NATIONAL EXAMINATIONS - December 2012
04-BS-10, Thermodynamics

3 Hours Duration

NOTES:

1.

If doubt exists as to the interpretation of any question, the candidate is urged to
submit, with the answer paper, a clear statement of any assumptions made.

Any one of the approved calculator models is permitted. This is a “Closed-Book”
examination with one 8.5x11 inch sheet of notes (both sides) allowed.

Property tables and charts are provided where necessary.

The two questions from part “A” plus four questions from part “B” (a total of six
questions) constitutes a complete paper. Unless clearly indicated otherwise by
you, only the first two questions from part “A” and the first four questions from
part “B” that you answered will be marked.

The mark associated with each question is specified.
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PART A. DO ONLY TWO OF QUESTIONS 1, 2, or 3
(Each question is worth 20 marks)

1. A regenerative gas turbine power plant is shown in the figure. Air enters the
compressor at 100 kPa and 300K with a mass flow rate of 0.562 kg/s and is
compressed to 400 kPa. The isentropic efficiency of the compressor is 80%, and
the regenerator effectiveness is 90%. All the power developed by the high-
pressure turbine is used to run the compressor. The low-pressure turbine provides
the net power output. Each turbine stage has an isentropic efficiency of 87% and
the temperature at the inlet to the high-pressure turbine stage is 1200K. Show the
cycle on a T-s diagram.  Accounting for the variation of specific heats with
temperature, caiculate

(a) the net power output, in kW,

(b) the thermal efficiency of the cycle,

(c) the temperature of the air at states 2, 3, 5,6,and 7, inK

(d) the rate of exergy destruction, in kd/s, in each turbine stage and pump if
T,=300K, and :

{e) the second law efficiency of the cycle assuming a source temperature of 1200
K and a sink temperature of 300 K.
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The figure shows the schematic diagram of a vapor-compression refrigeration
system with two evaporators using R134A as the working fluid. The low-
temperature evaporator operates at -18°C with saturated vapor at its exit and has
a refrigerating capacity of 3 fons. The high-temperature evaporator produces
saturated vapor at 3.2 bar at its exit and has a refrigerating capacity of 2 tons. The
compressor has an isentropic efficiency of 80% and the condenser pressure is 10
bar. The refrigerant leaves the condenser as saturated liquid. Show the cycle on
a T-s diagram with respect to saturation lines and determine

(a)
(b)
(c)

(d)
(e)

the mass flow rate of the refrigerant through each evaporator, in kg/min,
the compressor power input, in kW,

the rate of heat transfer from the refrigerant passing through the
condenser, in KW,

the coefficient of performance, and

the rate of entropy generation in the compressor, in kKJ/K-s and the rate of
exergy destruction in the compressor, in kJ/s if T,=300K.

(1 bar = 100 kPa and 1 ton = 211 kd/min)
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3. Water is the working fluid in a Rankine cycle with reheat. Superheated vapor
enters the turbine at 10 MPa and 480°C. Steam expands through the first-stage
turbine to 0.7 MPa and then is reheated to 480°C. The condenser pressure is 6
kPa. Each turbine stage and pump has an isentropic efficiency of 80%. Sketch the
cycle on a T-s diagram with respect to saturation lines and determine

(a) the rate of heat transfer to the working fluid passing through the steam
generator, in KW/kg,

(b) the thermal efficiency,

(c) the rate of heat transfer from the working fluid passing through the condenser
to the cooling water, in kJ/kg,

(d) the rate of entropy generation in each turbine stage and pump, in kJ/kgK,
and

(e) the second law efficiency of the cycle assuming a source temperature of 1200
K and a sink temperature of 288 K.

PART B. DO ONLY FOUR OF QUESTIONS 4, 5,6,7,8 or 9
(Each question is worth 15 marks)

4. An open feedwater heater in a vapor power plant operates at steady state with
liquid water entering at intet “1” at 300 kPa, 45°C, and a mass flow rate of 3.2x10°
kg/hr. Water vapor at 300 kPa and 320°C enters at inlet “2". Saturated liquid at
300 kPa exits the feedwater heater at “3". Ignoring heat transfer with the
surroundings and neglecting kinetic and potential energy effects, determine the
mass flow rate, in kg/hr, at inlet “2”.

5. A wellinsulated rigid tank of volume 10 m® is connected to a large steam line
through which steam flows at 1.5 MPa and 280°C. The tank is initially evacuated.
Steam is allowed to flow into the tank until the pressure inside is 1.5 MPa.
Determine

(a) the mass of steam that enters the tank, and
(b) the final temperature in the tank.

6. Two kilograms of air within a piston-cylinder assembly execute a Carnot power
cycle with maximum and minimum temperatures of 750 K'and 300 K, respectively.
The heat transfer to the air during the isothermal expansion is 60 kJ. At the end of
the isotherma! expansion, the pressure is 600 kPa and the volume is 0.4 m?®.
Assuming the ideal gas model for the air, determine

(a) the thermal efficiency, :
(b) the pressure and volume at the beginning of the isothermal expansion, and
(c) the work and heat transfer for each of the four processes, in ki.
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Nitrogen (N) enters an insulated compressor operating at steady state at 100 kPa
and 37°C with a mass flow rate of 1000 kg/hr and exits at 1 MPa. Kinetic and
potential energy effects are negligible. - i =~

(a) Determine the minimum theoretical power input required, in kW, and the
corresponding exit temperature, in °C

(b} If the exit temperature is 397°C, determine the power input, in kW, and the
isentropic efficiency of the compressor.

A rigid insulated tank has two compartments. Initially, one contains 0.5 kmol of
carbon dioxide (CO2) at 27°C and 200 kPa and the other contains 1 kmol of
oxygen (O,) at 152°C and 500 kPa. The gases are allowed to mix while 500 kJ of
energy are added by electrical work. Assuming the mixture as an ideal gas,
determine

(a) the final temperature and pressure, and
(b) the entropy change during this process, in kJ/K..

Moist air at 50°C, 93 kPa, 70% relative humidity, and a volumetric flow rate of 0.8
m/s enters a well-insulated compressor operating at steady state. If the moist air
exits at 195°C and 150 kPa, determine

(a) the relative humidity at the compressor exit, and
(b) the power input to the compressor, in KW.
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Table A1

Tables in SI Units

TABLE A-1

Atomic or Molecultar Weights and Critical Properties of Selacted
Elements and Compound

Chemical M 12 Pe
Substance formula  (ke/kmol) x (bagy .
Acetylene SOCH, 26.04 ‘309 ' 62.8
Alr {equivalent} = 2R.97 Ss133 377
Ammonia i, 17.03 406 1328
Argon Ar 30.94 151 48.6
Benzene CaHe 781 563 493
Butane CiHie 58.12 425 iB.o
Carbon A ' o
Carbon dioxide 1~ - €O 0.276
Carban monoxide - ¢ 0.294
Copper -
Ethane CoHg 30.07 305 58.8 0.28¢
Ethanol C,H,0H 46.07 516 63.8 0.249
Ethylene z vid
Helium -
Hydrogen
Methane
Methanel
Nitrogen
Qitas 22
ropanel fHS
Propylene -
Refrigerant 12 CCL,F, 120,92 41.2 0.278
Refrigerant 22 {HCIF, B6.48 49.8 0.267
Refrigerantiagqa - CRCHS | - toze3 Y407 o Db
SOlfr dioxide 50, T 06406 AR T 0.268
Water ) A= S8z S2a090 - 0133

Sources: Adapted from fnternational Gritlca! Tables and L. C. Nelsor and E. F. Obert, Generalized Compressibility
Charts, Chem. Eng., 62: 203 l1958)
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Press. Liguid Vapor I.iquid Yapor
ger e . e i A
0.00611 10002 | 206136 0.00 2375.3
0.00813 1.0001 157.232 16.77 | 23809
o.00B72 1.0001 147.120 20.97 | 2382.3
0.00935 L0001 | 137.734 2519 | 2383.6
001072 10002 120917 33.59 | 2386.4
p.o1228 L0004 106.379 4200 | 23892
0.01312 10004 99.857 #6.20 | 2390.5
0.01402 1.0005 93.784 a1 | 2391.9
0.01497 10007 88124 6460 | 2393.3
0.01598 1.0008 §2.848 58,79 | 2394.7
0.01705 1.0009 77- 026 62.99 | 2396.
0.01818 1.0011‘ 73 333- Sk 6718 | 2397.4
6.01938 | 10012 69.044" | 72 38 2308:8
v.az064 | 1.0014 | 65038 | 75.57 | 2400.2
002198 | 1ooé 61.293 79,76 | 24018
0.02339 1.0018 £7.791 83.95 | 2502.%
0.02487 1.0020 54,514 88.14 | 2404.3
0.02645 1.0022 S1.447 2232 | 2405.7
002810 1,0024 48,574 g6.51 | 2407.0
0.a2985 1.0027 45.883 100,70 | 240B.4
‘0.03169 | 10029y i| 1r43¥46
003363 |, uoo;z.: '40.9
- To.03567 [ 10035
CCo.m3z82 11,0037
0.04008 | 10040
04246 1.0043
0.04436 1.0046
o.04759 1.0050
Q05034 1.0053
B.05324 1,0056
©,05628 1.006¢
0.05947 | 1.0063
o.06832 | 1.0071
" 007384 1. oa78
0.09593 1 9099

—§—

tiquid
L3
0.01
16,78
20.98
25.20
33.60

42.01
46.20
50,41
54.60
£8.50

62.99-

67.19

7138
75.58°

7977
B1.96
88.14
92.33
96.52
100.70

o B B
T

113.35

1u7.43
121.61

135.79
129.97
134.15
138.33
142.50

146.68.

150.88
159.21
167.57
188,45
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892 Tables in 51 Units

TABLE A-2

{Continwed)
Specliic Volume Internal énerg\;
(L, L SRS ke .4 e, M
Sat. Sat. Sat. Sal. Sat.
- Tamp. Press, Liquid Vapor Liquid Vapor Liguid
et N barll BBt L) 11 I A
= 50 235 1.0121 12.032 209.32 | 2443.5 | 209.33
55 2576 1.0146 9.568 230.21 | 24501 | 230.23
6o 1994 i'.o;;ri 251.13
65 2503 1,019 272.06
70 3118 1.0228 292.98
75 3858 16259 31393
8o 4739 10291 334.91
i1 5783 1.0325 355.90
90 7014 1.0360 376.92
95 -8455 1.0397 397.96
10435 416.04
10516 461,30
10603 503.71
10697 546.31
1.0797 5B9.13
1,0905 632.20
11020 675.55
11143 719.21
11274 763.22
11414 Boy.62
B52.45
Bg7.76
943.62
9g0.12
1037-3
1.2512 0.05013% 1080.4 2602.4 | 0854
1.2755 0.04221 1128.5 2500.0 | 1344
1.3023 0.03554 177.4 2593.7 1184.5
1.3321 0.03017 12275 2586.1 | 1236.0
13656 d.02557 1278.9 2576.0 | 1289.
75 256470 13540
] 2525:5% 14615
| 1570.3 | 24646 | 1594.2
. 0006985 | 1725.2 23505 | (1760.5
“n) 0003185 | 20296 12020.6 | 2099.3

Source: Tables A-z through A-5 are extracted from ). H. Keenan, . G. Keyes, P. G. Hill, and |. G. Maore, 5team Tubies, Wiley, New Yark, 1969,
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Tables in 5| Units 893

0.30 §.229 289.20 X 7.7686

0.40 3.993 317.53 7-6700

n.50 ; 3.240 350.44 ! 7.593%

0.60 2.732 359.79 : ¢ 75320

0.70 2.365 376.63 74797

o8¢ 2.087° 39158 | 2498.8 15 15 ] 2200 | 74346

a.90 |19 - | 405,06 | ‘Z5oa6 f fhoas . 13657:4) 26 Snatnss] 7 agngl] -

1.00 dlonees | aapas) zso"6.'1l o i \ 3 et _‘ 267587 _ F ;\"_35'94;'_- i
.50 1159 |- | 46694 | 2519.7 1| ¢Sl a s S A e T EEL R REERER:

200 | 0.8857 - | - €65.49 | 25295 | orivoi| oo A0 T AL

2.50 127.4 o.7187 535.10 2537.2 535.37 2181.5 27169 16072 | 7.0527 2.50
3.00 133.6 ; 0.6058 56115 2543.6 561.47 2163.8 | 272%5.3 16018 | 6.0019 3.00
3.50 | 1389 0.5243 583.95 | 2546.9 584.33 | 21481 | 27324 | L7275 | 69405 350
400 | 143.6 o.4625 604.31 | 2553.6 60474 | 2133.8 | 27386 | 17766 | 6.8Bgso 4.00

5.50 1479 0.4140 6z2.25 | 2557.6 623.25 2120.7 | 2743.% 1.8207 6‘8565 4.50

25.0 224.0 ) 0.07958 956.11 2603.1 g62.11 18416 | 28034 25647 | 6.257% 25.0

30.0 233.9 L 0.06668 1004.8 2604.1 1008.4 1795.7 | 2B04.2 | 2.6457 | 6.:86p 30.0
350 1142426 | a0k

40.0 260.4

459 ESES

D 264.0

£0.0 275.6 gl B - ¢ / E ;

70.0 285.9 b 002737 1257.6 2580.5 1267.0 15051 | 27721 | 32211 58133 70.0

80.0 295.1 3 D.023152 1305.6 z569.8 1316.6 14413 | 2758.0 { 3.2068 | 5.7432 Bo.o

GO.0 303.4 E 0.02048 13535 2557.8 | 136313 13789 | 27421 | 3.2858 | 5.6772 GO.0
100, 3111 . 0.01803 1393.0 25445 1407.6 13171 | 2724.7 | 3.3596 | 5.6141 100,
110, 318.2 0.01599 1433.7 2529.8 1450.1 1255.5 2706.6 | 3.4205% 5.5527 110.

—43* CONFIRMING PAGES -] aptara
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894 Tables in St Units

324.8

(Continued)
Press. Temp.
____bar ) *C
120,
130. 330.9
140, 336.8
150. 2422
160. 3474
i70. 3524
180, 357.1
190. 3615
200, 365.8
220.9 3741

Sal.
Vapor
L

0.01426

p.o1278
001153
0.01034
5.009306

0.008364
0.007489
0.006657
0.005834
0.003155

Internal Energy
iy [0, A U
Sat. A Sat.
Ligutd Vapor
...... L o b
1473.0 2513.7
1511.1 2496.1
1548.6 2476.8
1585.6 | 2455.5
1522.7 24317
1660.2 2405.0
1698.9 | 23743
1739.9 | 23384
1785.6 22931.0
2029.6 2029.6

Asersiuser-s146/Masktiop/Marry_X-MasMNew

Sat.
Liguid

Enthaipy

B

Evap.

Entropy
......... Mikg K
Sat. Sat b
Vapor Liquid Vapor Press.
fy St Sg 1 t.’,.a. r

26840 | 3.4962 } 5.4924  120.
2662.2 | 3.5606 | 5.4323 | 130
2637.6 | 3.6232 | 53717 | 0.
2610.5 | 3.6848 | s5.3098 | 150,
2580.6 | “3.7461 | $.2455 | 160.

2547.2 | 3.8079 | 5.3777 170.
2504.1 3.8715 5.1044 18a.
2464.5 | 3.9388 | 5.0228 | 190.
2409.7 | 40139 | 492069 | 200.
2069.3 | 4.4298 | 4.4298 | 2209

——
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- TABLE A-4

400

440
500

Sat,
120
160

200
240
280

juo

440
500
600

320,

v
m? kg

Properties of Superheated Water Vapor

u L] 5
Kikg Wikg Miks-K
p = 0,06 bar = o.006 MPa
(T = 3648°0)
2425.0 | 25674 | - 83304
2487.3 2650,1 8.5804
2544.7 | 2726.0 8.7840
26027 | 2Boa.g B.o693
26614 | 2Br9.7 9.1398
2721.0 | 2957.8 9.2982
o | 27815 | 303618 | . 9.4464
.| 2B43.0 § 31167 9.5859
| 2905.5] 31977 9.7180.
2g69.0 | 3270.6 | 9.8435
30335 | 3362.6 | 99633
3132.3 | 34394 10.1336

p= .6.70 bar = o.07 MPa

78279

4434 3278.6

4,608 | 30329 | 33618

5.095 | 31318 | 34885
.......... P e

{Tg = 112.37°0)

1159 1 2519.7 2693.6 [ - 7.2233
1488 { 25333 | 27105 | r.z’§9_3'
1317 { 2595.2 | 2792.8 | - 7.4665
1444 | 2656.2 | 28729 76413
u578 | 2717.2 | 29527 7-Bos52
1695 | 277B.6 | 3032.8 79555
1815 | 28406 | - 3113.5 | B.ogbay
1.943 pands '__31(95-9;. 5 !3_-'_?'_19'3 ;
2.067 | 2967.5| 3277.64 | 83555
2191 | 30324 | 33607 B.4757
2376 | 31312 | 3487.6 B.6466
2,685 | 33017 | 37043 8.9101

fUsers/user-a146Mesktop/Memy_X-MasMNew

Tables in 51 Units

k 5

fhg Wikg Hikg K

.35 bar = 0,035 MPa

(r“ = ?2.‘69QC] ...........
24730 | 2631.4 7.7158
2483.7 | 2645.6 | | 7.7564
2542.4 | 27234 7.9544
26012 | 2B00.6 8.a519
2660.4 | 28784 B.az3y
2720.3 | 2056.8 B.4828
2780.9 1 3036.0 | 8.6314
2842.5 | 3161 | Bg712
29053 | 31971 8.9034
2968.6 | az79.2 9.0291
3033.2 | 3362.2 9.1560
31321 | 3488.8 | 9.3194

2067.% | 3278.2
3o32.6 | 33614
31316 | 348841

—o—
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896  Tables in Sl Units

TABLE A-4

Mlsersfusar-s1 46/DaskiopMerry_X-Mas/New

kifkg - K

o o
m/ke  kifkg  Ki/kg

(Continued)
i i - <o ;
L Wikg | Miks | Wik
# = 5.0 bar = o.50 MPa
.................... e RS
Sat. 03749 | 25612 | 274B.7
186 odoss | 2600.7 | 28120
200 0.424% | 26429 | 2855.4
280 0.3646 | z707.6 | 29399
280 05034 | 277Lz | 30229
320 05416 | 28347 | 31056
360 0.5796 | 2898
400 ‘66173 |29
440 .7 96548
500 £.7109
600 0.8041
700 086y
1 = %0.0 bar = 1.0 MPa
............. (rm = ‘?9 9130
Sat. olgt.q' &
2 20 0" 2
240 :
280
320
360
‘;?_'n -.3163 jq L
aso 53485 | 758
5c0 34?5:5_,, 2
540 3565.6 7-B7z20
o0 3697.9 | B.o200
640 37B7.2 84290
""" p = 20.0 bat = . o MPa
..... (THI = 2
Sat. . ©0,0096 | koo 3
240 - 0.1085 2659 6_ .
280 | m1200 2736.{
320 o0.1308 | 2Bo7.9
360  oa411 | 2877.0
400 0.1512 | 24452
440 D._16u ] 30134
560 01757 | 31162
540 - 0853 | 31856
épe 0.1996 | 32009
640 ©.2091 | 33622
700  0.2232 | 34769

p = 7.0 bat = o.70 MPa
AT = 16057°0

K/kg - K

.25;!2.5 27635 | &7080
2529.8 || '2789.1 | 6.7880
2634.8°| 2844.8 | 6.8865

2701.8 | 20932.2 7.0641
27669 | 30171 72233
zB31.3 | 31009 | 7.3697

0.24?8 31891
02668 | 32039
0.2793 | 33648
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Tables in Sl Units

{Continued)
= W o 3 -
°C mfke  klfkg ki/kg  klfkg . K
Sat.  0.04978 | 2602.3 | 28014 .07
280 0.05546 | 2680.0 | 29018 6.2568
320 0.06199 | 2767.4 | 3015.4 | 6.4553
160  0.06788 | 28B45.7 3117.2 6.6215
400 007341 | 20199 | 3213.6 | 6.7690
g4n  o.o7B72 | 29922 | 3307 6.9041
soe - 0086437 3099.5 |J3445.3 | (7.0901
540 &.09145 | 31711 | 35369 7.2056
600 - 0iooB8s | 32791 | 36744 | 73685
640  @.1037 3351.8 | 3756.6 74720
joo @10 34621 | 3905.9 7.6128
740 0.1157 3536.6 | 3099.6 | 7.7141
;:'55'53}' s s

................... (Tow = 29508°00 .
Sat, o.02352 | 3569.8 27580 | s5.7z32
120 002682 -.-1‘21662.7 2B77.2 £.0489
J60 ' vo3ele:| 27727 | 13019.8 | S6aBig
400 0.03432 | 2863.8 | 31383 6.3634
440  0.03742 | 2946.7 | 32461 6.5150
480 0.04034 | 3025.7 | 33484 6.6586
§20 | co4313 | Flozy | 33477 | 678N o
E60  0.04582 | 31787 | 35853 | 6Ggopz
600 0.04345 | 3254.4 | 3642.0 7.0206
640 o052 | 33301 | 3738.3 | 7.283
700 005481 | 3443.9 | 3B82.4 7.2812
740 o.osy2g | 35204 | 39787 | 73782

5 ﬁ';”i"z‘; s

................ T =3 .
sat. - o.01426 | 25137 | 26849 5.4924
360 o.01811 | 26784 2B95.7 | - 5.8361
yoo  0.02108 | 2798.3 | 30513 | 6.0747
440 0.02355 | 2Bo6.1 | 787 6.2686
480 0.02576 | 2084.4 | 3293.5 6.4154
520 0.02781 | 3068.0 | 34018 G.5555
560  0.02977 | 3149.0 | 3506.2 6.6B40
G0¢  0.03164 | 32287 | 3608.3 | 6.Bo3y
640, 0.03345 | 33475 | 3709.0 | 69364
700 Q03610 | 34252 | 385B.4 70749
750 o378 | 3503.7 | 39574 | 7a746

p = &o bar = 6.0 MPa
e = 27568700 ...

003244 | 25837
0.03317 | 2605.2
0.03876 |-2720.0

0.04331 | 28112
0.04739 | 2892.9

0.05122 | 2970.0
0.05665 | 3082.2
006015 ‘3}’5)‘61

" biobsag 32669 )

'2784.3 5.8892
2804.2 5.9252
2952.6 | 6.3846

30711 6.3782
3177.2 | 6.5408
3z77:3 | 66853

33271 5850
35370/ 69999
36584 | 71677

0.0685¢ | 33410 | 37526 | 7271

0.07352 | 34531
0.07677 | 3528.3

3Bo4.1 | 7.4234
3989.2 7.5180

P =100k

‘0.91803
| 0.010%5

002641
062911

o.n4048 | 33185
0.04358 | 3434.7
0.04560 | 35121

ar = 10,0 MPa

(g =302.06°Q

j%s%g.szf 7

20u331°] 2729411 29

AT = 3367570

voitay | BarE6E | 26376 V53717

T o61422"
001720

0.01954
0.02157 | 2962.5

0.02343 | 3049.8

0.03075 | 3415.7
0.03225 | 3495.2

——

g

28165 | 5.6602,
001D | 59448
3142.2 £.1474
3264.5 | 6.3143
3377.8 &.4610

6,11 34B65| 6.5941

35911 | 67172
36941 | 6.8326

3846.2 | 6.9939
3946.7 | 70952
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Tables in SI Units

TABLE A-4

Adsersfusar-5146DesktopMerry_X-Mas/MNew

{Continued}
= : i i = s i :
X mile  Wikg | Mike MUK i vl k] S R Kn TR AU
g = tho bar = 36.0 MPa p = 1Bo bar = 18.0 MPa
e = aaradil)! oo e S
Gat, 0.00931 | 24317 | 25B0.6 5. 2455 0.00749 | 2374-3 -25_09.‘1 5.1044
360 0.01105 | 2539.0 | 2715.8 §.4614 0.00B09 | 2185 ;56&.5 5.1022
400 0.01426 | 2719.4 | 2947.6 | 5.8175 o.0o1390 | 2672.8 | 28870 | 5.6887
540 001652 | 2B39.4 | 3103.7 6.0429 v.01414 | 2808.2 | 3062.8 5.0428
480 0.01842 | 2039.7 | 3234.4 6.221% o.01596 | 2915.9 | 3203.2 B6.1345
520 ©0.02013 | 30311 | 33533 6.3752 o.m7s57 | 3mu8 | 3378.8 6.2960
gén  0.02172 3117.8 | 34654 6.5132 o904 | 31017 | 34444 §».&392
600 002323 | 32008 | 35735 6.6399 o.02042 | 3188.0 | 3555.6 | 5.5696
640 0.0246F7 | 32B4.2 | 3678.9 | 4.7580 c.on174 | 32723 | 3663.6 | 6.6505
700 002674 } 3406.0 | 3833.9 6.9224 o.02362 | 3396.3 | 3B215 £.8580
740 0.02808 | 3486.7 | 3935.% 7.0251 a.02483 | 247B.0 | 3925.0 6.9623
p =200 bar = 20.0 MPa T e = Za0 bar = 24.0 MPa
Ty =365.80°0 .
Sat. . 0.00583 | 2293.0 | 2409.7 | 4.9269 o Ve i
400 P:@%"gs: '_264.'9-'3 28181 | ‘5540 000673, 1247;.'34‘2';639.4 52393
440, o022z [ 277459 | 3019.4 | 5.8450 0009257 | 2700.6-| 29234 [ - 5.6506
480 0.01300 | 28Bg13 | 3170.8 £.0518 c.oneo | 2B38.3 | 31023 5.8950
520 0.01551 | 2992.0 | 3302.2 6.2218 o.01241 | 295¢.5 | 3248.5 60842
560 0.01689 | 30852 | 34230 6.3705 0.01366 | 30511 | 3379.0 | 6.2448
600 . 0.01818 1™750 | 3537.6 | 65048 o.0iqli |31y = 35@"%“ 6,
B4o 001940 | 3260:2 | 36484 | 6.6286 Lowi5B8 | 3zae | 36167 | €574
o0  G.02143 4 33B6.4 |3809.0 | 67993 0.01739,|' 3366.4 | 3783.8 | 66947
740 002224 | 3569.3 | 39144 f.9052 o.01835 | 34517 | 3892 6.8038
Zoo o.0238g | 3592.7 | 4069.7 7.0544 o.01974 | 3578.0 | 40514 £.9567
400 o .0:00236' | -2980.4 1%
440710.00; 0.60544 | 2509.0 | 2683.0
480" 0.06722 | 27181 | 2949.2
520 0.01020 | 2006.8 | 3192.3 E.g566 o.gaBga | 2Bo60.7 | 31337
560 001136 | 30157 | 33337 | 6.1307 0.00963 | 2979.0 | 3287.2
00  0.01241 3115.56 | 34630 6.2823 001061 | 3085.3 | 3424.6
640 &«afg-;s - j'z{_:o:? '\‘ﬁiﬁi 6.4187 | 0.01150 _‘_.3'13_3%. _355%6 S5
700 q.qm_;lg'" 33:1_6‘_._7._ 3758 | - 6.6029 0.01273 | 3325.4 '373:_.8 6.5203
740 0015358 |13433:% {38700 | 67153 " 0.51350 | 3415.9 | 3847.8 [ 6.63%
Boo o©.01680 | 35631 | 5033.4 | 6.B720 o.01460 | 3548.0 | 5015.1 6.7966
goo o873 | 3774.3 | 4298.8 7-1084 0.01633 { 3762.7 | 42851 7.0372
—$— CONFIRMING PAGES

-] aptara

EQA




BMIndaxtoTablesinSlUnits indd Page 699 8/3/10 5:45:20 PM user-5146 __$7 fUsersfuser-s146/MDeskiop/Merry_X-MasMNew E Q A

Tables in S1 Units 899

Properties of Compressed Liquid Water
£ Lk Nk oo kifkg
p = 50 bar = 5.0 MPa
.............................. U EED ISR e L N
20 10096 1 B81.80 1 86.30 2961 9995 81.65 BB.6% 2956 3‘
[ 1.0067 167.25 169.77 5715 1.0056 166,55 171.97 5705
8o 10280 334.29 336.86 10737 1.0268 3313.72 338.85 +LOF20
100 1.0423 51B.24 4#20.85 1.3050 1.0410 £17.52 422.72 1.3030
140 1.0784 87.82 550,52 1.736% 10768 586.76 562,15 1.7343
180 1.1261 761.16 7631.97 2.1375 1.1240 759.63 76%.25 2.1341
200 11555 Bi9.g B852.8 2.3294 1,1530 B48a 8530 2.3255
220 11858 | 940.7 943.7 2.5174 1.1866 538.4 Ghdy.dy 2.5128
Sat. 11973 959.1 g62.1 2.5546 1.2859 1147.8 1154.2 2.9202
" 5= 106 bar = 10.0 MPa
; (T = 311.087C) .
20 : 9972 83.36 93.33 “2945
40 10045 166.64 | 17418 5696 1.0034 166.35 176.38 5686
Be D256 333.15 | 4084 | 1.0704 10245 33259 | 342.83 | 10688
100 1.0397 4§16.81 424.62 1.3013 1.0385 416,12 £26.50 LaG92
140 10752 585.72 | 593.78 1.7317 1.0737 584.68 | 595.42 L7292
B0 14219 758.13 766.55 2.1308 1.1199 756.65 767.84 2.1275
2200 11835 | 5362 | 9454 | 25083 11805 .. J5As.9 | Z.5039
260 12696 | 13244 | 11340 2.B763 1.2645 | - 1337 |- 2.8699
Sat. 13677 | 12820 1292.2 ' 3.1659 14524 | 1393.0 | 14075 | 3.3506
p: 150 bar = 15.0 MPa p= 200 bar = 20,0 MF‘; '''''''''''''''''
.................... lm= 302340 R L
0 9959 33f9§ 97.99 2994 9528 8277
{0 1.0013 165.76 1Bo.78 G666 . L .0992 165.17
8o 1.0222 33148 | 346.81 1.0656 1.0199 33040
100 1.0361 414.74 430,28 1.2955 1.0337 £13.39
140 10707 582,66 cgB.72 17242 1.0678 580.69
180 1159 763.76 | 77050 | 21210 1.1120 750.95
210 1.1748 §29'0 947.5 2.4953 11603 925.9
:Iso +4.25850 11145 1133.4 ] 2.B576 12462 d 11o§.6
300 " 33770. | 166 | 13373 | 4.2260 1.3596 | 13961
Sat. 16581 | 1585.6 1610.5 3.6848 2.036 1785.6
................. 5'_;;%6“&;:?;:5 i T g
20 9907 82.47 | 107.24 .2911 9885 B2.17..
40 9971 164.60 | 189.52 5626 .. 9951 L 16a.04
100 10313 412.08 43785 | .1.2881 1.0290 ‘{  410.78
200 11344 B34.5 862.8 2.2961 1.1302 8314 865.3 2.2893
300 13442 1296.6 1330.2 3.1900 1.3304 1287.9 1327.8 3.3741
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Tables in 51 Units 901

TABLE A-7

Proparties of Saturated Refrigerant 22 (Liquld-Vapor}: Temperature Table

Speclfic Volume Internal Energy Enthalpy

L A G R
Sat. Sat. Sat. |
Liquid Vapor Liquid Evap. Temp.
Gl e LT P S L ) e
— 357w 2"03.6} —21.55 | 245.35 —6o
—10:80 | 20770 1 —10.85 | 139.44 ~50
—5.50 | zogye | —s44 [ 23639 —45
. —0.07 211.68 ooa | 233.27 —40
4.29 213.25 438 | 230.71 -36
8.68..| 214.80 879 | 22810 32 £l
10.88 | 215.58 1n00 | 226.77 &3
—-2B 1.7B15 0.7294 81252 13.09 216.34 13.22 225.43
—26 19345 0.7327 0.1159 15.31 217.11 15.45 224.08
-2z 2.2698 0.7393 0057 19.76 218.62 10.92 221.32

=20 2.4574 o742 0.0926 21,99 219.37 2217 214.41

Co24.43 |0 218.49
Y, 26.89 |, 217.05
2897 | 21559
3425 | 211
33,54 | :212.62
35.83 211.10

3814 | 209.56
40.4% | 208.00

12 £9.35 194.64 12
16 6519 191.02
20 6g.09 187.28
24 74.04 | 183.40
28 79.05 179.37
Wigaialisg B4 | 17518
36 ! Bp.2o | 170.82
40:| 15 - 9453 | 16625
45 | C30121 | 16024
50 ~108.06 | 153.84
60 "122.3% | 139.61

Source: Tables A-7 through A-g are ralculated based on equations from A. Kamel and S, W, Beyerlein, “A Fundamental Equation for
Chlorodifuoromethane (R-z2),” Fluid Phase Equifibria, Vol. 8o, Na. 11, 1992, pp. 71-86.
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902 Tables in 51 Units

TABLE A-B

ant 22 (Liquid-Vapor): Pressure Table
P MR e R i e S e e B i e
Enthalpy Entropy

5
"4

|0.0950

o083 ||

S 0.0765 | 27

0.0709 L1030,
0.0661
0.0618
0.0581
0.0548 248.16 01569
0.0515 248.80 0.1642

RCETUTR 249.40 | o |
0.0469. 249.97 f
00447 250,51

i0.6427 261.02

-0.0409 251,51
0.0392 199.97 25198
00337 195,60 | 253.64
0.0295 161.52 | 255.05
0.0262 1B7.67 | 256.25
0.0236 153.59 257.28
5.0195 177.04 | 25855

‘00166 170.49 260.16
2,014 164.21 261.04
0:012? 15813 26164
0,0112 152,17 26108
8.0091 140.43 26199

—4}— CONFIRMING PAGES  -f aptara
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TABLE A-S

Sat.
=L
-50
=45
—50
=3}
30

=20
—15
~10
-5
o

—35
~30
—25

—-15
=10
=i
[+

5
0

|8at.

=25
-20
—15
—1i0
TR
o

5

10
15
20
25

=25 =

o

e R

[

0.50559

0.51532
0.52787

0.54037
0.55284
0.56526
o.57766
0.590'92
0.60236

.61468
0.626097
0.63925

Properhes of Superheated Refrlgerant 22 Vapor

Fi} fid H

kifkg kifkg  Kilkg-K

= 9.4 bar = c.04 MPa

N = —5886°0)
204.13 | 224.36 1,0512
205.92 | 226.53 1.0612
20B.26 | 224.38 1,0741
210,63 | 232.24 1.0868
213.02 | 23513 1.0993
215.53 | 238.05 1.1117
2i7.88 | 24699 | 11439
220,35 | 243.95 r1.1_360
22285 i 246.95 | 11479
225.38 | 249.97 1.1587
227.93 | 253.01 11714
230.52 | 256.09 1.1830
233.13 | 25919 | 11944

0.65151

o.27890
0.28530
0.20167
o.zg801’
2.30433
0:31062
2,31650
0.32315
0.32339

B

AL
&
)
&

033561

TR
224.78 | 249.13
227.37 | 252,32
229.98 | 255.34
232,62 | 25B.47
235.29 | 26164
237.98 | 264.83

P = 1.5 bar = 0.15 MPa

£.14721
014872

BI523%

0.15588
0.15941
0,16292
016640
9.16987
RYEER
017674
o.t8o15
018355

(Tay = —32.08°0

0.18693

21477 | 235.86 | GiFB30
215.85 | 23816 | 0.9883
218.45 | 24130 1.0013
221.07 | 244.45 1.0137
223.70 | 247.61 1.0260
226.35 | 250.78 1.0382
229.02 | 253.98 10502
231.70 | 25748 1.0621
234.42 | 260.41 1.0738
237.15 | 263.66 | Lo8s4
239.91 | 266.93 1.0058
24269 | 270.22 | 11081
245.4%9 | 273.53 11193

—p—

RS s MP;

t d h H
m’fkg kif kg kl.-'ks kifkg - K
] ‘o,éhai-uoéMPa
o (he= 51007
0.34656 207.14 | 227.93 10204
0.348¢95 | 207.8a 1.0330
0.35747 | 210.20 1.0459
0.36594 | 212.62 1.0586
0.37437 | 21506 1.0711
| 1038277 | 2Ty - fo835
039114 -.ai +1.0956
039948 | 2az501 Sa077
©.40775 | 225.08 1,1195
0.41608 | 227.65 11314
0.452436 | 230.25 11430
0.43261 | 232.88 11545

0.22679
0. 23197

D.25243
0.25747
0.26253%
6.26753

A = 2.0 bar = 0.20 MPa
(T = —25. :8°C) :

fisarafuser-sT4E/DeskiopMery_X-Mas/Mew

Tables in S| Units

-:p.lﬂ:—:.x;.z 17,

0.11520 | 22019 | 243.23 0.982g
0.11795 22288 | 240.47 3.9952
6.12067 | 225.58 | 249.72 1.0076
0.12336 | 228.30 | '252.97 | 10199

*oaz603 [i23103 | 25623 | ro310
0,12868 | 23378 | 259.51 | 10438
013132 | 236.54 | 262.81 10555
©.13393 | 239.33 | 266.12 1.0671
013653 | 24214 | 269.44 1.0786
013912 | 24497 | 272.79 1.0899
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904 Tables in S| Units

TABLE A-9

(Continued)
Sl S - T s ; : s
T mijkg  Kifkg  Kfkg KRG K ] wifkg W/kg  Wikg | Hlikg K
p = 2.5 bar = a,35 MPa P = 3.0 bar = 0,30 MPa
BRI, (Lol ek o R SRl SR NS
Sat, | 009097 | 219.55 | 242.29 0.9586 p.o7651 | 221,34 | 244-29 G,9502
—15  0.09303 | 222.03 | 245.29 | -0.9703
—10 009528 | 224.79 | 248.61 o983 0.07833 | 223.96 | 247.46 | o623
—5 009751 | 22755 | 25193 0.9956 0.08025 | 226.78 | 250.86 0.9751
o 0.09971 | 230.33 | 255.26 1.0078 o.08214 | 229.61 | 254.25 0.g876
5 ©.10189 | 23342 | 258,59 1.8199 0,08400 | 232.44 | 257.64 0.999¢
58] 10 difosns | 235.92() 26193 | 10318 po8s8s | 23528 26204 [ 10120
o a5 Losobig | 23874 | 35| 1o436 0.08767 | 238.14 | 264.84 | 10239
20 010831 | 241.58°| 268.66 |. 10582 0.08949 | 24101 | 26785} 10357
25 o.11043 | 2544.458 | 272.04 1.0666 0.09128 | 243.89 | 27128 1.04,72
30 ©0.11253 | 247.31 | 275.44 1.0779 009307 | 24580 | 274.72 10687
35 DI 250.21 | 278,86 o8 0.09485 | 249.72 | 278.17 1.0700
40 011669 | 253.13 | 282.30 1.1002 o.09660 | 252866 | 28164 7,081
PG i i 5"Q'IQ.'&"S;E':"&LBHFB ..................
Mo = —1039°0 (I = ~€56°0

Sa}‘ " To.os82| 20Eia | 24738 | eg370
ey - 3 0L 005860 | 225,16 | 248.60 | n.g41l
o 006956 0.9700 o.06011 | 228.09 | 252.14 0.9542
5 D.07121 o.9825 0.06160 | 231.02 | 225.66 0.9670
1w 007284 0.9948 0.06306 | 233.95 | 25548 0.9795
B LT3 -0:06450 | 236.89 262.69 { ' nigy18
10188 loo6sgz | 239.83 | 26619 | 10039
1.0305 ¥ 0.06733 | 242.77 | 266.71 1.0158
1.0421 0.06872 | 245.73 | 273.22 1.0274
1,0535 0.07010 | 248.71 | 276.75 1.0350
40 0.08224 10648 G.07146 251.70 | 2Bo.28 10504
45 008376 10759 007282 | 254.70 | 283.83 | 1.0616
T = s bar = o5 MPa } P = 5obar = ogo MPa
.................. AT T 3080 B ) S
Sat. 0.05189° | F25.45' 248,80 | 0.6 : 0.04686 | 226.54 | 249.97 | 0.9269
© 005275 || 1227.29 251.03 | ©.5399
5l 1005421 |5230.28 || 1254.63 | 0.9529 o.04810 | 22952 | 253.57 | 0.9399
10 005545 | 233.26 | 258.21 | 0.9657 0.04934 | 232.55 | 257.22 | 0.9530
15  0.05676 | 236.24 | 26178 0.0782 o.o5056 | 235.57 | 260.85 0.9657
20 o.o5805 | 239.22 | 26534 0.5904 0.05i75 | 238.59 | 26447 0.5781
25 o,@% 243176077 26890 || 10a35 005293 | 25161 | 268.07 | 05503
30 -0,060595] 24539 272.45 1.0143 0.05409 | 245.63 | 271.68 1.0023
35 006185 "_243.15 276.02 | L0259 0.05523 | 247.66 | 275.28 | o141
40 0.06308 | 251.20 | 279.59 1.0374 0.05636 | 250.70 | 278.89 1.0257
45 0.086430 | 254.23 | 283.47 1.0488 0.a5748 | 253.76 | 2B2.50 1.037%
50 o.08552 | 257.28 | 286.76 1.0600 0.0585¢ | 256,82 | 286.12 10484
55 0.06672 | 260,34 | 200.36 1.0710 0.0556g | 259.90 | 289.75 10595
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TABLE A-9

09363 0

{Continued)
T [ u k 5
58 sl mifkg  Mikg | Kfke  Wike K
p = 5.5 bar = .55 MPa
Sabt. | g.o4271 | 22753 | 25102 | o0.92d6
5 004317 | 228,72 | 252.46 o0.9278
10004933 | 23181 | 25620 0.9411
15 804547 | 23480 | 259.90 0.9540
20 0.04658 | 237.95 | 263.57 0.96067
25 004768 | 24101 | 267.23 | 0.9790
30 0.04875 | 244.07 | zyo.BB 0.9912
35 obas82| 24713 | 27453 | 1003
40 0.05086 | 250,20 | 278.17 1.0148
45 005190 | 253.27 | 28182 1.0264
50 0.05293 | 266.36 | 2Bo.47 1.0378
55  0.05394 | 25G.46 | I89.13 L8490
60  0.05495 | 262.58 | 292.80 10601
p= "_;Id.i;ar = o.j0 NiPa
= 30 91“(.'}
| 253gal 00ty
: ._256 85 og229
7. 1 28075
0. 03639 264.59 | - 0.9493
I 003730 268.40 09619
35 0.o3Big 27219 0.6743
40 nﬁ;;ﬂﬁ i 7596 | 0.0865
45, 083992 279.7z | - 0.9984
Bo  0.04076 283.48 1.0161
55  D.04160 287.23 1.0216
60 0.04242 26099 1.0330
65 0.04324 29475 | uva42
70 0.04405 258.51 1.0552
............... ;.._.,.é..o..a.a;.:.s.g; e
[ (Im = ‘9 590() temamnrbiaaarast
Sat, 1 256, !5*§ 0.3001
20 0.02630 | 232.92 | 256.50 | ©.9013
30 002789 | 23p.73 | 264.B3 05289
40 ©0.0293g | 246.37 | z72.82 | 09549
50 0.03082 | 252.95 | 280.68 0.9795
&0 o0.03:1p | 259.49 | 28846 1.0033
70 - 04 0335’3 266.04 | 296.21 1.0262
80 0. 03483 272.62 | 103.96 1.0484
939 ua;ﬁu- L279.23 | 3173 1-0701
00 003735 | 285.90 | 319.53 1.0913
110 0.03B6o | 292,63 | 327.37 11120
120 0.03982 | 200.42 | 335.26 11323
O 11306487 | 343021 11523
30 31321 35122 14719
3021 | 359.29 | 11912

Msarsfuser-3146/DesktopMerry_X-MasMNew

Tabtes in 5] Units

i # 5
............ ’.‘.‘.’,!’ kg Mikg  Wikg | Wike K
p = 6.0 bar = 0.60 MPy
ST 1T I SR
0.03923 [T228.44 | 25158 0.9186
0.04815 | 23105 | 255.14 0.9259
004122 | 23418 | 2580 0.9431
0.04227 | 237.20 | 262.65 5.5560
0.04330 | 240.39 | 266.37 ©.5685
0.04431 | 243.49 | 270.07 0.5808
0.04530 | 246,58 | 27376 | o.0929
0.04628 | 249,68 | 277.4% 1,0048
0.04724 | 252.78 | 28133 1.0.64
004820 | 255.90 | 2B4.82 1.0279
o040t | 259.02 | 2B8.51 1.0393
0.05008 | 26215 | 292.20 10504

p—Bobar-—osoMPa

0.03592
0.03667

0.03747

0.03814

, 0.03033
0.03118
0.03202
0.03283
0.03363

lo.03440 |
0.03517

P = I.oﬂ ba]’ = 1,00 MPa.b R
g = 23 40‘()

0. 02353

0-02457
0.02598
0.02732
0.02860

Q.029847

¢.03104

0.03221.

0.03337
0.03458
0.03562

003672,
n.q3781 |

0.03889

—h—

233, 7

238:34
245.18
25190
258 56
265 19

271 34 |

2_;:8 52
285,24
292.02
29B8.85

Fo5TFf

312.70
31974

£ D.B§52

0.913%
0.9407
06,9660
0.5902
18135
1.0261
1.0580
1.0794
1.1003
11207
1088
11405

11790
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(Continued)
5 = G T X s = i r i
e TR (e 2 wikg Mikg  Kikg  Mikg K
7 =12.0 bar = 1.20 MPa p = 14.0 bar = 1.40 MPa
....................... (=308 . M 736290 e
Sat. o.01955 | 235.48 | 258.94 o886, a.01667 | 235.8¢ | 20416 o0.8786
40 o.020831 | 242,63 | 267.62 0.9146 o.01708 | 239.78 | 263.70 0.8900
50 002204 | 249.69 | 276.14 0.9413 0.018'23 247,29 | 272.81 a.86
60 0.02319 | 256.60 | 2B4.43 0.9666 o.01929 | 254.52 | 2B1.53 0.9452
70  ©0.02428 | 263.44 | 29258 0.9907 0.02029 | 26160 | 290.m 0.9703
8o 0.02534 | 270.25 | 300.66 1.0139 0.02125 | 268.60 | 20834 0.9942
s 9o  0.02636 | ‘277.07 | 30870 | 1.0363 0.02217 727556 | 306.60 | 10172
o 100 0.0Z736 { 283.90 | 316.73 | ‘10582 p.62306 | 282.52 | 314.80 | 10395
1o 0.02834 | 290.77 | ‘32478 | 10794 (022393 | 289.49 | -323.00 | 10612
120 0.02930 | 297.60 | 33285 11002 002478 | 296.50 | 33119 10821
130 0.03024 | 304.6% | 340.95 1.1205 0.02562 | 303.55 | 330.41 1.1029
140 0.03118 31168 | 349.00 11405 0.02644 | 310.64 | 347.65 11231
156 0.03210 | 318.77 |'357.29 1.160% 0.02725.( 317.79 | 355.94 1.1429
160 0.03301 | 325.92 | 365.5% | ri7el 082805 [ 324.99 365,26 | 11624
t7o  ©.03392 | 3336 | 37384 | 11983 0.02885 | 332.26 | 372.64 | 11815
p.; 16.0 bar = :6oMPa
L o - o
Sal, 001440 | 238.00 [ 261.02
50 0.01533 /| 244.66 | 269.1
60, 0.01634 | 25229 | 278.4: 1401|2498 0.9061
70  0.01728 | 259.65 0.01592 | 257.57 | 284.43 0.9337
80 o.c1817 | 266.86 0.01576 | z65.04 | 293.40 | 0.9595
90 0.019031 274.00 c.o1655 | 272.37 | 30216 0.9839
0o 0.01583 | 2809 0§37 2rgiéa | 31077 | 1pa73
‘410 0.02062 | 288.18 0.01805 | 28683 | 31930 | 10299
120 0.0213% 2_95_.28 0.03874 (29404 | 327,78 1.051:'.5
130 0.02234 | 302.41 0.01943 | 301.26 | 336.24 1.0730
140 6.02288 | 309.58 g.o2011 | 30B.50 | 34470 1.0937
150 G.02301 | 316,79 o.02077 | 31578 | 353.17 L113§
160 002432 | 124.05 0.02142 32300 | 361.66 11338
170 0.02503% | 33137 U oo2z07'| 33047 | 37049 | 1532
" p = 200 bar = .00 MPE P = ag.o bar = 3.4 MPa
_________ e Ao = 51.26°0) g P T30S
Sal. 001124 | 23951 | 26108 | GlEYRE ‘Slrosty | 24032 | 26153 | O.B463
60 o.01212 | 247.20 | 27143 | 0.8873 000913 | 240.78 | 262,68 | 0.8484
70 0.01300 | 25535 | 28136 | 0.0167 . o.01006 | 28030 | 274.43 | 0.BB:
20  o0.01381 | 26302 | 290.74 0.9436 G.01085 | 258,80 | 284.93 0.9133
90 0.01457 | 270.67 | 299.80 | 0.9689 o.01156 | 267.01 | 294.75 0.9467
100 0.01528 | zyB.og | 308.69 0.5979 o.012z2 | 274.85 | 30418 0.9663
110 - 0.01596 { 285.44 | 317.37 ( 1bi6o 0.01284 | 282,53 | 313.35 ] o.p90é
120 0.01667 | 292.76 | 326.01 | | 10383 o.01343 | 29041 | 32235 | 10137
130 o.01737 | 30008 | 33461 iosef | oo1400 | 297.64 | 33125 | 1.0361
140  0.0i789 | 307.40 | 343.19 1.0808 G.01456 | 305,14 | 340.08 1.0577
150 0.01850 | 314.75 | 35176 11013 001509 | 31264 | 348.87 1.0787
160  0.01910 | 32214 | 360.34 11214 o.n562 | 32046 | 357.64 1.0992
170 0lo198g | 320,56 | 36895 | “1lig10 001613 | 327.70 | 366.41 | 1192
186  0.02027 | 337.02 | 377.58 11603 0.01663 | 33527 | 375.20 1,1388
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Specific Volume laternal Energy

TABLE A-10

P .'!&'{1 Propemes of Saturated Refrigerant 134a (Liquid—Vapor): Temperature Table
»
g

m?/kg K/ fkg
Sat, Sat. SaL Sat. o

tiquid Vapor Liquid Vapor Liguid Yapor Liquid vapor | Temp.

) e Ly L L L OO L. T N e VS Soods L

£.7055 0.3569 | —0.04 | 204.45 222.38 | o000 | 0.9560 —40

.7i13 0.2947 4.68 206.73 225.40 0,023 a.5506 -36

0.7172 0.2451 .47 209.01 227.90 0.0401 ¢.9456 —-32

0.7233 02052 U3 211.29 "230.38 0.0600 0.9411 ~28

©.7265 0.1882 16.75 212.43 231.62 0.069¢ | 0.939a —26

0.7296 01728 19.21 213.57 232.85 0.0798 0.9370 —24

0.7328 01590 21.68 214.70 234.08 0.0897 0.9351 =FiF]

0.7361 0.1464 24.17 216.84 235.31 0.0998& £.0332 —-20

0.7395 01350 26.67 216.97 236.53 0.1094 0.9315 —18

. 7428 0.1247 29.18 218,10 217.74 0.1192 o208 —16
-12 18540 | 07498 01068} 3425 | 22036 74005 | 01388 | w9267 | ~12 4
—B4 | 21704 0.7569 | - 0.0019 139.38 | 22160 ‘242.54 | ©.1583 0.9239 -8 ™
~4 | 25274 | oF6ag | 0.0794. w456 | 22484 24490 | oa777 | 0.9213 -4 J:'

o | 29282 0.7721 c.0689 |1 49.79 " 227.06 24723 o.1970 | 0.9190 1]

5 3.3765 0.7801 ,f;.o.'oéod_ ', 55.08 229.57 249.53 0.2162 0.9169 &

8 3.8756 0.7884 0.0525 60.43 23L46 251.80 0.2354 | ©.9150

12 44294 0.7971 0.0480 65.83 233.63 254.03 0.2545 0.9132 12
16 50416 0.Bo6z 0.0405 7l.x 235.78 256,22 0.2735 o516 16
0 5.7160 o.Bis7 237.91 258.36 0.2924 5102 20
24 6.4566 240.01 260,45 0.3113 0.9089 24
26 ' 6.8%30 ; z}n SN 261.48 63208 | o.goBa i 126
‘28 7.2675 il 242008 262,50 | al3jaz’| o.9076 | 28
¥o..| 7.7006 i 24300, '"269.50 | 03396 | 09070 30
.32 7| Bas28 26432 26448 | ‘03490 '| oposs |l 32
34 (| 1B.6247, 524512 265.45 | 03584 | o.9os8 34
36 9.1168 246.11 266.40 0.3678 0.9053 36
38 | 9.6298 247.09 267.33 0.3772 | 0.9047 38
40 | 10364 248,06 268.24 0.3866 5.9041 40
42 |10.720 249.02 269.14 0.3960 0.9035 52
44 | 1299 249.96 270.01 0.4054 0.5030 44
48 |12.526 251.79 0153:33 #7168 | 0.4243 | c.5017 48
‘52 |13-851 253.55" | 14866 | Z73.24 | 04432 | 109004 52
456, 115278 1255.23 4375 | 27468 | 04622 | 08990 | 56
Eo [16.813 256.81 '138.57 27599 | ‘0.4814 0.8973 60
70 | 21162 260.15 124.08 278.43 0.5302 0.8918 70
8o |26.324 262,14 106.41 2759.12 a.5814 0.8827 Bo
g0 |32.435 261.34 Bz.63 276,32 n.&380 0.8655 o0
w00 | 39742 248.89 34.40 259,13 0.7196 o817 100

Source: Tablas A-1o through Az are calculated based on eguations from D. F. Wilson and R. 5, Basu, “Thermnodynamic Properties of a New Stratospherically
Safe Working Fluid — Refrigerant 134a," ASHRAE Trans, Vol. 94, Pt. 2, 1988, pp. 2095-2118,
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Enthalpy
s

R-134a

0.8328
0.8454
08576
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m

o R .'f.f._'f_s ........ ke o ikl KRR SR SRR mike Wik Kike  Wike K
p = 0.6 bar = 0.06 MPa p = t.0 bar = v.10 MPa
o AR g L O L Y e s 1 0
Sat.  0.31003 | 20632 | 224.72 | D.9520 019170 312.18 231.3% T
—20 033536 | 217.86 | 237.98 1.0062 0.19770 216,77 | 236545 | o.9602
—10  0.34992 | 22497 | 245.96 1.0371 a. 20686 22601 | 244.70 | 09918
o 0.36533 | 232.24 | 254410 1.0675 0.21587 | 23141 | 252.%9 10227
10 0.37861 | 239.69 | 262.41 1.0973 0.22473 | 23B.96 | 26143 | 10531
2 o3g279 | 24732 | 27089 1.1267 0.23349 | 24667 | z2yonr | 1o82g
30 040688 | 25542 | 27953 | 11557 0.24216 [ 254:54 | 278.76 | 11122
40 0.42091 | 263.40 188.35 ‘1.1&:44 _ 0.25076 262,58 287.66.| 11411
to 043487 | 27125 | 23734 | t2126 ‘6.25930 | 270.79 | 296.72 | 1.1696
60 044879 | 279.58 § 306.51 1.240% 0.26779 | 27916 | 305.94 11977
70 046266 | 288.08 | 315.84 12681 0.27623 | 287.70 315.32 1.2254
8o  0.47650 § 296.75 | 325.34 1.2954 0.2B464 | 295.40 | 324.87 | 12528
o0 049031 | 305.58 | 335.00 13224 0.29302 | 305.27 334.57 12799

R-134a

p =14 har= onPa
i ot BT S IB RO
5159457 ztﬁ' z = {]93}2 DR R T Tk
i '1454§4 Ers > | 99606
:l‘.;o‘ : 'o 1521915 ‘730.5 a9y

1w 015875 | 23B.an b 1.0230 012207 | 237.44 | 259.41 | 0.9998
20 o0.16520 | 246.01 1.0532 0.12723 | 245.33 | 268.23 1.0304
30 0.17155 | 253.96 1.0828 013230 | 253.36 | 27747 1.0604

11120 S.43736 1 260sR T a6, 1T B8R
11407 034522 | 269.85 | 295.45 | 1187
11690 014710 | 278,310 (30479 11472

4o o778 | 36206
40 0a8404 1 27032 |,
60 0.19020 27l.74

11969 0.15153 1§ 2B6.53 | 314.28 | 11753
12244 01567z | 29571 | 323.92 | 12030
1.2516 016148 | 304.63 | 333,70 1.2303
1.278% 016622 | 31372 | 353.63 1.2571

70 0.ay633 | 287.32
g0 o.20241 | 2g6.06
g0  0.20846 | 30495
100 0.21549 | 31401

= aobar = 0.0 MPa p = 2.4 bar — o.24 MPa
SO L P T = 753770
Sat, 0.09933 | 22143 | 24130 | 09253 *0.083475 | 22407 | "244.09 | 022z -
—30 009938 | 22150 | 24138 | 0.9256 R e Ll
o 010438 | 22933 | 2500 9582 0.0B574 | 22831 | 248.B9 | 0.9399
10 0.10922 | 237.05 | 258.89 o.ode8 0.0Bgp3 | 236.26 | 257.84 | 0.9721
20 0.141394 | 244.99 | 267.78 1.0206 0.09359 | 254.30 | 266.85 10034
30  0.41856 | 253.06 | 276.77 1.0508 0.00794 | 252.45 | 275.95 1.0339
40 6a33n "261.26 | 285.88 1.0804 L loiaiB] aeEE G Re ) L0637
V5o 0a275B | 269.61 | 29512, 11094, i 010562_ 269-12 | 294.47 |
160+ 043201 | 27B1G | 304.50 § 11380 S ha ‘010937'._‘. 27767 | "
7o 0.1363% | 28674 | 31402 1.1661 o.a130y | 286,35 | 3149 | 11501
80 0.i4073 | 295.53 | 323.68 1.1935 011674 | 29518 323.19 1.i7B0
90 014504 | 304.47 | 333.48 1.2212 012037 | 304.35 | 333.04 | 12055
wo  o.a4932 | 313.57 | 34343 1.2483 012398 | 313.27 | 343.03 1.2326
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TABLE A-12

4

;:-t-ﬁ
120
30
40
L1

! EU‘

[lal
106G
110

120

.iﬂ?

6o
Ja

130

p e q = i .r,.o TN

Isat- [ '“I:;‘: -

0.068405 |

0.08641 2By

0.06877 | 293;

0.07102

0.07327

0.07550

Dh.ﬁﬂ

O 0?991

‘0.08208 | 3

e e TR

i s = 2158°C)

T 003408 23874 | 25939 7|
o 53581 ‘246.61 )| 26789 |
- 8.93774 | 255.45

©.03958 | 264.48

©.04134 | 273-54

o 04304

0.04946
0.0505%

0.05253
0.05483
0.05550

0.3698

134943
359.21
1369.32

278.09 | ‘o

{Continued)
R N p h s
mijkg  kifkg  ki/kg  kl/ke - K
p = 2.8 bar = 0.28 MFa
(T = 123°0)
sat.  0.07173 276.38 | 246.52 | 0.9107
o uo;r:um 227.37 | 247.64 09238
10 oh7ei3 235.44 | 256.76 0.9566
20 0.0797% | 243.5¢ | 265.91 | 09883
30 0.08320 | 251.83 | 275.12 10192
40 008660 | 260.17 | 2B4.42 10494
50 0.08992 [ 268.64 | 29381 | 10789
60" 069319 | 277.33 |'303.32 | 11079
70 .0.09651" 285,96 | 312.95 [ 11364
80 o0.09960 | 294.82 | 322.7% 11644
g0 00275 | 303.83 | 332.60 11920
100  0.10587 | 312.98 | 342.62 1.2193
10 . oiibBgj 31:2?:'__':' 32461, 0
120 ~-0.31205 | 331710 36308 | 2727 .

0.06576

©.06001
007214
007518

. 0.07815

008106

. 0.08392

0.0867¢,
0.08953
0.09239

0,09 03 |

\0.09774

fdsarsfuser-s146DeskiopMerry_X-Mas/Naw

kg

Klig oK

0.9427
0.974%
10062
1.0367
0665
L0957
11243
1.1625
11802
1.2076

12345
1.2611

REX-AFS

o.qu{és_; _ 7 : o254
004416 | 24820 | 27028 | 0.9597
0.04633 | 256.99 | z80.16 | oc.9nk
o.04842 | 265.83 290.04 | 10229
"0‘05043. 27473 | 299.95 | 10531

o omos2go | 28372 | 309.92 10825
L B05432 | 29z.80 | 315.96 HEEEYF
0.05620 | 302.00 | 330.10 11397
005805 | 31131 | 24033 11675
0.05988°| 320.74 5068 11949
- 006188 1| 33030 | 36114 | 12218
0.06347 | 339.98 | 37172 | 1.2484
066524 | 34979 | 3B2.42 | 12746

.; ,.p.;.;;.b;.r.,:.&}; g

M =267270

J 'oo.-,us 24142 1| (7288 85 v.goia
1002979 | 24451 |:265.37 | 09197
0.03157 ' |.253.83 | 275.93 | 09539
0.03324 | 263.08 | 2B6.35 09867
0.03482 | z7z.a1 | 29669 | 10182
0.03634 | 28157 | 307.01 1.0487
) 03';}8: | 200.88 | Fxras | 10784
003924 | 30da7| 327,74 | 11074
- 0.04065 033819 | 11358
0.04201 An8.71 11637
0.04335 359.33 | ligio
0.04458 3pong | 12178
0.0459% 380.86 | 12444
©0.04729 391.79 | - 12706
004857 4028z | 12963
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TABLE A-12

{Continued)
e u ; >
e LR o RN, R Bl RACK
p = B.obar = 0.80 MPa g = 9.¢ bar = 0.0 MPa
............. e e 23039370 M = 355300
Sal, | 0.02547 | 243.78. | 264.1% ro.éose 0.02255 zq's'ggs 266,18 | 0.0054
4o 9.02691 | 25343 | 27366 | 09374 o.02325 [/260.32: | 27135 | o.5217
5o o.02846 1 26162 | 284.39 | O.9711 o.oz472 | 26005 | 28234 | 9560
60 0.02992 | 27104 | 294.98 10034 o.n2609 | 268.72 | 293.21 | o.9897
70 0.03131 | 280.45 | 305.50 1.0345 0.02738 | 275.30 | 303.94 | 1.4m4
ga 0.03264 | 2B9.8B9 | 316.00 1.066F 0.02861 | 2BB.87 | 314.62 | 10521
9o 0.03393 | 20937 | 326.52 | -vLopg0 0.02980 {29846 | 325.28 | 1.081%
100 0.83515% 308'.93 337.q§ if2:7 0.03095 | 308,14 | 335.66 11109
118 n.'%@&qz_ 318.57 | 347.71 | 11508 0.03207 |-317.B2 ‘| 346.68 | 11394
120 003762 | 32B.31 | 358.40 11784 0.03316 | 327.62 | 35747 11670
130 0.03881 | 33824 | 369.19 12055 o.03423 | 337:52 | 368.33 1.1943
140 0.03997 | 348.09 | 3Bo.07 | 12321 0.0352% | 347.51 | 379.27 [ 12z11
Igtes | 12584 0.03633 | 357.61 |
o] oA 03,2843t 0,03736 11:367:62 1,401
61| 41333 [ 33088 003838 | 37814 o
‘42463 [ 1133510 0 1 0.03939 | 3BEST g
T
...... - o
£ = to.0 bar = 1.00 MPa p = 12.0 bar = 1.20 MPa

{Ta: = 393970

[ 4
78 0.02423 [ 27811 1.0093 208,96 | 0.4868
80 p.02538 | 287.82 1.0405 310.24 | 10192
96 o.o¥kge’l 20753 |\4aqGt | 1oye7 | 00250 1 2y550 | 32139 | 10503
16 0.0278E (130727 | 3348z | Gacso C.02244 | 305.54 | 332.47 | 10804
i@ 'ﬁ.nzﬁ’ssi 317-06 (11286 " 0.02335 | 31550 | 343.52 1084
120 0.02¢59 | 326.93 11567 0.02423 | 325.51 354.58 | 11381
130 0.03058 | 336.88 1.1841 0.02508 | 335.58 | 365.68 | 11660
140 0.03154 | 346.92 12111 0.02592 | 345.73 | 376.83 | 11933
150 603255 |ids7es S IEET L AbI0) 0.02674 | 35595 | 78804 | 1320
160 0.03384 | 36731 [ 400.74 1 12638 n.02754 | 366,27 399.33 | 2485
170 0.03436 {-377.56 |14 1,2895 . ¢ 002834 | 376.69 | 410,70 | 2724
180 0,03528 [-38B.2 L 13149 o.o2912 | 387.21 | 42246 | 1.20Bp
TP =t40 bar = 1y0 MPa g E 6.0 bee = 1.60 MPa
i ST (T = 57.92°C) ——
Sat, . 0.01405 | 25374 | ‘273.40 | o003 001208 | 25600 | 275.33 | 8GRz
60 ' o.o1495 | 26247 | 263.10 0.9297 012335 | 258.48 | 278.20 o.'go;’ag
70 0.01603 | 272.87 | 29571 9658 a.01340 | 26989 | 29133 | 0.9457
80 o.01701 | 283.29 | 307.10 | 0.9997 0.01435 | 280.78 | 303.74 | 095813
90  o0.0i79z | 293.55 | 318.63 10319 o.01571 | 20139 315.72 | o8
100 o.0:878 | 303.73 | 330.02 1.0628 0.01601 | 301.B4 32756 10467
110 ‘oowbo (131388 34132 | sopaz o oozzf 31230 f339.04 | 10773
120 8.02039: |352:59" S11218 - oo.01750 | 322.53 | 350.53 o6y -
330 p0ziss 363.86 11500 A 5y ‘0.01820 | 332.87 | 36199 | 13357
140  ©.02189 | 344.50 | 375.15 1.1777 0.mMBB7 | 343.24 | 3ITI44 1.1638
150 0.02262 | 354.82 | 3B6.49 | 1.2048 0.01953 | 353.66 | 38491 | 11912
160 ©0.02333 | 365.22 | 397.89 1.2315 o.oz017 | 364.15 196.43 1.2181
170 0.02403 | 375.71 | 40936 | 1.2576 0.02080 | 374.71 | 407.99 | 1.2445
180 002472 ’3{86.29 420,90 |- 1.5834 : 0.02142 |'385.35 | 4i9.62 | 1.2704
130 o.02541 |396.96 | 432.93 1.30898 0.52203 | 396,08 '| 431.33 | 4.2960,
200 002608 | 407,73 | 44424 | 13338 0022673 | 406.90 | 443541 | 13212
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TABLE A-13

Properties of Saturated Ammeonia (Liquid—Vapor): Temperature Table

Specific Volume Internal Energy Enlropy
el i, VL NIl RITRER e

Sat. Sat. Sat, Sat. Sak Sat,
Liquid Vapot tlquld Liquid Evap. Liquid Vapor Temp.
Vel LTI ST B g 5 Ot
2.6265 | —43.94 | 1262490 | —43B8 | 1416320 | 437232 | —dipez | &1sa3 || —so
20060 | —32.03 | 127439 | —21,95 | 1402.52 | 138057 | —0.0951 | 6.0523 —45
15524 | =010 | 127720 0.007 | 1388.56 | 13B8.56 | 0.0000 | 59557 | —s40
1.2757 1747 | 1281.87 17.60 | 1377.17 | 1394.77 | 00747 | 5.BB1g | -36
1.0561 35.09 | 1286.41 35.25 | 1365.55 | 1400.81 | 00484 | /5.8111 -3z
0.9634 4393 | 1288.63 44.10 1359.55 | 1403.75 01849 | 5.7767 -30
0.8803 52.78 | 1290.82 52,97 | 1353.68 | 1406.66 02212 | 57430 | —28
o0.Bog6 E1.65 1292.97 61.8B6 | 1347.65 | 1409.51 ©.2572 | 5.7100 ~26
0.6780 79.46 | 1257.18 7o.72 1335.36 1415.08 0.3287 | 5.6457 -3
o.6233 B3.40 | 1299.23 BEER | 132910 WMI7.72 03642 | s.6144 —20
0.5739 97.36 | 130125 57.68 | 1322.77 142_035,5: 03994 5-‘_5'83? —18
0.5291 10636 | 130323 | 106,70 | 1316.45 |7 1423.65 | 0. —16
0.4885 | | 11537 [ 130517 15,75 | 1309.86 =14
04516 | 12442 | 1307.08 | 224.83.| 1303.28 —12
“0.4180 |\ 13350 | 1308.95 | 133.94 |:1296:81 i
o.3874 142.60 | 1310.78 143.09 | 1289.86 | 1432.95 -8
0.3555 15174 1312.57 152,26 | 1283.02 | 1435.2B —6
0.3340 160.88 | 1314.32 16146 | 127610 | 1437.56 -4
0.3106 170.07 1316.04 170,60 | 1269.08 | 1435.78 -2
n.2892 17929 | 17696 | 120097 | w3184 o
“|ezsidl | ig7.80 a5 4 PSS
0.2348 | 20710 | 132247 |7 124009 6
@.219% 216.42 | 132396 | 237.34 | 1232.61 [ 1449.94 | 3-8
0.2054 |\ 225.77 | 1325.42 | 22675 | 1225.03 |- 145178 10
0.1923 235.14 1326.82 236.20 1217.35 | 45359 12
0.16§1 25395 | 132948 256.tE 120170 | 1456.87 16
0.1492 272.86 | 133194 274.26 | 1185.64 | 1459.90 20
24 97274 1.6547 0.1320 29184 | 133419 293.45 | 116946 24
28 10.993 1.6714 0.1172 310.92 1336.20 312.7§ 11§2.24 28
32| 12380 1.6887 0.1043 330.07 | 3337.97 3327 |, 11_§_4,B;r- 32
36 || 13.896 1.7068 0.0930 | 349.32 | 1339.47 35169 | 1117.00 | 1568 16
J 40" |54y | 17256 | o.oBal | 36867 | 134070 | 37135 | 105862 | 146997 40
45 [ 37.B1g | uzse3’ | 00725 | 39301 | 134181 | 39643 | 107484 | 45
‘50 |+20.331. | L77BS 0.0634 | 41756 | t342.42 42117 | 1650.09. 50

Source: Tables A-13 through A-15 are calcutated based on equatlens from L. Haar and ). S. Gallagher, “Th ynamic Properties of Ammonia,”

[, Phys. Chem, Reference Dota, Vol. 7, 1978, pp. 635-702.
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TABLE A-14

Properties of Saturaled Ammonia {Liguid-Vapor): Pressure Table

28| PODD00D0) L) CO-Ch0m, ofn0- 0 Doy b AL LA 4L LR LA LR R R e R A e P R SRR AL e e et T e SIS

Specific Volume lnternal Energy Enthalpy Entropy
e g W/ke Jat MARET

Sat. Sat.

Sat. Sat. Sat. Sat. Sal.
Liguid Yapor Vapw Eiguld Evap. Vapar Liguid Vapor Press.
S Ll S | el iea U oo e L e Bl M e Ty 1 Joarn
1.4236 2, 6795 126455 3 8548 | esazira. | —oaggz 6.1618 0.40
14330 | 21752 1269.31 1| :.quﬁ 73 _‘13}”3‘0'? —o. 124'5 6.0829 | ‘o.50
14470 | L 8345 | f1273.27 1397 ;,r& ~0.0622 | 6.0186 D60

ii}ré 66
1279 61
128: 24 i

~0.6086 | 59643 | o0
(£0.0386 1| 59174 0.80
“'moB08 | 5.8760 0,50

1448z | f.c8B4 |
14546 | 14020
14605 V42559

1.4660 1.1381
1.4782 o.9237
1.4889 0.7787
1.4984 05740
1.5671 0.5946

1284.61 1370.23 | 139B.41 oigl | 5.8391 Loo
1289.65 1356.89 | 140511 o.2018 | 5.7610 1.25
1293.80 6532 | 134528 | 1210.6 a.z712 | 5.6973 | 150
1297.33 Bo.35 | 1334.92 1415.27 8.3312 | 5.6435 175
1300.39 93.80 1325.51 1419.31 0.3843 | 5.5969 2.06

303 Cacl| fom3se | 55558 | 2.25
i RECTT 605 | oars3 | ssi90 | 250
148 | os152 | 5.4858 | 275
|\ ‘05570 | 5.4554-| 300
| osBés | s:4275 | 3.5

sl
g 1303 ?3
i ‘1301 20 L1428 P
G172 | 1298051 11a31y
R RV TR T

1309 &5
AL 76,

0.6186 | 5.4016 3.50
0.6489 | 5.3774 375
0.6776 | 5.3548 4.00
57048 | 5.3336 £.25

131314 155.20 | 12B0.8:
1314.68 163.38 1274.64
1316.12 17118 | 1268.71
131747 178.62 | 1263.01
1318.73 185.75 | 125750

- Ammonia .

| 1324000 | :
1324.89 223.32 1227.79 145112
1328.04 244.69 1210.38 | 1455.07
1330.64 263,95 1194.36 1458.70
1332.82 2B1.53 179.44 | 1460.97
1334.66 1165.42
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TABLE A-15
Properties of Superheated Ammonia Vapor
ey T e : Sizfn s —— Rz ot = e -
B LG BT T wikg Wik Mikg  Mikg K
p = o.y bar = 0.04 MPa p = o.6 bar = o.0f MPa
e L PR (T = —4328°0)
Sat. 26795 | 128454 | 137172 | 61618 18345 1273.27 | 1383.34 | 6.0186
—50 26841 126511 | 137248 | 6.1652
—45 27481 1273.05 | 138208 6.2118
-4 2818 128101 | 1393.48 6.2573 1.8630 127862 | 1350.40 60450
-3¢ 2.B7g53 1288.96 | 1403.98 6.308 1.9061 1286.75 | 140112 6.0946
—30  2.9385 | 129693 | 1414.47 | 6.3455 19491 | 1294.88 | 141183 | 61390
—25 30015 1304.90 | 1424.66 6.3882 1.9918 1303.01 | 142252 §.1826
—20 3.0644 1312.88 | 1435.46 6.4360 2.0943 131333 | 143349 | 6.2251
—15 31271 1320.87 | t445.95 | 6.4711 2.0766 1319.25 | 1443.85 | 6.2668
—10  3.3896 1328.87 | 1456.45 6.5114 2.1188 132737 | 1454.50 6.3077
~5 3.2520 | 1336.88 | 1466.95 | 6.5509 21609 | 1335.49 | 1465.14 | 6.3478
o 33152 1344.00 | 1477.47 6.5858 2.2028 134361 | 1475.78 6,381
5 33754 1352.95 | 1488.00 6.6280 2.2446 135175 | 14B6.43 6,4257
p=o08 bat = 0.08 MPa P = 30 bar = pao MP;"“’
(T = —37.94°0) (T = —33.60%C)
Sat. w4021 | 127961 ] 139178 | 59474 1381 | 128461 | 139841 | 5839t
=35 14215 | 128451 | 1398.23 | 55448 g2 M0t L
=30 14543 1292.81 .1 1409.1% 5.9900 11573 1290.71 | 1406.44 ; 5.B723
—25 1.4868 1301L.0G | 142004 6.0343 1,1833 1299.15 1417.53 5.4175
—20  L51g2 1309.36 | 1430.90 b.0777 1.2101 1307.57 | 1428.58 5.9616
—15 15514 1317.61 | 1441.72 6.1200 1.2362 1315.06 | 1439.58 6.0046
—10 15834 |[.1325.85 [ 1452.53 | 6.1615 14.;:'{_5"3"1 :: ?&_3 2433 | 14505547 6:0467
-5 16153 | 133608 | 146331 [ “Bz02 12880, | 1332:67 | 46147 | 6.0878.
o L6471 1342.31 | 1474.08 6.2419 13136 134100 |1 147237 | 61281
5 1.6788 1350.54 | 1484.84 62809 13392 1349.33 | 1483.25 6.1676
10 17103 1358.77 | w4g95.6a | 63192 13647 | 135764 | 140411 | 6.2063
15 L7418 1367.01 | 1506.35 63568 1.3900 1365.05 | 1504.96 &.2442
20 1772 1375.25 | 1517.10 6.3939 14153 1374.27 | 1515.80 | 6.2816
P= L_r; bar = s MPL p = 2.0 bar = o.20 MPa
(T = -25.22°CH (Tox = —18.86°C)
Sat. 07787 | 120380 | 1410.61 | 5.6973 6.59460 - 130039 |[-1419.31 | 5.5969
=325 - 07798 1294.30 1. 141113 5.6994 :
—20  ‘o.7978 1303.00 | 142267 5.7454
—15 @.Big8 1371175 | 1434.12 5.7902 060542 | 1307.43 | 1428.51 5.6328
-10  02.B336 1320.44 | 1445.49 5.8338 0.61926 | 1316.46 | 144091 L.G6781
-5  0.8514 1325.08 | 1456.79 5.8764 0.63294 | 1325.41 | 1452.00 | 5.7221
‘o l0.B6Bg | 1337.68 | 24680 | ‘sgizg . 064648 25 || 1464597 ] 5:7640
=151 0.BBo4 1346.25 | 147920 5.9585 0.65_939 113 3.51___. I__r;_',!’s-‘.dg_' ' 5.B066
107 0.9037 | 1354.78 }149034 | [5.9981 067320 | 135187 | 1486.51 | 58473,
15 0.9210 1363.29 | 150144 £.0370 @.68640 | 1360.50 | 1497.87 5.8871
20 0.9382 1371.79 { 1512.51 £.0751 o.69952 | 1369.28 | 1509.18 55360
25 D.9553 1380.28 | 1523.56 &.1125 071256 1377.93 | 1520.44 5.9641
30 09723 1388.76 | 1534.60 a.1493 G 72155% | 138656 | 153157 6.0014
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TABLE A-15
{Continued)
r' v u h 1 H 3 u f 5
I mifkg | Kikg  kifkg  KfKE-K ... miky - Mke  Kikg  WikgK
p = 2.5 har = 0.25 MPa P = 3.0 bar = o.30 MPa
- af ol et T = —13670) : _Mm=csahQ .
Sat.  0.48213 | 1305.49 142603 5.5150 0.40607 1309.6_5 143147 [ 5.455'4‘
—10 ©0.49051 | 1312.37 | 1435.00 | 5.5534
-5 0.50180 1321.65 | 1447.10 5.50B89 0.41428 1317.80 | 1442.08 5.4953
0o 051293 | 1330.83 | 1459.06 | 5.6431 0.42382 | 1327.28 | 1454.43 | 5.540%
s  0.523%3 | 1339.91 | 1470.89 5.6860 0.43323 | 1336.64 | 1466.61 55851
10 053482 | 1348.91 | 1482.61 5.7278 0.44251 | 1345.89 | 1478.65 5.6280
15 054560 [ 1357.84 | 149425 | 5.7685 0.45169 1 1355.05 | 190,56 | 56697
20 0.55630 | 1366.72 | 1505.80 c.BoB3y 0.46078 1_364.13 ‘| 50236 | .5.7193
25 0.56691 | 1375.55 | 1517.28 | 58471 046978 | 137334 | 351407 | 5.7499
30 0.67745 | 1384.34 | 152870 5. 8851 0.47870 | 1382.09 | 1525.70 5.7886
35 0.58793 | 1393.10 | i540.08 5.5223 ¢.48756 | 139100 | 1537.26 5.8264
40  0.59835 | 150184 | 155142 | 5.9589 0.49637 | 1399.86 | 1548.77 | 5.B635
45 060872 | 141056 | 1562.74 | 5.9947 o.50512 | 1408.70 | 1560.24 | 5.8998
~aE '3".5'&;5?':63;3\.{&; e s ,.;,;_.‘.‘.:o B
g e = =5.36°0) et el TR OIS i
Sat. 9:35108 131334 1§36.01 | 5.4016 0.30942 | 133612 ;439.’_89 i _5,35"53 =
| il 6."33911 1322.66 | 1a49.70 | s.a522 031227 | 1319.95 'igah.ﬁlﬁ" 53731 g
C 037654 |-134282 | 1475.63 5.5417 0.33701 | 1339.6B!| 1470.49 | 1 54852 E
20 0.39251 | 1361.4% | 1458.87 | 5.6259 0.3412¢ | 1358.81 | 149533 | 5.5515 o
o0 0.40814 | 1379.81 | 1522.66 5.7057 0.35520 | 1377.49 | 1519.57 56328
40 ©0.42350 | 139787 | 1546.09 g. 7818 0.36884 | 1395.8% ‘1543.33 5.7101
%o 045363 | T43355 | 159232 | 55249 0.39550 | 143197 | 189047 | (5:83a5.
‘Bo' 0.48320 | 1469.06 [ 1638.18,| 6.0586 0.42160 | 1467.77 | 1636.41 | 5.9857
100 - 0.50240 | 1504.73 | 16B4.07. 6.aBs50 0.44733 | 1503.64 | 1682:58 | i &i216g
120 0.54136 | 1540.79 | 1730.26 6.3056 o.47280 | 1539.85 | 1728597 &.2380
140 0.57013 157738 | 177692 6.4213 049808 | 1576.55 | 1775.79 £.3541
160  0.59876 | 1614.60 | 182416 &.5330 0.52323 | 1613.86 | 1823.16 6.4661
.:;so 062728 | 652,51 || A872.06 | B.6411 0.54B27 | 165185 | 18726 6._5"?’5'5’,’
Jon 065572 | 169115 | 102065 1 67460 0.57322 | 169056 | 1919.85 | [6.6796.
________________ ,6";'}.:'.'E55;';"&.—5;&'#"" R - P o.sii"h!Pa
______________ U =0250) e g8 4337}
| fuf | o.276717| 131873 | 14ad2s | 53135 o.afo3q [Ta32i®2 | JBAT)| 52785
20 20046 133648 | 146629 | 53962 0.25757 | 133322 | 1462.00 1 53370
204 0,30142 | 1356.08 | 349%.72 5:4845 026949 | 1353.32 | 1488.06 | '5.4234°
30 0.31401 1375.15 1516.45 55674 0.28w03 | 1372.76 | 151328
40 0.32631 1303.Bo | 1540.64 5.5460 0.29227 | 1391.74 | 1537.87
60  ©.35029 | 1430.37 | 158B.00 5.7926 0.31410 1428.76 | 1585.81
Bo 037369 | 146647 | 1634.63 | 5.9285 633535 | 146516 | 36328z
'I;;:'m_ 039675 | 150255 | 168107 6.0564 035621 | 15'0;1:4'5" ',f_iﬁ}-i; & 020
220 041947 || 1538.91 || 727.67 | (6.37B1 037681 | 153797 | 172637 | 64242
140 0.44205 | 1575.73 | 177465 | 6.2946 0.39722 | 1574.90 | 1773.51 | 6.2412
160 046448 | 1613.3 | 182215 64069 o.41749 | 161240 | 182114 6.3537
180 0.48681 | 165120 | 1870.26 6.5155 0.43765 | 165054 | 1869.36 6.4626
z00 0.50005 | 1689.97 | 1919.04 6.6208 0.45771 | 1689.38 | 1918.24 6.5681
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TABLE A-15

*55bar—055MPa -—sohar—néoMPa

.......................... T 26390 o B T 2
Sat. ©.22881 | 1323.06 | 1448.80 5.2430 0.21038 | 132483 | 1451.92 L.2122
e 0.23227 | $320.88 | 1457.63 £.2743 o21115 | 132647 | 145316 5.21g5
20 0.24335 | 135050 | 14B4.34 5.3671 v.22155 | 134262 | 1480.55 5.3145
30  0.25403 | 1370.35 | 1510.07 5.4534 0.23152 | 1367.00 | 1506.81 5.4026
40 0.26441 | 13Bo.64 | 1535.07 5.5345 0.24118 138752 | 153223 5.4851
50 0.27454 | 1408.53 | 1559.53 5.6114 ©.2505% | 1406.67 | 1557.03 5.5631
6o 0.28449 |.1427.13 | 1583.60 | 56848 142549 | 158238 |: 556373
80 .0.30398 | 1463.85 | 163104 [ 5.8230 8; .’146: 53, [ 1629.22 T L7768
oo 0.32307 | 150036 | 167B.05 5.9525 46 1 1499, :5 1676 5; .90
126 0.34199 | 153702 | 1725.07 6.0753 0.31281 | 1536.07 | 1723.76 6.0304
140 o.36054 | 157407 | 177237 6.1526 0329497 | 1573.24 1771.22 6.1481
160  0.37903 1611.66 | 1B2D.13 6.3055 0.34609 | 1610.92 | 18192 6.2613
180 0357427 1649.88 | 1868.48 | 6.4146 AR %&go‘; ~“fghg.0e | 1867.56°| 6.a707
‘200 041571 | 1688.79 | 1917.43 | 65263 0. 38071 |-1688.20 | 1916.63 | 6.2766

“p = 7.0 bar p =8¢ bar = 0.8o MPa

40 0.20464 | 1383.20 0.17720 | 1378.77 | 152053

o 0.21293 | 1402.90 | 1551.95 0.18565 | 1399.05 | 15546.77

60 0.22101 142216 | 1576.87 o.1918¢ 1418.77 | 1572.28

Bo. 10.23674 (1445585 | 162556 | 5 20590 || 145734 | 362186

100 ~0.25205 | 1497.02 | 1673.46 : F | 1670.37

120 0.26709 | 153416 | 17212 5 5502 ‘0. 2328& . 1532‘:4 | 7188

140 028193 157157 | 1768.92 6.0588 £.24590 | 1569.89 | 1766.60

160  0.20663 | 1609.44 | 1817.08 6.1826 0.25886 | 1607.96 | 1815.04

180 o.31121 1647.90 | 1865.75 6.2G625 0.27170 | 1646.57 | 1863.94

200 o0.32571 | 168702 | 191501 6.3088 0.28445 | 1685.83 | 1913.39

............... p gobar—upuMPa .p = m.;: bar = 100 Mia o
(T = 21.52°C) = zq.a_gf'c_)
Sat. 0,42 1332.87 | 146097 iy s 675 : s‘;'
36 u 14875 1352 36 1486.20, | 167828 s 0816
40 O 155’82 :3?4 21 | a515.85% ﬁ .54 1508.20 | 51768
50 G.16263 | 139511 154147 .. 1286 0.14459 1391.07 | 1536.06 5.2644
b0 06922 1415.32 | 1567.51 L.4081 0.15106 1411,79 | 1562.86 5.3460
Be 0.181¢1 | 1454.39 | 161811 5.5GEE o. 16270 145160 | 1614.31 5.4960
100 019416 | 149250 | 1667.24 | 5.690 ' | 166400 | 5TE32
120 0,20812 || 1530.30 | '1715.81 /| 5.8176 | irzaz 5?612
140 221788 | 1568.20 | 1764329 {1 5.9579 | 476106 | 58823
160  0.22048 | 1606.46 | 1813.00 6.o0530 o.20598 | 1604.97 | 181094 5.9981
180  0.250097 | 1645.24 | 186212 6.1639 0.21638 | 1643.91 | 1860.20 6.1095
200 0.25237 | 1684.64 1911.77 b.2711 0.22670 | 1683.44 | 191014 6.2171
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TABLE A-15

(COMNUEA) .o oo e
T o u ] s b u h 5
Comikg kg kg Kikg KL mikg . Mikg  Kikg  Mikg K
p = 12,0 bar = 1.20 MPa P = 14.0 bar = 1.40 MPa
e T = 3008°CY i B A MR
Sal. o075t | 1337.52 | 146653 | 40625 0.09231 | 133956 | 1468.7¢ | 4.9050
40 oa1287 | 1359.73 | 1495.18 | 50553 009432 | 134929 | 168133 1 49653
60 042378 | i404.64 | 1553.07 5.2347 010423 | 139597 | 1542.85 5.1350
8o 0.13387 1445.91 1606.56 5.3006 0.11324 1440,06 | 1598.59 5.2984
06 014347 1485.55 1657.71 5.5315 0.12172 1480.79 | 165120 5.4433
126 015275 | 1524.41 | 1707.71 5.6620 012986 | 1520.41 | 1702.21 5.5765
o o168 | 4563091 1757.26 | 5.7850 oa3777 | 1559163 | 175252 | sy013
160 01797z |°1601.95 1180681 | 5.9021 0.14552%| 1598.92,| 1802.65 | 5.8198
180 0.17950 | 1164123 || 1856.65 |. 6.0145 615315 | 1638.53 | 1852.94 | 55333
200 0.18819 1681.05 | 190687 6.1230 016068 | 1678.64 | 1903.56 6.0427
220 019680 1721.50 | 1957.66 6.2282 D.16813 1719.35 | 1954.73 6.1485
240 0.20534 1760.72 | 2006.43 6.2513
6o 02138211180 amsizal] 2058l €38
280 0, 1184555, | 21£69 || 6.4488
p =160 bar = 1.60 MPa Ty SR bar
.............. (T = 41030 i At @
Sat.« 1348 i W LT 48086 !'E :
60 4.9627 R
B 59 E
: 5:1399 B

5-2037
5.4326
5.5614

00 0.10539 0.09267 | 1470.97
120, 011268 0.00931 1612.22
140 0.11974 1556.14 1747.72 5.6276 610570 | 1552.61

1160 042663 1| vpi3k | 479Bi45 | 57475 - mangz 155276 | 179423 | 53ba8
o 013319 | 1635.8" | 1849.23 | 5861 031801 [ i633.08 | 1B45.50 | 57985
200 G14005 | 1676.21  1900.29 | 5.9723 ‘0iaz400 | 1673.78 | 1896.98 5.9096
220  0.14663 1717.18 1951.79 6.0789 0.12991 171500 | 1948.83 6.0170
240 015314 1758.79 | 2003.B1 6.1823 0.13574 1766.85 | z001.18 £.1210.
260 0.15959 | 1801.07 | 2056.42 6.2829 014152 | 1799.35 | 2054.08 6.2222
280 016599 | 1844.05 | 2109.64 6.3809 o.ig724 | 184255 | 2107.58 6.3207

T = 893770

Sat.  0.06445 | 1342.37 | 1471 26 47670
S0 - 006875 1 137205 :150?,5-5- 48838
Bo  0.07596 | 142136 | 157327 | “Gioégs
1w o,08248 | 1465.89 | 1630.86 | 5.2283
120 0.0B861 | 1508.03 | 1685-24 £.3703
140 0.00447 | 154903 | 173798 | s.5012

160 010016 | 15865 | 17807 [ 56241
180 maos7a | 163032 [ 184174 5. 7409
300 01116 1671.33 | 189364 | 5.8530
220  ©.11652 1712.82 | 1945.87 54611
240 32182 1754.90 | 1998.54 6£.0658
260 012706 179763 | 205L.74 6.1675
280  ©0.13224 | 184103 | 2105.50 6.2665
!
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918 Tables in S1 Units

TABLE A-16

[.,t,.,py o PLACERM

Vapor

—00 | 002888 1.553 11.27
—g9o | 0.06426 1.578 | 5345
8o | o3 || 1603 2,774
=70 | @234 | 1633 | 155
—gail] 04161 0 1.663 0.6234

—50 0.704% 1.694 0.5793
—40 1.110 1728 o.3758
-3 1.677 1,763 0.2585
0.1815
0.1309

£.05653
0.08591
| 807666
- 0.06858
~ Bobide
0.05525
0.04973
0.04483
004048
0.03659

ga'p;"e.‘: 5%

o0y
pmz2z7

Prg;

0.02015
0.01776
0.01568
0.01363
0.01182

 eoton

: .0.'0_08.'.15
L .488 |1 /0.006355
96.7 'l §2.48 4535 0.004535

Source: Tables A-1é through A-iB are calculated based an B. A. Younglove and ). £ Ely., "Thermophysleal Fropertles of Fluids. Il Methane,
Ethane, Propans, Isobutare and Normal Butane,” [ Phys. Chem. Ref. Duta, Vol. 16. No. 4, 1987, pp- 577598,
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Tables in S| Units 915
L - ; Propertles of Saturated Propane (Liqund-\fapor) Pressure Table
it Speclf'c ¥olume Intesmal ERergy Ent.halmr Entropy
B SRR vl ) ) Mike s i L1 P L S
7 saL Sl Sat, Sat. sat. Sat. Sat. Sat,

Press Temp. Liquid Vapor tiguid Vapar Liquid Evap. Vapor Liquid Vapor Press,
bar = TECI | 0 LTIl ot L ke L e Sy o e
0.05 | —93.28 1570 6.752 —uq 6 | 326.0 —m, & | 474.4 | 359.8° | —o&s6 | 2.8 0.05
@10 —83.87 1584 -3:542 —851 3354 —g5.1 | 4659 3_?0-3 =0.450 | 2.o11 .10
0,25 ~69.55 1,634 1.513 —640 | 3500 —64.9 | 452.7 387.8 -0.297 1.927 0,25
0.50 | —56.93 1.672 D.7962 =377 353.1 —-37.6 | 440.5 402.9 —-0.167 181 .50
0.75. | —a8.68 1698 | 05467 ~19.6 | 3718 —155 | 4323 | 4328 | —0.085 | 1841 | o7
1.00 ~42.38 1.719 0.4185 —g5.6 378.5 —5.4 425.7 K20.3 -0.023 1.822 Lon
2.00 -25.43 1.781 0.2192 331 306.5 33.5 | 406.9 | 440.4 a.139 1,782 2.00
3.00 —14.16 1.Bz6 01596 o8 408.7 60.3 | 3933 453.6 0.244 1762 .00
£.00 —5.46 1.865 01137 80.8 418.0 815 | 3820 | 463.5 0.324 1751 4.00
5.00 174 1.899 0.09172 68.6 4257 G0.5 3721 471.6 0.389 1.743 5.00
6.00 793 1931 |.00F680 53|63 | a7 0.446 | 1737 | 6.00
7.00 13.41 (1960 [ o 06598.‘,!{' Glooqes Riiks J“:’-351@'.16_ ; 1733 | 700
8.00 1B.33 1989 =4 142 6 45 1729 | 8.0
9.00 22.82 '2lo16 1547 1,726 | 9.00
10,00 2695 | 2043 1661 1723 | 1000
1100 30.80 2.070 0.05174 176.8 Ly 11.00
12,00 14.39 2.0G6 c.o3810 i87.0 1.718 12,00
13.00 37.77 2.322 ©.03499 196.7 1716 13.00
" 0.03231 1714 14.00
0.02997 1712 15.00

2

m

&

-5
22.00 61,90 2.364 001521 1.695 22.00
24.00 66.21 2424 0.01721 1.688 | 24.00
26.00 70.27 2.487 0.01549 1.681 26,00
zB.00 7410 2.555 0.01398 1.673 2B.00
30.00 77.72 2,630 0.01263 1.664 30.00
35.00 86.01 2.862 '0.009771 1.633 | 35.00
40.00 93.38 3.27% q.au?'is"i 1574 | 40.00
42.48 96.70 4535 | 0.004535 1.437 | 42.48
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TABLE A-18

Properties of Superheated Propane Yapor

920 Tables in 51 Units

N - ; 5 - s i % 2
e mfkg  Kikg  Kikg | KHKE K o mifkg  Mikg  W/kz  kifkg'@K
£ = 0.05 bar = 0.o05 MPa p-—o-:bar—umMPa
- I .____“-t o L il =, =83 BT
sat.  6.752 3460 559 g8 | 208 3542 | 3%7.3 | 3708 | 201
—~go 6877 | 3394 | 3638 | 2103
—8c 7258 339.8 | 3761 2.169 38617 3395 | 3757 | 2037
-70 7639 3jgonE | 3888 2.23% 3.8c8 350.3 | 3IBB.4 2,10
-6 8.018 161.8 | 4oLy 2,296 3.99% 3615 | £01.5 2.164
—-50  8.397 3733 | 4153 2.357 4.130 3733 | 435.0 2.226
| ~40 'B776 3851, | 429.0 2.418 4380 7| 385.0 [ §28.8 2.286
| “30 . 9155 |i397.4.| 4432 | 2477 (4570 03973 | 443.0 | 2346
—20 9533 4101 | 4578 2,536 : 4760 410.0 | 457.6 2.405
-10 %.911 h23.2 | 4728 2.594 £.950 4231 | 472.6 2.463
o 10.29 436.8 | 5488.2 2.652 5.139 436.7 | 48B4 2.520
10 10.67 4508 | s044 2.709 5.329 #50.6 | ol 2.578
20 11,05 270.6 | 5204 2,765 5.518 465.1 | 520.3 2.634
= 0.5 bar = o.05 MPa £ =106 bar = 04 MP3
(= —5693°0) .. e = 223870
‘Sat, g3 fﬁoz ?d L aBn _3?8 i ] 4203
=50 og1ag 0 1914 AL D e
=30 14266 | 1976, 3815 | 42387 1837
—30 4411 2.037 0.443% 394.2 | 4385 1.899
—z20 455.9 2.096 0.4641 £07.3 1§ 453.7 1.960
—10 4711 2.155 0.4842 420.7 | 469.1 2.019
§ o . ¥ e P X5 ey 05040 | 434.4 | 4B48 | 2.078
= 10 | 5027 Ao = © 05738 | 448.6 | s010 |\ 2236
& ‘20 5ipd | 2328 05434 | 4633 | 517.6 | 2194
3c 535.9 2.384 0.5629 | 478.2 | 534.5 2.251
40 §53.2 | 2.440 0.5824 | 493.7 | 5519 2.307
50 5709 | 2436 0.60:8 | 5095 { 567 | 2363
6o 589.1 2.551 0.6211 525.8 { 5B7.9 2.41%
G e . A s s DJMP:! ............ 4
T = ~2543°0 e R SR
sat. 3.‘2’1‘9‘2' [ra986 | 4404 1.782 01496 | 4087 | 4536 | 762
~20 | 02251 | '404.0 | 449.9;| 1M6 ity Pl gl
—10 002358 | 4177 | 4649 || 1677 01527 .| 4147 | 5605 [ 078y
o 0.2463 4318 | 4811 1.938 016032 o0 | 4771 1.851
10 02566 | 446.3 | 4976 1,997 01674 | 443.8 | 4940 1912
20 ©.2649 4613 | 5145 2.0856 01746 558.8 | 511.2 1.971
30 o.lz_'_jry_p__'_ 4763 | §317 2113 04816 | s74.2 | 5287 [ 2030
400 (02871 | 4913 | 5493 | 2170 0.BBS | 4901 | 5466 | 2.088
50 02970 || 507.9 | 5673 2.237 01954 | 506.2 | 5648 | 2345
1] 0.3070 5243 | 58%.7 2.283 0,2022 522.7 | 583.4 2.202
76 0.3169 5411 | 6045 2.339 0.2090 539.6 | 602.3 2,258
Bo 0.3267 558.4 | 623.7 2.394 0.2157 gLz | 6217 2.314
90 0.3365 6576.4 | 643.4 244G 0.2223% c74.B | 6415 2.369
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o mfkg  Kfkg  KWike  Kikge K
P = 4.0 bar = a4 MPa

(T = —5.467C)
Sat.  ©.1137 418.0 | 463.5 1.751
o 01169 426.2 | 4729 1.786

10 01227 4412 ; 490.3 1.848
20 0.1283 456.6 | 507.9 1.909
30 0.1338 472.2 | 528.7 1.969
4§40 01392 488a | 543.8 2.027
50 0.1445 6044 | 5522 2585
"§i:'| 0.1408 5211 | 5810 2,143
70 03550 $38.1 | 600 2.19%
8o o601 555.7 | G107 2.255
90 0.1652 573.5 | 639.6 230
100 0.1703 591.8 | 659.0 2.366
110 01754 610.4 | GBo.6 2.421

p = 6.0 bar = 0.6 MPa
(T = 7.93°0

Sat. . 0.076B0 | 4322 | 4783 | 1737
o< boyrag | i35 | 5822 | iz
%1 - 0.0B187 | 2515 1 500.6/| ~1.8is
10 008588 | 467.7 | si9.2 1.877
40 0.08978 | 4B4.0 | 537.9 1.938
5o 500.7 | 556.8 1997
88 F517.671 576,640 2705
(70 "of-s35:e | 5955 11213
B 552,37 6154 | za70
=13 0.1081 570.7 | 6356 2.227
100 01116 s8g.2 | 656.2 2.283
110 0.1151 é08.0 | 6774 2.338
120 0.1185 627.3 | 658.4 2.393
p=80bar=o8 MPa
LI = 833°0
Sat... 0.657_;6 4431 | 4853 1.729
. do 005834174459 | 4926 1740
30 008170 | 462.7 | 5121 1.808
50 0.06480 | 479.6 | 5315 1.569
50 006796 | 4967 | 5511 1.930
0 0.07094 | 5140 | 570.B 1.990
70, ooa8s 153161 5907 | 2089
‘80 6| &tla | 2107
QT i 631, 2.165
100 o.ol222 652.3 2.221
1o 0.08493 673.5 2.277
120 0.08761 695.1 2.333
30 | o0g0a6 ("6 |7 | 2388
140 . 0:09289 | 6650 |'739.3 2.442

i f

p = 5.0 bar = 0.5 MPa

{Tul . 1'?"Bc)

Msersfuser-si46/DeskiopMerry_X-Mas/New

Tables in 51 Units

0.00172 | 428.7 | 4716 1.743
0.09577 | 43B.4 | 486.3 1.796
©.1005 £54.1 | 504.3 1.858
0.1051 470.0 | 522.5 1.919
0.1096 4861 | 540.0 1.979
0:1140 £o2.5 | 559.5 2.633
0.1183 519.4 ‘g?&.s {2085
0.1226 | 536.6 | 537.9 2.153
0.1268 554.1 | 6175 2.209
0.1310 5721 | €37.6 2,265
0.1351 g590.5 | 658.0 2.321
0.1392 05,3 | 678.9 2375
g =70 bar = 0.7 MPa

(Tp = 33400 4
006598 | 438.0 | 484.2f .-1.733
"0.068475| 448.8.] 496)7 || 1776
0.07210 | 465.2 | 5187 1840
o.07558 | 4Big | 534.8 1.901
0.07896 { 498.7 [ 554.0 1.462
I_ci‘.'os‘z_i_"s' 45 9-. .'5’_{2'%‘.5 i _i.o_:‘ 1
0.08547 | 533.4 | 593.2 | 2,079
0.08863 | 5512 | 6132 2,137
0.09175 | 565.4 | 633.6 2,194
0.09482 | 5879 | 654.3 2.250
0.09786 | 606.8 | 675.3 2.306
0.1009 626.2 | 696.8 2,361

P =”9.0 bar"= o9 MP"a- ------------
gl = 22.82°0)
0.05129 | 447-2 | 4938 1.726
0.05355 | 460.0 | 50B.2 1,774
p.o5653 | §77.2 | 5281 1.839
0.05938 | 494.7 | 5481 1.901
o.06213 | 512.2 | 5681 1962
0.06479 | 530.0 5B8.3 2.022
0.06738 | 548.1 | 608.7 2.081
0.96992' g8h.5 | 625.4 2.138
0.07261 | §B5.2 | 650.4 2.195
o.07487 | 804.3 | 6717 2.252
c.07729 | 623.7 | 693.3 2.307
0.07969 | 643.6 [ 7153 2363
o.08206. | 6638 | 7377 2.418
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922 Tables in 50 Units

TABLE A-18

(Continued) o - kL i it o g
T v [ h 5 r [ K
JC . Mmkg | Wikg  Wikg  Mikg K mfkg Kikg  Kikg Kk £
p = 1o.0 Bar = 1.0 MPa p =120 bar = 1.2
................. (T = 2695°0 . i KT = 30,39°C)
Sat. 0.04606 | 451.8 | 497.9 1.723 0.03810 | 455.1 | 5048 1718
30 0.04696 [ a57.1 | rogqa 1744
40  0.05980 | 4748 | 524.6 1.810 0.03957 | 469.4 | 516.9 1757
50 0.05248 | 492.4 | 5449 1.874 o.04204 | 4B7.B | 53B.2 1.824
6o 0.05505 | s10.2 | 565.2 1.936 0.04436 | 506.1 | 559.3 1.B89
70 oo5752 | 528.2 ) 5857 1.997 o.04657 | 524.4 | 580.3 1951
8o 0.05992 | 546.4 | 606.3 2.056 0.04869 | 543.1 | 601.5 2.012
90 0.06226 | 5659 | 627.2 2,114 0.05075 | 561.8 | 622.7 2.071
100 0.06456 | 582.7 | 648.3 2.172 o.05275 | 580.9 | 6442 2,129
110 0.06681 | 6oz.0 | 669.8 2.228 0.05470 | 600.4 | 666.0 2.187
120 o.ob9o3 | 6226 | 6914 1.284 o.o5682 | 6zoa | 6580 2244
1360 D.07122 | 642.5 | 713.7 2.340 0.05851 | 400 | Fi0.3 2,300
140 o.07338 | 662.8 | 736.2 2.395 0.06037 | 660.6 | 733.0 2.355
------- P = t4.0 bar = L4 WP p= 16.0 bar = 1.6 MPa
Uy = 40970 . T = 068900 ...
Sat. -.0.03233°| ‘465.2,| 510.4 LTI R 002790 | 4704 | 5150 | 1710
50 q.t'ﬁ'gqs.l: “Mjlz.s-_ ,530.8 - 21,7781 H5 "'._:’5.0_;861- 4:{15.7_ 522.5 1.733
60, 75.038645| /503167 "rrz.p {15 1.88E TN TUNTG,03075 | 149616 [ 54581 1.803
7o o.0386g | 5204 | 5746 1.909 0.03270 | £16.2 | 56B.5 1.871
80 0.04063 | 539.4 | 596.3 1.972 : ©.03453 | 535.7 | 59C.9 1.935
90 0.04249 | 558.6 | 61B.t 2.033 0.03626 | 555.2 | 613.2 1,997
= 100 0108204l 5770 1:639.5| 7093 Ch L aiETear] 57481 6355 | "2.058
= 110 | ao4b04°|L597.5 :'662.6 .2_._:59‘1_ Sy !'0.03952 | ‘594.7 | ‘6579 | 2117
a 120 Oloa77e | 61750 684.3 | S2izeB H i wS inloatoy <] 1614.8 | 6Bo.S 2176
& 130 0.04942 | 6377 | 706.5 2.265 0.04259 | §35.3 | 703.4 2.233
140 0.05106 | 658.3 | 720.8 2321 n.o4407 | 6560 | 7265 2.290
158 0.05268 | £79.2 | 753.0 2.376 0.04553 | 677.1 | 745.9 2.346
164 005428 | roos | 7765 2431 0.04695 | 658.5 | 773.6 2.401
........................................................... AR B A e
Sat. | 002441 | 4749 | 1705 ibio2igy |1 1.700
60 Q02606 | 4911 | 538.0 | v1763 002316 | 172
7O o.o2798 | 5114 | 561E 1.'3'34 : ] 3 a:o'z}qu" o 1797
8o 0.02974 | 531.6 | 5¥ca 1.901 0.02585 1867
g0 0.03138 | 5515 | 6oBo 1.965 0.02744 1933
100 0.03293 | 57L5 | 6308 2.027 0.02892 1.997
10 0.03443 5917 | 6537 2.087 0,03033 z’.ogg
120 003586 [ 6121 [:676.6 | 2146 | 10.03169 ziig
130 0.03726 | 632.7 | 699.8 2,204 0.03299 2.178
140 o.03863 | 6536 | F23a 2.262 003426 2,236
150 o.03996 | 6748 | 746.7 2.318 C.03550 2.293
160 ooq127 | 6963 | 7706 2.374 0.03671 2.349
170 - o.04256 | 718.2 | 7948|2429 Ry 2,404
1Bo  0.04383 | 740.4 ['819.3 | 2484 0.03907. | 7 2459
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g0
100
110

120
130
140
150
160
170
1Bo

8o
90

plele]
110
120

o
150
160
170
180
190

Sat.
90
100
110
120
130

150
170
150

190
200

Sat.

AW

140

160

m
s, A
47 6;9_‘..]
f 1L

©.03185

o.03298

0.03409

0.03517

p = 26.0 bar = 2.6 MP3
[y = 70.27°C) :

0.01549 5;86.: '5:_‘6.;5‘] > '-i.__6_81 ;

v.o1742 | suio | ssE| 1767

0.01903 | 534.2 | 533.? 1.844

0.02045 | 556.4 | 60g.6 1914

anongg | 5783 | 634.8 1581

002244 | .6oo.0 | A59.6 2.045

Gagos | : 16

0.02516

0.6__'2_6_2'1

0.02723

o.02821 A 5

002918 | 732.5 | BoB.4 2.397

0.030L2 | 755.5 | 833.8 2.452

5 .p = 35,0'-Bar = 3.5 MPa

LYRTTRT (rm = 86‘01“0 mararen

0.00977 | 4B6.3 520.5 1.6}3 1

©.01086 | 1503 : 1,688 ¢

©.01270 7 5788

0.01408 1.870

0.01526 1.944

0.01631 2.012

0.01728" Ldorr
- 0.018139 L2400

a.g9ob 2.201

&.01989 . 2.261

002068 | 7229 | 795.3 2.31g

0.02146 | 246.5 | Bz2u6 2.376

o.o2221 | 770.3 | B48.0 2.433

|5
A

001721
0.01802
001584

0.02141
o.0228%
002414

0.02538
- 1D.03656
0.02770
0.02880

0.02986
0.03091

JKikg Mikg Rike X
P = 24,0 bar = 2.4 MPa

T =
484:3
£93.7
517.0
53%.0
560.6
581.9
603,2
624.6
6460,
667.8
€89.7
7119

©.03193

7345

66.22°C)

§25.6
536.9
5646

590.4
6154
635.8

6641

6£88.3
12.5

7369
7614
786.1
8111

P =30.0 bar = 3.0 MP;

AJsers/user-s146/DasktopMerry_X-Mas/New

Tables in Sl Units

i (T = 77-72°0)

. 0.01263 " |-488.2 | 5260 1.6__64_
a.01318 | 4954 | 534.9 168y
001506 | 5228 | 568.0 | . 1782
G.01654 | K47.2 | 596.8 1.860
001783 | 570.4 | 623.9 L1932
0.0189% | 593.0 | 650.0 1999

002007 | 6% | 675.6 | 2.663

" oozi0p | 637.7 | 7010 | (2326
0.02206 | 660 | 7263 | @ 2186
0.02300 | 682.6 | 7516 2.245
p.02300 | 705.4 | 7771 2.303
0.02478 | 728.3 | Bo2.b 2.360
0.02563 §{ 751.5 | 828.4 2817

5033
1:709'
1.804
1887
1.962
a.m687 2.222
0.01761 2.281
0.01833 2.340
0.01902 2.397
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G924 Tables in 51 Units

TABLE A-19

Properties of Selected Solids and Liquids: ¢, p, and «

Specific Density, Thermal
Heat, ¢, P Conductivity, x
Substance ke ) WK
Selected Solids, 300K
Aluminum ©.903 2700 - 237
Coal, anthracite 1.260 . 1350 0.26
Copper 0.385 Bg3c 401
Lranite o775 2630 279
Iron 0.447 7870 80.2
Lead 0.129 11300 36.3
Sand ¢.8on 1520 o.27
Silyar 6.235 10500 529
Soil | 1.840 o590 052 .
Steel (AlS| 302) o.480 8060 5.1
Tin - 0.227 7310 66.6
Building Materials, 300K
Brick, common 0.83% 1920 0.72
Concrete (stone mix) 0.880 2300 1.4
Glass, plate 0.750 2500 1.4
Hardboard, siding 1170 640 0.094
Limestone 0.810 2320 2.5
Plywood 1.220 545 012
Softwoods (fir, pine) 1.380 51a 042
tnsulating Materlals, 300K
Eork L shnn - aleoih g
it | ¢ fiber, coatedy . 0835
Folyshy Uded) - a2
Vé‘ri'-h:lglﬂﬂ.ie:ﬂl—“ﬁ]';kés) 0.B35
Saturoted Liguids
Ammonia, 300K 4.818 590.8 0.465
Mercury, 300K 0.135 13529 8.540
o Refrigerant 23, 300K 1.267 1183.1 0.085
et Refrigerant 134a, 300K 1434 11097 0.081
ﬁ Unused Engine Gli, 300K 190 BB4.1 0.145
- Water, 275K 4.211 589.9 0.574
= 300K 4179 G96.5 0.613
325K 5182 9871 0.645
350K 4195 973.5 a.668
375K 4.220 056.8 0.681
400K, 4.256 937.4 0.688

Sources: Drawn from several sources, these data are ooly representative. Values can vary depending on
temperature, purity, moisture ¢ontent, and ather Factars,
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Temp.
K
" 250
300
350

400
450
560

558
‘600
630
7oo
750
800
(0o}
1000,

Temnp.

Ideal Gas Specific Heats of Some Common Gases (kj/kg - |

(4 C k &5 T, k

Alr Nitrogen, N,

.1003 .76 1—1.401 1039 | 0.742 T
1005 | 0718 | 1400 | 1039 | 0.743
1008 | o721 | 1398 | logs | 0744
1,013 | 6.726 | 1395 | 1044 | 0.757
t.020 | ©0.733 | L3991 | 1040 | 0.752
1.029 | o742 | 1387 | 1056 | 0759
1040 | ‘0.753 11381 7| 1.065 | 0768
1051 | o764 | 1376 | Lo7s | o778
1063 | 0776 | 1370 | 1.086 | 0783
1.07% | o.7B8 | 1.364 | 1098 | o801
1.087 | o.Boo 1.36G 1.110 0.813
1.09¢ | o812 | 1354 | 1121 | 0.B25
1121 |1 0834 | 1344 | 1145 0.849
1142 | 0.835 ] 1336 | 1167 | o870
Carbon Carhen

Dioxide, CO,

e

fUsersiuser-s146/0esktopMersy_X-MasMNew

Tables in Sl Units

9u0
1000

0.939
0.978
1.014
1,046
1.075
1.102

1.126
1.148
1.16%

1204
1,234

a.750
0.790
n.Bz5

u.857"
0,286

.913

0.937
£.959
o.980

1015 °

104554

663%| 93147

LA,

1263

1.252
1.239
.229

1.230
"l

1207

1.202

1.197
1.193

¥1.186
1181

1847 | a.751 ( 1395
1054 | 0.757 | 1392
1063 | o.767 | 1.387
”51.075 o.778 || ‘1382
1,087 | .90 | 1376 |
1,0 | o803 | 1370
1113 | 0.816 | 1.364
1126 | 0.82¢ | 1.358
1139 | 0.842 | 1.353
165 | 0866 | 1343
1285 | 08881 1.335

1.358 LoD
1.398 450
1397 500
1001 550
1.396 500
1.395 650
1.394 foo
1.3592 750
1.390 Boo
1385 | 9o
1380 | 1000

Source: Adapted from K. Wark, Thermodynamics, glh ed., MoGraw-Hill, Mew York, 1083. a5 hased on “Tables
of Thermal Properties of Gases,"” WBS Cinular 564, 1055,
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926 Takles in Sl Units

TABLE A-21

5 _ 2L 5T? 4
-i:-—a+ﬂ'."+yf + ir + ET

7 is in K, eguations valid from 300 to w000 X

il B XA 7.x 30
3.710 L 1619 3652
2.401 B.735 —6.607
3057 2677 —5.810
4070 —1.108 4352
2.626 -1.878 7055
1.575 —1.208 2.324
3653 —1.337 3.204
3.267 5,324 0.684
i 24.558
~24.501
7.982
Monatomic
gases’ 2.5 0 o o a

*For mcglatomlc gases, stich &s He, Ne, and Ar, €, Is constant pver 2 wide temperature range and I5 very nearly equal
to s/zR.

Source; Adapted from K, Wark, Thermadynomics, 4th ed., McGraw-Hill, New Yark, 1983, as based on NASA 5P-273.
U.5. Government Printing Office, Washington, D, 1071,

Table A-z1
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Tables in S) Units 927

TABLE A-22

Ideat Gas Properties of Air

Table A-22

nd o/ k), 5* /K.

T h u 5" o v, T h i 5° I3 I
200 | 199.57 1.29559 0.3363 1707 450 45180 32263 zanér 5.775  223.6
210 209.97 134444 0:3587 1512, 60 46202  329.97  2.13407 6.245 2114
220 21997 1.35105 0.4690 1346 470 472,24 337.32 215604 6.7342 2004
230 2310.02 1.43557 05477 12085, 480 482.49 35470 217760 7.268 1835
240 '240.02 r.47824 0.6355 1084, 490 49274 35208 29876 782 797

151917 0.7329 573. 500 §03.02 I69.45  2.21952 B.4n 170.5
L55848 0.8408 387.8 317 519.32 366.92  2.23993 9.031 1621

2540.08
260.09

270,11 159634 BoBo ; 520 523.63 374.35 225957 2.68s 1541
280,13 1.63279 7380 530 5313.08 381.84 227967 10.37 146.7
2B5.14 165055 706.1 540  544.35 38934 229906 110 1397
. r290i16 6Bo2 6764 7} 550  5oe7s  396.86 -33iBog | L6 4 1339
AR ek LTS A Bs15 | 647.9 560 56537  404.42 233685 | 1266 1270
300 - §00.g. 203 | 621z | 570 sy5.59.  angy 23553 L 1350 o 1:a
5 053z 171865 ‘56600 580 5BE.OL - 41955 237348 1438 157
T 31024 231:4S ..‘1.73498 5723 590 596.52 427015 2.39140 15.31 10.6-
315 315.27 1.75106 5498 &00 6o7.02 53478 240902 16.28 105.8
320 320.29 176690 §28.6 610 617.53 442.52  2.42644 17.3¢ 101.2
325 325.31 1.78249 508.4 &20 628,07 450.00  2.44356 18.36 95.92
330 330.34 1.79783 489.4 630  63B63 45778 2.46048 19.84 92.84
340.62 182790 2.149 £55.1 640 f49.22 465,50 247716 20.64 88.99
i I it . 680 T T
36 (660 7047 4l
370 570 Te7o eBLy  488.8)
380 38077 680 ' G918z 49662 p sl
399 B9088 | 600 70252 50445 255731 | 2729 7256
400 400.98 286,16  LOSIOL 3.806 301.6 700 713.27 51233  2.57277 28.80 69.76
410 1112 293.43 2.01699 4.153 2831.3 710 724.04 520,23 2.5881¢ 30.38 67.07
420 421.26 300.69 2.04142 §.522 266.6 720 734.82 52B.14  2.60319 32.02 64.53
430 £31.43 I07.99 2.06533 4§.915 251.1 730 745.62 536.07 2.61803 33.72 6211
440 441.61 315.30 208870 5.332 236.8 740 75604 544.02  2.63280 35.50 Lo.B2

1. p, and v, data for use with £gs. 6.41 and 6.52, respectively.
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Table A-22

928 Tables in Sl Units

TABLE A-22

(Contmued)

1137.89

T ft u
750 767.29 55199
760 F78.AE 560.01
770 7B9.11 568,07
7Ba 800.03 57612
750 B10.99 584,21
goa 22195 592.3¢
820 B43.98 6o08.59
840 866.08 624.95
B6o B8B.27 B41.40
880 910.56 657.95
goo - 932§y 67458
G920 955.38 691,28
40 97192 70B.08
960 100005 - 725,02
o8c 102335 74198

1000 104604 758.94
1020 1068.8B9 776,10
1040 109185 793.36
1060 1114.86 Bio.62
1680

:20;?:’517'- £
160 1230927
180 1254:34"
1200 1277.79 933.33
1220 130134 951.0¢
1240 1324.53 968.95
1260  1348.55 9B6.90
1280 1372.24 100476

2.64737

2,66176
267595

‘265013

2.70400

2.71787
274504
2.77170
2.79783
2.82344

.2.84856

287324
2.89748
2:92138
2.94468

2.96770
2.99034
3.01260
303449

3.05608

3.17888
3.19834
3.21751
3.23638
3-25510

when.‘.’u = g

P &,
37.35 57.63
39.27 55-54
4131 53-39
43-35 51.54
45.55 49.86
4775 48.08
52.59 44.84
57.60 41.B5
63.00 39.12
68.98 36.61
75.29 34.31

82,05 32.18
89,28 30.22
97.00 28.40

105.2 26.73
114.0 25.17

123.4 23.72

1333 22.39

143.% 21.14

fUsersfusar-at46/DaskiopMerry_X-Mas/MNow

; _1"';.63 2
2350 25864

r h
1300 1395.97
1320 3419.76
1340 1443.60
1360 146749
1380 | 145144
oo 1515.42
1420 1530.44
1440  1563.51
1460 158763
1480 161179
1500 = 1635.97
1530 1660.23
1560 1684.51
1560 170882
1580 173397
1600  1757.57
1620 1782.00
1640  1B0b.46
1660 1830.96

o 1
1022.82 3 23345
1040.88 329160
1058.94 - 3.30969
107710 3.32724
1095.26  3.34474
1113.52  3.36200
113177 337901
150,53 3.39586
16845 3.41247
186,95  3.428%2
1205.41 384518
1223.87 3.46120
1242.43 3.
1260.99
1279.65 . 3.5¢
129830 352364
1316.96  3.53879
1335.72  3.553%1
1354.48  3.56867
137324 3 58335

; -AL J s
il

9.8

B ty
*330.9 11.275
3525 10,747
3753 10.247
3091 9-780
G24.2 9.337
459.5 B.9t9
475.0 B.g26
506.9 8.153
£3T.1 7.Bo1
568.8 7.468
- 6oLy 7.152
63635 6.854
672.8 6.569
10,5 '6.361
750.0 6.046.
7512 5.804
834.1 5.574
878.9 5.355
925.6 5.147
9742 4.949

Sourre: Table A-z2 is based an |. H. €zenan and . Kaye, Gos Tables, Wiley. New York, 1945
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Tables in Si Units 933

TABLE A-24

Constants for the van der Waals, Redllch-l(wong, and Benedlct-Wehb Rubin Equations of State
4 van der Waals and Redllch—i(wong Constants fcr pressure n har sper.lf‘c voiume in rn’fkmol and temperalure in K
\.ran der Waals 2 Redlich Kmng
a b o
m' 2 m? . m )’ '
T R b il Ki H
gy 1 o) ol e Lo
Air 1,368 0.0367 15989 ‘ol m_r,m i
Butane {C,H,} 13.86 0.1162 289.55 0.08060
Carben dioxide (CO,) ; 1.647 a.04zB 64:43 : 0.02963
Carbon moenoxlde {CO) 1.474 0.0395 17.22 0.02737 5F
Methane (CH,} 2.293 ©.0428 32.11 0.02065 <
Mitrogen (N,} 1.366 0.0386 15.53 0.02677 %
Oxygen (0;) ' 0 U R T T Dt LRt b 17.22 e leonigr £
f’rop_ane {C;He o Gt I Ltk 19349 i  p.0g01 182,23 C s ombage
Refrigerantsz i L 10.45 : 0.0971 208.59 T RO
Sulfur dicxide {530,) 6.833 0.056% 144.80 0.03945
Water (H,0} 5.531 0.0305 142.59 ; o, ozm
Source: Calcelated from critical data.
2. Benedict-Webb-Rubln: Constants for pressure in bar, specific volume in m?{kmol, and temperature in K
Subsiance B3 @ L9 N
- ! 3 206 X30% . 1006 X 19
LATG >é' 105 i
0.0501 1.8796 o0.0¢3380 0.04260 2.579 % 10’ 2,287 x 10* 1244 X 1074 0.0060
0.0254 1.0676 0.002328 0.04074 7.381 X 10° 8.466 % 10° 1272 % 1074 0.0053
Source: H. W. Caoper and ). C, Goldfrank, Hydrecarbon Processing, 46 (12): 141 (1967).
|
| —h— CONFIRMING PAGES -~ aptara|

e e E el S i e e e et



BMindextaTablesinS(Unlts.indd Page 934 9/2/10 4:00:10 PM users-133 —@* Alsarsiusers-133Desktop/Ramakant_04.05.00/WB00113_R1JWCL1 ?OJ'N%W EQA

934 Tables in 51 Units

Thermochemical Properties of Selected Substances at 298K and 1 atm

............................................. |. S e
Enthalpy of Glbbs Function " Absolute Higher, Lawer,
Molas Mass, Formation, A} of Formation, Entropy, §° HHY LHV
CLUSLES S0 I TN Mkgikmol) | fqfkmol) | g7 0fkemoD | (kifkmol: K) | (d/ked g KHke)
coi e O R TR B B
Hydrogen H,(g S 2.mb ‘o ; o - 130.57 143,780 | 119,950
Nitrogen i R 28.01 it Q- 19950 i M= R ST e
Oxygen Ol 32.00 ‘0 0 LT W1 i St | B e
Carbon monozide O 28.01 —110,530 —137,15G 197.54 — -
Carbon dioxide 0,8 44.01 —393,520 —1394,380 213.69 - —
Water H,0{g) 18.02 —241,820 —228,590 188.72 = -
Water H,G{l) 18.02 —28¢,830 —237.180 69.95 - -
Hydrogen peroxide -| H,0.(8) 34.02 ~136310 —105,600
Ammodia | NH, @ 17.03 —46190 —16580
@ Oxygen - | 0@ : 16.00 Clmgeazd. N a3n7ze G|

< Hydrogen ' o L H{ " . 1008 o mBoce |7 283,290 )

__"% Nitrogen N{g) 14.01 472,680 455,510

i '."-‘ Hydroayl OH{®) 17.1 39460 34,280

¥ Methane CH,(g) —74,850 —50,760

Acetylens CH, () 209,170

—126,150 —1K.710
Pentana CH.() —146,440 —8.200
Qctane CaHoalm —208,450 17,320
Octane CeH (D —249,910 6,610
Benzene CHe(® 82,930 129,660 269,20 42,270 40,580
Methas CH;OH(R) - 200,896 —162,140 .70 | )
Methanol CH,0R{0 —238.810 | —166.290
Ethanol "7 - | C,H,OH() [ —235,310 - —168,570
Ethanol )i | CHOH() | —277,690 m174890

Source: Based an JANAF Thermochemical Tables, NSRDS-NB5-37, 197); Selected Values of Chemital Thermodynomic Properties, NBS Tech. Note 2703,
1968; and AP Research Project 44, Camegie Prass, 1953. Heating values calculated,

—d}— CONFIRMING PAGES - aptara



|
| BMIndextoTablasinSinitsandd Page 935 B/3M10 54538 PM user-s146 —_'$i MUsersfuser-s146/Daskiop/Mearmy_X-MasNew E Q A

Tables in 51 Units 935

. TAELE A-26

Standard Motar Chemical Exe

Substance ) . | . vy an srea

Nitragen M, (g) 650 720

Oxygen 0,8 3.950 3,970

Carbon dipxide O, 14,175 13,870

Watar H,0(g) 8,635 ; 9,500

Water H,0{0 45 ; 90D

Carbon (graphite) C(s) 404,550 410,250

Hydrogen H,(g} 235,250 236,100

Sulfur 5(s) 598,160 609,600

Carbon monoxide Colg 264,410 275,300

Sulfur dioxide S0,(2 305,940 313,400

Nifrégen manoxide ) S Ino@! [ sEgso 00

hiltrogen dioxide N, () - 55,565 ~ 55,800

Hydregen sulfide H,5) - 799,890 A - 812,000

Ammonia N, (g) 336,685 "7 337,900

Methane CH, (&) 824,359 .B31,650

Acetylene CH (@ iy s 11,365,800

Ethylene GH, (2 = D, 1,361,100

Ethane C.HelE) .4B2,035. {'1,495.840

Propylene CHg () - 2,003,900

Propane - 2,154,000

Butane - 2,805,800

Pentane - 3,463,300

Benzenge = 3,303,600

Octana = 5:413,100

bl 70 2300

Mictnano. | - CH,0H R 20 AT R o 00 -

Ethanol et CHOHI T aa83a0 L T aee0b b

Ethano!- CJI;OH_(U 1;3:42,035 WEGESHNI R WO T4 B T T o
=
=

* Ahrendts, “Die Exergie Chemisch Reaktionsf#higer Systame,” VDI-forschungsheft, VDI-Verlag, Dusselder!. 579. 1977.
Also see “Reference States,” Energy— The Interationaf Jaumdl, §: 667-677, 1980. In Model |, p, = 1.019 atm. This
model attempts ta impose a criterion that the reference environment be in equilibrium. The reference substances
are determined assuming restricted chemleal equilibrium for nfivic acid and nitrates and unrestricted thermody-
namic equilibrium for all other chemtral components of the atmosphere, the oceans, and a portion of the Earth's crust.
The chemica! composition of the gas phase of this model approximates the compasition of the natural atmosphere.
Y, Szargut, D. R. Motris, and F. R. Steward, Exergy Analysis of Thermal, Chemical, and Metolfurgical Proresses,
Hemisphere, New York, 188, In Model )i, p, = 1.0 atm. In developing this model a reference substance is selected
for each chemical elemant from among substances that cantain the efement being considered and that are abun-
dantly present in the natural enviranment, even though the substances are not in completely mutual stable equi-
librlum. An undenying rationaie for this approach s that sub a5 found abundantly In pature have [ittle economic
value. On an overall basis, the chemical composition of the exergy reference environment af Maded 11 is closer than
Madel i to the composition of the nalural environment, but the equitibrium criterion Is not always satisfied.
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936  Tables in S| Units

Logarithms to the Base 10 of the Equllibrium Constant K

e Sy O
H,Cl: e HO‘— ........ . 0’: .......... (0,+H,: =
H, + 30, OH + iH, ca + 1o, €0 + H,0 R
—40.048 —§6.054 —45.066 —5.018 537
—22.886 —26.130 —25.025 -1.135 900
—10.062 —11.280 —10.221 —0.159 1800
—7.899 —&8.B11 —7.764 +0.135 2160
—6,347 —7.021 —b.0L4 +0.133 2520
—5.186 -5.677 - 4.706 +0.474 2880
—4.69% -5.124 —4.169 +0.530 3060
- £.270 —4.613 -3.693 +0.577 3240
—3.886 -~ 4.190 -1.267 +0.619 3420
—3.540 -3.776 —z2.884 +0.656 1600
~3.227 473434 =2.539 +o.688 3780
—2.942 - —3.00% —2.226 +0.716 3960
.—2.6Bz2 —2.809 =1.940 +0.742 4140
—2.443 —-2.520 —1.679 +t0.764 | 4320
—2.224 —2,270 —L440 +0.784 4500
-2.021 —2.038 —-1.219 +0.802 4680
-1.833 -1.823 —1.015 +o.818 4860
—~1.658

Table A-z7

Sointe: Based on data from the [ANAF Thermochemical Tables, NSROS-NBS-37, 1971
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