40 0.0317|[ 278.58]  0.964
[ 40 0.0465| 282.3[ 1.001j|__soll 0.0397)t 290.3| 1.012fff 50j 0.0333] 288.53 o.995||
[ so o048 292.00 1.031( 6o o0.0414 300.0[ 1.042)1i 60 0.0349] 298.43 1.026||
60 0.0505) 301.5 I.060| 20 0.0431] 309.7] 1LO7IM[_ 70 0.0364 30833 _ 1.055)
[ 70 0.0524 311.1 rosgll” 8o o.0447[ 319.6[ ool 8o 0.0379[ 318.28) 1.084)

go| 0.0543 320.8( Lug oo 0.0463 329.5[ 1.126ljf[ 90 0.0393) 3283| 1.1
H_oo 0.0562 330.6 La4dfl[1Too 0.0a79) 339.5[  risdlf( 100 0.0406] 3384 1.139

100] 0.0583] 340.9  LI71j|l 110 0.0495 349.6] 1.18Q)[[ 110 0.0420] 348.6[ 1.166
]li 110] o0.0600] 3s0.6[ r.io7l| 120 o0.0510 359.8[ 1207 120 0.0434] 358.91)  1.192)
(120 o.0617[ 3607 1.223|||[ 130 o0.0525| 370.2 1.233)||[ 130 0.0447][ 369.32 1.219)
[13_][ 0.0635j 371.0 1.249)}il 140{ 0.0540 380.7[  1.258)||[ 140 0.0460| 379.86|  1.244]
0.0653 3815 1.279)

« Saturation Properties - Temperature Table (-40°C - 20°C)

Saturation Properties - Temperature Table (20°C - 101.06°C)

Saturation Properties - Pressure Table (60 kPa - 3 MPa)

LJ
*
L]

Superheated Vapor Properties - (0.06 MPa - 0.24 MPa)

Superheated Vapor Properties - (0.28 MPa - 0.7 MPa)

Superheated Vapor Properties - (0.8 MPa - 1.6 MPa)
Superheated Vapor Properties - (1.8 MPa - 2.0 MPa)

Source of data: NIST Chemistry WebBook - accessed Jan 2008
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Superheated Vapor Properties for R134a - (0.80 MPa . 1.60 MPa)
P=0.80 MPa (31.3°C) P=0.90 MI_’E (35.5°C) P=1.00 MPa (39.4°C)
] volume Jfenthalpyl| entropy J||fT p|| volume |lenthalpy]| entropy | | volume |fenthalpy]| entro
s

[Temp
F (m";/k;”h(k‘vkg);kJ/l:;.K;I TR L) I?Em@/k;} Wk 1,
[ Sat]| 0.0256] 267.3[ 0918l sat[ 0.0227] 269.3 0917 Sat]| 0.0203 271.0[ 0.916
400 0.0270 2765 0.948l{|[ 40| 0.0234[ 2742 0.933| 40 0.0204[ 2714 0.918
[ 50 0.0285 286.7[ < 0.980) 0[_0.0248|[ 284.8] 0.966ll[[ 50 0.0218] 2827 0.953
60 o.0300] 296.8[ 1.01iiil 60|l 0.0261[ 295.1[ 0.998l 60 0.0231[ 293.4 0.983

70 0.0313 3069 1.041l 70l 0.0274 3054 1.02

80| 0.0327] 317. | 80][ 0.028¢] 315. 1.05

90][ _0.0339[ 327.1 [ o0 0.0298] 325.9[ 1.086

100 0.0352[ 3373 ML 100l 0.031d[ 3362 1.114

110 0.0364 347.6 1.153|[|[ 110] [ 3466 1.141

120 0.0376 358.0 1.180l|[[ 120 0.0332[ 357.0{ 1.168
367.6

1.070
1.098
1.126
[ Lis3]
[_Ligq 116§
130 0.0388] 3685 __1.204 1.195]
1.232
8
3

[ 70 0.0243[ 303.9]
[ 80 0.0254] 3143
[ o0 0.0265 324.

| 100 0.027¢[ 335.1
[ 110 0.0286] 3453
120 0.0296[ 356.1]
[ 130 0.0306] 366.7
[ 140 0.0316] 377.

150 0.0329 388.7)
0.0339] 399.2]

5

140 _0.0400 379.1] 1232))[ 140 0.0353 3782 1.221
[1sq[ _o.o411[ 389.8[ 1258l 150 0.0363[ 389.00 124
0.0423400.6 127

Uy | U | U | FUN | DY | PR | P T 1 Y ()
ol liafi=—=~[=l=lle|lo
N e | RU1R | (oo | Bl {1750 | R0 | K=Y} Y

P=1.40 MPa (52.4°C) P=1.60 MPa (57.9°C)
empl| volume |lenthalpyl[ entropy J||Templ[ volume Jfenthalpy][ entropy

o v ] ° v s |
| C Jmmngpddke) (kJ/kgﬁJ' € lmmanc h(wkg)l Ki/kg K

Sat][_0.0141 2762 o911l Tsat]| 0.0121 2779 0.9

[_0.908
60l 0.0150] 285.5 0.939i 60 0.0124[ 280.7[ 0.914
7000161 2971 0.973fI 70 0.0134[ 293.3[ 0.954
8oll_0.0170[ 308.3 1.006f[( 80| 0.0144[ 305.1[ o0.98

oo 0.0179[ 3194 1.03 0.0152 316.5[  1.019

100 0.0188 3303 _LO6GA| [ 327.8]  1.050

['volume enthalpy entropy]

[Temp)
I °C (m"3/kg)' kelnrng

[ sat] 0.0167] 273.9[ 0.1
[ 5ol 0.0172 278.3[ 0.92

[ 60 0.0184 289.6[ 0.961|
[ 70 0.0195[ 300.6[ 0.994lll
80| 0.0205 3i1. |
90 _0.0215[ 322.1)[ 1.05
100 0.0224 332.7[ 1.08

2ed

:m‘

ey

||
:

__
[an | NNl
[a] | (=]
<
<
[y
B

1.025
1.0
4110 0.019¢ 3412 1.003i( 110] 0.0168] 338.9[ 1.08
[110f 0.0233[ 3434 1112l 120 o0.0204 3524 1123l 120 0.0173[ 350.0[ 1.109
[ 120 0.0242 3s54.0[ r.139i[ 130 0.0212] 363.0[ _Lisoll[ 130[ 0.0183 3611 1.13
(130 0.0251] 3649 taeellll 140 0.0219[ 374.0[ 1.177li 140 0.0189[ 3723 1.163
140 0.0259 375740 1193l 150] 0.0226] 385.1 1.204)f[ 150[ 0.0195 383.5[ 1199
[ 150 o.0268] 38670 1219\ 160 0.0234 3962 1.230f{ 160 0.0202] 3947 1214
160 0.0276] 3977 1.243|j[ 170 0.0241] 4074 1.253f|_170] 0.0208] 406.0 1.247
[(170 0.0284 408.8 1.270||[ 180 0.0247[ -418.8[ 1.281)J|[ 180] 0.0215][ 417.
0.0292[ 420.1)[ 1293

o Saturation roperties - Temperature Table (-40°C - 20°C)
Saturation Properties - Temperature Table (20°C - 101.06°C)
Saturation Properties - Pressure Table (60 kPa -3 MPa)
Superheated Vapor Properties - (0.06 MPa - 0.24 MPa) W,

Superheated Vapor Properties - (0.28 MPa - 0.7 MPa)
« Superheated Vapor Properties - (0.8 MPa - 1.6 MPa)

o Superheated Vapor Properties - (1.8 MPa - 2.0 MPa)
Source of data: NIST Chemistry WebBook - accessed Jan 2008
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Superheated Vapor Properties for R134a - (1.8 MPa - 2.0
MPa)

P=1.8 MPa (62.9°C) P=2.0 MPa (67.5°C)

Temp)| volume Jenthalpy][ entropy |||Templ| volume [lenthalpy] entropy |
Vv

| °C lmsneP @ D aangxlll °C 3 ke) h(kJ/kg)Il(kJ/lfg.K)

J Sat)[ 0.0106)] 279.2 0'9°5Jl [ Sat]| 0.0093] 280.1 0.902)

[ 70 o013 2889 0.934i 70] 0.0096 o 2839 0913

[ 80 o0.0123 3013 0.970)ff 80l 0.0105] 297.6] 0.952

oo 0.0131] 3135  1.003|| 90 o0.0114] 310.2] 0.988

100 0.0139 325.0[  1.o3g||[_too[ o.0121[ 3223 1.020
110 o.0146 336.5[ 1063l 110 0.0128 8l 334.1] 105|

120 0.0152[ 347.9[  1.094[[ 120] 0.0134] 3457 1.081]
[ 130 0.0159 3592 1123l 130 o0.0141 357.2] 1.110
[ 140 0.0165 370.5[ 1.150)|| 140 0.0146] 368.6] 1.138

150 0.0171 381.6[ 1.177)|[ 150 0.0152 380.1] 1.166]
[ 160 0.0177] 393.2) 1.204J| 160 0.0158[ 391.6 1.193
[ 170 0.0183|[ 404.[ 1.230]||[ 170 0.0163] 403.1 1.219

[ 180 0.0189 416.][  1.256)||[ 180 0.0168|| 414.8] 1.245

o Saturation Properties - Tempera ure Table (-40°C - 20°C)

« Saturation Properties - Temperature Table (20°C - 101.06°C)
« Saturation Properties - Pressure Table (60 kPa - 3 MPa)

o Superheated Vapor Properties - (0.06 Pa - 0.24 MPa)

« Superheated Vapor Properties - (0.28 MPa - 0.7 MPa)

« Superheated Vapor Properties - (0.8 MPa - 1.6 MPa)

« Superheated Vapor Properties - (1.8 MPa - 2.0 MPa)

Source of data: NIST Chemistry WebBook - accessed Oct 2010
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F-froiagram for R13 & refigerant
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herm ami Pro er " so R744( ar n io ide-C 2

Critical Pressure: 7.377 MPa, Critical Temperature 30.978°C
Ideal Gas Constant of Carbon Dioxide: R = 0.1889 kJ/kg K

2 ro rt Ta les:

Saturation Properties - Temperature Table (-20°C - 5°C)
o Saturation Properties - Temperature Table (5°C - 30.978°C)
e Saturation Properties - Pressure Table (2 MPa - 5 MPa)
Saturation Properties - Pressure Table (5 MPa - 7.377 MPa)
o Superheated Vapor Properties - (2.0 MPa - 7.0 MPa)
Transcritical Vapor Properties - (8.0 MPa - 13.0 MPa)
Transcritical Vapor Properties - (14.0 MPa - 20.0 MPa)

2 opety Dbles( xcel s'on)

Saturation Properties - Temperature Table
Saturation Properties - Pressure Table
o uperheated and Transcritical Vapor Properties

Source of data; NIST Chemistry WebBook - accessed March 2007

2 ro e y iar ms.

Pressure-Enthalpy (P-k) Diagram
Enthalpy-Entro h-s) Diagram

Note: The current refrigerant R134a has a Global Warming Poten ial (GWP) of 1300 with
respect to CO2. There is currently serious consideration of replacing it with R744 (_arbon

Dioxide) in refrigeration and heat pump applications, as well as automotive air conditionong
systems..

A typical home heat pump system is shown below, followed by the P-4 plot. Notice how the
transcritical cycle conveniently allows hot water heating together with space heating and air
conditioning,.
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P3a = P2 q
T3a = 70°C ( h"ty W

P2 = I3MPa
@ T2 - 160°C
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P-hdiagram for Carbon Dioxide Refigerant {R744]

Entropy [kdtkg.Kf1.0 1.1 1.2 1.3 14 1.5 1.6 1.7 1.8 1.9 2.0
MPa

tsmpa l.....]....

13 MPa

10MPa ...} ) SR T S
SMPai. ...\ .. 0C . J...... :

sMPa bl ...l

Pressure

TMPa L. b ..... . X

6MPal.......... \/

\ O

LA L N . .
18MPa } \ S0C 60C 70c 80°C 90C

NN INT0E 120C’ '140'0’\1Esgf~‘ 180°C
SOONON AN\

i Hot water Cjhioti

\

L L
(6) \ \_‘;\ '.Comp‘ressor

SMPa

A

4 MPa

3.5MPa

3MPa

2.5MPa T |’ !

S 3 ! ) 1 :
10% 20% 30% 40% 50% 60X 0% 0% 90
214Pa £ fi ! i i { il ,
150 200 250 300 350 400 450

Enthalpy{kJ{kg)

Engineering Thermodynamics by Israel Urieli is licensed under a Creative Commons
Attribution-Noncommercial-Share Alike 3.0 United States License




744 - Car on ioxide Sat ration roperties - emper ture able (-20°C -
, | ) & I e
|’[gx_13p Pressurefr_ volume (m"3/kg) L_ enthalpy (kJ/kg) ) [ _ entropy (ki/kgK) |

[.°C | MPa |

vf

[

ve |

hf |

hig | hg |

£ [

Sfg | se |

-2o§| 1.9696 0.000969( 0019343

154.45]

282.44| 436.89|

08328|

1.1157 1 9485

~-19{ 2.0310] 0.000974;

0.018726]

156.61|

280.20] 436,81

0.8411]

11025 19436

2.0938] 0.000978

0.018131]

15877

277.93] 43670

0.8494|

1.089 | 1.9386

2.1581] 0.000983[ 0.017357|

160.951

275.63| 436.58]

0.8577|

(10761 19337

2.2237} 0.000987

[0.017002]

163.14

273.30] 436.44]

0.8659|

1.0628] 1.9287

15[ 2. 2908] 0.000992

0.016467,

165.34

270.93]

436.27|

0.8742] 1.0495 19237

3] 0.000997] 0015950

167.55)

268.54

436.09|

0.8825]

_1.0362] 1.9187

2.4294]

0001002| 0015450‘L 169. 78[ 266. 11t

f¥_3,.§-‘89_}f

0.8908

1.0229] 1.9137

25010

435.66]

03991 1

1.0095| 1.9086

Q.OQJ,QJ_%[-Q._Qlf!EQQJL__

174. 26‘

261 ISJ 43541

0.9074]

0.9962

| 0.001017] 0.014048]

I76.52r

258.62 435.14]

0.9157[

0. 9828| 1. 8985‘

9[ 0.001023]

10.013611,

178.80]

256.04| -

[ 0.9241

_0.9694]

1.8934

o8] 2.8027]

10.001028

00131881

181.09

253.42

0.9324

0.9558| 1.8882

7] 2.8821] 0.001034] 0012778|

183.39] 250.78| 434.17] 09408]

0.9422| 1.8830

6] 2.9632[ 0.001040[ 0.012381[

-5] 3.0459] 0.001046] 0.011996

185.71] 248.08] 433.79 0.9492[

0.9287] 1.8778

188.05] 245.33] 433.38] 0.9576|

0.9149[ 1.8725

-4 3.1303[ 0.001052[ 0.011624]

190.40{ 242.55| 432.95] 0.9660

0.9012] 1.8672

3] 3.2164] 0.001058] 0.011262|

19277 239.71[ 432.48[ 09744

0.8874] 1.8618

_-2[ 3.3042( 0.001065| 0.010911]

195.16] 236.83[ 431.99] 0.9829

0.8734|  1.8563

1] 3:3938[ 0.001071[ 0.010571[

197.57| 233.89] 431.46|

09915

0.8595[ 1.8509

0] 3.4851] 0.001078[ 0.010241

200.00] 230.89| 430.89{

1.0000]

0.8453] 1.8453

1] 3.5783[ 0.001085[ 0.009920| 2

202.45| 227.84] 43029|

1.0086)

08311} 18397

I 2[ 3.6733] 0.001093] 0.009609

204.93| 224.72] 429.65|

L0172

0.8168| 1.8340

3] 3.7701] 0.001100] 0.009306|

207.43[ 22154 42897]

1.0259]

0.8023] 1.828

4] 3.8688] 0.001108[ 0.009011

1209.95| 218.3] 42825

1.0346]

0.7877 1.8223

5[ 3.9695] 0.001116] 0.008724] 212.50] 214.98] 427.48]

1.0434]

07729] 18163

Source of data: NIST Chemistry WebBook

accessed March 2007
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44 - Carbon ioxide Saturation rope ties - Temperature Table (5° -
- 30.978°C)

i|Ten;p Pressure volume (fn"3/1ég) ) :|_ - enthalpy (kJ/ké) _ ;____'___gl;.tropy (kJ/k.g.—IZ)‘

i §

(¢ [MPa | vt [ ve | nf | bfe [ hg | sf [ ofe [ sg |
[

[ 5 3.9695 9_091116{0008724 21250D 498[| 427.48]  1.0434] 0.7729] 18163
| 6l 40720] 0.001124] 0.008445] 215.08| 21159] 426.67| 1.0523] 0.7579| 1.8102
1 A..Z.l _4.1765[ 0.001133] 0.008174] ,..2,1.7_§2:| 208.12] 42581 1.0612] 0.7429] 1.8041
| 8] 4.2831[ 0.001142] 0.007909( 2_29.“3_513[‘205:‘5__5]__"gggg‘,gg}[___»1.0702[ 0.7275] 1.7977,
|9 43916[ 0.001152] 0.007651] 223.01| 200.91 423.92] 1.0792 0.7121] 1.7913
| 10' | 4.5022] 0.001161 0.007399_‘[__2_2__5__._’{'_315___1_9].}_5}[__422.88} 1.0884] 0.6963] 1.7847
___11] 4.6149] 0.001172] 0.0071531 228.49 193.30| 421.79] 1.0976] 0.6803 1.7779
12| 4.7297| 0.001. 1_82:[00069135| 231291_7189 33| 420.62] 1.1070] 0.6640] 1.7710
|.~_..____,_13‘l 4.8466] 0.001193] 0.006677] 234.13 185.24] 419.37| 1.1165] 0.6473| 1.7638
| 14] 4.9658] 0.001205] 0.006447} 237.03| 18102[ 418.05]| 1.1261j 0.6304] 1.7565
[ 15[ 5.0871] 0001218]0006222 239.99] 176.65] 416.64] 1.1359| 0.6130] 1.7489,
[ 16] 5.2108[ 0.001231] 0.006000{ 243.01| 172.11| 415.12 __1.g453% 0.5953] 1.7411;
- 17{ 5.3368 0001“245. 0.005783f 246.10] 167.40] 413.50] 1.1559] 0.5770] 1.7329
[ 18[ 54651[ 0.001260 0005569[ 24926| 162.50] 41176[ 1.1663] 0.5581] 1.7244
| 19] 5.5958] 0.001276] 0.005358] 252.52| 157.37| _.,609_-._8..9;|..__<~.1_:1.7.@2.[4,,,..Q-é?f%@l,_, 1.7155
~20] 5.7291 0.001293] 0.005149| 255.87| 152.00] 407.87| 1.1877| 0.5185 1.7062
21[ 5.8648] 0.001312[ 0.004943| 259.33| 146.34| 405.67| 1.1989| 0.4975| 1.6964
[ 22[ 6.0031] 0.001332] 0.004738] 262.93| 140.33] 403.26] 1.2105] 0.4755 1.6860
| 23] 6.1440[ 0.001354] 0.004533| 266.68] 133.95| 400.63| 1.2225| 0.4524] 1.6749
[ 24[ 6.2877] 0.001379] 0.004327| 270.61| 127.09| 397.70| 1.2352] 0.4277; 16629
[ 25[ 6.4342[ 0.001408[ 0.004120] 274.78] -119.65] 394.43| 1.2485] 04013 16498
~ 26 6.5837] 0.001440[ 0.003908| 279.26| 11145 390.71| 1.2627| 03726] 1.6353
[ 27[ 6.7361{ 0.001479] 0.003690| 284.14| 102.25] 386.39| 12783] 0.3406| 1.6189
[ 28] 6.8918[ 0.001526[ 0.003459] 289.62] 91.58] 38120[ 1.2958] 0.3041| 1.5999
1 29[ 7.0509] 0.001589] 0.003205] 296.07] 78.54] 374.61] 1.3163] 0.2600 1.5763
{30 7.2137] 0.001686] 0.002898| 304.55] 60;5,3;!. .3.9?,?..1_%1___Iéf%éé,l._9},_9_9.81,‘L'_1<_§f}3‘3:

Fo 978] 7.3773| 0.002139 0002139F332 25| 0.00] 33225 1.4336 0.0000| 1.4336

Saturation Properties - Temperature Table (-20°C - 5°C)
o Saturation Properties - Temperature Table (5°C - 30.97 ° )
o Saturation Properties - Pressure Table (2 MPa - S MPa)
Saturation Properties - Pressure Table (5 MPa - 7.377 MPa)
o Su erheated Va or Pro ‘erties- 2.0 MPa - 7.0 MPa
Transcritical Va or Pro erties- 8.0 MPa-13.0 Pa
Transcritical Va or Pro erties - 14.0 MPa -20.0 Pa

Scurce of data: NIST Chemistry WebBook - accessed M r h 2007
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4-Car on io i eSaturation rope ties - Pr ssur Table( M a-§

a

Pressure.| Temp [ volume (m"3/kg) |  enthalpy (ki/kg) | ‘_Me_;}grgp_)_{u(ul_c{/“lc&gv IQ e
( MPa [ °C [ vf | vg | Wf | hfg | hg | sf | sfe | sg
2.0] -19.50 0.000971| 0.019033| 155.52] 281.33| 436.85] 0.8369( 1.1092| 1.9461
2.1}__-17.90;_7_0;999_9749 | 0.018074] 158.99] 277.70{ 436.69| 0.8502| 1.0880| 1.9382

[ 22| -16.36] 0.000986[ 0.017199] 162.36] 274.13] 436.49] 0.8630] 1.0675] 1.9305
L 23 -14386] 0.000993| 0.016396] 165.64] 270.61| 436.25] 0.8753| 1.0477| 1.9230
[ 24] -13.42[ 0.001000{ 0.015656| 168.85| 267.12 435.97] 0.8873| 1.0285 1.9158
2.5[ -12.01] 0.001007] 0.014973] 171.98 263.68] 435.66 0.8990] 1.0097| 1.9087
26| -10.65] 0.001014[ 0.014340] 175.05] 260.27] 435.32] 0.9103] 0.9915] 19018
L 27 932 0001021F0 013751] 178.06] 256.88] 434.94] 0.9213] 0.9737] 1.8950
28] -8.03[ 0.001028| 0.013202] 18101 253.52[ 434.53 09321 0.9563[ 1 __88_8.41
| 29[ -6.78] 0.001035] 0.012688] 183.90 250.18] 434.08| 0.9426| 0.9392| 1.8818,
__3.0] -555] 0.001043] 0.012207] 186.75] 246.86] 433.61| 0.9529| 0.9225| 18754
31| -4.36] 0.001050{ 0.011755] 189.56 243.55| 433.11] 0.9630] 0.9061| 1.8691]
| 32[ -3.19[0.001057] 0.011329] 19232] 24025[ 432.57[ 0.9729] 0.8900[ 138628
[ 33[ -205] 0.001064] 0.010928] 195.05] 236.96| 432.01| 0.9825| 0.8741| 18566
[ 34 -093[0.001072| 0.010548] 197.74] 233.68| 43142| 0.9920] 0.8585 1.8505
[ 35[ 0.6] 0.001079] 0.010189| 200.39| 230.41]| 430.80| 1.0014] 0.8430 1.8444
_36]  123[0.001087( 0.009848] 203.02 227.13| 430.15| 1.0106] 0.8278| 1.8384
37 228[ 0.001095] 0009524} 205.62| 223.85] 429.47| 1.0196| 0.8128| 1.8324
| 3.8[ 330] 0.001103] 0.009215| 208.19] 220.57| 428.76| 1.0286| 0.7978| 1.8264
| 3.9 431] 0.001111( 0.008921] 210.74] 217.28] 428.02| 1.0374| 0.7830| 1.8204
[ 40[ 530[ 0.001119] 0.008640] 213.27| 213.98] 427.25| 1.0461] 0.7684| 1.8145
4.1]  627] 0.001127] 0.008372| 215.78] 210.66| 426.44| 1.0547| 0.7539[ 1.8086

42[  722[ 0.001135] 0.008114] 218.28] 207.33] 425.61| 10632 0.7395| 1.8027

[ 43 s.6[ 0.001144] 0.007868[ 220.75[ 20399| 42474[ 1.0716[ 0.7251( 17967
| 44 T5.08[ 0.001152] 0.007631[ 22322 200.62[ 423.84| 1.0799] 0.7109] 1.7908
_F _W#J___w998[ 0.001161] 0.007404] 225.68] 197.22[ 422.90] 1.0882 0.6966] 1.7848
| .46 1087 10.001170] 0.007185] 228.12| 193.81| 421.93] 1.0964| 0.6824| 1.7788
| 11,74 0.001179] 0.006974] 230.56 190.36[ 420.92[ 1.1046] 0.6682 1.7728
[ 48| 12,60/ 0.001189] 0.006770] 233.00[ 186.88] 419.88] 1.1127] 0.6540] 1.7667
[ a9 1345[ 0.001199[ 0.006573[ 235.43| 183.36] 418.79] 1.1208[ 0.6398| 1.7606
[ 5.0[ 14.28[ 0.001209] 0.006383| 237.87| 179.79| 417.66] 1.1289| 0.6255| 1.7544

Saturation Pro erties - Tem erature Table -20°C - 5°C
o Saturation Properties - Temperature Table (5°C - 30.978°C)
Saturation Properties - Pressure Table (2 MPa - S MPa)
e Saturation Properties - Pressure Table (5§ MPa - 7.377 MPa)
o Superheated Vapor Properties - (2.0 MPa - 7.0 MPa)
Transcritical Vapor Properties - (8.0 MPa - 13.0 MPa)
ranscritical Vapor Properties - (14.0 MPa - 20.0 MPa)

Source of data: NIST Chemistry WebBook - accessed Jan 2008




7 4 - Carbon Dioxide Satu a ion Properties - Pressur

able (§

a-737

Prcssure Temp volume (m"3/kg) | enthalpy (kJ/kg) Ll entropy (kJ/kg K) i
(MPa | °C [ i | ve | hf | bfg [ bg | st [ sfe | sg |
— 5.0] 14228 0.001209] 0.006383] 237. 87 179. 79[ 4176_9[ 1.1289] 06255 1.7544

5.1 15.12{ 0.001219] 0.006198] 240.30{ 176.18| 416.48| 1.1369] 0.6112] 1.748]]

sl

15.91] 0.001230] 0.006019

172.52| 415.26

242. 74

"1.1449] 0.5968] 1.7417

16.71] 0. 001241| 0.005846

"245.19] 168.80] 413, 99.| 1.1530] 0.5823] 1.7353

EE
l

__ 54]_17.50] 0.001252] 0. 005677'| 247.65[ 165.01[ 412.66] 1.1610] 05677[ 1.7287
5.5 18.27] 0.001264] 0.005512] 250.13| 161.15] 411.28] 1.1691] 0.5530] 1.7221]]
56 19.03] 0.001276] 0005351 252,62 157.21) 409.83| 1.1772| 0.5381| 17153
5.7[__19.78] 0.001289] 0.005194| 255.13| 153.19] 408.32] 1.1854] 0.5229| 1.7083

| 58] 2053 0.001303] 0.005041| 257.67 149.06] 406.73 1-1936§l,w0-5075z 17011
5.9 21.26[ 0.001317] 0.004890] 260.24| 144.83| 405.07| 1.2019] 0.4919( 1.6938
[ 60[ 2198[ 0.001332] 0.00474 | 262.85| 140.47| 403 32| 12102| 0.4760| 1.6862

~6ll

122.69] 0.001347| 0.004596]

1265.49] 135.98| 401.47| 1.2188] 0.4596| 1.6784

6. 1|

23.39 0. 001364| 0.004452

268. 19F13133 399.52| 1.2274[ 0.4429] 1.6703

it

6.4

24.77] 0.001401{ 0.004168

I

L.

| 63F 24.08| 0001382|7 0.004310] 270.96] 126.48] 39744[ 12363[ 0.4255| 1.6618
i 273.79] 12143[ 395.22[ 12453

04076[ 16529

65

25.44[ 0.001421 0.004027|

276.72| 116.12] 392.84| 1.2547|

0.3889] 1.6436

66|

26.11] 0.001444[ 0.003885| 279.76] 110.51] 390.27) 12644] 03692 1.6336

26.77] 0.001469] 0.003742| 282.95[ 10452[ 387.47] 12745[ 03485 16230

6.8

'27.41| 0.001497] 0. 003597[ 286.32|

98.05] 384.37| 12852] 03263 16115

l
|
| 67

" 69

28.05[ 0.001529{ 0.003446

289.93[ 90.97| 380.90| 12967| 03021

15988

7. of 28.68] 0.001567( 0.003289,

293.88]

83.03| 376.91] 1.3093| 02751

1.5844

71

29.30] 0.001613[ 0.003120] 29835]

73.81] 372.16[ 13236[ 0.2440] 1.5676

[ 72

29.92[ 0.001675] 0.002927| 303.71

62.41] 366.12] 13407| 0.2060] 1.5467

73]

_30.52[ 0.001774] 0.002680] 311.12|

46.06| 357.18| 13646]

01517} 15163

[..7377]

30.98] 0.002139] 0.002139[ 332.25]

00.00] 332.25] 14336

0.0000] 1.4336

o Saturation Properties - Temperature Table (-20°C - 5°C)

s Saturation Properties - Temperature Table (5°C - 30.978°C)

Saturation Pro erties - Pressure Table 2 MPa - S MPa

Saturation Properties -

e Su erheated Va or Pro erties- 2.0 MPa - 7.0 MPa
Transcritical Va or Pro erties- 8.0 MPa- 3.0

Transcritical Va or Pro erties- 1 .0 MPa-20.0 Pa

ressure Table (5 M a -7.377 MPa)

Source of data: NIST Chemistry WebBook - access d Marc 2007
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. Carbon _ioxide Refrigeran (R744) - Superheated Vapor Properties (2 MPa -7 Pa)
{ P=20 a(-195°C) | P=30MPa -555°C | =4.0 MPa (53°C)
%Temp,[ volume fenthalpy|| entropy | @q;ng volume |enthalpy| entropy |{Temp| volume |enthalpy] entropy
iL_°C_lv(m"3/ke)(h(ki/kg s(kI/kg K Ii| °C v(m"3/kg){h(kI/kg); s(ki/kg K °C Iv(m*3/kg) [h(k]/kg)is(kI/kg K)
Il sat][0.019033] 436.85] 1.9461/\[ Sat[[0.012207[ 433.61] 1.8754)l[ Sat.[0.008640[ 427.25] 1.8145
!|_,,_,_:,1_Q;~049_2‘0507|__f1_4_§_5.8 19919 0]0.012931f 442.22)  1.9072)i| 10§ 0.009224( 436.55] 1.8477
o 0100219255_-t "460.00]  2.0341)[ 10]0.014082] 455.98] 1.9567)|[ 20[0.010257| 452.99] 19047
5' 10[0.023257[ 470.84[  2.0731f[ 20{0.015116] 468.46] 20001l 30| 0.011141] 467.15, 19523
:L_.}Q_EQ%&?}QJ%L?}}-.A._2_:19_9§*i _30[0.016074| 480.201 2.0395fii 40| 0.011939] 480.10f 1.9943
30]0.025748] 491.57] 21438}l 40[ 0.01698] 491.46] 2.0760)| 50]0.012681j 492.31 2.0327.
40[0.026934] 501.65] 2.1766]| 50{0.017847} 502.39| 2.1104)( 60} 0.013382 504.02| 2.0684
50 0.028091{ 511.63] 22079 60| 0018683 513.03] _2.1430] 70| 0.014053( 51539 2.1020
| 60]0.029224] 521.54| 2.2381] 70[0019495[ 523.64| 217425_ 80] 0.014699| 526.51} 2.1339
i 70|0030337f53141‘_,9_.@673]F 8010020287r53407y 22041} 90{0.015326( 537.45] 2.1645
80[0.031434] 541.26] 2.2956|f 90/ 0.021063| 544.42{ 22330/ 100]0.015937] 548.26] 2.1939
_90/0.032516] 551. 11| - 2.323101 100{0.021824] 554.73] 2.26101f 110 .9:9.153_5}..41.._5.5,3;2?! ,2~22:22§
i»__lOO 00335861 560.97]  2.3499|( 110]0.022574] 565.00] 2.2882]|| 120]0.017120] 569. 62{“@.2496{
I 110] 0.034646] 570.85] 23760 120[0.023313] 575.26] 2.3146)| 130]0.017695] 580.22| 22763
i 120] 0035696F58076<| 24015/l 130[0.024043 585.51] 2.3404)(( 140{0.018263[ 590.80] 23022
{130 0. 036738 590.69] 2.4265|[ 140{0.024766] 595.77 2.3655|[ 150[0.018823 601.35]  2.3274
il 140[0.037773[ 600.66] 2.4509/ll 150]0.025481 606.05| 2.390Lf 160} 0.019376| 611.90{ 2.3521
11 150[0.038802( 610.68] 2.4749} 160!0026191[ 61635 2.4142|l 170]0.019924( 622.46] 23762
160’0039825[ 62073] 7_'2:«742874[ 170 0026895F626 67 24377
| 170[0.040842( 630.84] 25214

" P =5.0 MPa (14.3°C)

P=6.0 MPa (22.0°C) |

“P=7.0 MPa (28.7°C)

|Temp[ volume enthalpy|[ entropy |iTemp; volume lenthalpy| entropy j[Temp| volume (enthalpy; entropy -
°C_v(m3/kg)[h(ki/kg)|s(k/kg K|l °C v(m’3/kg)h(kIkg)s(kikgK)|l| °C [v(m"3/kg)|h(ki/kg){s(kl/kg K)
| Sat.[0.006383] 417.66] 17544 Sat.|0.004742| 403.32] 16862|\ Sat}0.003289| 376.91, 15844
20/ 0.007110] 432.38] 1.8051)| 30[0.005833] 430.71] 1.7779) 30[0.003752[ 392.71] 16367
(| 30{0.008063] 45144 18691\l 40[0.006700f 451.72| 18462 40]0.005050| 432.12] 1.7649
[~ 20]0.008846] 467.13] 1.9200] 50{0.007396] 468.57| 1.8992)| 50[0.005814| 453.99] 18337
~50[0.009538[ 481.15] 1.964Ljll 60 0.008006| 483.44] 19445{] 60]0.006430( 47153 1.8872
"60[0.010173[ 494.19]  2.0039|| 70[0.008561[ 497.16] 1.9851||[ 70]0.006969] 486.98, 19329
"70{0.010768] 506.59] 2.0405|ll 80 0.009079] 510.11] 2.0223|| 80]0.007459] 501.18] 1.9737
Il 80[0:011334[ 51854] 20749 90/0.009569] 522. 551 _2.05704) 90 0.007916| 514.57| 2.0111
~90[0.011876[ 530.16{ 2.1073}| 100'0010037R34 607 2.0898[| 100[0.008347| 527.38. 2.0459
100] 0.012399] 541.55] 2.1383]}f 110; 0010488174636,»,2.1209' 110} 0.008759| 539.77' 2.0787
["110[0.012907| 552.76] 2.1679[ 1. 2010010924 557.921  2.1507|i{ 120]0.009155| 551.85! 2.1098
120[0.013403[ 563.84] 2.1965) 1300011349 569.31]  2.1793)[ 130[0.009537] 563.70" 2.1396
130/ 0.013887| 574.82] 222400 140{0.011764| 580.59' 22069} 140|0.009909| 57536 2.1681
140[0.014363[ 585.73[ 2.2508|[ 150[0.012170[ 591.77, 22336 150[0.010272[ 586.88" 2.1957
150/ 0.014830[ 596.59] 22767} 160 0.012569| 602.88] 2.2596{|l 160]0.010627| 598.30 2.2223
160] 0.015290 607.41] 2.3020}f 17070.012961] 613.94" 2.2848| 170[0.010976] 609.63' 2.2482
170[ 0.015745| 618.22 2.3267
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Carbon Dioxide Refri erant ( 744) - Transcritical Vapor Properties (8  a -13 MPa)
=8.0 a ‘ P =9.0 MPa P=10.0 MPa

TemPJ _volume !l?ﬂt.ll%lﬂbﬁfl.gl}ﬁf_‘?l?l' | |Teml?| VOIUme Ienﬂlalpﬂ entm Y i ILTS?!}]P ~volume I|enfhali?>’ | eﬂtmpy ,
°C 'v(mAslkgi1h<k1n<g)';k(kwkgi<z [°C_[m3ikg)[n(kVke)s(dkg K)| [ °C (v(mAafkg)luka/kg)flsad/lgg K)
10{0.001107] 220.04] 105430l 10[0.001096| 218.97] 1.0467}| 10| 0.001086] 218.06] 1.039

20]0.001208] 24691 1.1475|[ _20] 0.001186] 244.58] 1.1355)[ 20 0.001168] 242.70] 1.1251

30[0.001425[ 284.04] 1.2719][ 30[0.001344] 27632] 12419)[ 30]0.001296] 271.62] 12220
__40(0.003599] 402.90 16578/ 40] 0.002060] 343.78| 1.4600|| 40[0.001591] 313.04] 13563
[ 50{0.004562] 436.37] 1.7632| 50[0.003509] 413.81] 1.6810|[ 50| 0.002602] 384.07] 15795
60 0.005219] 458.13]  1.8296|l 60| 0.004248{ 442.78] 1.7693| 60} 0.003449] 425.02 1.7045

70{0.005760] 475.93| 1.8822] 70 0.004807| 463.86| 1.8317)( 70| 0.004036] 450.65] 1.7804
80 0.006237| 491.69 1.9275|l| 80| 0.005280| 481.59 1.8827)] 80[0.004513] 470.85] 1.8384
90[0.006672] 506.21] 1.9681f[ 90]0.005703] 497.46 1.92703]  90] 0.004928] 48831 1.8872

100[0.007078] 51990 2.0053]|[_100] 0.006092] 512.15| 1.9669|[ 100] 0.005303| 504.14] 1.9302
|_110[0.007462] 532.99] 2.0399)i[ 110} 0.006455] 526.0 | 2.0036[ 110[0.005651] 518.88] 1.969
|Iv 120/ 0.007828] 545.65] 2.0725|( 120] 0.006798| 539.32 2.0378|| 120] 0.005977] 532.86] 2.0052
| 130[0.008180] 557.98] 2.1035)i 130]0.007127[ 552.17] 2.0701|| 130]0.006287 546.28] 2.0389
| 140[0.008521[ 570.06] 2.1331j)| 140[ 0.007443[ 564.70] 2.1008|[ 140{ 0.006584] 559.28] 2.0708

JS—

1501 0.008852 581.95] 2_.1»6_71_§? 150] 0.007749] 576.97| 2.1302}[ 150[ 0.006870] 571.95[ 2.1011

et |

7160/ 0.009174] 593.68: 21889 160[ 0.008046[ 589.03] 2.1584| [ 160 0.007147| 58437 2.1301
B 17010009489, 605.29] 2215 || 170{ 0.008336] 600.94] 2.1855!| 170[0.007416] 596.58] 2.1580

_180[0.009799] 616.82] 22411|[ 180[0.008615| 61273 22118/ 180{0.007679| 608.64] 2.1849

[ P=11.0MPa ~ P-120MPa  P=13.0MPa

{[Temp| volume [enthalpy| entropy ||[Temp]| volume lenthalpy{ entropy ||Temp]| volume lenthalpy| “entropy
°C [V 3/kg)|n(kike) stk ke K[| °C [v(m3/ke) [n(kl/ke) STkg KOl °C N(m3/kg) |h(kikg) [S(ici/ke K)
10' 0.001078] 217.26] 1.0330fil 10} 0.001069] 216.57| 1.0267\| 10]0.001062[ 215.97[ 10208

[ 20 0-.99115..‘2.[,,,.2_4_14_4! _ LIIS8Y 201 0.001139] 239.82] 1.1074)[ 20] 0.001i27| 238.68| 10996
1t 30 0.001263| 268.21( 12066l 30| 0.001236{ 265.57| 1.1937|| 30| 0.001215] 263.41] 1.1826
B
I

z_to 0.001463] 302.38] 13173/ 40[0.001393[ 296.06] 1.2026) 40| 0.001346[ 291.61] 12741
50/ 0.001990| 354.37 _1.4806)| 50| 0.001710] 33641] 14194|| 50] 0.001572] 326.00] 13821

60] 0.001979] 367.69] 1.5091
~70{ 0.002489| 406.21 1.6231
'80] 0.002948( 435.59] 1.7075

O\

0] 0.002795] 404, 9_3‘_ 1.6349(f  60] 0.002302] 384.62] 1.5663
_ 701 0.003405] 43631} 17278/ 70!0.002892| 421.19| 1.6746
_ 80/ 0.003886 459.49| 17944/ 80]0.003370] 447.64| 1.7506 ,
90 0.004296] 47880 18483} 90[0.003774] 46898 1810 | 90| 0.003342[ 459.00] 1.7729
_100[ 0.004661 495.90 1.8948|ll 100]0.004131| 487.47! 1.8604|i 100] 0.003689[ 478.93] 18271
il 110 0.00499-T 511.59] 1.9363]f| 110]0.004455| 504.18] 1.9046[ 110] 0.004003] 496.70 1.8741
120] 0.005308] 526.31{ 1.9742||| 120) 0.004755{ 519.68, 1.9446] 1201 0.004292| 513.01[ 1.9161
130 0005603; 54032]  2.0094|| 1300.005037| 534.32| 1.9814)| 130! 0.004562| 52830 1.9545
140{ 0.005884: 553.82] 2.0425|| 140! 0.005304| 548331 2.0157}j 140/ 0.004818] 542.84] 1.9902
150[ 0.006154{ 566.91] 20738 | 150/ 0.005560| 561.86] 2.0480|[[ 150 0.005062] 556.8 | 2.0236
1601 0.006414| 579.69] 21036 || 160;0.005807| 575.00 2.0788)j 160] 0.005296| 570.33| 2.0552
170{ 0.006667" 592.21  2.132 || 170] 0.006045| 587.86] 2.1081{[ 170] 0.00552 | 583.51[ 2.0853
180f 0.006912] 604.55 2159 || 180 0.006276] 600.47] 2.1362( 180] 0.005741] 596.42] 2.1140
{_190[0.007152' 616.72 2186 | 190 0.006502| 612.90] 2.1634]| 190] 0.005954] 609.09] 2.1417

p— e T




‘ ar on _joxide Refrigerant (R74 - - Transcritical Vapor Prope ti s 14 Pa-2 MPa)
| P= 14.0 MPa_ . P=150MPa . P=160 Pa |
H’[‘emg '__vgl_qg}_e [enthalpyll entropyJ Temp volume _lenthal J_ka ‘ep_tquéxhj Temp)| volume ienthalpyl entropl
i °C_v(m3/kg)lh kkg) s(kl/kgK | °C_v(m"3/kg)ih(kl/kg s(ki/kgK)| | °C 5V(m“3/kg).s h(k/ke)! s(klkgK)
[L__1010.001055 21545 101524 10] 0.001048) 214.98] 1.0099 | 10]0.001042] 214.58)  1.0048
i 20[0.001116] 237.70] 1.0925)|l 20] 0.001106] 236.84| 1.0857}{ 20/ 0.001097| 236.09, 1.0794
l 30’l0 001197[ 261.62[ 1.1727)| 30| 0.001181j 260.10] 1.1637)| 30} 0.001167| 258.79,  1.1556
'. ._.__%Q.-l_Q:OOBIO _.(%§_8_:2.1£ 125900 40] 0.001282] 285.48] 12461| 40| 0.001258] 283.22( 1.2348
_50[0.001488] 319.07| 13559i 50| 0.001429] 314.00] 13357/ 50]0.001385] 310.07{ 13192
~60[0.001781] 355.38] 1.4665| 60| 0.001655 346.54;,“,771‘.5%31 60] 0.001569] 339.95[ 1.4103
~70[0.002190] 392.61[ 1.5767)[ 70[0.001977 381.20] 15374} 70]0.001826] 372.04) 15052
80{0.002608| 423.79] 1.6663|| 80} 0.002341] 412.79] 1.6281}{ 80| 0.002135] 402.98] 1.5940
Il 90[0.002984] 449.04] 1.7368{Il 90§ 0.002690] 439.36] 1.7024}| 90| 0.002451| 430.23] 1.6702
I 100[0.003319] 470.38] 1.7948]l| 100] 0.003009| 461.95| 1.76381| 100] 0.002750] 453.79} 1.7342]
il 110[0.003622] 489.21] 1.8446][ 110[0.003299] 481.79] 1.8162|| 110 0:99..392_§il _ﬂflé?elﬂ,,l,,-.?@pi
[ 120]0.003900] 506.35{ 1.8888]|l 120] 0.003567} 499.73| 1.8625)| 120 0.003282} 493.22 1.8372
[ 130]0.004160] 522.29] 1.9288[ 130] 0.003816] 516.33] 1.9042|| 130]0.003521{ 510.44| 1.8803]
;i[yoj]glqgggt_os 537.37]  1.9658]|[ 140[ 0.004052] 531.94] 1.9424|[ 140]0.003747 526.57] 1.9200
1 150[0.004638[ 551.78] 2.0003fil 150{ 0.004275] 546.80] 1.9780| 150 ,9.9039611;.&1-.&7. | _1.9566
1[ 160[0.004861[ 565.69| 2.0327}ii 160| 0.004488; 561.09] 2.0113}| 160] 0.004166{ 556.54] 1.9908
il 17010.005077| 579.20| 2.0636 _A,l_Z,O;,0-0046%““%1@?25,.W,Z-_Qf?_%?,% { 170]0.004362| 570.70| 2.0232
180[0.005285[ 592.39  2.0930|| 180[ 0.004893] 588.40] 2.0730|| 180]0.004552| 584.46( 2.0539
Il 190{0.005487| 605.32{ 2.1212}fi 190 0.005085, 601.59( 2.1018|| 190] 0.004736 597.90] 2.0832
|[ 200{0.005684[ 618.05] 2.1484]f 200{ 0.005273] 614. 54F 2.12941[ 200{ 0.004915[ 611.08] 2.1114
[ Pp=170MPa | P=180MPa | ___ P=190MPa
Eliegpp, volume ‘enthalpy| entropy Temp volume enthalpy] entropy y Temp|_volume _‘;enrtllaflpyl entropy
°C_jiv(m"3/kg) h(leks)lsﬂ%!/l@:s,K)  °C IV(m“3/kg) h(kJkg) s(ki/kgK) || °C  v(m"3/kg)ih(ki/kg) Is(kI/kgK)
[ 10[0.001036 21423] 0.9999(10] 0.001031[ 213.93] 0.9952 | 10[0.001025| 213.66] 0.9906
| 20[0.001089] 235.43| 10734}l 20} 0.001081] 234. 84] 1.0677| 20|0.001074| 234.33] 1.0623
30;0.001154} 257.65 '1.1480}l] 30] 0.001143] 256.65] 1.1409 || 30 0.001133| 255.78] 1.1342
'[_"40}10001238' 281.32] 1.2248 |, 4o|0001220| 279.68] 1.2156{ 40| 0.001205{ 278.26] 1.2072
50] 0.001350 306.90] 1.3052|} _50[0.001321] 304.27] 12929 50[00012964 302. 04]'_‘W1A:g§2_9;
60§ 0.001505 334.84[ 1.3903}[[ 60 0.001455| 330.74] 13735| 60| 0.001415| 327.35] 13591
~70[0.001716] 364.75| _1.4788|| 70 0.001633 358.88] 1.4568 | 70[0.001569[ 354.08] 14381
"""" 80] 0.001977] 394.53] 1.5643|| 80| 0.001855 387.37| 15386 80[0.001760[ 381.34] 15164
_____ 90[ 0.002258 421.85] 1.6406|| 90/ 0.002102] 414.34] 16139 ___99f 0.001977] 407.71{ 15901
100[0.002534] 446.04] 1.7063]|[ 100[ 0.002354 438.82[ 1.6805 | 100[ 0.002205( 432.20] 16566
110[0.002794] 467,51 17631 110[0.002598| 46082 17386 [ 110[0.002431[ 45453 17157
1 120[0.003038| 486.88 18130|[ 120[ 6002828 480.75 17900 || 120(0.002648| 474.9] 17682
[ 130{0.003267| s04.68] 1.8578|| 130[0.003047] 499.08] 1.8360/|[ 130[ 0.002855| 493.67| 18153
[ 140 0.003483] 521.31] 1.8985) 140[0.003253 516.16] 1.8779|[ 140] 0.003053] 511.17] 1.8582
| 150[0.003688] 537.03] 1.9361| 150 0.003450] 532.29] 19165 | 150[0.003241] 527.67] 1.8977
17160]0.003885[ 552.06] 1.9712|[ 160] 0.003638] 547.67] 1.9524 ([ 160] 0.003422| 543.38] 1.9344
([ 170]0.004073[ 566.54] 2.0043]i[ 170[ 0.003819] 562.46] 19862 | 170[0.003595| 558.46] 1.9688
180 0.004255[ 58058 2.0356\[ 180[0.003993[ 576.77] 2.0181 | 180| 0.003762{ 573.03] 2.0013
190/0,004431[ 594.27 _2.0655|[ 190[ 0.004162 590.70[ 20485 || 190[0.003924] 587.19( 20322
17200] 0.004602[ 607.66] 2.0941||| 200( 0.004326] 60431 2.0776 | 200] 0.004082] 601.01[ 2.0617
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P =20.0 MPa

[Temp|] volume |fenthalpy| entropy |
| °C_liv(m"3/kg)[n(ki/ke)s(kikgK)
[ 10[0.001020] 213.44[ 0.9862;
v_ZQE_QQ_QLQQZ ,“.2_3..3..'82!”__1.-_.0_5_71% - Saturation Properties - Temperature Table (-20°C -
B 3(};_9&91_123; 255.00[ __1.1280 5°C)
_4010.001191} 277.02] 1.19941 « Saturation Properties - Temperature Table (5°C -
|__50/0.001275] 300.13] 127211  30.978°C)
6010.001382 324.50] 13463l  Saturation Properties - Pressure Table (2 MPa - 5
_70{0.001517] 350.07] 14219  MPa)
| 80j0.001684] 376.23] 1.4971 Saturation Properties - Pressure Table (5 MPa -
| 90[0.001876] 401.91] 1.5688] 7377 M a)
| 100[0.002081] 426.19] 1.6348 Superheated Vapor Properties - (2.0 MPa - 7.0 MPa)
| 110[0.002289] 448.67] 1.6942f| o Transcritical Vapor Properties - (8.0 Pa -13.0 W
_120]0.002493] 469.36] 1.7475 _Pa) |
130, __(1.002689f | 488.49( 17956 Transcritical Vapor Properties - (14.0 MPa - 20.0
_140[0.002877| 506.35] 1.8394 Pa)
150| 0.003057| 523.19] 1.8796 .
I 160[0.003230] 53921 10171|°0uCe of data: NIST Chemistry WebBook - accessed
[T 17000003396 558,57 19521/ Merch 2007
1 18010.003557| 569.39] 1.9852
1l 19070.003713] 583.77{ 2.0166
I 20010.003864| 597.79] 2.0465
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P-frcliagram for Carbon Dioxide Refiigerant [R744]
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Enthalpy (kJikn)
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Sp 1 at apa ities a I ea Gas

8 Consider a stationary closed system in which the
o only work interaction is boundary work, thus all
"% other work interactions are excluded.
du The differential form of the energy equation is thus:
& -dw=dn = d&=du+Pdv )
3q

For a simple system, internal energy (u) is a function of two independant variables, thus we
assume it to be a function of temperature T and specific volume v, hence:

du ou
1= vy = duo=|—] dT +|—| dv 2
u=u.v) ! [aTL +[av]q~ ©

Substituting equation (2) in the energy equation (1) and simplifying, we obtain:

Ju gu
& = {EL(YI‘ +[ [EL + P] v 3)

Now for a constant volume process (dv = 0):

ou au
=221 dT=C,dT & Cy=|=— 4
we[f] oo e e [Z] o

where C,, is the specific constant volume heat capacity

That is, the specific constant volume heat capacity of a system is a function only of its internal
energy and temperature. Now in his classic experiment of 1843 Joule showed that the internal

energy of an ideal gas is a function of temperature only, and not of pressure or specific volume.

Thus for an ideal gas the partial derivatives can be replaced by ordinary derivatives, and the
change in internal energy can be expressed as:

W=CydT <« Ay=C AT topn

Consider now the enthalpy. By definition h = u + P v, thus differentiating we obtain:
dh =d{u+Pv) =du+Pdv+vdP
Thusfrom (1) = &=du+Pd =cdh -vdP O

Again for a simple system, enthalpy (h) is a function of two independant variables, thus we
assume it to be a function of temperature T and pressure P, hence:

oh éh
h = h(T, = dh=]|—1! dT+|—| dP 6}
1=h(.F) ‘ [GTL +[5P]T ©

‘Substituting equation (6) in the energy equation (5), and simplifying:
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8 = B%Ld’[‘ N ({%]T B, ) ap @

Hence for a constant pressure process, since dP = 0:

oh ot
d=|—| dT =Cp dT Cp=|—
! [3T]p pE = F [a’r]p ®

where Cp is the specific constant pressure heat capacity

That is, the specific constant pressure heat capacity of a system is a function only of its enthalpy
and temperature. Now by definition

h=u+P* =u+RT (since Pv = R T forideal gas)

Now since for an ideal gas Joule showed that internal energy is a function of temperature only, it
follows from the above equation that enthalpy is a function of temperature only. Thus for an ideal
gas the partial derivatives can be replaced by ordinary derivatives, and the differential changes in
enthalpy can be expressed as

dh=CpdT < Ah=CpAT f—p-

Finally, from the definitio of enthalpy for an ideal gas we have:

di=du+dPv)=du+RdT
CpdT=CydT+RdT = |Cp=(Cy;+R p———mp-

-C-:-EJ (tatio of specific heat cap cities)
e

Define: | k

Cs

¥

Values of R, Cp, Cy and k for ideal gases are presented (at 300K)) in the table on Properties of
Various Ideal Gases. Note that the values of Cp, Cy and k are constant with temperature only for
mon-atomic gases such as helium and argon. For all other gases their temperature dependence can
be considerable and needs to be considered. We find it convenient to express this dependence in
tabular form and have provided a table of Specific Heat Capacities of Air.

Engineering Thermodynamics by Israel Urieli is licensed under a Creative Commons Attribution-
‘oncommercial-Share Alike 3.0 U_ited States License
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T d’aba ic rocess n dea S

It is unusual to develop the equations of the Adiabatic Process directly from the energy
equations, since they are usually introduced after the discussion of entropy as the Isentropic,
Process. This approach was introduced to us by Potter and Somerton in their Schaum's
Outline of Thermodynamics for Engineers, and enables early meaningful analysis of the
adiabatic processes in Diesel and Otto cycle engines.

Consider a stationary closed adiabatic system in whuch the only energy interaction is
boundary work, that is, all other work and heat interactions are excluded. The differential
form of the energy is thus:

. ., Energy = -dw=du

A 8 %

Z ¥ é Adiabatic = 8q=0=du+ &~

Z é O=du+Pdv

g du é ldeal gas = P-v=R-T , du=Cy-dT

7

Y R-T ar_ [ R)&
Tz, o () = T8N

C,
o w2 -(Luf2) o (2)-(2)7
T Cy Vo T Vo
From the web page on Specific eat Capacity of an Ideal Gas we have:

C R Cp-Cy
~Cy=R ., k=—E ST N el sk A U VONE
Cp=Cv Cvy = [cv) [ Cy ]

T v k-1 k-1
thus: ( ”) ( 1 ) = |T-v¥!=const || Ty = Ty(ll—)
Tl vn

Pv=R-T = T=PT: = (Eg-)-vk'l=const = P-vkzconst

k
P-vk=const < | Bh= Pl(—]

Pv=R-T = v=

. N k
RPT = P(B-;—-) =const = PI¥.TK _const

k-1

= | T-P1RK L const | <> TZ:T}'(%} k

ig  sion: The adiabatic process is fundamental to the analysis of water rockets. Refer:
Water Rockets - the transportation system of the future (tounge-in-cheek)
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ro ti f ‘os ea ss 30 )

Specific Specific Specif
Gas Heat Heat peCtiic
Gas ormula [Molar Mass Heat
constant  [at Const. at Const. Ratio
| |Press. ol.

[M[kg/kmol] [R[kI/kg K]| Cp[k/kg K] |CvikI/kg.K] |k = Cp/Cv.
Air | - | 2897] 0287|  1005| 0718 14
|Argon | Ar | 39948 02081  0.5203] 03122] 1.667
[Butane  [C4HIO |  58.124] 0.1433]  17164]  1.5734]  1.091
[Carbon coz 44.01|  0.1889 0.846|  0.657  1.289
[Dioxide | , I . -
&fﬁg}‘; W | cOo 28.011]  0.2968 104 0744 1.4
[Ethane | C2H6 |  30.07] 02765  1.7662]  14897]  1.186
[Ethylene | C2H4 |  28.054| 0.2964] 1.5482]  1.2518 1.237
[Helium | He 4.003| 2.0769]  5.1926]  3.1156]  1.667
Hydrogen | H2 2.016]  4.124]  14.307|  10.183]  1.405
Methane | CH4 |  16.043] 0.5182]  2.2537|  1.7354]  1.299
Neon [ Ne | 20.183] 04119]  1.0299] 06179  1.667
Nitrogen | N2 |  28.013[ 02968  1.039 0.743] 1.4
(Octane [C8H18 | 114.231] 0.0729 1.7113]  1.6385 1.044
[Oxygen | 02 31.999| 02598  0918]  0.658] 1395
Propane | C3H8 |  44.097] 0.1885]  1.6794]  1.4909]  1.126
Steam | H20 | 18.015] 0.4615]  1.8723]  14108]  1.327

Adapted from TEST (The xpert System for Thermodynamics) <www.thermofluids.net>
by S.Bhattacharjee, San Diego State University




Specit eat a lieso Air

The nominal values used for air at 300 K are Cp = 1.00 kl/kg K, Cy=0.718 ki/kgK,, and k=
1.4. However they are all functions of temperature, and with the extremely high temperature
range experienced in internal combustion and gas turbine engines one can obtain significant
errors. The table following gives the values of specific heat capacities as a function of
temperature. We find that choosing values of specific heat capacities at the average
temperature of each process gives results with reasonable accuracy (within around 1%6).

Ideal gas specific heat ca acities of air_

Temperature C | G K
) K | kl/kgK 1 KikegK |
L ._.25_9_.,,.,_,fl____l.4_003 [To716 | 1401 |
[ 300 | 1.005 || 0718 | 1400 |
350 "___M_IJQQ§_~_},'O721 | 1398 |
400 | 1.013 | 0.726 | 1.395 |
[ 450 ] 1020 | 0733 [ 1391
[ 500 | 1029 [ 0742 [ 1387
[ 550 [ 1.040 [ 0753 [ 1381 _
[ 600 ] 1051 | 0764 | 1376
[ 650 [ 1063 | 0776 | 1370
[ 700 [ 1075 | 0788 | 1364
[ 750 [ 1.087 | 0800 [ 1.359
[ 800 {1099 [ 0812 | 1354
[ 900 | 1121 | 0834 | 1344
[ 1000 [ 1142_ | 0855 | 1336
[ _f100 | 1155 | 0868 | 1331
[ 1200 [ 1173 [ 0886 | 1324
[ 1300 | 1.190 | 0903 | 1318
[ 1400 [ 1204 [ 0917 | 1313
[ 1500 | 1216 | 0929 | 1.309

The values up to 1000 K were originally published in "Tables of Thermal Properties of Gases", NBS
Circular 564,1955. The last five rows were calculated from a formula by B G Kyle "Chemical and Process
Thermodynamics", Englewood Cliffs / Prentice Hall, 1984, and have <1% error.

Engineering Thermodynamics by Israel Urieli is licensed under a Creative Commons
Attribution-Noncommercial-Share Alike 3.0 United States License
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E%j‘egal Properties Useful for the Real Gas Critical-Point Properties
ISubstance | Formula [Molar Mass Temperature| Pressure | Volume
n [ M [ To | Pa | va
L | kg/kmol | K | MPa |m"3/kmol
Air [~ | 2897]  1325] 377  0.0883
Ammonia | NE3 | 17.03] 405.5|  11.28)  0.0724
|Argon [ Ar | 39948  151]  4.86] 0.0749
Benzens [ CeH6 | 78.115| __ s62| 492 02603
-Butane | c4HIO | s8.124]  4252] 3.8]  0.2547
[Carbon Dioxide [ CO2 |  4401]  3042|  739] 0.0943
[Carbon Monoxide [ cO | 28011  133] 35  0.093
[Carbon Tetrachloride [ CCl4 |  153.82| 556.4| 4.56]  0.2759
[Chlorine [ c2 | 70.906| 417| 771 0.1242
[Ethane | C2H6 | 30.07| 305.5] 4.48]  0.148
[Ethylene [ C2H4 | 28.054] 2824 5.2 0.1242
[Helium | He | 4.003| 5.3| 0.23]  0.0578
Hydrogen (normal) | H2 | 2016/  33.3| 1.3]  0.0649
Methane | cH4 | 16.043]  191.1} 4.64]  0.0993
Neon | Ne |  20.183 44.5| 2.68)  0.0419
Nitrogen [ N2 | 28.013] 126.2] 339  0.0899
(Oxygen [ 02 | 31.999] 154.8 5.08| 0.078
IPropane [ C3H8 |  44.097 370 426/  0.1998
Propylene | C3H6 | 42.081] 365]  4.62]  0.181
[Sulfur dioxide [ so2 |  64.063 430.7|  7.88]  0.1217
etrafluoroethane

ER_B 42) ]CF.?CHZP ( 102.03‘ 374.3‘ 4.067| 0.1847
Water [ H20 | 18.015] 647.1| 22.064]  0.0564

Note: The gas constant R can be calculated fro n R = Ry/M, where:

Ry, is the Universal Gas Constant = 8.314 [kJ/kmol.K]
M is the Molar Mass [kg/kmol]

Adapted from TEST (The Expert System for Thermodynamics) <www.thermofluids.net>
by S.Bhattacharjee, San Diego State University
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Both pressure and temperature are normalized by their respective critical values as follows:

Reduced temp: Ty = [%m.ﬁc ol ]

Reduced press: B, = [%critic 4 ]

Ref: "A Generalized Thermodynamic Correlation based on Three-Parameter
Corresponding States", B.L.Lee & M.G.Kesler, AIChE Journal, Volume 21, Issue 3,
1975, pp. 510-527
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The following Water Vapor Saturation Data is required in order to plot the Saturation Curve
(Relative Humidity #=100%) of the Psychrometric Chart.

[Temp Pressure | Temp [Pressure

The basic information used to construct a psychrometric chart is
the water vapor saturation data (Tsat, Pg) which is obtained from
steam tables over the range from Tsat = 0.01°C through 50°C.
The specific humidity w is then evaluated using the relative
humidity ¢ as a parameter to produce the various relative
humidity curves (blue lines) as follows:

&b
SYRIMS vap. e 8
o L vy ] - ozz[ v

where P is the standard atmospheric pressure 101.325 [kPa].

specific humidity

The saturation curve (100% relative humidity) is also known as
the dew point curve is drawn as a red line. Notice that on the
saturation curve the wet and dry bulb temperatures have the sam:
values.

For more information refer to Chapter 10b on the Psychrometris
Chart

Tsat | Pg [ITsat Pg
(°C) | (kPa) |;(°C) | (kPa)
[0.01 {' 0.6117[] 25 3.1699
[ 1] 06571 26[ 3.3639
[ 2 0.7060 0.7060[ [ 27[ 3.5681
[~ 37707581 , 28] 3.7831
| 4] 08135[i 29[ 4.0092
|""'“5"| 0.8726[ 30[ 4.2470
[ 6] 09354[] 31[ 4.4969
[ 7[ 1.0021[] 32[ 4.7596
[~ 8] 1.0730 [ 33] 5.0354
9 1.483[[ 34 53251
10; 12282 35[ 5.6290
11713130 36[ 5.9479
r_-‘ 1.4028[7 37[ 6.2823
[ 137 1.4981[ 38/ 6.6328
| 14771.5990[] 39[ 7.0002
[ 15] 1.7058]  40[ 7.3849
[ 16{ 1.8188[|  41[ 7.7878
[ 17] 1.9384[] 42] 8.2096
[ 18] 2.0647[| 43] 8.6508
[T19] 2:1983[[ 44[ 9.1124
[ 20[ 2.3393]] 45[ 9.5950
[ 21 2.4882{[ 46[ 10.099
| 22[26453[3 47] 10.627
[ 23[ 238111 48[ 11.177
[ 24 29838 49[ 11.752
[T 257 3.1699[ S0 12.352

Source of the (Tsat, Pg) data: NIST Chemistry WebBook -
accessed Feb 2008
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Simplitied psychrometric chart at 1 atm total pressure
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The major simplifying assumption in the construction of the chart is that the enthalpy of the
mixture is assumed to be constant throughout the adiabatic saturation process (described in
Chapter 10a). This implies that the evaporating liquid added does not significantly affect the
enthalpy of the air-vapor mixture, leading to the constant slope wet bulb temperature / enthalpy
lines defined by:

D 4 vap [k]/(cg diy ail']= TC+25w
Note: w has units of grams

enthalpy

Note that this simplyfied linear equation results in an error of less than 1% over the
temperature range 0.01°C to 50°C.

Finally the specific volume curves which complete the chart are given by:

5 [ Ry (T +273) - |
v[m e dry air]* [———ES-ipg— specific volume at saturation
and at w=0, | T['C]= (ﬂJ -273

Rair

Refer to the complete MATLAB program for Plotting the Psychrometric Chart using these
equations.




Molar Enthalpy of Formation of Various Substances

[ Substance |  Formula  [M [kg/kmol] nfo [Id/kmol]
Carbon | C(s) | 12.001f 0
Hydrogen | M@ |  2016) 0
[Nitrogen L M@ 28012 0
Oxygen | O0® | 32 0
[Carbon monoxide | CO(® [ 28.013] 110,530
[Carbon dioxide |~ COx(® |  44.001] -393,520
[Water Vapor | HoO@® |  18.016] 241,820
Water | mOM [ 18016] 285820
'E;Ziﬁiin HON® | 34016 -136310
JAmmonia _ NHi@® | 1703] 46,190
Methane | CHa® | 16043  -74,850
;IAcetylcne | C2H2(g) I 26.03 8:| 226,7_30§
Ethylene [ Coal® | 24.034] 52,280
Ethane | CoHe(® |  3007| -84,680
[Propylene | CiHe(® | 42.051] 20,410
[Propane | CsHs(® |  44.097| -103,850
In-Butane [ CsHiol® | 58.123|  -126,150
[Benzene | CeHs(® |  78.114] 82,930
h-Octane [ CsHigle) | 114231 -208450
h-Octane | [ CgHis() |  114.231] -249,950
In-Dodecane r CioHoe(g) I 170.22[ -291,010
Methyl alcohol | CH3OH(®) |  32.043]  -200,670
Methyl alcohol |  CH3OH() | 32.043|  -238,660
[Ethylalcohol | CoHsOH(® | 46069 -235310
[Ethylalcohol | CpHsOH() |  46.069|  -277,690
[Oxygen [ o | 16] 249,190
[Hydrogen | H | 1.008[ 218,000
Nitrogen [ N | 14006 472,650
Hydroxyl [ oH@® |  17.008] 39,460

www.thermofluids.net> by




Ideal Gas Enthalpy of Carbon Dioxide (CO2)
Enthalpy of Formation: -393,522 (kJ/kmol)
Molecular Weight: 44.01 (kg/kmol)

i;emp.

Enthalpy

Temp.

Eﬂithalﬁy

Temp. | Enthalpy  |Temp.|Enthalpy
1 {K] |[kV/kmol] (K] |[k¥/kmol] | [K} |[[ki/kmol] } [K] |[kJ/kmol]
| 298] 0
| 300 67 | 650 15310 [ 1000] 33432 | 1700 73492
[ 310] 443 | 660| 15796 | 1020 34495 | 1720] 74679
| 320 822 [ 670 16284 | 1040] 35589 | 1740] 75867
| 330 1206 | 680 16774 | 1060| 36687 | 1760 77056
[ 340 1595 | 690 17267 [ 1080] 37789 | 1780 78248
[ 350 1987 [ 700{ 17761 | 1100{ 38894 | 1800 79442
[ 360[ 2384 | 710] 18258 [ 1120] 40005 | 1820| 80636
| 370] 2784 720| 18757 | 1140 41120 | 1840[ 81832
[ 380[ 3188 [ 730[ 19258 [ 1160[ 42238 [ 1860 83030
[ 390 3596 [ 740] 19760 [ 1180[ 43060 [ 1880] 84229
[ _400] 4008 | 750 20265 | 1200| 44484 | 1900 85429
[ 410] 4423 | 760] 19771 | 1220] 45613 | 1920 86631
| 420 4842 | 770] 21280 | 1240| 46744 | 1940] 87833
[ 430 4964 | 780 21790 | 1260] 47880 | 1960] 89037
[ 440 5690 | 790| 21801 | 1280f 49017 | 1980 90242
[ 450 6119 | 800 22815 | 1300] 50158 | 2000 91440
[ 460 6552 | 810{ 23330 | 1320] 51302 | 2050 94471
[ 470 6987 | 820[ 23848 [ 1340] 52449 [ 2100] 97500
[ 480f 7427 | 830] 24366 | 1360 53599 [ 2150{ 100534
[ 490 7868 | 840 24887 | 1380] 54752 | 2200] 103575
[ 500] 8314 | 850[ 25409 | 1400| 55907 | 2250[ 106620
[ s10] 8762 | 860f 25932 | 1420] 57063 | 2300] 109671
[ 520 9212 | 870] 26457 | 1440 58222 | 2350 112727
[ 530[ 9665 | 880{ 26983 | 1460] 59384 | 2400] 115788
[ 540 10121 [ 890] 27512 | 1480| 57547 | 2450 118855
[ 550[ 10581 | 900] 28041 | 1500] 61714 | 2500] 121926
[ seol 11043 | 910| 28571 | 1520] 62882 | 2550] 125004
[T570] 11506 [ 920 29103 | 1540 64053 | 2600[ 128085
[ 580] 11973 | 930] 29636 | 1560] 65226 | 2650 131169
[ 590[ 12443 [ 940[ 30171 | 1580[ 67403 | 2700] 134256
[ 600] 12916 [ 950{ 30706 | 1600] 67580 [ 2750 137349
[ 610] 13390 | 960 31243 | 1620] 68759 | 2800 140444
[ 620 13867 | 970] 31781 | 1640] 69939 | 2850] 143544
[ 630] 14345 | 980[ 32321 | 1660 71122 | 2200] 146645
[ 640[ 14826 [ 990] 32862 | 1680} 72306 | 3000 152862

Adapted from TEST (The Expert System for Thermodynamics) <www.thermofluids.net> by

S.Bhattacharjee, San Diego State University
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‘deal¢. sC hap. farb nM 0. /e C

(I om - m 2 J

M - W

TempEnthalpy Temp EnthaIpy -Temp.; Ex;ﬂia-lpy Tefnﬁ.l E-nthalpy
[K] |[kJ/kmol] (K] |[kJ/kmol] (K] [[kJ/kmol} (K] |[kJ/kmol}
298] 0

1700[ 45940
1720 46654
1740] 47370
1760 48087
1780  48804;
1800] 49522
1820 50241
1840 50960

|

[ 300] 54 [ 650] 10472 [ 1000| 21686
| 310] 345 [ 660[ 10780 | 1020] 22351
[ 320 637 | 670 11089 1040] 23019
[ 330 928 | 680] 11399 | 1060] 23688
[ 340 1220 [ e690[ 11709 | 1080 24360
| 350 1512 [ 700[ 12021 | 1100] 25033
|
|
I
I
I
|
I
|
|

360[ 1804 | 710 12333 [ 1120] 25708

370 2096 12646 [ 1140[ 26385

380 2389

390] 2682 13274 | 1180] 27737 [ 1880 52403

400] 2975 13589 | 1200 28426 1900] 53125

410] 3269 13904 | 1220] 29111 | 1920 53847

420 3563 14221 | 1240{ 29797 | 1940| 54569

430] 3857 780[ 14539 | 1260] 30485 | 1960] 55292

440 4152 790 14857 | 1280{ 31175 | 1980] 56015

| 450 4447 2000 56739
[ 460] 4743 810[ 15495 | 1320] 32557 | 2050] 58555

I
|
[
I
|
I
I
I
I
{470 5039 [ 820 15814 [ 1340[ 33250 | 2100] 60375
|
I
:
I
|
|
|

800[ 15175 | 1300 31865

|

I

|

|

]

|

I

70| |
_730[ 12959 [ 1160[ 27064 | 1860] 51682

B |

] |

I |

| I

I

I

|

I

[ 480[ 5336 830[ 16134 [ 1360] 33944 | 2150[ 62195
[ 490 5633 840 16455 [ 1380 34640 | 2200 64019
| 500 5931 850[ 16777 [ 1400[ 35358 | 2250] 65847
[ s10] 6229 [ 860[ 17099 [ 1420] 36038 | 2300] 67676
[ 520 6528 870 17422 [ 1440] 36739 [ 2350] 69509
| 530] 6828 880[ 17746 [ 1460] 37441 | 2400[ 71346
[ s40] 7128 890 18071 | 1480 38144 |2450F 73183
[ 550[ 7428 [ 900[ 18397 | 1500] 38848 [ 2500 75023
| se0[ 7730 [ 910[ 18723 [1520[ 39553 [ 2550[ 76868
[ 570[ 8032 [ 920[ 19050 [ 1540[ 40259 | 2600| 78714
[s80] 8334 [ 930] 19377 | 1560 40966 | 2650] 80561
[590] 8638 [ 940 19706 [ 1580] 41675 | 2700] 82408
[600[ 8942 [ 950[ 20034 | 1600[ 42384 | 2750{ 84261
[ 610] 9246 [ 960 20364 | 1620] 43094 [ 2800 86115
[ 620] 9552 [ 970[ 20693 [ 1640 43803 | 2850{ 87970
[630] 9858 | 980 21024 [ 1660[ 44515 [ 2900 89826
[640] 10164 [ 990[ 21355 | 1680] 45226 | 3000] 93541

Adapted from TEST (The Expert System for Thermodynamics) <www.thermofluids.net> by
S.Bhattacharjee, San Diego State University
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Ideal Gas Enthalpy of Water Vapor (H20)
Enthalpy of Formation: -241,826 (kJ/kmol)
Molecular Weight: 18.015 (kg/kmol)

Temp.

Enfhalpy

Temp.

Enthalpy

Enthalpy  [Temp.|Enthalpy
[K] |[kJ/kmol] [K] |(kVkmol] | [K] |[kVkmol] | [K] |[kI/kmol},
[ 298] 0
| 300 62 | 650 12326 | 1000] 25978 | 1700] 57685
[ 310 398 [ e660] 12696 [ 1020[ 26805 [ 1720[ 58663
320 735 | 670] 13066 [ 1040] 27638 | 1740[ 59646
[ 330 1072 | 680[ 13438 | 1060] 28476 [ 1760] 60631
| 340.{ 1410 [ 690 13810 | 1080] 29319 | 1780] 61619
[ 3s0[ 1748 [ 700{ 14184 | 1100[ 30167 [ 1800 62609
1 360 2088 | 710] 14560 | 1120] 31019 | 1820] 63603
[ 370 2427 [ 720 14936 [ 1140[ 31876 | 1840] 64602
[ 380[ 2768 [ 730[ 15314 [ 1160[ 32738 [ 1860[ 65602
[ 390 3110 [ 740] 15693 | 1180] 33605 | 1880 66607
| 400] 3452 | 750] 16073 | 1200] 34476 | 1900| 67613
| 410{ 3795 [ 760 ie4s4 [ 1220] 35352 [ 1920 68623
| 420 2139 [ 770] 16837 [ 1240] 36233 [ 1940[ 69636
| 430 4484 | 780[ 17221 | 1260| 37118 | 1960| 70651
[ a40[ 4830 | 790 17606 | 1280] 38008 | 1980] 71669
| 4s| 5176 | 800[ 17992 | 1300] 38903 | 2000] 72689
[ 4 5524 | 810 18380 | 1320| 39803 | 2050| 75252
! 70r 5873 | 820 18768 | 1340] 40708 | 2100[ 77849
[ 480 6222 | 830] 19158 [ 1360 41617 [ 2150] 80426
[ 4%0] 6573 [ s840[ 19550 [ 1380] 42530 [ 2200 83036
[ 500 es24 [ 850| 19942 | 1400] 43447 [ 2250] 85658
[ s10] 7277 | 860] 20336 | 1420} 44369 | 2300] 88295
[ 520[ 7630 [ 870[ 20731 [ 1440] 45294 [ 2350] 90942
[ 530 7985 | 880] 21128 | 1460| 46224 | 2400] 93604
-|_ 540 8341 | 890] 21525 [ 1480] 47158 [ 2450] 96279
[ 550 8697 [ 900[ 21924 | 1500| 48095 | 2500] 98964
[ s60]  90s5 | 910] 22324 | 1520 49038 | 2550[ 101661
570 9414 | 920{ 22725 | 1540] 49984 | 2600] 104379
[ 580 9774 [ 930 23128 | 1560{ 50934 | 2650 107087
[ 590 10135 | 940 23532 | 1580] 51888 | 2700 109813
[ 600[ 10498 | 950 23937 | 1600{ 52844 | 2750{ 112549
[ 610 10861 [ 960 24343 | 1620{ 53805 | 2800] 115294
[ 620] 11226 | 970{ 24749 | 1640| 54771 | 2850| 118048
630] 11591 | 980] 25157 | 1660] 55739 | 2900 120813
640[ 11958 [ 990] 25568 | 1680[ 56710 | 3000 126360

Adapted from TEST (The Expert System for Thermodynamics) <www.thermofluids.net> by

S.Bhattacharjee, San Diego State University
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Ideal Gas Enthalpy of Nitrogen (N2)
Enthalpy of Formation: 0 (kJ/kmol)
Molecular Weight: 28.013 (kg/kmol)

[Temp. [Enthalpy ~ [Temp. [Enthalpy  [Temp. [Enthalpy [Temp. |Enthalpy
| K] |[kJ/kmol] K] |[k¥kmol] | [K] |{[kVkmol] | [K] }[k)/kmol]
| 298( 0

(300 54 [ 630 10406 [ 1000 missing [ 1700 45430
310[ 345 [ 660 10711 [1020[ 22115 [ 1720] 46138
3200 637 | 670[ 11016 [ 1040] 22773 [ 1740] 46847

|
l I
1 |
| l
[ 330 928 | 680 11322 | 1060] 23432 | 1760| missing
I |
| [
|

340f 1219 690] 11628 | 1080] 24093 | 1780] 48269
[ 350[ 1511 [ 700[ 11935 | 1100[ 24757 | 1800] 48982
_360| 1802
370 2004 [ 720[ 12551 |
380] 2386 [ 730[ 12860 |
390| 2678 740] 13170 |
400[ 2971 [ 750] 13480 | 1200] 28108

|
[

710[ 12243 [ 1120] 25423 | 1820 49694

1140] 26091 | 1840 50406
1160] 26761, [ 1860] 51121,
1180] 27435 [ 1880] 51835

(1900 52551

i
f
|
1240] 29460 [ 1940[ 53985
|
!

|
|
l ]
[ 410[ 3263 [ 760[ 13791 | 1220[ 28783 | 1920] 53267
[ 40| 355 [ 770] 14103 [
[ 430] 3840 [ 780[ 14416 [ 1260[ 30138 | 1960] 54712
[ 440[ 4142 | 790 14729 | 1280 30819 | 1980 55421
[ 450 4436 [ 800] 15045 | 1300] 31501 | 2000| 56141
460[ 4730 [ 810[ 15358 [ 1320] 32184 | 2050 57943
[ 470[ 5024 [ 820[ 15673 [ 1340] 32870 [ 2100[ 59748
| 480 5319 [ 830[ 15989 [ 1360[ 33558 [ 2150] 61557
[490[ 5616 | 840f 16305 [ 1380] 34246 [ 2200 63371
[ s00[ 5912 [ 850 16623 [ 1400 34936 | 2250| 65187
| 510[ 6207 [ 860[ 16941 [ 1420] 35626 | 2300] 67007
| 520 6503 [ 870[ 17259 [ 1440[ 36319 | 2350] 68827
[ 530] 6800 [ 880[ 17579 | 1460 37013 | 2400] 7065L
[ 540 7097 [ 890 17899 [ 1480 37708 | 2450 72480
[ 550[ 7395 [ 900[ 18221 | 1500[ 38404 [ 2500 74312
[ 560 7694 [ 910[ 18541 | 1520( 39102 | 2550 76145
[570] 7993 [ 920 18863 [ 1540] 39801 | 2600 77981
[ 580 8293 [ 930[ 19185 | 1560 40499 | 2650 79819
[ 590] 8593 [ 940[ 19509 | 1580 41200 | 2700 81659
[ 600 missing | 950[ 19832 [ 1600] 41902 | 2750 83502
[T 610] missing [ 960] 20157 | 1620 42606 | 2800] 85345
[7620 missing [ 970[ 20482 | 1640 43311 | 2850 87190
[630] 9799 | 980[ 20807 [ 1660] 44017 | 2900 89036
[T640] 10103 [ 990] 21134 | 1680] 44724 | 3000] 92738

Adapted from TEST (The Expert System for Thermodynamics) <www.thermofluids.net> by

A ) 50
S.Bhattacharjee, San Diego State University




Ideal Gas Enthalpy of Oxygen (O2)
Enthalpy of Formation: 0 (kJ/kmol)
Molecular Weight: 32 (kg/kmol)

Temp.|Enthalpy  [Temp.[Enthalpy  [Temp.[Enthalpy [Temp.|Enthalpy
| [K] {[k¥kmol] [K] |[k¥kmol] | [K] {[kWkmol)' | {K] |[k¥/kmol]
| 298] 0
[ 300[ 54 | 650] 10862 | 1000| missing | 1700] 47970
[ 310] 348 [ 660 11188 | 1020{ missing | 1720] 48712
[ 320 643 | 670 11515 | 1040| 24107 | 1740| 49454
[330] 938 | 680] 11842 | 1060] 24808 | 1760| missing
[ 340] 1234 [ 690 12172 [ 1080] 25512 | 1780 missing
[ 350[ 1531 | 700| 12502 | 1100[ 26217 | 1800] 51689
| 360[ 1829 | 710[ 12832 | 1120] 26924 | 1820[ 52436
[ 370] 2127 [ 720[ 13163 | 1140] 27632 | 1840| 53184
38 2427 [ 730 13495 [T1160[ 28341 [ 1860[ 53934
[ 390 2727 [ 740] 13828 [ 1180] 29052 [ 1880] 54683
| 400 3029 | 750] 14162 | 1200] 29765 | 1900| 55434
[ 410] 3330 [ 760] 14496 | 1220{ 30480 | 1920] 56186
| 420 3632 | 770{ 14831 | 1240 31195 | 1940| 56938
[ 430] 3936 | 780] 15168 | 1260] 31912 | 1960 57692
[ a40] 4241 | 790[ 15504 [ 1280 32630 [ 1980] 58445
["450] 4546 | 800[ 15841 | 1300{ 33351 | 2000f 59199
[ 460] 4843 [ 810[ 16179 | 1320{ 34071 | 2050] 61090
[ 470 5160 | 820f 16517 | i340] 34793 | 2100{ 62986
[Ta80] 5469 | 830] 16855 | 1360[ 35516 [ 2150] 64891
490[ 5778 [ 840] 17195 [ 1380] 36241 | 2200] 66802
[ s00] 6088 | 850] 17536 | 1400{ 36966 | 2250 68715
| sio 6400 | 860] 17877 | 1420] 37692 | 2300[ 70634
| 5200 6713 | 870 18217 [ 1440| 38420 [ 2350 72561
| 530 7026 | 880] 18560 | 1460 39149 | 2400 74492
[ 540 7340 [ 890] 18902 | 1480 39879 [2450] 76430
[ 550 7656 | 900| 19246 | 1500| 40610 | 2500| 78375
[ s60] 7972 [ 910] 19590 | 1520] 41342 | 2550] 80322
[ 570 8289 [ 920[ #9934 [ 1540[ 42074 | 2600] 82274
[580] 8608 [ 930] 0278 | 1560| 42808 | 2650{ 84234
[ 590 8927 [ 240 20624 | 1580 43542 | 2700 86199
[600] 9247 | 950[ 20976 [ 1600[ 44279 [ 2750] 88170
[ 610] 9568 | 960 21317 [ 1620[ 45014 [ 2800] 90144
[ 620] 9890 | 970[ 21662 | 1640 45752 | 2850 92126
[ 630[ 10213 | 280 22010 [ 1660[ 46490 [ 2900[ 94111
[ 640{ 10537 | 990[ 22359 [ 1680[ 47230 [ 3000{ 98098

Adapted from TEST (The Expert System for Thermodynamics) <www.thermofluids.net> by

S.Bhattacharjee, San Diego State University







