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NATIONAL EXAMINATIONS - December 2012

Q4-BS-1"O~ 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.

2. Anyone of the approved calculator models is permitted. This is a "Closed-Book"
examination with one 8.5K11 inch sheet of notes (both sides) allowed.

3. Property tables and charts are provided where necessary.

4. 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.

5. 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, calculate

(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, in K
(d) the rate of exergy destruction, in kJ/s, in each turbine stage and pump if

To=300K, and
(e) the second law efficiency of the cycle assuming a source temperature of 1200

K and a sink temperature of 300 K.
l bar
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2. The figure shows the schematic diagram of a vapor-compression refrigeration
system with two evaporators using R134A as the working fluid. The fow-
temperature evaporator operates at -1SoC with saturated vapor at its exit arid has
a refrigerating capacity of 3 tons. 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 SO% 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) the mass flow rate of the refrigerant through each evaporator, in kg/min,
(b) the compressor power input, in kW,
(c) the rate of heat transfer from the refrigerant passing through the

condenser, in kW,
(d) the coefficient of performance, and
(e) the rate of entropy generation in the compressor, in kJ/K-s and the rate of

exergy destruction in the compressor, in kJ/s if To=300K.
(1 bar::: 100 kPa and 1 ton= 211 kJ/min)

8

(lin.:! ::::2 [OOS

Expansion
valve

Qin.1 = :3 tons
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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 kJlkgK,

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
liquidwater entering at inlet "1" at 300 kPa, 45°C, and a mass flow rate of 3.2x105
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 well-insulated rigid tank of volume 10 m3 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 temperaturesofZbnK'and 300 K, respectively.
The heat transfer to the air during the isothermal expansion is 60 kJ. At the end of
the isothermal expansion, the pressure is 600 kPa and the volume is 0.4 m3

.

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 kJ.
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7. Nitrogen (N2)enters an insulated compressor operating at steady state at 100 kPa
and 3rC with a mass flow rate of 1000 kg/hr and exits at 1 MPa. Kinetic and
potential e-nefgyeffe-c1sarenegligible. - -

(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.

8. A rigid insulated tank has two compartments. Initially, one contains 0.5 krnol of
carbon dioxide (C02) at 27°C and 200 kPa and the other contains 1 kmol of
oxygen (02) 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_.

9. Moist air at 50°C, 93 kPa, 70% relative humidity, and a volumetric flow rate of 0.8
m3/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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Chemical M 7, p, p,Y,
Z,""--

Substance formula ........ (.~g.l.k~~l!, ..(~)............. \~.~.~)...., ............... R.~,......-, ......... , ,- .__ ............................ -.. ,..,-.,
Acetylene C,H, 26.04 309 62'.8 0.274
Nr (equivalent) z8·97 133 ,31-7 0.~~4
Ammonia NH, 17.°3 ,406 Ill.8 0.Z42

Argon Ar 151 46.6 0,190

Benzene CoH, 563 49·] 0.274

Butane C.H,. 42~ ]8.0 0.274

Carbon ~ :-
Carbon dioxIde:

. , 73·9
,
0.276

Carbon '!1cnoxl de "35.1] 0.294

Copper Cu 63·54
Ethane C,H. 30.07 305 46.6 0.285

Ethanol C,H,OH 46.07 516 6).8 0.249

Ethylene '. ,. • :1:ClH .• .!. ":'. :~}~.i~.~5~- .: '2;(li ",51".2 0.2!0
Helium' l'. ",'u ....:;:. He "", 4.?p3 ~i' .r'r~f~5.2-. ".1·3' ; '0,)00

--r' or:: I e ~~. .-0:)04Hydrogen •• r;- • H, ., '1.016 . : ,>33.2 .. 1).0

Methane CH. 16.04 191 46.4 0.290

Methanol CH,OH ]2.04 513 79·5 0.220

NItrogen N, 28.01 n6 3).9 0.291

t O(ta .e 569 0)258 +O,;yger. 154 0'.290

~JO aI\(: 370 O~jI>.2

Propylene 42.08 365 46.2 0.276
Refrigerant u nO.92 365 41.2 0.278
Re frigera nt '2 '2 86.48 369 49·8 0.267

Refrlgeranf1343 ,3-74 40·7 0.260

su lfUr dloxlde 431,' . 76·7
,
0'.268

Water .. 647.] ·~2.0,9. ' 0233

890 Tables in 51 Units
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•.. ".' ,•••••••••••••••••••••••• _'.0 ••.• _ .•..• -. •.•..•••••• _•.• __••••••••• 'n ••u •••••••••• _•• , •..••••••.••• , ,••. __,,' •. _."....................... • ..••.•••..•••• u···

Sources: Ad a pled from International (fir/cal Tablesand l. C. Nolson and E. F.Obert, Generalized Compres<ibility
Charts. Chern. Eng •• 6" 2°3 ('95<J.
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+

l ~':4 U.rl'·11:HsltJ",,]~
'1b~~..",o~\!'lln~

~.:(l~W.,

T~mp. I
·C

.01
4
5
6
8

10
11
12
13
14

15
16
17,
18
19

20
21
21

23
24

0.01228 1.0004 106.379 42.00 2389.2 42.01
0.01312 1.0004 99.8S7 46.20 2390.5 46.20
0.01402 1.000S 93.184 50.41 2391.9 50.41
0.01497 1.0007 88.124 54.60 2393.3 54.60
0.01598 1.0008 82.848 58.79 2394·7 58.80

0.01705 1.0009 77.926' 62·99 23?6.1 62.99'
, _ II; I ,-',

0001818 l~~L. p;13} . ,;.: 67.18 239].4 f>7·t9
'0.01938' 1.0012 " 69~044' .. 7~.~. 219,8;8 71.38
0.02064 l.ooi4.~ '6S1i38 '75·57 2400.2' 75.58
0.021'iIl8 1.0016 '61::i93" 79,76 2401.6 79:77

0.02B9 1.0018 57.791 83·95 2402,9 8).96
0,02487 1.0020 54.514 88.14 2404.3 88.14
0.02645 1.0022 51.447 92.)2 2405.7 92.33
0.02810 1.0024 48,574 96.51 2407.0 96.52
0.02985 1.0027 45.883 100.70 2408.4 100·70

.' ·~.o31~9 •• :.•1;0~29~ 1;4~~;,~;i' ~!'~~8¢ '2T409~8Ji ~~8,t
0.03363 , ,\0 t.OO)2 r ;,.40.994,. . ..1°,9.06 411:1 109i~

" :0.03567 .' i;oo)~'!';" '''38.774 • • f 13;"5' 2412.5 11)::1.5
'0.03782 ..\1)0) 7t :36~~90 • - !'i17.42 241).9 117.43
O:0400~ 1.0040 ' - "1_ {f.7J3<'''''t. 121.60 2415.2 121.61

0.04246 1.0043 }2.894 125.78 2416.6 12S·79
0.04496 1.0046 )1.165 129.96 2418.0 129.97
0.04759 1.0050 29.540 134.14 2419·) 134.15
0.050)4 1.0053 28.011 138.}l 2420.7 1)8.33
0.053l4 1.0056 26.571 142.50 l422.0 142.50

29

)0

31
32
33
34

35
36
)8
40
45

25.~16 '
. '23:940~~
• 21.602'
19'.5'2; - _,
15.258

i46.~7
.~ 150:85
, ~59·20
. 161-56
• '188.44

2_42].4
::1.4::1.4.7-
2~2j;4.,10

2430.1
::1.4)6;~

146•68"
150.86
;159;21
i67;~7
188.4~

1.0060
t.0063;"
1.0071 .
1:00l8
1.0099

0.05628
0.05947
0.066]2

.. 0.0738,4'
0.0959)

2477.7
::1.475·4
~473·0
2470.7
2468.3

2465.9
2463·6
2461.2
2458:8'
::1.456.5

2454.1
2451.8
2449·4
2447.0
::1.444.7

2442.)

2439·9
2437.6
2435.2
24)2',8

2430.5
2428.1
2425·7
242).4
2421.0

::1.418•6
::1.416:'2
24tt.5
::1.4C!6.7
2394.8

!Usersluser·sl4elDesktopJMerry_X·MasINew I EQA
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2519.8
2521.6
252].4
2525.3
2527.1

25d.9
2530•8
2H2.6
25344
2536•2

2538.1 0.2966 8.6672
2539.9 0,3109 8.6450
2541.7 0.)251 8.6229
254].5 0.3393 8.6011
2545.4 0.3534 8·5794

::1.547~::-O.)61:r 1:: .55Bo
:25491. ~.JBl~{ J ~S367"
2550.8' 0.3954 8.5156
2551.6 0·4093 8:4946
::1.S5~~5 O·4~)I. B.47:!9:

2556.3 0.4369 8.4533
2558.1 0.4507 8·4329
2559.9 0.4644 8.4127
2561.7 0·47Bl B·3927
256).5 0.4917 8.3718

2565·3
2567,1
l570;7
'2574.)
2583.2

0.1510
0.1658
0.1806
0.1953
0.::1.099

0.2245
0.::1.390
0.2535
0.2679 '
0.2B23

+
~.5~53
0.5188
0.5458
0·5725
:';.6387

B·9008
B.B765
8.B524
8.82B5
B.8048

8.7814
8.7582 ,
~.735~
8.7123
8:68~7

10
11
12

I)

14

Properties of Saturated Water (liquid-Vapor): Temperature TabLe
. .., 's~~~i'iI~"v~i~'~'~'".. .,'i~;~"~~l"E~~~~' 'fnt;'~"~~ ' [ "E~I";PV

, , ~'/~~............ . ~.lI.kg. ... 1 " .. .'1.!.~~ __,. . " ~).!kl~'.~ .
Sat. Sat Sat. Sal. Sat. Sa t. Sat. Sat.

Press. Uquld Vapor liquid Vapor lI~uld Evap. Vapor Liquid Vapor Temp.

~~r.._ ~:!.~..~~.~..."_~._..~__ ~,..... u, h, .h~..... "' .......•. ,.~, ~. , ;., :_, ..
0.00611 1.0002 ::1.06.136 0.00 2375.) 0.01 2501.3 2501.4 0.0000 9.1562 .01
0.00813 1.0001 157.232 16.77 2380.9 16.78 2491.9 250B.7 0.061(1 9.0514 4
0.00872 1.0001 147.120 20.97 2382.) 20.98 2489.6 2510.6 0.0761 9.0257 S
0.00935 1.0001 137.734 25.19 2)8).6 25.20 2487.2 2512.4 0.0912 9.0003 6
0.01072 1.0002 120.917 ]3.59 2386.4 33.60 2482.5 2516.1 0.1212 8.9501 8

8.3531
'8·3336
8.2950
8.2570
8.1648

20
21
22
23
24

,?5i.,
26 "
'27f
28 ';'.

..29

30
31
)2

33
34

35
(j6

f:;
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'fABLE A-2

(Continued)
.. , ••••• , .•.••••• "_, .•.•. , ._.,_, .•..•..•.••.•••.•• ,•••••• _., .,.11." __.. " ••.••••.•••. ,0 ._ •.••.•••••.•••.• ~--- •• , """ ,.

.)8S8

.47)9

.578)
.7014
.8455

'2()9.)2

230.21
25t.tl, ~.
27lW.1

292.9~

Int~rna( Energy
kJ/kg.-.,--~.---, , , -" --

EQA

1.0259
1.0291
1.0325
1.0360
1.0397

4.1)1
3.407
2.828
2.361
1.982

Temp•.,
50
55
60

65

70
75
80

8S

90
95

Sal. Sat,
Vapo r Llquld Evap.

.' .u.~ ~~ ~~...

Ent,opy

.. ~,tl.k_'L:K_._
Sat. Sat. Sat.
Vapor tlquld Vapor

. ~! . ~: _... ~~-.
244)·5
2450.1
2456•6
246).1
2469.6

2475·9
2482.2
2488.4
2494.S
2500.6

2506.5
2518.1
'iS29.3
l539:·9
'7550.0

2559·5
2568.1j
2576.5
258).7
2590.0

Enthalpy

_ " ~t(~'L .

+

Specific Volume

...--.- ~'(~~.. - .
Sat. Sat. Sat.

Temp. Press. Liquid Vapor Liquid

.. :~.._ ~~~..__.. , ~!..~..IO.' .. _•........ ,~.! _.._".~! .
50 .1235 1.0121 12.032
55 .1576 1.0t46 9·$68
60 .1994 t:O~7£; ~ 7.671
6S .2503 '1.0199 6:,'197
70 .j'li9 1.0:228 5:042

75
80

85

90
95

100 1.0Uj

·~W",i .. ~.,1'~33
.t20"",·\ ~98S
~~:,::~'i; i701
149,:' :'~o ,,);613

ISO 4.758
160 6.178
170 .7.917
180 10.02
190 12.54

;OQ j'; :'1;.15' 54~; .•.~.vA-,.rt .I:_".""!! _ "
':210 ~ l' •19.06;26-.'\~·· . 2;pil
i3~\;;..;''.'27,:9'5 ";
~'~•.••~~ ;: . .,I. '~ •• ,

i{iIJ <,~''-;33·44 '\\"

250
260
270
280
290

1.()905
1.102-0

1.114)
1.1274

1.2512

1.2755
1.)023
1.3321

0.05013
0.04221
0.0)564
0.0)017
0'.02557

1080·4

11l8·4
1177·4
1227.S

1278.9

~j)2.6
1444'.6

1570.3
1725·l
2029,6

2602-4

2599.0
2593·7
2586.1
2576.0

256§~~
:l.52S •.5j
2464,6
2351:5

, '2029.6

209.33
2)0.2)
251.1)
272,06
292.98

)13·93
334.91
355-90
376.92
)97.96

419.04
4~1,30
'50).71
546.)1
589,13

6)2.20

675·55
719.21
76).22
807·6~

8S2.45!
897.76
9~).6l
990.12
10)7·)

108S-4

1134·4
n84.5
J236.0
1289·J

134M
1461.5
1594.7
1760.5
20')9.)

2382.7
2)70,7

2358.5
2346•2
2333.8

2)21.4
2)08.8
2296.0
2283.2
2270.2

2257.0,
2230.2
2102,6

jf,.-••
2174.~
211j~.7

111~.J
2082.6

2049.5
2015.0

1978.8

1940.7
1900·7
18SB·5
1813.8
1766·5

1716.2
1662,5
1605·~
154),6

1477·!

1~04·9
1238.6
1021-9
720·5
a

2592•1
2600·9
2609,6
26~~.3
2626.8

2635·3
264).7
2651.9
2660.1
2668.1

2676:1
'2691.~
'2706.)
272-0·5
2733·9

2746·5
2758.\
2768·7
2778.2-
2786.~

F2~9).2
2798.5
2802.1
2804.0
280).8

2801.5
2796,6
2789·7
2779.6
2766.2-

2749.0
2700.1
2621.0
2,,81.0

2~99.3

J,)o69

1.418S 1
1.52761
~1.6344
i·73~l

1.8418
1·9427
2.0419
2.1396
2.2359

"2:3309
;.,4248
2.5'78
2.6099
2.7015

".7038
.7679
.8)12-

.8935

·95"9

1.01$5
1.0753

1.1343
1.1925
1.2500

2·7927
2.88)8

2·9751
3.0668

3.1594

3·2534
).4480
).659~
).91"7
4.429,8

8.076)

7.991)
7·9()96

7.~310
7.7553

7.6824
7.6122

]·5445
7.4791

7.4159

7·~542._, 'r.1~·J
].2J8? ~1I~ :~"

7.1296" 129. :'.
7.0269 "1)0,
6.9299 140
6.8379 150

6.7502 160
6,666) 170
6.5857 180
6.5079 190

6~43%;~'200 ~
0585'" 210'~
6.l1l61·
6.2146
'6.1437

6.0]30 250
6.0019 260
5.9301 270
5.8571 280
5.7821 290

+
300
320 t
'~40 l'
'160.:
374.14

SQU"''': Table, A·z through A·S are extracted from J. H. Keenan. f. G. Keyos. P. G. HiU. and I. G. Moore. Sl~~m rable .••Wiley. New York, 1969.
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t

ba.

;..00
l.oo
7.00 i

'-8.00

'9·00

to.o
15.0
lO.O

25.0
JO.O

i·3~·0.
40.0
45.0
0.0
60.0

70.0
80.0
90.0
100.
UO.

0.04
0.06
0.011

o.~o
0.10

69 .• _
75.87
8'·n
8;·94
89·95

93.50
. 96.71'
99.63
11'/.4
t: .0.2

-c
28 .••.
36
41.S
45.81
60.0

,It
uqu

(1 X LO-

Sat
VapG

•. ~I,~••

004 34.800
"006.. 2).739
0084. .18.103.
010'2 .', ~.674:

1.0172 '. '7' 9

r 1.O)~0.. ~.~87··
:I.04i$·; .. 1.869 .•..- ~.
':0,'4~2:; '.-~H?4
. 1.0526' 1.159 •..
1.060'S o.88si "

1.067;/,
'1..0732
1.0786
•. 08.16
1. <13'

10223
1.0265
10)00
1.0331
1.0)60

5.229
3·993
).240
2.732
2·365

289.20
317.53
340.44
359·79
376.6)

39J.58.;
·40S.0'6.
(417'36,
466·94 ;

. '~04~49

): ssurc Table

2625.3
26,6.8
2645.9
265J.~
2660.0

2716.9
2725·3
2732.4
2738.6
274)·9

EQA
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·T ..····i; ··
kyl

Sat.
llql
~

0,9 _

10I5!
I,09\(

~.14S:
U919

7.7686
7.6700
7·S93?
7.5320
704797

a.
Press.
bar

7.0527
6.9919
6.9405
6.8959
6.8565

0.)0
0.40
o ~o
0,60
0.70

7.4346 0.80
'7']94~ . '0·90

'. 7.3~9,j: :,.·.~·oo
7.:22-33 _'.;0
;,i-n7{': ,....

2.1387
2.)IS0
2·4474
2.5547
2.6457

~~~3
2.7964
~.66l0
2'9ull 5.9734
3.0 •.$7 ~ .~,889.2

3.1211 5.8133
3·:2068 5.7432
3.2858 5.6772
).3596 5.6'41
304295 5·5527

127.4
1B·6
138.9
143.6

147·9

'51.9
158.9
!GS.o
17::1·4
1754 -

1.1273
1.1539
1.1767
1.1973
1.2165

1:2,47 '
1.l5.~~••.•

',;:2:69>-:1; r
. 1.2859
1.)187

1.3513
1.3842
1.4178
104524
14886

0.1944
0.lj18
0.£>9963
0.07998
0.06668

0';S70-j •
0.04~7B
0:""406
0.03944
£,.gJi/iI{I;,

0.02737
0.02352
0.02048
0,01B03
0.Ot599

761.68
843.16
906.44
959.11
1004.8

1257.6
1305.6
1350.5
1393.0
1433·7

- ",I

UI45
-:i1·53
173:87.
i~i;~~~
,l.1.38

218t·5
2163.8
2148.1
2133.8
2120·7

2583.6
2594·5
2600·3
2603·\
2604.1

162.81
844,84
908·79
962.11
1008.4

2015.)
1947·3
1890.7
1841•0

1795·7

2778.1
2792.2
2799·5
2803.1
2804.2

2772.1
2758.0
2742.1
2724.7
l705·6

1.6072
1.6718
1..7l75
1.7766
1.8207

6.586)
6.4448
6.3409
6.2575
6.1869

6.65
.070\
6.01~'-'

CONFIRMING PAGES

2.50
).00
3.50
4.00
4.50

1505.1
1441.3
1378.9
1317.1
1255.5

•I

0.30
0·40
0.50
0.60
0.70

0.80
0,90
\.00
1.50

2.00

179·9
198.)
212.4
224.0
23)·9

< ;742.6."~•..
~50·4
'-51,5
'264.0

275.6

285.9
295.1
3°3.4
311.1
318.2

\0,0
15.0
20.0

25·0
30.0

3,5.0
'40.0
~5·0
50.0
6\1".0

70.0
80.0
90.0
100.

110•
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(Continued)
.. .. - - ._, • - •• .. - I ..• _ "'" ""

._-_ ..., ,." , .............. -,--.-- ... ... ,......--.-.......... " ......... - ... , ................ __ ..................... .......- ....- .-., ............. , .. -,"

Specific Volume Int ern at Energy Enthalpy Enltopy

. m'fkg ......,........~I!~. ..................~!.k.~L.. ,..........~.!.~~.--...~,.........
..... --.- ...~,... ,., .-~,- .•....•-.....-~.- .-._., ..........
Sat. Sal. Sat. Sal. Sal. Sal. Sat. Sal.

Press. Temp. Liquid vapor Llqutd Vapor LIquid Evap. Vapof liquid Vapor Press.

0 bar °C ••••~'_f_.~ ••l~~ •.• .- ....- .:.~...,...... u, .......!!~.......••....,II!, •..... ....~..!!~L... .....~L ... 5~_.. ,_ . ...., ..~~........ bar.. ...... ....... "." .. -.............. - .. ..,.. -

:I: 324.8 1.5267 0.01426 1473.0 2513.7 '491·3
,
1193.6 2684·9 3.4962 120.

120. 5.4924

1)0. 330.9 1·567~ 0.01278 Isn.1 249'6.1 1531·5 1130.7 ·2662.2 3.5606 5.432] '130.~ . ,
140. 336•8 1.6107 O.011li§ 1548.6 2476.8 1571.1 1066.5 '2637.6 3.62)2 5.1717 l4a.

150. 341.1 1.658i 0.01034 1585.6 2455·S ,.1610·5 louo.a 2~10·5 ).6848 5.3098 Isa.

160. 347·4 1.7107 O.009j06 i~2'7 ~31d 1650•1 930.6 2580.6 "}.7461 f2455 160.

170. 352.4 1·7702 0.008364 1660.2 2405.0 1690.3 856.9 2547.2 3.8079 5.1777 170.

,80. 357.1 1.8397 0.007489 1698.9 2374·3 '732.0 777-1 2509.1 3.8715 5.1044 180.

'90. 361.5 1.9243 0.006657 1739-9 2338.1 1776.S 688.0 2464.S 3.9388 5.0228 190.

200. )65.8 2.036 0.005834 1785.6 2293.0 1826·3 583.4 2409·7 4.0139 4.9269 200.

220·9 374.1 3.155 0.003155 2029.6 2029.6 2099.3 0 2099.3 4.4298 4.4298 220-9

t +
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Properties of Superheated Water Vapor
.,'- , , " ..,--.. -----_ , ,., ~ ,..,.- ..-." --_ , .. " ~, -- -- . __ .. ,., , , , ,."" , -.
r !' JJ h s v!l h s

-"~____.m~!.~?:_..k!-'_~s:_. .~t.~ ':!tks: ..__~ _.~.' Ik~ klJ~~ ':!i~_~.~r.,...:..~.
p = 0.06 bar " 0:U06MPa P '" 0.35 bar e 0.0)5 Mp~

....<!~..::.~~:.~~::9.... __ ~5.!..:::?7·~?~.9 .
24~5.0 2567.4 8.)304 4526 2473.0 2631.4 7.71S8
2487.3 2650.1 8.S804 4.625 2483.7 26~S.6 7·7564
2544., 2726.0 8.784(1 5.163 2542.4 2723.1 7.9644

ISMlnd8KlOT8bl&SlnSIUnits-indd Palle 895 8/3/10 5:45:17 PM use.-·sl46

s~t.
80
bo

n·n9
2J.1)2
)?219

9·4464
9.5859
9.7180_
9.84)5
9·9633
10.13)6

2602.7
2661-4
2721•0

2802·5
2879.7
2957.8

8.9693
9.1398
9.2982

160 33.)02
200 36.)83
240 39·462

i.80 '{jZ:540 278~.S· 3o:i36~8
)20 45.618, 2843.0 3116.7
}60 '48.696' 2905.5. 319.7-7

2969.0
)033·5
3132.)

3279.6
3362.6
)489·1

400 51.774
440 54.851
500 59·467

t 200
240

400
440

500

3278.6
3361•8
3488.5 ,

8.7086
8.8286
8.9991

5.696 2601.2
6.228 2660.4
6.758 2720.)

7.287 278.0·9
7.~S' 2842·S
8.344 2905.1

8.872
9-400
10.192

3.103
3.288
3.565

2968.6
3033.2
31)2.1

296].9

3032.6
31)1.6

2Boo.6
287B-4
2956.B

)0)6.0
)U6.1
)197.1

)279.2
3362•2
3488.8

)278.2
3361-4
)4BB.1

8.1519
B.)237
8.4828

B.6j14
.8.7712
18.jitl34

9.0291
9.1490
9.3194

7.6597
7.8)43
7·9949

-8.14~5
8.2849
8,I,tlS

8.5435
8.66)6
8.8342

•• 1

P •• 3.0 bar = 0.30 MPa
... , .•..... _ " ~~~ .. =.--. ~P:~f9_ .
0;-606 '2543.6 -;1]25:) _'£;.9919

P '" 1.~ bar '" o.tS MPa
.__" J~!!.'..~ ~~~.:~t.9__ _ ~

Sat~.••.1t t.159 2519.7 i693.6 ,7.2233
no ':188 ~53~.3. 171i~4 ~~7.16~n
160' 1.3h 2595-2. -2792~8 . 7..4~S

200 1.444 26S6.z 2872.9 7.6433
240 1.570 2717.2 295~.7 7.8052
280 1.695 2778.6 3032.8 7.9555

3~0 1.819 ~84o:6 3113.5 8.096<\
360 1.94) 290)·S )195.0', 8.2293
~oo 2.067 2967. 3)n4 8-l5SS

440 2.191 30)2.1 3360.7 8.4757
500 2:376 313'.2 3487.6 8.6466
600 2.6B5 ))01.7 )704·) 8.9101

.0.651

0.716
0.7B•
0.844

0.g07

0.969
1.0)2

1.094
1.187
1·341

.2S87.-1

2650.7
2713.1
2775·4

2838.1
2901-4
296$.6

)0)0.6
)130.0

3300.8

2782-3 .'

2865·5
2947·3
3028.6

-31fo.1

3'92.2
3275.0

3358.7
3486.0
370j·.2

1~276

7.3115
7.4774
7.6299

7.m2
7.9061
8.0D2,l

8.1538
8.3251
8.5892
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896 Tables in SI Units

TABLE 4-4

P = 5.0 bar'" 0.50 MPa

0
............_.g~.:.1.~':~~:9....'-"'-"~"""'I'

-£ Sat. 0·)749 2561•2 2148.1 6.82i3
180 . 0-40'45 2609.1 2812.0 6.9656
200 0.4249. ?-642.9 "2855·4. 1·°59'

240 0·4646 2707.6 2939·9 7.2301
280 0,5034 2111.2 3022.9 1.)865
po 0.5416 2834·7 3105.6 7.53°8

360 0.579'6 2898.7- ~ji:B~.4 7.6'660

4°0 "0.6173 "2,?ft3.2 3271.9 7."79'38

44° '. °.:.6548, 3028.6 3356:0 ' 'c7mp

500 0.7109 3128.4 348).9 8.0873
600 0.8041 3299.6 3701.7 8.3sn
700 0.8969 3477.5 3925.9 8.5952

•. , •••• __•__._._ .•• __••.•••••••• n ••••••••••• _.___•.••. _., ••••••• ~_~,_

(Continued)
•••••••••••••••••••••••••• _. IO' •• - •• -, •••• ,.~-- •••• , •••• ~••• ~~ •• , ••• _._ ••••••• , ••• , •• " •••• ' •• n ••••••••••••••• ·_._····· , ••••• _.-.-,.-.- .•• ,

T !, II h 5 u /I Ir
·C m' f.~~ ~I.~.~_.~!..~ ~!.f.k.~_:..~.", ~.~!.~~~.J!.k~ ~ll~!I;~!.~~..:..K.

P = 7.0 ba. '" 0.10 MPa

.....f:~..:.I.~.~:?t9.
2572.5 "l]6)·S
2599.8 2799.1
2634.8 2~~~.a

0.2729
0.~847
.<!.~g~

0.3292
0·3574
0.3852

2701.8
1766.9
2831.3

6:7°80
6.7880
6.8865

0.5070
0.5738
0.6403

3126.8
)298.5
3476.6

3481.7
3700•2
3924.8.

7.0641
7.2233
7.3697

7-506)
7.6350
1-7571.

7.9299
8.1956
8.4391

+ 0.2480
0.2678
0.2873

4(.0 l-ci~Gi,.-
440 -.0.J29

500 ~.354~

+
0·3729
0·4011
0.4198

3'92•6
3296.8
3367.;'

3565.6
3697.9
3787.2

7.8720
8.0290
8.1290

0.2478
0.2668
0.2793

356Q·9
3694.0
3783.8

7.6805
7.8385
7.9391

3290.9
336:1.2
3470.9

3335·5
3467.6
3556,1

3690.\
3780·4
3917.4

7.2540
7·43!7
7.5434

0.1324
0.1388

0·1484

3285.0
3357.0
)466·5

7·508S
7.6106
7.7571

5(!1.~
240'

280

.......•........ -_ ,.., " '.- ..- ,..-~ ,., ..,.~ .
P = 20.0 bar = ~.O MPa

(T••, = 2U -4 2"CJ~·.;;;Ji;:)t·-;;p:~"..;.;;~:; ..-....6:~·~~;·~
0.1085 '2659.6 .1876,5 6.4952 ~j~a1~f:~~
0,1200 273b.4 2976.4' 6.68dl ~•....

6.8452
6.9917
7·1271

0.1308
0.1411
0.1512

2807·9
2877·0
2945.2

3069.5

3IS9·)
)247.6

320
)60
400

0.1611 '301}.4
0,1757, 3116.2
0.:85-3 "3'~~.~

0.1996
0.2091
0.2232

7.7024
7.80)5
7.9487
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520 0.04313- 310~·7
~60 0.04582 3:78.7
600 10.0484532S4.4

2845.7
29199
2992.2

3351.8
3462.1
3536.6

2863·8
2946·7
3025.7

3330.1
3443·9
3520-4

2896.1
2984.4
3068.0

3149.0
3228.7
JY.J7.s

3425.2
3503.7

3138.3
3246.1
334804

3447·7
3545.3
,3642.0

3738.3
3882-4
3978.7

3117.2
3213.6
3307-1

500 0.03643; :3099.5 .13G45·3·
5.,40 0.09145 3171.1 '3536.9
600 '. 0:098&s .3279.1 ,:3~74.4

6.0701
6.2568
6.4553

6.6215
6.7690
6.9041

7.0901
_7.2056
7,)6~8

7.4720
7.6198
7·7141

0.04331 2811.2
0.04739 2892.9
0.05122 2970.0

0.05665'" .;] '8:t!2
, ••'I' .,I ~

~. I",,,,' 0.06015 '~~'1
. ,;. o.CIb.53..S ~ ii~.M.:9

0.06859
0.07352
0.07677

,
I'

3341.0
3453.1
3528.)

3318.9
3434.7
3512 .1

3071.1

3'77.2
3277,3

Tables in 51 Units 897
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r I' U h

,~..._....~.!~~....kJ/~~" .. ~J!.~...~...~!/~.',K
p = ~o bal = 4.0 MPa

.._ V~~?5.~:f9 ,
0.04978 2602.) 2801.4
0.05546 2680.0 2901.8
0.06199 2767.4 3015.4

sat,
)60
400

0.01426
0.018n
0.02108

2868.6
2962.5
)049.8

3723-7
3870.5
3968.1

o
~"Sat.

280
320

360 0.06788
400 0.07341
440 0.07872

640 0.1037
700 O.UIO
740 0.1157

3766.6
3905.9
3999·6

" u h s
.....__ ,~~!.~~ k!.L~L, I<.!!.~.~..-. ,~I kg- - K

P =' 60 bar;; 6.0 MPa

...Jr.':';!.:::. ~.!.~A:!~J.
~.~~;~~-- ->\1'589.1 '2784.3
0.033i7 ~60S·2 2804.2
0.OJiS76 <2720.0 2952.6

5.8892
5.9252
6.1846

6·3782
6.5408
6.6853

6.880]
6·9999,
7.1677

7.2731
7·4234
7.5190

p = 80 bar = 8.1> MPa
(1.., ;; 295.1>6"C)

Sat. ~'.~;3·5:~~";,~~~.8·"';;;5'8:~'--,~;ijji-~
320 0.02682;..:.~~ ..r: 287].~. 5·94139'
3pO '.,0~3089' '=772.7 ~3019·8 ..t ~ •.._

......... __ -- _-_ ,..
P " Ill> bar = n.o MPa

,~T~~..~y~:!~~9....
251}.7 . 2684.9
267804 2895.7 ,
2798:'") )051.3

400 0.03432
440 0.03742
480 0.04034

640
700
740

0,05102
0.05481
0.05729

3178.7
3293·5
3401.8

3506.2
3608.3
.3709.0

3858.4
3957.4

6.3634
6.5190
6.6586

6.7871
6.9072
].020:.6

7-1283
7.2812
7.3782

5.4924 "-
. 5,836~ •. !,

6.0147 •

6.2586
6.4154
6·5555

6.6840 -, '
6,80"37'
6.9164

+
7·0'31
7.1687
7.2670

3142.2
3264.5
3377.8

34S6'"(j'
359'.1
3.?9~,ll

)846.2
3946.7

P = '~I> bar = 14.0 MPa.. __ _y:~~..':'.~~~!.f9.... .
tI.i.>1I~9·~ ,,;,'476,8 .2637.6' ~ 5.371i
"o,o-''4~~' 2617-4 2816·5 '5,6~0i?-'
0.0172 27£9'9 )CO II!!' '-5:9448

6.1~74
6.3143
6.4610

6.59 i
6.7172
6.8326

6·9939
7.0952

440 0.02355
480 0.02576
520 0.02781

560 '0.02977 '
600 0.03164
~~o.·0.03345
700 0.03610
740 0.03781

..
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TABLE A-4

(Continued)
.. ,.'~""""" ......,_ ..._ .•.•..•.,... , .............. - .........-.- ...................... '.' ..."'" --' ..-._-_ ........... " .................. ".,.-,., -,.- ..-_ ............
T ~' u h 5 [] u h
-c ".•!!12(kg kJ!kg kJ/kg kjf kg • K ill' f kg _.... kit. ~~...... ~!!.~.g_..-__..k.lJ._k.g.•~•.K

•••._...••.•• __••, •• ,~•.•••••••••••• ,. n.,,",," .•_•••. _ ••.••••••••• ~••••.••••••••• , ' ••• ,.••.• -

p = .60 bar = 16.0 MPa P '" 1110bar = 111.0MPa

................. '-, (r"".~,3~.?~f~L, ..y...•...::}.~?:.?~~.9.......-......--....-
0 Sat. 0.00931 2431.7 1580.6 5:.1.455 0'1!°749, 237~·3 ~509.1 5.1044.z:

360 0.0110S 2539.0 2715.8 5.4614 0.00809 2418.<;' ~564.5 5·1J22
400 0.01426 27'9.4 2947·6 5.8175 0.01190 2672.8 2.8'81.0 5.6887

440 0.01652 2839.4 3103.7 6.0429 0.01414 2808.2 3062.8 5.94211

480 0.01842 1939·7 3234.4 6.2215 0.01596 2915.9 3203.2 6.1345

520 0.02013 3031.1 3353-3 6.3752 0.01757 3011.8 3378.0 6.2960

560 0.0217,2 3117.8 .);65.4 6.S'1) 2 0.01904 3101.7 )444:4 6.4392

600 0.02323 3201.11 357~·5· 6.6399 0.02042 3186,.0 3555.6 6.;626
0.Oi46,

-; :1663.6 6:6905640 3284.2 3678.9 6.7580 0.02174 32]2.)

700 0.02674 3406.0 3833.9 6.sn4 0.02362 3396.) 3821.5 6.8580

740 0.02808 3486.7 3935.9 7.0151 0.02483 3478.0 3925.0 6.962)

+
, __ •• _, ••• O& •••••• _ •••• , •• ,_, •••••• ,_ •• • __ ._.~ ••• ._ ••• , •••••

P = 240 bar = 24.0 MPap = aoo bar = 10.0 MPa

_..~T•••__::'}~~.:~~::!',,--.
Sat: ,O'0058j,2~9j:D 2409.7 ,4.9169
400 ':O:~0994"J :'26i9::3 2818.1 ::5·5~40
440\, .~,d#'p312771i:9' ,3019.4; 5~8450

.•·.4 •• -

0:00673. ,24'77.8 I 26394 ~·~393
O.9c?9J9~ .~27DO.6~ !129~3_.4 j r 5.6506 +480 0.01399 289U 3170.8 6.0518

520 0.01551 2992•0 3302.2 6.1218

560 0.01689 30115.2 3423.0 6.3705

~oo_~0.01818 . ~fi7.f,o~ 3537.6 '·6·5Q~6

~40 0.0194~ 32(,O:~ 364B.l~ •.,6.6zfl6 '

700 ".<>211) 3386.4
-'13809.0 6,7993

740 0.on24 3469.3 )914.1 6.9052
800 0.02385 3592.7 4069.7 7.0544

0.01100 28)8·3 3102.3 5.8950
0.01241 2950.5 3248.5 6.0842
0.01366 3051.1 3379.0 -6.24411

-, ~ 0.Oi4ih "~4 - 35~~' , .~
- 0.015118 ~3S'·5 3616.7 6·5t):4
0.QI739. . 3j66.4· 378).8 6.6947

0.01:835 3451.7 3892.1 6.80)8
0.01974 3578.0 • 4051.6 6·9567

.' ._"_,,.t!. "':'}~~ _b.a!..":..~~.:~.~~~ ' .
400 ';0.(0)8) ;2123.5" 233':'7 4.7.w4
440';;:,:a.o071.i l613.~ 2812.6 5~4494
480. 'J o..oO:~ ~2780.8f 3~18.5 '5,7446

.. Jl.":.~}?..b.~.r,~..3~:.0..'AP.a_ .
.0.00236 ~1980.4'\·205S.~.jI ~ '4,jf~3<
0.o054~ ;;509.0 ~6i1;.ci~·5'Ui7:-
0.!W722 27 8.1 29119:2 515968'- 'I _" __

0.(085) 1860.7 3133.7 5.8357
0.00963 2979.0 3287.2 6.0246
0.01061 308S.3 3424.6 6.1858

0.01150 , .-j'18.r5 -
6.01n3 33lS.4
0.01350 34j5J9

520 3192.) 5·9566
560 3333-7 6.1)07
600 3463.0 6.2823

640' '0:'~11!8 6.4is7
700 ij.01473 6.60'!!9

740 0.01$58 6.7153

800 0.01680 3563.1 4033.4 6.8]20
900 0.018n 3774·) 42911.8 poB4

3S5~·5 6.J29~
3732,8 6.52IJ3
;i847.8 6.6)6,

401S.1 6.7966
4285.1 7.0372
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TABLE A-5

Properties of Compressed Liquid Water
•• ~•.• __•. _•. ._ .•• I •• i •• '. '0' •• "•••••••••••• -••• ,. " •••. - •.• ~-., , •.• ~ •• ~•• , ••• ' ••• r ••••• "•. __.. 0•.•• "'., ."-'-0" .•.••• "-, •••••••••••• - •••••.•• --_ .•.•••• ", •• ,.,-,.

t

r l' X 10l U h s

.·S........~!.~~.........~J!k.!:., ....... ~I~.~..... ,~!/kg . k
P = 25 bar = 2.5 MPa

...........y.."",?~~:~;?,:9..
20 l,0006 8~.Bo 86.)0 .2961

40 1.0067 167.25 169.77 .5715
80 1.0280 n4.~9 336.86 1.0737

100 1.0423 418.24 420.85 1·3050
140 1.0784 587.82 590,52 1.7369
180 1.1261 761.16 763,97 2.1375

200 1.l555 849·9 ~52,8 2,3294
220 1.1898 940.7 943-7 2,5174
Sal. 1,1973 959.1 962.1 2·5546

........................ -. ........... ~~..~, ..... ,....~.... ,
p = 75 bar ~ 7·5 MPa

...... '..... ,.. ,.... ,.. {.~!"'..~.29.,":.5f9,...
20 ,9984 '83·50 90·99 .2950
40 1.0045 1~6.64 ,174,18 .5696
80 1.0256 333,·15 34~84 1.0704

100 1.0397 416.81 424.62 1.}011

140 1.0752 585.72 593-78 1.7317
180 U219 758.13 766.55 2,1308

'220 1.1835' 936.'2' ' ,945·1'.- 2.5033,
t.2~6 1124.4'

't 1: ~

,~.Z.B7,~}260 il~J4.0 .~ " 1.3677 -Sat ·128l.0 '1292.2 3.1649

" ;, ISO bar = 1~.OMPa
'''"' (,!':':'_.=.. 3:r:~;~.f9....

20 .9950 83:06 97.99 ,,2934
40 1.0013 ,165:]6 180·78 ,566~
80 1.0~22 ;331.48 . 34_~.81 1,0656

100 1.0361 414.74 430.~8 1.~955
140 1.0707 58~,66 598.72 1,7242
180 1.1159 753·76 770.50 2.1210

2.10 1.1748 ' 929:9', 947.5 2.4953 .
i60 ;'1,2550 1"4.6 ll)V, 2.8576 "'

•..• 1 -

1316.6 1337·3,. ' ').2260 ~300 1:377°1
Sal, 1.6581 1585.6 1610·5' 3.6848

,-" ............... " .. , .0 •• ' ••• ............ ,
?._~._.~?~.~,~~..:=_.~.,,!:-~1l

20 ·9907 82,47 107.24 .2911'

40 ·9971 :164.60• 189.52 .5626
100 • 1;0313 412•08 "4)7,8S ,.1.288,

200 1-1344 834.5 862.8 2,2961

300 1·3442 1296.6 1330.2 3.'900

1.: X to} U h s

___._.JTl.~!.~.'f"". ".kl/.k~,."".~J{~.,.." ,,~!!.k.L.~.
p = sa bar = 5.a MPa

,,,..~!'."'_~_?~}~~f9.,,.._.
.9995 8).65 88.65 .2956
1.0056 j66.95 171.97 .5705
1.0268 333·72 338.85 1.0720

1.0410 417.52 422.72 1·30}0
1.0768 586.76 592.15 1·7343
1.1240 759.63 76P5 2.134'

t.tS30 848.1 853·9 2.)255
1.1866 938,4 944·4 2.5128
1.2859 1147.8 1154,2 2.9202

..-., ..",..""p""~'~oo"b;;r";;;~~:~"MP~'
'"."''"'".""."'""__..(!.!~..~.3~~.:~~.9""...."""."'"".."."'.,
.?9?2 8).36 93.33, .2945
1.0034 • '166·35 176.)8 ·5686
1.0245 332:59 342•83 1.0688

1.0)85 416•12 426.50 1.2992
1.0737 584.68 595.42 1,7292
l.1199 756.65 767.84 2.1275

1.1865' : ·l93~ )1'45.9', , ~,5039
1.~64S ,.'1'111.1 jI33:.~ "1 ~ 2:8699

, 1.4Sl4 .' . ;393.0 .1407•6 -. '- 3:3596

p = :>00 bar = ~a.o /¥IPa

'"," lr.~::=,"~~~:!,~:9._,.."."" .
82.77. 102,62 .292)
i6S.17 185:16. .5646'
)3<!;40 ,35°.80' 1.0624

.9928
.. 9992
I.O~99 '

1.0)37 413.39 4)4.06 1.2917
1.0678 580.69 602,04 1.7193
1.1120 750·95 773.20 2.1147

1.t69) 9;5.9 ~~949,3 .f • ~;(t870
.1.2462 1108.6 ll,p3.~ • ;-Z':84s9

1·3596' 1306.1 , '1333,3 d21m'
2.°36 1185.6 ' .iii26.) '"41_0139-.

·,·.:.:·::·.:.:,:·::-p.:·,~:~~::~~r:~:~~:?~:~'Pa.:::::::.~:::::~::
.98805 8i:17', ~ 111.811_' 'j .7899
.9951 164.0.r '193.89~ ".$607
1.0290 '110..78 441.63;" 1:284-1

t.1)02
1.3304

865.3
1)27.8

2.2893
3,1741
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Properties of Saturated Refrigerant 22 (LIquid-Vapor): Ternperature Table
•••• •_••_•••••• ,••••~•._I'_ •••• _.~••••••• n •• •••u ••••••••..•.,•.•••.•.•'·' ••'n.'·.··· ..........,.. -.....__ .. ....•. __ .....". .,......... " .......... " ..,.

·······r·········SpeclficVolume Inrerna lEn ~rgy Enthalpy"

"""." .....;(~~~~"......m'/k! "."".......~y~......"".""... kJ/kg............... ,.......- ........ ,....

:,~i:'dI,;::.Sat. Sat.. 'Sal. Sat. Sat. Sal. Sat. i
Temp.] Press. liquid Vapor Llqu rd Vapo r vapor Liquid Va POI Temp.

"C bar ._.~~,..2..1~~~",_,.......~I:~,........,..~"...~"..."..........~L..... """ ..h~...... ...,"'- .-~~.., , ...... ." .....~'"....... -c
......... ],.,., ... , .•.,"~.,.-,-... ,
-60 " 0.3749 0.6833 0·5370 -21.5'7 203.67 -21·55 245·35 223.81 -0.0964 1.0547 -60

-50 0.6451 0.6966 0·3239 ~lo.89 ~07·7° ~,0.85 239·44 2~8.60 -o.04~4 l.0256 -so

-45 0.82.90 0.70)7 0.2564 -5.50 209.70 -5·44 236.)9 2)0.95 -0.02)5 1.0126 -45

-40 1.052:1 0.7109- 0,2052 -0.07 2h.68 0.00 2)3.27 2)3.27 0.0000 1.ooqS -40

-)6 1.2627 0.7169 0.1730 4.29 21).25 4-38 230.71 2)5.09 0.0186 0-9\114 -36

-)2 1·5049 0.7231 0.1468. 8.68 214,80 8,79 228.10 2)6.89 0.0369 0·98~8 . ~32 N
N

-)0 1.6)89 0.7262 0.1355 10.88 215.58 11_00 226·77 2H-7S 0.0460 0·9787 -30
iI=:

-28 l.7819 0.7~94 0.1252 1).09 216·34 13.22 225·43 238.66 0.055i 0.9746 -28

-26 1-9345 0.7327 0.1159 15·)1 217·11 15·45 224.08 2]9·53 0.064, 0·9707 -26

-:12 2.2698 0.739) 0.0997 19-76 218.62 19.92 221.]2 241.24 0.0819 0.9631 -22

~20 2.45)4 0.7427 0.0926 21.99 219.37 22.17 21".91 242.09 0.0908 0·9595 -20

.~~t8 ," ~4.2) -220.n 24.43 218.49 242.92 'J.0996··
~~~

;:-ltl

~~";;-!6:1" L' 26.48 '220.85" 26.69 217.05 243·74 0.1680\ 0.9. ~ '.i;, -16
2S})': 1'2;;'.58 . '~~28.~7 244.56 O.llt,~.

..•. ~ l'..•••'{'

215.59 0.9~9~·: . -14

.; \-!.1l ._~·3t.oo~ ':i~2::lO' }1,25 :Z14-11 245.)6 o·llS~ 0"9457:', ''''''-;12
;" ~~.... ,,: . 33:21'1 ~I~._.:......,#.6- r- ...•~j' •• ~

~~10 ..
"/~2).o2f. , ¥33-54 .212.:62 246.15 0.~)45 ;'D·9424~ '-10

-8 ).8062 0.0610 35·54 223·73 35·8) 211.10 246.93 0.1431 0.9392 -8
-6 4.0777 0.0571 37.8) 224·43 )8.14 209.56 247.70 0.1517 0·9361 -6

+ -4 4·3638 0.0535 40.'2 225.13 40-46 208.00 248.45 0.1602 0.9330 -4 +-2 4·6647 0.0501 42-42 225·82 42.78 206.41 249.20 0.1688 0.9300 -2

0 4.9811 0.0470 44.73 226.50 45012 204·81 249·92 0.1773 0.9271 0

; 203·18 25u.64

4
201.52 251·34

(, 19<)·84 zS2"n)

s 198.14 :;'~~·7(r

-to 196.40 • ~5].35

u 7.2)07 0.8066 (.i.0)26 58.77 2)0.)8 59·)5 194.64 253·99 0.2276 0·9102 12

16 8.1268 0.8162 0.0291 6J.S3 2)1·59 64.19 191.02 255.21 0.2442 0.9048 16

20 9.10)0 0.826) 0.0259 68·33 232.76 69·09 187.z8 256.37 0.2607 0.8996 20

24 10.164 0.8)69 0.0232 73.19 233.87 74.04 183.40 257·44 0.2772 0.8944 24

28 11.31) 0.1:1480 0.0208 78.09 234.92 79.05 !79·37 258-1+3 0-2936 0.8893 28

i,2:556 .• 0:8599. ~().iI186
-r- -F:;" - . -

32 ". 84.14 175.18 i}S.~2 ()··3~i)\ .-0."8842. I,··n
13i91 ,~.~1i~

.•. ~~.
3~. ;

. tr.01611 -_ 89.29 170.82 260.11 0.)265 0.879'0- ~')6
-' O.j4~·~

\ ....
40" ~q,l•...: '0:B8"58 p.OI)! 94-53- 166·~5 250.79 0.8738 '4!l
45ot' 17.298 0.9039 ,. O.OI)·~ 101_11 160.24 26'.46 -b.~635 0.8672 45

50 19.4ii . 0:92JlI . 6_oi16 108.06 15)·84 261.90 0.384' o. 60) 50.

.r6~
~.. -

0.Q'lt!9' In.)S 139.61 261.96 0:4264 O.!l4S5 6024.281 0.!I?()5k

Source: Table. "'1 through A-9 are calculated based on equattons from A. Kamel and 5. W.Beyerlein. HA fundamental E,!uation ror
Chlorodinuoromethane (R-n)." fluid Pha.e Equilibria. Vol. 80. No. n. '992. pp. 7,-86.
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Properties of Saturated Refrigerant 22 (liquid-Vapor): PreSsure Table
". "..........•... , - -_. __ ' ,..' - , ,.- , -- , .

5p ~dflc vo ',ume In t ern a1 Energy Entha tpy Entropv

Press. I Temp. - ..,..,~.,.·~,X""q,~.~.\l:,~.m...,.'/,.k.,g"""·.·,·"~.·~."':':•.~.~.r.·.·,·.·.·.... ·.·.t..·~u:'"l..;,d".!<l... /.lkg.·.·.·.":_S.~~:"I"~.: '... · .. ·~~i;~·....·..:~::~... v!;~r ·~~q~i,:J.~g: :~;~';''-
bar " :~ ....•.... ,. IT ~ ••••.•.•• !!.'... .....•....... ~, •.............. ~.~ " ~}'- ,.~L ..
a~:to - 58.86 0.6847 0.5056 -";ib.'36 204·1) - 20.34 :244.69 n4.36 .l·b.0907 1.0512

0.50 =5~.83 0.6901 0.4107-16.07 ~oS·76 - 16.03 242.33 226.30 ~ 0.0709 1.039'
0.60 -;~i.ljo 0.6947 0.3466 -':;:·39 207·14 -u.n 240.28 !l27~93 -0.0542 \,.nZ94
q-lo -48-40 o.~89 0.300}' -9.17 208·34 -9,':'; 2)8·47 :1:19·35 -0.0391 i.(21)
0.80 -45.73 0.70z.§ . 0.2650 -6.z~ 209.41 -6.2} 236, 4 2;10.61 "- o.o~ 70 1.6144
0.9(1. -4),)0 <I.7£4t :0.2374 -3.66' no.)]. _- 3.60 13~·34 '1J}'74 -0.0155 1.0084

1.00
1.15
1.50
1.75
200

-41.09
-36.23
- 32.08
-28.44
-25.18

0.7093
0.7166
0.72)0
0.]287

0·7340

-: 22•.22 '0. i389
;""'9.~1' ,. b~?436
; ;"iT.'6b . 0.'1479
\~~l.16\, .,.0.f521 ~
t-i.2.,46 C-:'7s61'\

0.7599
0.76)6
0.7672
0.7706

0.7740

3.50 -10·39
3.75 -8.43
4.00 -6.56
4.25 -4·78
4.50 -3.08

'iti'!f.S ft~ ~1\~ , .}3
0'5:00 .' 6.12 t 0.7805 .
~t1z5'~"';.1:63 r Q.78)6

5.50 ).08 0,7667
.:S:75 '" 4.49 0.}-897"

6.00

7·00

8.00

9.00
10.00

12.00'"
~a
14.~O
'1'&.00 '
18.00
20~0<i~
24·00

5.85
10.91
15.45
19·59
23.40

1'0:25
]05.2~

41.73
46.69
5't.iZ6

59·46

0.7927
0.8041
0.8149
0.8252
0.8)52

, 0.8546
10.813-'1 "
"0.891~
,0.~164
0.~291
0·9677

~1.26

4.04
8.60
12.61
16.n

211.25
213.16
214·77
216.18
217·4~

-1.19

4.13
8.70
12.74
16·37

177.04
170.4ij

'164.21
156,13

IF:'7
140.43

233·95
2)0.86

228.15

225·73
n3·S2

212.91
211·42
209·99
208.61

207·27

105.98
204·71
iO)'4B '
'202·28
zcr.n 1

199·97
195.60
191.52
187.67

183·99

232.77

234·99
236.86
238.47
239.88

~24r.!5
j4:1;211
'i i43.33
I P\, i'

244'...29_
245:1$ ,

146.00
246.77
247.48
248.16
248.80

249Atr
249.97
"-50.51
_51.02
i51,51

251.98
253.64
255·05
256.25
257.28

2511;~
26[1.16

261.04
161.64
261.98
?61.99

-0.0051
0.0175
0.0)66

0.0531
0.0678

O~9
,0.0930

?1040
o.tl~3 '1
O.12~81

0.1328
0.1413
0.1493
oclS69
0.1641

.,t11~

0.1~''7?
0.18,1!

0.1903
').1~62

0.2019
o.n)1
0.2419
0.2591
0.2748

EQA

Press,
bar...,...., ....-.;-
0·40
Q·50
~.60

0.70
o.eR

-~O,90

1.00
1.25
1.50

1.75
2.00

0.9431
0.9399
0.9370
0·9342
0.-9316

0.9186
0.9117
0.9056
0.9001
0.8952

3.50
3-75
4.00
4.25
4.50

~:
50o
5.25,
5.50

H5.

6.00
1.00
8.00
9.00
10.00

+
19.51 218·5]. 19.67
22.5lj; 219.55 n.li
25.j6 _ ~ '2lIJ~!:I. I, 2,.56
21}99 -'~21~34 :l' 28.:!':i.
3P~fli..i 2'.i:1,13 30'12_

0.2152
0.1746
0.1472
0.1274
0.1123

,O.IOllS
. 1°.0916
'?,0831
0.97~{A :.

rfO·P709 ' "
0.0661
0.0618
0.0581
0.0548

0.05'9

O. _'92

0;0469
00447
'~.b4i7

"-'0.0409

0.0)92
0,0337
0.0295
0.0262

0.0236

'.6.0195
0.0,166
O..?l¥l ,
0.0127
0.0112
0.0091

32.82
35.06

37.18
39.22
41.17

43.05
44.86
46.61

" 48.30
4<;i·.!1.{1

51.5)
57.48
62.88
67.84
72.46

80.87
88,45
95,41

.' 101.87
107.95
119~:4

222.88

223·58
224.24
224·86
225·45

~'.?-6R
~26·54
::'27'0~
227·5)
227·~9

n8'44
230.04

231·43
232.64
233·71

235: 8
236.~.
238.00
238.86"
239·S} -
24o.:i~

33.09
35.'34
37·49
39·SS
41.52

43·42
45.25
47.02'
48,74

50.40

5i.Ol
58.04
63·5'3
68·59
73·)0

8I.90
89.68,

-.96.83
,103.51 ,
109.81
121.56
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Properties of Superheated Refrigerant 22 Vapor.......,~,..-..
T
-c

, ,0 •• ,_.~_" "_,,,, , ••••••••••••• , •••••• , , ••••••• _.+ ., .• +_ .•. " ••• , .•. -.-'.-_ •••••••••••••••••••••••••••• , •••• ,-, .••. ,-_ ••.••.• , ,,' •• , •• '.- .•.••.•• ,

v " II c' u II

1Il~1.~~."" .•.~.Ii~ ._~J!~.g_" ~)/.~~.:_I<... , "" ~'!_~_!>_.. ,. ,,~.I.~~ klfk,!:..•......~!!.~~.:.~
p == 0.4 bar = 0.04 MPa P = 0.6 bar=' 0.06 MPa
, .. <'T~,.!..= :-:?1i:1I6~9 " _J!.~!!..= :-.~.~:.4.?,:~L .
204,13 214.36 1,0512 f1.34656 207.14, 227·93 ·'.0~94
205.92 226.53' 1~o612 T

~08.26 229.38 1.074' 0;34895 :lo/,,80 2:1,8·74

210.63 232.24 1.0868 0.35747 2)1.65
213.02 2)5") 1.0993 0.36594 234.58
215.43 238.05 1.m7 0.37437 237.52

:i1;h8S 24-B,119 ,,1.lhi , '0.3B2nri4;iW
220.35 Ut3.95 ' 1.136'0 b'~9fj4 143·49
22.:1.":85 2':'(,95 •J,1479 .0-39948 24P·Sl

225,3B 249.97 1.1597 0.40779 225·08 249·55
227.93 253.01 1.1714 0-41608 227.65 252.6~
230.52 256.09 I.l830 0.424)6 2)0.25 ~55.71
23).13 259.19 1.1944 0-43261 232.88 258•83

1.1196
1.1)14
1.1430
1.1545

0·50559
0.51532
0·52787

1.0459
1.05B6
1.0711

0.54037
0·55284
0.56526
0:5:,-j66 '

0.59002
0.60236 .

0.61468
0.62697
0.63925
0.65151

0;: f.(8)5

1.0956
.1.10~7

-s
o

$;it.
-·~·S

+
-40 +-35 1.0187
-30 1.0313
-25 1.0438

1'D20 :n.~,06 1.0560
-IS l49·1) 1.008.1
-10 252.2~ 1.jO!.Q~

-5 0,;1690 255·34 1.1143 0.25241 229.71 ~54·95 1,0919
0 0.32315 258-47 1.1259 0.25747 2)2.;6 258.11 1,1035

s 0.)2939 261.64 1.1374 0.26251 235.04 261.29 1.1151

lO 0.33561 264.83 1.1488 0.26753 2)7·74 264.50 1.1265

.--..--.--.- ....~........ ,............. ,.~..~-...,.--~....-.-,- __••••_,•.••.•••••.••••• ,., •••••,.~•••••~.I., ••_••.••_••_•••••••.•, ".' ••'U

P = ~·5 bar = 0.15 MPa p = 2.0 bar = 0.20 MPa

_..(.!~!:..:l~:.~:.9..._ (T••• = -25.18"()

Sat. D.l~721 iI4:~ 236.86 ,o:9l!30 O;r1'23~21 -;;.;-:!~..."'i'"t~~8".t"~:;(;;';"';
flO .0.14B72, 215:85 ~)8:i6. 0:9883

..,;; -.:"; • 0}

':',25 0.15:l3Z" 2,B,45 241.)0 1.0011 211°,00 0.?~6

-20 0.15588 221.07 244·45 1.0137 243.2) 0.9825
-'5 0.15941 U)·7° 247.61 1.0260 246.47 0·9952
-10 0,16292 226.35 250·78 1.0)8z 249.72 1.0076

.-5 0.16640 229.02 2S3.9§,~ '''1.0502,
f- • 228.Jo 25~,97 t:0199 .

0 -0.169B'7· 2)1.70 257,18'~ 1.o6n 231-03 256.2) HI)10

5 0,173)~ 234.42 .~60.41" 1.0738 23).]8 ~5Hl 1.04)8

10 0.17674 237.15 263.66 1.0854 0.131)2 2)6.54 262.81 1.0555

15 0.lB0I5 2)9·91 266.9~ 1.0968 0.1))9) 239,33 266.11- 1.0671

20 0.18355 Ut2,69 270.22 1.108, 0.1)653 242.14 269.44 1.07B6

25 0.IB693 245·49 273-53 1.u93 0.13912 244·97 272.79 1.0899
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TABLE A·9

(Continued)

AJsersluser-s1461OesktopIMerl'Y_X•Mas/New I

........... __ ,- ~, ,.. , -.- ,.,.,.,.- - ".., ~,." , ""' ..' .- , , -.--,.,-"
r" u h 3 "u h 3

5 ~.?k.~., ~V~ ~!!~.~~!!~~.."K ~-'!.~g kJ/~~ k!/~ ~!/.k~.:.~
p = 2.5 b:ar = 0.25 Mila P '" 3.0 bar = 0.)0 MPa

..........__ (:.~..:;.::.~~:_~~~.9,". __..y~..~.:_'.~:~.~.':9.
Sat. '0.09097", 219.55 ~42:29 0.9586 0.07651- 221·34 244.29
-15 0.(9)03 222.0) 245.29 '0.970)
-10 0.ii9~a 224.79 248.61 0.9831

227·55 251.9) 0.9956
2)0.)3 2S5.26 1.0078
2)).12 258.59 1.0199

J;61.93 'I.CpI8"
~ .2\)-'" :JI:0436
'268.f!6 .• 1,.0552

1.0666
1.0779
1.0891

I.ID02

0.09751
0.09971
0.10189

244.44
247.31
250.21
25)·13

272•04

275·44
278.86
282.30

-.:, 'r

0.(78)3

0.08025
0.08214
0.08400

0.08585
0.08767
0.'08949

0.09128

0.09307
0.09484
0.09660

-5
o
5

25
)0

35
40

0.11043
0.11253
D.1U/61
0.11669

247.46

250.86
254.25
257·64

261:04
264.44
267.85 _

271.28
274.72
278.17
281.6.;-

EQA

0.9623
0.9751
0.9876
0·9999

,. 1:0120
1.0239
1.0357

1.0472
1.0587
1.0700
>.081l

...•.........._., , ' .•......... '_.. 1---·····.···, - -..-,··
P = 4.0 bar = 0--'1"MPa

(r", '" -6.~6·O-.~:~·;·8~i--~H·,ii·:;4··'-;4i,ifi'" ··..6~~~~:..
~I

0,05860 ns.16 248,60 0.9411 ,

0.06011 228.09 252.14 0.9542
0.06160 2)1.02 225.66 0.9670
0.06306 233·95 259.18 0·9795

0.OOli50 :lJ6.89 262.69 0[9918
'0.06592 239.8) 266.19 1,003~
0.06733 U~.77 2~.71 1.0158

0.06872 245.73 273·H 1.0274
0.07010 248.71 276.75 1.0390
0.07146 :151.70 280.28 1.0504
0.07282 254.70 28).8) 1.0616

)0

35
40
45

251.20
254.23
257.28
260.34

40
45
50
5S

263:57
i67.0l
2]0;50

273·97
227-46
280.97
284-48

279.59
283.17
286.76
290.36

0.9700
0.9825
0.9948

1.01)69
1.0188
~1.0305 L

1.0421
1.0535
1,0648
1.0759

1.0374
1.0488
1.0600
1.0710

22).96

226.78
229.6\
2)2·44

2)5.28,
238·14
241.01

243.89
246.80
249·72
252.66

+
.......... - -, ,_.,'- ,-~~, , ,.~-.

p '" ~.o bar = 0.50 MPa
(Too< '" o.noel

.~:~;686·r·;~6·:S4···-~49:-;i7" ····~·:9~6-9··

0.04934
0.05056
0.05175

0.05293
0.05409
0.0552]

0.056)6
0.05748
0.05859
0.05969

229·51

2)2·55
235.57
2)8·59

241.61
244.63
247.66

250.70
253·76
256.82
259.90

253·57

257.22
260.85
264.47

268:~7
.271.66
'275.28

278.89
282.50
286.12
289-]5

O·?399

0.9530
0·9657
0.9781

0.9903,
1.0023
1.01~1

1.0257
1.0371
1.0484
1.0595

...... -.--_... 'p";;' '~-:S'b~~';-';;:~5MP~"""""
{T.., =< -~."8"Q

Silt. 0:05189~' ""ii;::4'S _. '";48:8~'''....~:93~6
o 0.05275 '-~27;29 251.03' 0·9399
5 ib~oS41t <:;iJo.28 '254.63 .;0.9-529

to 233.26 258.21 0,9657
15 236.24 261.78 0.9782
20 239.22 265 ·34 0.9904

2S ' 4250 268.90 1.0025
30 245.19 27i·46 1.0143
35 0148:11' 276.02 1.0~59
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(Continued)
.• ~_ •••••••• , ••••••• _., •• _"_0'_""""'" _. .• . .•...• _ .. __ •••• o•••.••.• _ ", •• ,•.•••••.••" •._..•..•• ,.n ••'_ ••.. __.•••••••••••~•••,. -,•• " ••• r·,.,."· .'-

T " u It 5

°C "!.'~~.~ ~J!~ ~!!.~.!! ~!.Kjl:.: ..~ .
P = 5.5 bar = o·ss MPi!

...........~.., y~ ~.~.:n.!·.~L _ .
Sat !l.'J4271 1'227.53 251.02 O.92~
5 0.043'7 228.72 252 .46 0.9278
10 0.0443'3 231.81 256.20 0.9411
15 0.04547 ;134.89 ."0/59.90 0.9540

20 0.04658' 237.95 26)·57 0.9667
25 0.04768 241m 267.23 0.9790
)0 0.04875 244.07 270.88 0·9912

':."35" ~ ;""':"b4982"' 247.13 ;'74-53 1.0031
40' "0.05086 ~ . 250.~0 278.1~ 1.0148 . '
45 0.05190 253.27' 281.82 1.0"l64

50 0.05293 256.36 285·47 u>~J8
5S 0.05394 259.46 289·!) 1.049C
60 0.05495 262.58 292.80 1.0601

+ )0 0.0)73() 242.29
)5 0.0)819 245·46

, ljO ,';'o,o3Sf<l6 . , '48~~2',
t'O.'T" ~..;' .~._.. t ~ ~~.:

-AS':':' 0,p,992, 251.18 •
. SO' .iog';Ql,076 254.9lj

55 0,04160 258.11
60 0.0424~ 261.29
65 0.04324 264.48
70 0.04405 267.68

0.9619
0.9J43

0.9865
0·998.4
~.OlOl

1.0216
1.03)0
I.C442
1.0552

p = 9.0 bar'" 11.911MPa
(1••• '" t9.59°C)

;.~!~t';~· ";;t"Ir "·~S6·.-~·....~:9~·~·~
:;to " 0.026)0 .23:.l.9"l 2s6.S9 0.~013
30, '0,02;89 239.13 264.83 0.9289

40 0.02939 246.37 272.82 0·9549
50 0.0308.~ 252.95 280.68 0·9795
60 0.032'9 ;>'59.49 288,46 LOOn

J7_?' 0.03353 266.04 296.21 1.0~62
II lO.0348;1 272.6'2 303.96 1.0484•...~
SID 0.0;;1511 .;p: .2) 311.]3 l.il70!

100 0.03736 285.90 319.53 1.091)
no 0.03860 292.53 327.37 1.1120
120 0.03982 299-42 335.26 1.1323

••

0.0 Ojr' 306:i8 343[:21 1.152j
. ,()4:.l~) 3l) ::1-1 35'.22 1.1719

'150 .', 4342 320,11 3-59.29 1.1912

<' u h s
...!,,~f~ ~!/.~~,,~J~ k!/k.~:.~,

p = 6.0 bar = 0.60 MPa

........(.~,:,;,..':X~.~.:.9. .
0.03923 -~28'44 251.98 0.9186

0.0401$ 23105 255.14 0.9299
0.04122 234.18 2SK9' 0.9431

0.04227 237.29 262.6S C·9S60
0.C4330 240·39 266.)7 0.9685
0.04431 243·49 270.07 0.9808 ••••••
0.04530 246.58 273.76- °,9929 eM:

0.0"4628 ~49·6g 277.45
1IIIIji.: • ..-

1.0048
0.047.24 '252.78 ' 281.13 1.0_64

0.04820 255.90 284.82 1.0279
0.049'4 259.02 288.51 1.0393
0.05008. 262.15 292.20 1.05C4

............·p·;;; ..~~·:o·b~;':;...~:·~·;;;·p~·· , .
(T.., = 2~.40·C)

,•.••• _ •• ;0 •••••• ,~ •• ~~_.u.'''' ••'" •••••••••••-. ••••••••••••••••••••

·Q.1J23SS' . 233-7! 257.28 ~ 0:'8.952
• "1"'" .• ,,' .••.• ,

0.02457' 1"238·34 ·262·9l

0.02598 245.18
0.02732 25}.·9"
0.02860 258,56
0.o29B4~ ~6S·"1.9"
0.0)104 271.84
0.o3"l21 278.52

0.03337 285.24
0.0345C 292.02
0.03562 298.85

, -1672 3°5:74'
0.03781 312.70
0.03889 319-,711

O.~ 03l'
0.0)118
0.0)202
0.03283

O:033~3
JO:034<10
0.llJ517

0.03592
0,03661
0.03741 .
0.03814

285.92
28.9·74
293.56
297.38

271.17
279.22
287.15
295.03
302.88
31014
318.61
326·5~
334·46
342.405-
'350.5l
358,63

0.93'5
0.9448
0·9574
0.9T0(1
, C·98?1
.0.9941

1.00S8
1.0174
1.0287
1.0400

+

0·9407
0.9660
0·9902
1.0135
1.0361.•
1.0580

1.0794
1.1003
1.1207
1.t"4l!8
1.1605
t.17J,O

CONFIRMING PAGES "'iii aptaraj



I BMmdrucloTablasnSIUllits.indd Page 906 8/3/10 5:45:23 PM USBf'sl46

906 Tables in SI Units

+

TABLE A·9

IUsersluse,·sI46JOesk!oplMerry_X·Mas!Ntiw I EQA

235-48
242•63
249.69
256.60
263.44
270.25
277.07
283.90
29.e-77
297.69
304.65
3ft.68

3~8·77
)25·92
nj.14

258.94
267.62
276.14

284·43
292.58
300.66
308.;'0
316:71
')24:78
332•85
340.95
349·09
357-29
36.5'. flo
37J.~·

(Continued)
, •••• ~ ••••• ,." """'~''''' ••••••• __ ••.••• "1_ •.••• ' ••••• ~., ••• __ ••••••••• n ••••• , •••• "." .•• , •••.•••• - ••.• , ,." •• ,- .••. - •. -.- .• - •••••• ~.,., •• - .••. ,- .•~-••••• , •• , ••• ,••

T v u h:; .' u fr 5

'"c n;~(~~ ~JI..~.L ~!.~.!: ~!!.~~..:..K _._ '!1'I.k.!l" ~.Jl.~ k!.!.~ Jlf kg . K
p = 14.0bar = 1.(i" MPa

. ,..~.r~!~.3.6:?'t.9 .
0.0166~ 236.89 26a.16 0.8786
0.(171)8 239:78 263.70 0.8900
".01823 247.29 272.81 0.9186
0.01929 254.52 281.53 0.9452
0.02029 7.61.60 290.1" 0.970J
0.02125 268.60 298.34 0.9942

0.02i17~ r 275.56 306.60 1.0172~~1"~6' ~ .~'"tf~:" - 282.52, 31Jj.,~0 1.0395
.lO.~2A9} 28~,~9 .-p3.~" 1.0612
0.02478 296.50 331.19 1.0623
0.02562 303·55 339-4t t.l029
0."2644 310.64 341.65 t.l2)1

,0.02725_ 3iT·79 .355·941.1429
0.O~~5 . ]24.99 ~~~16 i.t6;lI
-6:o.~884 332.16 37~.6l1 1.1815

p =- rz.o bay = 1.20MPa
.....c.~".~~.O.:~5.~9 ' ..

0.8864
0.9146
0·9~13
0.9666
0.9907
1.01)9
1.6)6)
1.0582

1·0]9l1
1.1002
1.1205
1.1405
'1.1601
1.179)1'
1.1983

. "'.'~~...

Sat.
40
So
60
70
80

9?
100
110
120
130
140
150
t60
170

0.Ql955
0.02083
0.02204

0.02319
0.02426
0.02534
0.026J6
0.02736
0.02834
0.02930
0.0)024
0.0)118

0·~3210
0.03301
0.03392

•••••••••• , .••.•••..••••• n •••••••• ,· •• ,+.·.·.,. '.""'_.h_'" .. , •..•

P '" l6.0 bar = 1.60MPa
(T••• = 41.7]°C)

·0.014·t/O< ··;;8:~·~····~~~~·.~4)""'~:ii;~~:~
0.01533 244.66 ::'69.18 il.8971,.,l
0.Oi634 :1-52.29 278:~3 .,. .9"25.,!

0.01728 259.65 287·)0 0.9515
0."181] 266.86 295.93 0.9762
0.01901 2.74.00 304.42 0·9999
0.0198j 28[09 3·17.6i' 1.0228
0:02062 288.18 . )':11.11I 1.0~48
0.02139 2.95:28 32~.~;- 1.0663-

0.02214 302.41 337.84 1.08F
0.02288 309.58 346.19 1.1077
0,02361 316.79 354.56 1.1277
0.02432 324.0S )62·97 '1.1473
0.0150) :33 1·37 371.42 1.1666

·Sal.
{SO
""~o.,
70
80
90
100
'110
120
1)0
140
150
160
170

+I

,. :ri'
1

··..··········p:;;·~·:~·~;·;,;··~:4··MP~
(Tw' = S9..ir6°q~;;;"i~"..·;~~·:;;..··..:;6\.9·; ~;,8463..

0.0091) .24".78 26,.63- 6.84~4
0.01006 250.30 274.43 0.88)1
0:..ot085 258.89 284.93 0.9133
0.01156 267.01 294.75 0·9407
0.01222 274.85 304.18 0.9663
0.0128/,1 21b.53 31).35 0,9906•
0.01343 290.11 322.35 1.0137
0:01400. ~97.64 331.25 1.0~§1
0.01456 305.14 340.08 1.0577
0.01509 312.64 348.87 1.0787
0.01562 320.16 357.64 1.\''192
O. 1613 3~7.70 "366.41 1.U92
0.01663 3)5,~1 315.20 t.1388

Sat.
60
70
80
90
100
110
120
1)0

140
150
160

170
.l8c

0.0II211
0.c1212
0.013CO
0.01)81
0.c1457
c.01S28

c.ot591i
0.0166J
0,~1I1!-'
0.01789
0.01850
0.01910

o: i969
·r0.02027

..~',.... --.--.--p .. ~-- 2~~~'b~'r--;;.·-;~~·IMP-~--·-·'-'···'
......~~~.':':.~~.:~~~l... .
239.$t 26"i.~8 ""'6.858'6
247.20 271.43 0,8B73
255.35. 281.)6 0.9167
263.12 290.74 0·9436
270.67 299.80 0.9689
;'78.09 )06.65 0.9929

285:44 317.37' t.ar6a
292.76 326.01 1.0J83
300;£~ ~34·61 Ii'S 98
307.40 343.19 1.0608
) 1.4.75 J51.76 I.IOt3
322.14 360.)4 U214
32~,5i 368.95', 1.1.410
137.a) J77,58 1.1603
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r-ill1#·' [.•
•". r."0' " Properties of Saturated Refrigerant 134a (Liquid-Vapor): Temperature Table'f:,:~U:c~~:~~;;..··-····sp~t~~;~;I~~~.. ...'lfl'i~~~;~E;e;~".r···· ···..·{"~~t:y ·······1···· f:~t;;;py .

Temp. Press. .. ~~~;~ .. 'l~~;""..'jq~U~~~!~~;..·-~~~"~i~"1'" E~ap:· ··V~~:~·.. I .. ··~~q~it·k~ ~~:.. Temp.
. . "~ ~3.'. .'.'!..~.~?: ~! ~' U, "' . ,. ~! ~!J. ,. . ~.' ..s' .. ' $'-.. ~~ .
-40 0.5164 0.7055 0.)~69 -0.04 204.45 0.00 222.88 222.88 0.0000 0.9560 -40
-)6 0.6332 0.]11) 0.2947 4.68 206.73 4-73 220.67 225.40 0,0201 0·9506 - 36

_ 32 0.7704 0.7172 0.2451 9.47 ~09.01 ,9.5~ ~18.)7 227 ·90 0.0401 0.9456 -)2
-28 0.9305 0.723) 0.2052 Uj.31 211.29 14·37 216.01 . 230.)8 0.0600 0.9411 -28
-26 1.0199 0.7265 0.1882 16.15 212-4) 16.82 214.80 231.62 0.0699 0.9)90 -26

+

l.n60
1.2192
1.3299
1.4483
1.5748

0.]296
0.7328
0.7361
0·7395
0.7428

0·7lj98 ..
o,.7569'.:,
0.7644' .
0·772.,1,
0.780;'

0.7884
0.7971
0.8062
0.8157
0.8257

: ,oY8jti9. ;
, o~83?~
I 6.8417
0.8473
0.8530

0.8590
0.8651
0.8714
0.8780
0.8847

'0~8989
0.9142
0.9]08

f li~488

0.1068 -, )q.2~

~0.0919 "'1 39.38 .•
-;0.0]94, ·¥I.56 .,
. 0.0689 .' 49.79'
,':0~0600, '.J 55:08

0.17~8
0.1590
0.1464
0.1350
0.1247

19.21
21.68
24·17
26.67
29.18

'9.29
21.77
24-26
26.77
29.30

21)·57
212.32
211.05
209.76
208·45

205.77
·'lO).iSo
~0!P5
19pi
!94·19

1.0027
1.0766
1.1949
1·5443

0.on3
0.0210
0.0199
0.0188
0.0177

'~O.0159
I ,0.0142

t
0.01~7

~q.(lf14

0.0086
0.0064
0.0046
0.0027

117.21

"123.31
11~.5·~,
1)5~821

21)·57
21.4.70
215.84
216·97
218.10

220.36 •
222.60

224.84
2.27:1?i>
229·~7

)4·)9 .
19.54 -
'44.75"

,..:!Sp/01 .
" 55·35

100.25
10).21
106.19
109.19
112.22

166.15
164.12
162.05
15984
'57·79

, IS).))

:148.6.6
14'3-75
"1)8.57

'91.07
187.85
184.52
181.09
177.55

124.08
106.41
82.6)
)4.40

232.85
234.0B
235.31
2)6·53
237.74

240•15
242·S4
244·90
~47·2)
249·53

2SI.80
254·0]
256.22
258.)6
260.45

261-48
26~·50'
26)·5'0
264.48

465·45

266-40
267·33
268.24
269.14
270.01

,8:71.'68
'2]3.24
274.68
215·99

278·4)
279.12
276.32
25!P3

0.0798
0.0897
0.0996
0.1094
0.1192

0.1388
'0.1583
0.1777
0.1970
0.2162

0.2]54
0.2545
0.273S
0.2924
0.)113

o·)lP&
0.3)02 .
0.)396
0.3490
0.3584

0.)678
0·]772
0.]866
0.3960
0.4054

0.4243
o4tm
O.lj6n
0·4§}4

0·5302
0.5814
0.6380
0.7196

0·9370
0.9351
0·9332
0.9315
0.9298

0.9267.
0.9239
0·921)
0.9190
0.9169

0.9150
0.9132
0.9116
0.9102
08089

0.9082.
0-90]6
0,9070
0·9°64
0.·9C?58

0.9053
0.9047
0.9041
0·9035
0.9030

0·9017
0.9004
0.8990.
0.8973

0·8918
0.8827
0.8655
0.&117

-24
-22
-20
-18
-16

-12

-8
-4
o
4

8
12
IE>
20
24 +

-12
'-8"- .!

•}.~540
2.1704,.].¥

.2.5274
. 2·9~82
3·3765

60-43
65.83
]1.29
76.80
82·37

99·47
102.38
105.30
108.25
111.22

246.11
247.09
248.06
249.02
249.96

'251.79.,
:9-5 )·55
I :\'55.23
fS6.8J

I u8.::i'S t
124.58'f
13~.93
. n7·42

'54.34
172.71
193.69
224.74

.:~~
.,. 28

30
'J -r ;32

34

36
)8
40
42

44

48
'52
56
60

70
Bo
90
100

'+
8
12
16
20
24

";26 '~ ·;'r
'28
"'3'0. -;~3~.
~ 3.4

36 9.1168
38 9·6298
40 10.164
42 10.720
44 11.299

70
80
90
100

12..526
'13.:851
.IS·278
~6Jt{3 "

21.162
260324

32.435
39.742

152.Z2
169.88
189.82
218.60

Z60.15
262.14
261·34
248.49

Sou"'~: rablos A-ta through A'12 ••.•• calculated based on equiIlioos from D. P.Wolson and R. S. sasu, "Thermodyn.mlc PlOperties of a Now Stratospherlcally

s..fe War1<lngRuld - Refrigerant ',4a," ASHRAE nuns., Vol. 94. PI. 2, 1988. pp, '09S-2119.
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r'0,11i1J11
f~4j,,-r1'eLtt"v i:'~[.IOll~!
,(,;,- ~ o. lJP"

.,.. ~O" t.'pii\

.+ EQA

Properties of Saturated Refrigerant 134a (Liquid-Vapor); Pressure Table
••••• ,•., •••••••• _,•••.• ,, , _,._ •.• _._._ "._ _,__._ '.•• ,__•__•• __._. __••••••.• __•. _.. •• •• _••.• , ••••••••• " ••• ' •••• n ••• '•••• , •••••• ~•••• ,•••• ,', •• ,

Spe~lfic Volum~ int!rnal Energy Enthalpy Entropy

~ ..,.. ".,.,,~~.I.":f...'h" ••••••••••••.•••••.~f~!: ~Jl!c:.,." klf kg • K..~~~~~~i~:~~;;::'.:~;::.::..::::~~~~~.]..::;~.::.:~;L
206.12 3.46 221.27 22~.72 ~.,0147 0,9520 0.6
209.46 '''.47 217.92 n8·39 0.0440 0,9447 D.B
212.18 16.~9 2'5.06 23':35 .0.0676 0.9395 1.0
;14:50 l1.32 212.54 23).86 '0.0679 0.93S4~ I,U

'f~

216.52 ~5.77 210.27 2)6.04"" 0.10S5 0.9322 • ".1·4

Sat. Sat. Sat.
Press. Temp. Liquld \'11\>11' liquid
bar -c ,...~.!..~...~~:-,.."....5......."....~!.....-_ ...............
0:6 -37.07 0.7097 0·3l.tib ':3:ijl
0.8 -=)1.21 0.]184 0.2366 10·4l
1.0 -26.4) .0.ns8 :

,
16.220.1917

'1.2 -2~.J6 • O;73~J O.i?14 ••21'~3
14 -18.80 0.73.81 '. ~~i.)95 ~ 15.66

1.6 -15.62 0.7435 0.1229 29.66
1.8 -u.n 0.7485 0.1098 3)·)'
2.0 -10·09 0.7532 0.099) )6.69
2·4 -5·)7 0.7618 0.08)4 42·77
2.6 -1.2) 0.7697 0.0719 48.18

..", '3,2 2.48 0.7770:. ..o.063~ 53·06
I~

'.,
(\;3.6 ' 'c·,t·;$~~;.' ~7M9! 0.0564 - ;S~,54
~ I, ..••• ..~790M ,D.P509 .ca:: ['4.0' ".,';8.93 :f 61·69
"5.0,1.

• -:.r ~ ,_ I~. ' t" .~.io.~3. ':,1~:14!.1,:;'0.8°SIi .: (1·0409
.•.•,I. ""k 0::"*

. "tt'. ~ ~ lIt;..- •

.,.;- ;...~ t 1 ,,-,t2,H~_' >;,O.8196:t· 9,~034V~ ~M:~·99

7.0 0.8326 0.0292 86.19
6.0 0.8454 0.0255 92.75
9·0 0.6576 0.0226 98.79
10.0 0.6695 0.0202 10442
1~.0 0.6928 0.0166 114.69

218.)2 29,78 208.19 "2.37·97 0.1211 0·9295 1.6
H9·94 33-45 "2:06.26 239.71 0.1352 0-9273 1.8
"2.21.4) 36.64 204.46 24'.30

0.1481 0.925] 2.0
224.07 42.95 201.14 244.09 0.1710 0.9222 2·4
226.)8 48.39 196.1] 246.52 0.1911 0.9197 2.8

226.43 53.3' 1.95·35 248.66 0.2,289 0.9177."" .~.z
2)0.:28 ,57.82 "-;92.76 , 250:,56 0.?2~1 0.9160 . 3.,6

62.00 '
I',T , ,~,~ , .'.l)1.l}1 i90.]2 - 252·32' 0.;1.399 .0.9145 :~", 41~

235.64' ]1.:31 ~'184.74 . 256.07'.~ , 0-:l713'-, "O:!i117 5·0-
''-38·f4 79:48 179.07''1 .259·19,,~ '.~:2999 ()·~_o:f7.~1.• : ~.O".

241·42 66·78 175.07 0.)242 0.9060 7.0
243.76 93·42 170.73 0.]459 0.9066 8.0
245.88 99·56 166.62 0.3656 0.9054 9.0
247-77 105.29 162.68 0.)836 0.904) 10.0 +251.0) 115.76 155.23 0.4164 0.902) 12.0
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TA6LE A-12

Properties of Superheated Refrigerant 134a Vapor
~_ •• , ••••••• , •••• ' •••• __ •••• 0 •• , •• ,., ••••••• ,.,._" ••••••• - ••••••• - ••••• _-_ ••• __ •••••••••• _ •••

T " u !l 5 !' I,J h 5

..~~ , ,..~,~/.k.g ~!!.~,L,..~/.k.L ~J1.k.g. K ~!.~.~ k!/.~." ~J.~.." ~!,L~~.:.~.

1+

Sat.
-20
-10

p = 0.& bar = 0.06 MPa

..............,.....~!;".~-:.l.?:,o.t9 ..
0.31003 206.12 224.72
0.33536 217.86 237.98
0.34992 224·97 . 245·96

o
10
20

0.36433
0.37861
0.39219

232.24
239·69
'l..47·)2

254.10
262·41
210.89

30' 0,40668 255·12 •.279.53,
'40 0.421?91 2b3·io ~::88·35
50 0>4j"4S7 ·'27'-25 297:34
60
70
80
90

0,44879
0.46266
0,47650
0,49031

279.58
288.08
296.75
)05.56

)06.51
315.84
325.34
335.00

0.9520
1.0062
1.0371

1.0675
1.0973
1.1"2.61

1.l5:;7
'1.1844
1.2126

1.2405
1.2681
1.2954
1.3224

238.21
246.01
25)·96

..•~62.06 266.9f>
270.)2. ; '296.09
278.74 305.37

[sat:,,', ij.o~9~) 221~43
;:-\0 .iI.oms' 22\.50

o 0.10438 229·23

., ' n._ _•• _.__•.....•.•.......... " .. " ' ,

10
20
30

";'~o".
50
60

O.177~3
0.18404
0.19020

70
80
90
100

0.196)3
0.20241
0.20846
0.21449

287.32
296.06
304.95
)14.01

314.80
324.39
334.14
344.04

0.93:012
0.9606
{,.99"J ~

1.0230
1.05)2
1.0828

1.1120
1.1407
.t.t690

1.1969
1.2244
1.2516
1.2785

." ••'.~••'n ••••'••_.~_••__•.•~_••_._.••_.•,••.•••.••_,._.~.•••••·n •••

p = 2.0 bar = 0.20 MPa
(7", = - .a.o9"C

'-~.".'~-' ~, ......•... ,~ - ,......•................

10
20
30

0.10922
0.11394
0.u8S6

O.U31ll' ;-:Z6t.26
0.12758·269.61'
Oj32(l.! F~I!l

70
80
90
1O0

0.13639
0.:14073
0.1.4504
0.14932

2)7.05
244-99
253.06

286·74.
295·5)
)04.47
,]13·57

l41·30
241.38
2S0.10

258.89
267.78
276.77

285.88
29S.1Z•

l04.~o

314.02
323.68
333·48
343-4)

0.9253
".9256
0.9582

(1·9898
1.0206
\.0508

i..5S04~
1.1094.
~.13J30

1.1661
1.1939
1.2212
t.2483

0.19170
0.1977~·
0.20686

p = \.0 hI = 0.10 MPa

".V~..~..::-~.6.:~r9 .
212.18 231.35 0.9395
216.77 2]6.54 0:9602
224.01 244.70 0.9918

0.21587 2]1.41
0.22473 238.96
0.23349 246.67

252.99
261.43
27<;1.(.12

P.24216~ ..?5~.S~ 278.76
. O:~~~7b. ·26~.58. 2~7.66.
, Ci.'259)0 270.79 296.72

0.26779
0.27623
0.28464
0.29302

279.16
287·70
296.40
305.27

305·94
315.32
)24.87
334.57

1.0227
1.0531
1.11829

1.1122
1.1ljl\
1.1696

1.1977
1.2254
1.2528
1.2799

0.15193
0.15672
0.16148
0.16622

286·93
295.71
304.6]
)13.72

259.41
268.23
277.17

0·9998
1.0304
1.0604

-:l~.14 q;:.H~s~
295.45 1.1181:"
304.79 1.1412

314.28
323.92
333.70
343.63

1.1753
1.2030
1.2)03
1.2573

, -.-~.-~-,-' '.' ' ' - ,-, .
p '" 2.4 bar = 0.24 MPa

.g"!': ..:'" -~.:~:t9 .-
'0.06343, 224.07' 2..44.09 " O.92~2'....'..,

•.• I

0.08574

0.08993
0.09399
0.09794

2)6.26
244·30
252·45

0,10181- 2~

0.10562 269.12
• 0.10931 1 1,"l7,6

0.11)07
0.11674
0.I~OJ7
0.12398

286·35
195.18
304.15
313.27

248.89

257.84
266.85
275·95

.285.16'
294·47
Y~3·'l1

313.49
)23-19
333.04
343003

!.l501

1.1780
1.2055
1.2326

EQA
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TABLE A-12

(Continued)

EQA

'.r ••••••_••·•••• _,_·.····, •••••••••••••••••••__···.···,·,, ••••----.-.•••.••••.••••••••••••••••••••.••••-.- ..•.•..•• ".,- •••.•• ,-_ •.... ,•••••,_.•,.-••.••.••••••••••••••••••••• ,

T ~ u h I> ~'U h s
_~~., ~.~I.~."..'"._".!L~.L ~U~..- ~.J~~.g..~..~ ,,_, '!'.'.!.~g._-..".~!.!.~!! ~.!!.~~_~J!.k.~.:J(,

P '" ] z bat = 0.3~ MP~

.....~T~.~_~..1..~~.:9_ _._, .
0.0632~ 228.43 l48.66 0.9177

P = 2.8 bin = D.28 MPa
(r", = - • .lI3"CJ

SaL '~;~7'~~f"'~;i':3ii':'-;;6:;';'" ··..~:9·;9;·..
'0 '~~7~<i 227.)7 '~41·6~ 0·9~38
19 ·o'.b7'613 ,?3S44 156.760.9566

10 0.079n 243.~9 265.91 0.9883
30 0.08320 251.83 nS.t2 1.0192
40 0.08660 260.17 284.42 1.0494

•~so D:0&992 293.8. ,.'.Ul8?
) 1>0' 0.09319 .303.]:2 1.1079
:'i,o . i10.~6_41 3.2·95 1.t364~

80 0.09960 1.1644
90 0.1027S t, '920
100 0.10587 t,2193

'lt~ 0,in8S17 .2461
1l~0. 0:',lElS .':7••

:249.89
258.47
267.13

275~89 '
~64.75
293·73

)02.84
312.07
321.44

301·5!
3~1·32
32123

331·~5
341.38
351•64

90
100
110

0.0]102
0.07327
0.07SSO

1.•602
1.1878
•.1.49

•10 0.04946 320.03 349.70 1.1781
120 0.05099 . 3~9·64 360:1·24 1.2053
130 0.05251 339.38 370.88 1.2)20

140 O:o,~;402 j~9·23 381.64 1,2~B4
150 0.05550 j )59.21 392.5~ 1.2844

160 0.•••;698 369.3~ 40).51 1.)100 r

0_06576

0.06901
0.072'4
0-07518

0.07815
0.08106
0.08R~

0.08674
0..08953
0.09u9

322.22
3):2·15
]42.21

)52.40
362.73

234.61

242.137
251•19
259·61

2613.14
276.79
285.56

294·46
303.50
312.68

)'2.lt.oo

J31-!1S

255.65

264-95
274.28
28).67

193.15
302.72
3t2.-41

0.9427

0·9749
1.0062
1.0367

1.0665
t,()9S7
•• 124)

1.1525
1.180l
1.2076

1.2345
t,:26n

p = 5.0 bar = 0.50 MPa
(T••• "" 15.74"C)-... ·········r· ................0.0 .•08 235.64' 256.07 ').9117

o.o~lIl8 239.40 260.34 0.9264 +0.04416 248.20 270.28 0·9597
0.04633 256.99 280.16 0.9918
0.04B-oj2 265.83 290.04 1.0229

0.05'01/3 214.7] 299·95 1.0531
0.0:;'240 263.72 309·9~ 1.0825
IJ 054(31 29280 319.96 1.1114

0.05620 302.00 330.10 1.1397
0.05805 311.31 340.33 1.1675
0.05988' 320.74 350.68 1.1949

0.061&8 3)0.)0 361.14 1.2218
0.06347 339·98 371.72 1.2484
0.06S2~ 349-l9 )8~·42 '1.2746

....,............ -_ .............. ". .- ............
P = 7.0 bar"' 0-.70-MP~

(T.., = 26.7~·C)........ , ...•...~~....,'••..... ' .... ':'"i6i~8~:~C.Oi91B ~41.~":2- o.~
,.. , 0,02979 244.'51 265·37 . 0,9'&.

0.03157 .253.63 215·93 0·95-39
11 1.

0.03324 263.08 286·35 I 0.9867
0.03482 272·]1 296.69 r.0.81
0.036]4 281·57 307.0. t,048]

0.03781 290.88 , 1.07(\4
0.03924 30P;Z 1.1074 .
0.04064 ,ffi;7.,4 - 1.1358

0.04201 )'9·3 • 1.1637
0.04335 )28·98 1.1910
0.04468 )38.76 1.2179

0.0~S99 348.66 1:.2444
0.04729 356.68 1.2706
0.0;'8S7 )68.82 1296)
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(Continued)
,..".,~.,..-,.". _ --~ .- ,..-.~.~~- '., , ".,.,-, , , ."- .."-." _ - - ".- -.- ..-." ._ ,. ,." .
r ~. u h (' U h 5

·C" .. _..~.~'.~~ __._..~JI.k_~_._,,__. ~Jlkg __.._"_'.':'_~!.~!lC__ •... kJ-'.kg kH~ '.~!/k,~. :..~
P '" 9.0 bar s= o.go MP~

..................•.. ~r.';!\..~.:~~:5.t9 .
O.0225~ 24~,,~8 ~66.18 ~·90S4
0,02325 50.)2 271.25 0.9217
0.02472 ~60.09 282.)4 0.9 §6
0.02609 269.72 29).21 0.9897
0.027)8 279.30 )0).94 1.on4
0.02861 288.87 314.62 1.0521
0.02980. 298.46 325.:8. 1.oB19
!;1,:~l095:)OfGi' m.9:6 1.1109;.--
0.0]207 ·.3!7.B!Z· 346.~8 ,1.1392
0.0)]16 ]27.62 ) ~7.47 1.1670
0.0342] 337-52 368.33 U943
0.0]529 347.51 379.27 1.2211
o.oJ~j'3 i57.61 390.3'1 ""iH47S
0.0)736 ~z)a2 4 1."4 1.2735
0,0~8]B ]7,t.:tlj 412.68 1.2992
~'E3~]9 3~57 424!?2 1.324,:'

I 8M IndeldoTablesinSIUnits_lndd Page 911 8/3/10 5;45;26 PMuser·sl46

TABLE A-12

Sat.
40
So
60
70
80

0.9066
0·9374
O·9th
1.0034
1-0345
1.0647
'1.0940
i.{2~-"

'1,1568
1.1784
1.2055
1.2)21

1.2584
1.2843
. 1·30!i8
;'D~1

90
100

110
120
130

s'Si.
40
-52
60
70
80

:[90'
f1L"O
,110

120

130
140

150
160
170 "!;
180'~

~•• u •••• - •• ,. , ••• __••• ~ _._•. __••••.•• _.• _.__••. _••••.••. _._••.•• _.

P '" ',<.0 ba, ~ '.'<0 MPa
(T,,, '" P·'<3'C)

Sat. ~':~~~5'" "" ";';'3:4;'""';:9~;~'
60 0.0149S 283.10 0.9l97
70 0.0160) i9,5.)1 0,9658

80 0.01701 )OpO 0.9997
90 0.01792 318.63 1.0319
100 0.01878 ))0.02 1.0628
110 0.0'960 341,]2. \.0927
:1:10 :020 352:59 1.1218
~1~0 g,0~U 363.:!!6 1.1501
140 0.02169 375.15 1.1777
150 0.02Z62 386.49 1.2048
160 0.02333 397.89 1.2)15
170 0.0240} 409<36 1.2576
180 0.b2472 420.90 l.fi34 ' •
190 0.02541 43-;.S3 t.]088
200 Q.02~Oa 444.24 1.]338

P .., 12.0 b~r = '.20 MPa

~-.~~66~..r~~~-·~1~:;;!;;"
0:01712 I 2e5/t..9.•, :l7S;5 ~

0.01835 265.42 287.44
0.01947 llS.S9 "'98.96
'l1J2<lSl "285.62 ]10.24

3<1·39
332·~7
3'13·52-
354.58
365.68
376.8J
• 8,04
399·33
~1o.70
422,t6

0.01150 I ;;:~S.59
0·~121i4 )05·54
0.02B5 ;5'50

0.02423 325.51
0.02508 335.58
0.02592 345.7]
U,0261~ 355.95
0.02754 3'(;6,27
(1.02834. 76.69
0,0291£ . 387.21

0.01208
G.Q12H
0.01340
0.01435
0.01521
0.01601
0.01677
0.01750
0.01830
0.01887
0.01953
0.02017

~.Q2,0~
0.01 tij1
0.0220]
0.0226J

EQA

Tables in SI Units 911

O·i164
'l.9527
0.9868
1.0192
l.D50~
1.080
s ·Q9S-
1.1381
1.1660
1.1933
1.22Dl
1.Z465
1..27~4
1.2980

+

p = .6.0 bur = •.60 Mr.
(T••• '" 57.92·(j

";·5·6.:b~"·"~·~'5:3·3";""d:8~i"
25B:48" '27B,20 O.906~
'269.09 ~91·33 .0.9457
280·78 )03.74 0·981)
191.39 )15.72 1.0148
301.84 327.46 1.0467
;'12.20 '339::0' '.0773
)22·53 350.53 1.1069
:U2.87 361.99' I·U57
343.24 373.44 1.1638
353·66 384.91 1.19H
364.15 396.43 1.2181
374.71 407.99 1.24'45
'385.35 4 i9·62 1.2704
396.08 4]1.3] 1.2960
406.90 44J.tl i.)~(2.:
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3.1532
3.4134
3.6901
3-9842
4,~962

1.1950
1·3159
1.4465
1.7390
1.9019

+
12
16
20
24
28

6.5890
7.5324
8·5762
9.7274
10·993

1.5400
1.5464
1.5528
1.5S94
1.5660

l.tp
1.$796
1.5866

~ 1.5936
. 1.6008 •

1.6081
1.6231
1.6)86
1.6547
1.6714

'32 12·380 .. t- 1.6887
}.3~ 13.896 ~ 1.7068

....• 40 r: ":!is.54; "1.7156
45' :17.B19 1.7503
~'so~ ~·20:~"3)1'.. t.r/6s

1.4757
1-48)2
1.4867
1.4980
1.5°38

0-9634
0.880)
0.8056
0.6780
0.6233

0.57~.9
0.5291
0.4885
0;4516
O.418~

0,)874
0·3595
0·3340

0.)106
0.2.892

"'M695
O.~51'4
0.2}.48
0.2195
0.2054

0.1923
0.1691
0.1492
0.1320
0.1172

0.1043
0.0930
0.0831
0.072S'
0.0634'

43,93
51·78
61.65
79·46
88·40

97.36
106,)6'
U5·)7
'u4·42

- 133750

142.60
151.74
160.88
170.07
179:t9

1 8.5
197.80
207.10
216,42

225·77

235·14
253·95
272.86
29184
310.92

1288.63
n90.82
1292.97
1297.18
1299.2)

1301.25
1)0).23

. 1305.17
1307.08
1308.95

1310.78
1312.57
1314.32
1316.04
\317.71

1359.65
1353.68
1347.65
13)5·)6
132910

140).75
1406.66
1409.51
141~.08
1417.79

0.1849
0.2212
0.2572
0.)287
0.3642

5.7767
5.7430
5.7100
5.6457
5.6144

1326.82
1329.48
1331.94
'334.19
1336.20

1337·91
1339·47
1340.70
1341.81
1342.42

: 9~..68 1322.77,.! 1420JlS~ - 0.3994
c 106.70 "..i)Ii:':5 ' -142).65 , -' 0.4)46 5.5536'. ".,115.75,> 1.309.~6 1425;61.1. ~1~5; '.~j239
124.8). 1303.28 1428.U ~. 0.5043 ~S·4948

~. :a. •. 4' •• ·•• ~ .•..10:"
'3).94, ': !296~61' 14]P,$5 -:: ,~.9.3A9 ,,5 :4662
14].09 1289.86 1432.95 0.5734 5.4380
152.26 1283.02 1435.28 O.be77 5.4103
161.46 1276.10 1437.,6 0.6418 5.3831
170.69 1269.08 1439.78 0.6759 5.]562
179.96 u6\m 1441.94 O.7f191 5.3298

5.30
5-2781

5~2529
5,2279
5.203)

44·10
52.97
61.86
79·]2
88.68

EQA

-18
.:-,6
'-'1
"'"12

+

r"'H!.·§fA
. ~. Properties of Saturated Ammonia (liquid-Vapor): Temperature Table

:';:::'::~E'" ;.:'~:L~':::..,"·.··..··.·'"';~;:k~.'~-\·· · · ·!.·.~.~!.;i.~_:.~............~ ;(~~~K.. .-.)

T~o~P.p~:srs. " ~~~;.~:;~ .._ ~~~~ .. " l~i~~~. :~~.~. .~~i~i.~_~.~:.:~~~~_.~~.~" ~~~r ~~~~:~

-50 0.4086 1.4245" 2.6265 -43.94 126,(",99 - 43.88 ' . 1416.20 137:2·37 -0';\922 6.1543 -50
-45 0.5453 1.4367 2.0060 -22.03 1271.19 -21,95 1402.52 1)60.57 '-0.0951 6.0~23 -45
-40, 0.1174 1.4493 1.5)24 -0.10 1.211.20 0.00 '388.56 1388.56 0.0000 5·9557 -40
-j~ 0.8850 _ 1.4597 1.2757 1747 1281:87 17.60 137/17 1394·77 5.8819 -)6
.32 " i.oB32 1.4l!>3 1.~561 35·09 'l86.4l 35.25, 1]65,55 140;?81 5.81l! - P

-18 2.0769 I.S!?96
-16:t '..2.t644: ," ;-:5155
~14":: . :r~5i'" f 'i.5~115~;
';".:..;12J. ·~2.679B . 1.52i6 ~

~.~IO ~ :~:2..:9~~9.' '1.5338 ~

3)0.07
349·3"
J68.61-

393.01..
417.56

236.20

255.18
274.26
293-45
312.75

1217·35
tlOt·70
1185·64
1169.16
1152.24

1.453.55
1456.87
1459.90
1462.61
1465.00

0.9099
0.9155
1.0404
1.1048
1.1686

;3"9
1.2946.

1.3Sa9
i 1.4341
:1.5109

5·1791
5·1314
5.0849
5.oJ9q
4.9948

q·95D9"
4.9078
4.8652
1i.8125•
4.7604 .

2
'4
·6
B
10

12
16
20
24
26

33.2•17.
351.69

< 371.35
396.1j'
421.17

. 1I~4-cB7 - i'467'!o',
1il1.oo lq68·7o'

.;,'\098.62 1469·97
, W74.B4"' 1470.95~
~oSO•.09. 1411.l6

Source, Tables A-.) through A-1S are catculated based on equattons from L Haar and ). S. Ga!lag!le" "Thermodynamic Properties of Ammonia."
/. Phys. Chern. Reference DOM, Vol. 7. '978. pp. 635-79"
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Press. rerne, Press,

b~r ·c bar
................. ••• .•• "U' "-

0·40 -50.36 1.{,'236 -0".1992 0.40

-46.53 1·4330
,

0.50 -0,124.5 0.50

0.60 -4)·2'8 1.4410 -0.062:> 0:60

0.70 -40.46 1.4482 -0."6686 0·70

0.80 -)7~94 1.4546 0.0)86 0.80

0.90 -j'S·67 1.4605 0.0808 0.90

1.00 -3).60 1.4660 1.1)81 1284.61 28.18 1370.23 0.1191 Loa
1.25 -29.07 1.4782 0·9237 1289.65 48.22 1)56.89 0.2018 1.25

1.50 - 25.22 1.4889 0.7787 1293.80 65·3~ 1345.28 0.2712 1.$0

1.75 -21.86 1.4984 0.6740 1297.33 80·35 1334·92 0.3312 \·75
2.00 -18.86 1·5°71 0.5946 1)00·)9 93.80 t)25·51 0.38A) 2.00

~.~5 "::'16.15 . 0.i!319 5.5558 2.25

'_2.50 . -1).67" ~.~4753'. _5·5190 2.50

:-ubit '
• J-

'-2·75 '. 1·5l95'
'I"' "l:'~~.96

.0:S.tS1 . 5:~858 }'75
~ t"_·- • --9'i4 .. ~5361.r ~0-:-4061-'~.oo· 0·55~o 5·4554- ).00

~ o..)765'~ 0.5864 <

3..25 .-7.24 1.5424 :. )1!1..~.06. 5:4275. ).25

-5·)6 1.5484 154.66 t280.81 1436.01 0.6186 5.4016 '").50 1)1).14 155.20 ).50 C

3·75 -3·58 1.5542 162.80 1)14.68 16).38 1~74-64 1438.03 0.6489 5.3774 ).75 0
IE

+ 4.00 -1·90 15597 170.55 1)16.12 171.18 1268.71 1439·89 0.6776 5.3548 4.00 IE t.', f4.25 -0.29 1.5650 177·96 1)17·47 t78l•2 1263.01 1441.63 0.7048 5·)))6 4.25
ocr:

4.50 1.25 1.5702 185.04 1318.]3 185.75 1257.50 144).25 0.]308 5·)135 4.50- 2.72 1.5752 1444·77 0·7555 ~:~94'6 4.754·75
5·00 t"t3 1.5800 1446.19 0.7791 P76S S·oo

5.25 5·48 1.5847 1447·53 0.8018 I 5.2594 5-~5

,5.50 6·79 • '. '1.5893' I 144880 0.8~)6 5'(24)0 5.50

5.75 8.05 ~·'·SSb8 '.
,.

0.84461..tj49.99 5·22.73 5.15

6.00 9.27 1.5982 0.2104 222·37 223·)2 1227.79 14Sl.11 0.8649 5.2122 6.00

7·00 1).79 1.6148 0.1815 24).56 244.69 1210.38 1455.07 0·9394 5.1576 7·00

8.00 17.84 1.6302 0.1596 262.64 26).95 1194.36 1458.30 1,0054 5.1099 8.00

9.00 21.52 1.6446 0.1424 280.05 281.53 1179.44 1460.97 1.0649 5.0675 9·00

10.00 24·89 1.6584 0.1285 296.10 1165.42 1463.18 1·1l91 5.0294 10.00

;.)0:94 4.9625 12.00

.3~:'26 4.9050 '4.00
41-03 4.8542 16.00

45·3,11 ,4.8~86 18.;)0
4,1670

C';

49·31., 1.Q.00.
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IG
C
CI

E
E
0(

IUsor&!user·SI46JDeskIopIMol'fy-X.MasiNew I
EQA

Properties of Superheated Ammonia Vapor
._.••..•.••.•• ',."' , •• ,' ••••••• , •.•• ,. , •.• , •••••••••••••• , , ••••••••••••••••••••••••• n ••••• _,•• ~.,.,.~ ,._, •. _._,.... .__._ ••.• '.'_" .•••••.•.••.••••••••••••.

T v IJ II ,. u II S

..~~., ~:.I.k.~, ,,~!.~, ~1!.ks:" .._..~Jr.k.~.:.~ _, _rn'/JI,g"._ ,..kJl~_ , 11.1~,s: .. _. .-~.I/.~,s:. K

Sat.
-50
-45

2,6795
2.6ii4~
2·7481

p = O).~ bar = o.o~ MPa

."..~!'~!_-::._~~~.:~.?:9,., _ .
·i':z64.54 1371.72 6.1618
!.~6J.11 .1372.48 6.1652
1273.05 1382.98 6.2118

1281.01
1288.96
1296.93

1304.90
1312.88,
1320•87

1)28.87
1336.88
1344.90
1352.95

1393·48
140).98
1414.47

1424.96
1435·46
1445·95

1456.45
1466.95
1477·47
1488.00

6.2573
6.)018
6·3455

6.)882
6.4300
6.4711

6.5114
6.5509
6.5898
6.6280

1420.04
1430.90
1441·72

p = 0.8 bar = 0.08 MPa

.. __"." _.. ".J~':!!.-":'.-:-~!.:?,~:9_ .
1»;40~i· _12'79.61 ·1391.18S.9:lr4
1.42i·5'. ~1284.S1 "(~98.23 '5:9446
L~S43 ,1292.81. 1409.15 ,S·9900

1.8530
1.9061
1-9491

1.9918
. 2.0343
2::0766

2.1188
2.1609
2.2028
2.2446

1.8345

p = 0.6 bar = 0.06 MPa

_, ~~~..~_,:--:.~.~:~~.~9.,_-..- -
1273.l7 1383.34 6.0186

1278.62
128".75
1294.88

1303·01
1311.13
1319.25

13n.37
1335·49
1343.61
1)51.75

13~1O·40
'401.'~
1411.83

1422-52
1433·19
1443.85

1454.50
1465.14
1475·78
1486.43

6.0490
6.0946
6.1390

6.1826
6.HSI
6.2668

6.)077
6.3478
6.3871
6.4257

1299.15
1307.57
1315.96

;~3'14:33
1331.67
1341.00

1349·33
.1357·"4
1365.95
1374.l7

p = 1.0 bar = 0.10 MPJ

...__ _" , ~_~~__":',,:--:.~.~~~::9...-..-..- -
'ti38\ 1184.61 9?lf~1 5.B3!H

1,~6ii ;
1.is80
1~136

1·339"
1.3647
1.3900
1.4153

5.9'75
5.9616
6.0046 +

1483.25
1494.11
1504.96
1515.80

p = ~.O bar = o.~o MPJ

.._;·.._.. ·;..1__....(!.~_·~_..-·~~:·~~_~9._..
0.59460' 1300.39 "1419·31

• • I~ I •

,

0.60542 1307.43
0.61926 1316.46
0.63294 1)25·41

0.6.1j6'!jB
0.65989
o.6i32~

0.68640
0.59952
0.71256
072553

13'34:29
.1343.11
1351•87

1360.59
1369.28
1377·93
1366.S6

1428.51
1440.31
1452.00

6.1676
6.2063
6.2442
6.2816

5.6328
5.6781
5·7221

5::'649
5.8066

, '5,8473,

5.8871
5.9260
5-9641
6.0014

CONFIRMING PAGES "'1iI. aptara I

1497.87
1509.18
1520.44
1531.67

2.8118
2.8753
2·9385

-10
-5
o
5

3.0015
3.0644
3.1271

3.1896
3.2520
3.3142
3.3764

\·4868
1.5192
1.5514

, 1.5834
1.6153
1:6.471

1.6788
1.7103
1.7418
1·7732

-to'~.-5
o

S
10

15
20

1301·09
1309.36
1317.61

1325.85
mic9
1342.31

1350.54
1358-17
1367.01
1)75.25

6.0343
6.0777
6.1200

1452,53 - 6.161S '1

'·!463.31~;:!.':Z021
i47.4.{18" I '6.2419

1484.84 6-2809
\495.60 6.3192
1506.35 6.3568
1517.10 6.3939

1434.12
1445·49
1456.79

'1468.02
1479.20
1490.34

1501.44
1512.51
152).56
1534.60

Sat.
-25
-20

••••••••••••••••• _+ ••• - •• -.+- ••.•• - .•. -••.....••. -.- ...••.•• -•••••.•..•.•.• -
p = 1.5 bar = (l.1S MPi

.....~r.~..":'.::-2,~:.~2_"9..
,ci.77~7 1293.80 1410.61
i 0.7795 1294.20 - ..;t4n.13
'0.7\178 1303.00 1422,67

5,6973
5.6994
5.1454

-15
-10

-5

0.8158
0.8336
0.8514

~o ' 0.11689
~ :S '" 0.8864~o -1!,.903l

15 0.9210
20 0.9382
2S 0.9553
30 0.9723

1311·75
1320.44
1329.08

1337.68
1346.25
1354·78

1363.29
1371.79
1380.28
1)88.76

--¢-

5-7902
5.8338
5.8764

S· ;79
S·9585
5·991j1

6.0370
6.0751
6.1125
6.1492

l.iS73

1.1838
1.2101
1.2)62
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Sat.
10

:h;.1!'
20
)0

40
c:.$'ci
.80
100

..... ' p.;,; i.5"bii;'~"';.3S'M·P~ , .,."

............" y~..~-:,~:.~~o9 .
. 0.)5108 - 1]1) ,)4.1 1436.01' 5.4016
0"':",6011 'i32i66~ 1449·70 5·452l1.

"'" .1!;376S4 ,'j~?-;82 .1474.f!1 j5.5417

0.39251 1361.49 1498.87 5.6259
0.40814 1379.81 1522.66 5.7057
0.41:350 1397·87 1546.09 5·7818

0.)9550
0.421'6fl·~
0·4473)

0.47,80
0.49808
0.5-323
0.54817
0.57322

0.lSof4
0.:25'757

. 0.26949

0.28'03
0.29l27
0.31410

rl. iS35
0·35621
0.3768,

0.39722
0.41749
0.43765
0.45771

Tables in 51 Units 915

••••••••••••,~~•••'"_,_.•••• ' ,••• _., ,., ,_ ... ,.•..•....•• '1-"'" _. , .... __.__•• "",,", ••,•• ,•.•• "•• "' ',"'" ~ , •••• ,_._,"" ,•••••••.•• ,•.••••••.• ,•• "0-

14».S5
1469.06
1504.73

1540·79
1577.38
1614.60

1652.5"
'691•15

0,45>63
O·4a32o
'0.51240
0.54136
0.5701]
0.59876

0.61728
0.65V"

159'2.32
16)8.18.
1684.07'.

1730.26
1776.92
1824.16

~872.06
1920.65

5.9249
6.0586
6.1850

6.)056
6.4213
6.5330

'6.6411
6.7460

T" u h "u h 5

°C m'l k.g I<-!!~ ~if~,~__k.l.r.~.~.:..~ ~''-~ k!/.~ ~!.~g ".~.'-.k~.:.~..
p =' 2.S bar = 0.25 MP. P =' ~.o bar = 0.30MPa

................... \,T?:'!..~..-:-~~:.~7.~9.... ". (r••, = -9.2,,·C)
Sat. 0.48:n3 1305.49 1426.03 5.5~90 0.4060]-- "~;;;:6~..-;~~~~;."·:·:·~:4·5~4··
-10 0.49051 1312.37 1435.00 )·5534
- 5 0.50180 1321.65 1447.10 5.5989 0.41428 1317.80 1442.08 ,5·4953

o 0.51293 1330.83 1459.06 5.6431 0.42382 1327.28 1454·43 5·5409
5 0.52393 1339.91 1470.89 5.6860 0-43323 1336.64 1466.61 5.5851
10 0.5348'2 1348.91 1482.61 5.7278 0.44251 1345.89 1478.65 5.6280

,.15 ·o.s4560 1357.84, 1494.25 5.7685 0-45169 1355.05 til90:56i5;.669;~ ,
'-'0·' 0.55630 1366;72 1505·80 5.808) 0.46078 '1364·13 1502.36 V10)
25 0.566'91 1375.55 lS1p8 5.8471 0.46978 1373,14. ]514·07 5·7499.

30 0.S7745 1384.34 1528.70 5.8851 0.47870 1382.09 1525.70 5.7886
35 0.58793 1393.10 1540.08 5.9223 0-48756 1391.00 1537.26 5.8264
40 0.598)5 1401.84 1551.42 5.9589 0.49637 1399.86 1548.77 5.8635
45 0.60872 1410.56 1562.74 5·9947 0.50512 1408.70 1560.24 5.8998

120
140
160

~80.•..""-
~oo

""""""'" "P':';;'4:~'b~';";;"'~:;;~'MP~"""'''''''''''-
(rA, '" -1.9°'0

••••••• ""'.' ••••• _1.' ••••••••• , ••••••••• 1•••••••• u ••+._ •••• ·_•• ·•• •.•,
5>.30942, 1316'1*'r U.39:89.' S~35il~
. 0.)1227, 1319.95' 1444.86 5.3731

< ••• ' , J- •
0.3.t:~L 13)~~' 14}0,49' 5. 'b5l

0.34129 1358•81
0·355l0 1377·49
0.36884 1395.85

,It!

Co
'S
E
4( +

••.•..••_ .••••••••••••• , ••••• 1_ •• _,._.·····._····.···,···· •• ······_····· •• •

P = 4.5 bar = 0.45 MPa
(T", '" ,.~5·C)

~ o.2Z6]l' "'~3;ii:;3'" "1t"4'j:;S" ....;;:3·~3';·
~10 ",a~46 ~lJ36.48 1466;2.9 5.3962
;$~o< .OSO'42. 1356.09 1491.72 5.4845

30 0.31401 '375.15 '516·45 5.5674
40 0.)2631 1393.80 1540.64 5.6460
60 0.35029 14)0.37 1588.00 5.7926

1466.47 1634.63 5,9285
1502.~S 1681·07 6.0564
1538.91 1727.67 .6.t]$'

1575.7) 1774.65 6.2946
1613.13 t8U.1S 6.4069
1651.20 1870.26 6.5155
1689.97 1919.04 6.6208

80
l.O

1 tl

140
160
180
200

C3~ 69
0·39~71
o 1947

1431.97
1467.77
1503.64

1539.85
1576.55
161].86

16S-,.85
1690.56

1590.17 I

1636.~1
1682.58

1728.97
1775·79
1823.16
l'8i~,J6
~9-1~~

0.44205
0.46448
0.48681
0.50905

p =' 5.0 bar'" 0.50 MPa
(T... =' ".13'Q

"~;;'l~;'"""":i~:#" ..··;;;i¥iis.."
1333-22 146j'~00' 5.33"'0
1353.32 ~ ,14SS.06 5;..4:!. '4~
1372·76 1513.28 5.5080
'39'.74 1537.87 5.5878
1428.76 1585.81 5 n62

1465.16 I";] ~6'~ s:1fi7,33
1501-46 1679.56 6.00io
IS~7.~z 1726.J7 6·1>tv2

1574,90 ln3.51 6.2412
1612·40 1821.14 6.3537
1650.54 1869.36 6.4626
1689.38 1918.24 6.5681
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(~t?~t!.~~~.d) . ._.."., ,._.. , .._ ,." ",., ,." ".,.,.,.,.. , .._",""".'
T" OJ h s " OJ h 5

'C m'/kg kJlkg- kJlkg kJlkg . K m'l kg- kJlkg k)lkg kJlkg' K
.••• u. , •••••.•••• ", •• ," ••••• , ' •• n •••• ' ••••• _no, ••. _ ••.••.•• _ ._ ••..••••.••.••• , .••.•••.. n •• ' •.• ,. __.••. _\_.•. n ••• I.' __••••••••••••• -, • ,•••••••• ".- •••• -.~" '".' .•. _.,.,'''

p '" S.~ bar'" 0.55 MPa . p '" 6,0 bar" 0.60 MPa

....."_ _ ~~.~..::.~:7.9:9.... .....-..\!~..""?·,~t.9 - --.
Sat. 0.22861' 1313.06 1448.80 'S.14~? 0.21038 1324.89 1451.H 5.2122
10 0.2)227 1)29.88 1457.63 5.2743 0.21'U5 1)26,47 '145).16 5.2195
20 0.243)5 1)50.50' 1484.34 5'.3671 0.221'55 1347.62 1480·55 5·3145

30 0.2540) 1370.35 1510.07 5.4534 0.2)152 1)67.90 1506.81 5·4°26
40 0.26441 1389.64 1535.07 5.5345 0.24118 1387.52 15)2.23 5.4851
50 0.27454 1408.53 1559.53 5.6114 0.25059 1406.67 1557.03 5.5631

. '10.25981; 1425.49 15'81:38 -.';;5.6373
.'8:.-:7.783 '1462.5;1'·,.6'-9;22 .-'.-7768r~r..,-... ~. .·1',,;:, ~ '.... -
.2~5~6. 1499.25 "~i6.);r, 5·9071

0.31281 15)6.07 1723.76 6.0304
0.32997 1573.24 1771.22 6.1481
0.}4599 1610.92 1819.12 6.261}

--o.l6$90: -"1'6'49.22 ·1867:5.~ 6;3'70i
'-O.38~;j\ . 1688.20 19l6.63 6.1.766

60 0.28449 .1427.13 1583.60 5.684s
80 .0~j039.!1 i46).8S. 1631.04 ' "5.8239
100 0.1.2)07 1500.:;6 ~161'8.oS "~54525
120 0·34190 1537·02 1725.07 6.0753
140 0.36054 1574.07 1772.37 6.1926
160 0.)790) 16n.66 1820.13 6.3055

180 0.3974l~ -,1649·88 i8,6~.40, .~6.4J.6 "
,0;41'571: ~~:. . • r l.

'200' '16~8'79 .1917.43 ~6·52o'3

..-.-._.._.._....•........- -... ,... ,....-,."~.,....-.·-.-·--·.I

+
100
nO"

140 0.28193 1571·57 1768·92
160 0.29663 1609·44 1817.08
180 0.31121 1547.90 1865.75
200 0.32571 1687.02 1915.01

0.17720
0.18465
0.19189

0.20590 1457.14 1 6.
0.2,949 i~94.77 1670-37 5·7545
o.:zp6D , 15':1124 17'1a.4.11 S:.!lAol

0.24590 1569.89 1766.61 5·9995
0.25886 1607.96 1815.04 6.1140
0.27170 1646.57 1863·94 6.2243
0.28445 1685·83 191).39 6.3311

Sat.~ ~0.14239
30 ' ti.i48fj
40' 0.;S5_~1 ls08 ..!.a
50 0,\626) 1395.11 1541·47 1391.07 1536.06
60 0.16922 1415.32 1567.61 1411.79 1562.86
So 0.18191 1454·39 1618.11 1451.60 1614.31

lOO 0.19416 1492,50 1667.'CZ4 5.6908 l490.2O 1664.10
120 1>.206\2 1530.30 1715·B1 5.8176 i$~S·H i713.13
140 0.21788 ISp8.;W 1764.~9 5,J)79 1566.51 1Z6~.96

160 0.22948 1606.46 1813·00 6.0530 1604.97 1810.94
IBo 0.24097 1645.24 1862.12 6.1639 1643.91 1860.29
200 0.25237 1684.64 1911.77 6.2711 1683.44 1910.14
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Sat:~
eo.',

+ 80

100 5.)648 5·29J7
120 5.5008 ).4326

140 5.6276 5.)614

'1(,'0 5·7475 0.1119=< 1794.:23 s.g--a28
180 5·86~1 o.naci 1845.50 5.798,

lOa 5.9723 t 0.12400 [896')1.8 5'9096

220 0.1466) 1717.18 1951.79 6.0789 0.12991 1715.00 1948.83 6.0170

VIa 0.15314 1758.79 2(0).81 6.1823 0.13574 1756.85 2001.18 6.1210.

260 0.15959 1801.07 2056.42 6.2829 0.14152 1799·35 2054·08 6.2222

280 0.16599 1844.05 2109.64 6.]809 0.147i4 1842.55 2107.58 6.)207

.~.."' .."'-'" ,.- ..,", ", .. ,.~..,- .....-" -, ..-," .. _ ....',.
p = 2<>'0bar = 2.00 MPa

(T••• '" 49.3i'c).,_ ..... - ....... , .............. ~ ... , ._-- _ ...•...•.. , I_._ .... , .... ~... , ~.,'

S.~I. 0.06445 ·~)42·37 {14'7' .~6 :4.7670
.60 . 0:06875 ' . 1372.&i :~5~!?:§~ 4.8838
60 b.07596 .1421;]6 1573:27 • '°696

100 0.08248 1465.69 16]0.86 5.2263
120 0.08861 1508.03 1685.24 5.3703
140 0·09447 1549.0] 1737-98 5.5012

160 0.10016 15 9;tS 11119.97' 5·~l41
lB5 0.'0571 16)0.)2 164i·t4 5,7409
~o..o 0.11116 1b71·J3 189)·64 5.8530

220 0.11652 1712.82 1945.87 5·9611
240 0.12182 1754·9° 1998.54 6.0658
260 0.12706 mn.63 205!.74 6.1675
280 0.13224 1841.03 2105.50 6.2665

EQA

Tables in 5I Units 917

TABLE A-15

.(~O''1.~!'!I1~,~),.'' , ,
7 l' U h 5 ~ u h s

..•.~ ~' t..~.~ ,~!!..~.., ~l.~,g, ~!!.~..:.~" m..~.(.~ ky":l> ' ~Lk.~ },:!!.~.8..:..~.
p "" 12.0 bar "" '.~OMP~ P "" 14·0 b~r "" 1.40Mf>a

.......................~.~~.~.l."'~f.9,......... (T•• , '" 36.26"C)
Sat. 0.10751 i3JJ.p 1466.53 4.9625 .0.09231' \3~·~~-i·....i~~·i;:;~..',..'~:~.~~~
40 G.I1'~7 13~9.n 1495.18 S.05~3 OJl;;J432 1349·~<j 1481·33 V}4S3
60 0.12318 1404.54 15H.07 5.2347 0.10423 1396·97 1542.89 5·1J60

80 0.13387 1445.91 1606'56 5.3906 0.113~4 1440.06 1598.59 5.2984
100 0.14347 1485.55 1657.71 5.5315 0.12172 1480.79 '\65L10 5·4433
120 0.15275 1524.41 '70, .71 5.6620 0.12986 IS >0·41 1702.21 5·5765

140 0.16181; :1'S'63~o9·· 1757.265.1850 ,0.13,777 1;S9!t;3 1752.5"2 5·701]
160 0.17072 r 16?I1.m 11806.81 5.9021 0.145521;: 159~,921 ,802.6S ~.~1~8
180 0~li9s..0 :'16.111.-23'1'1"8 .6j 6.0;145 0.15315 16)8.5) 1852.94 S·!f):33

200 0.18819 1906.87 6.1230 0.16068 1678•64 1903.59 6.0427
220 0.19680 1957.66 6.n82 0.16813 1719.35 1954·73 6.1485
240 0.20534 2009·04 6.]303 0.17551 1760.]2 2006.43 6.2513

'260 c,. 0.:!1)81 ;::061.0P'" 6.4~97 'O:tSi8j : 2058~75~- 6:~3
·'~§o.i'G.2 2;;5 "M~3,,7~ €:.5'<&Z ij'l~[ilO 2t!i!,9 6·4486

..
"10~it ••
EE •- "'" ., +
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918 Tables in SI Unitsrt1:l!"§!'.
, . Properties of Saturated Propane (liquid-Vapor): Temperature Table

r.o!~31.llf!ta~,,'~H. ('ll!lo. "_, .,._ •• , •• , '.....•..•- •.•..•.••.••.••••• ,•• , •.••..••••. ""-""'-, ..••• - .. ,,- .•.. , •. ".••..•..••.•• , •.••.•• ,. " •••........• - •• ' •••••••.• ,.", .....-.,_ ... --,-, ........_. .............••..
,t ·0"'.. It M?-< Specific Vn\ume Internijl [ner.gy Enthalpy [ntmpy

• ",1 fPO .••....•................ ~~ I.~~............._ ....._.....~J.I.~~..._...................... kJ!.k~ ............... ......•.. kJ.I. kg : .. ~ ... - .......

S.t. Sat. Sat. Sat Sat. Sat Sal. S~t.

Temp. P"'5S. Uquid Vapor liquid Vapor liquid Evap. v_por liquid V~por TEmp.

-c bar
, ••, ,••,.~~~_.~,~.~~••u, " u, u. h, ......h,.L.. ......hL ... Sr

"H •.•.-!~...... .(
........... 1...•.••..• ..... - .......... , - .........-....... , •••• - •• 0" '~ __ "I'

n.o,a8B 1·553 11.27 -128.lj 319.5 -128.4 480.\ )52.0 -0.63~ '.'14 -100

-90~ 0.064'26 1.578 5.)45 -107.8 )29·3 -107.8 lj71-4 )63-6 -0.519 2.055 ~90

-80 (1)01 1'.605 2·77lj -87.0 )39·3 -8/_0 462.4 )75-4 -0.408 1.986 -'80

1.633 1!551 -65.8 -65.8 )B].)
'I.••.

1.9297:10 0.2434 349·5 453.1 -c·301 -']0

~-6oj~ 0.4251 • 1.66) .0·92)lj - -44-4 359·9 -44·; 4lj)·5 399.2 -0:1.98 1.883 .-60

-50 0.7046 1.694 0.5793 -22·5 370.4 -22·4 43).6 ljll.) -0.098 1.845 -50

1.728 0.3798 )810
. 1.815-ljo 1.110 -0.2 0.0 42).2 4~3·2 0.000 -40

-30 1.677 1.763 0.2585 22.6 391.6 22,9 412.1 435.0 0.096 1.79'
-30

-20 2.444 1.802 0.1815 45·9 402.4 46.3 400.5 446.8 0.190 1.772 -20

-10 ).451 I.B4lj 0.1309 69.8 41).2 7004 )88.0 458.4 0.282 1·757 -10

0.09653 .94.2 42)li! 95.1' 374·5 469.6 0·)74
11]4.2, 428.1 105.) 368.1:1 474.1 ,. 0-410
1llf.3 lj)2.) lt5.5 36z.9 lj78.lj·P ~lif
·1~4.6 436.5 125.9 35'6:8 4B'·7 ,0 82

••• '-1~

--135.0 440.7 •.1)611 350. 486:9 .• 0.519 -

20 8.)62 1·999 0.05525 1.45·4 444.8 147.1 343-9 491.0 0·555 1.728 20

24 9.278 2.02lj 0.04973 156.1 448.9 158.0 337.0 495.0 0.591 1.725 2lj

28 10.27 2.050 0.Olj483 166·9 452.9 169.0 )29·9 ~98.9 0.627 1.722 28

+ 32 n.)) 2.078 o.Oljo4B 177.8 lj56.7 180.2 3224 502.6 0.663 1.720 )2 +36 12.47 2.108 0.03659 188,9 460.6 191.6 314.6 506.2 0.699 1.717 )6

•... I

0'03310 206'.2 llf6lj.3 210].1 306.5 0.736
0.02997 211.7 467·9 214.9 298.0 0·77'2
0.Oll14 223·4 471·4 227.0 28B.,. 0809
0.92459 235·) 474.6 ,239·) 2;<9.3 0.846,
~.o~"227 _247.4 477.7 251.9 269.1 o.a~

60 21.t6 2·340 0.02015 259.8 lj80.6 264.8 258.4 5)3.2 0.921 1.697 60

65 23·42 2.406 0.01776 275·7 483·6 281.4 243.8 525.2 0.969 1.690 65

70 25.86 2.483 0.01560 292.3 486.1 298.7 227-7 526.4 1.018 1.682 70

75 28.49 2·573 0.01363 309·5 487.8 316.8 209.8 526.6 1.069 1.671 75

80 31.31 2.683 0.on82 327.6 488.2 )36.0 189.2 525.2 1.ln 1.657 80

o.'oton 47.2 486·9 356.9 J64·7 521:6

_o.C!08415 369.4 482.2 380.8 . 133.1 513.9
'. ,_".006395 ,,-399.8 lj~7.4 ,414.::': 79·5 49)·7 11~S4~\

'0.004535 , ljJlj'\l 434·9 _454.2 0.0 45P -1'4~]:

Source: Tables A·,6 through A·,S are calculated based on B. A. Younglo,e and I. f. Ely. "Therrnephyslcal Prop"rtles of fluid5. II. Methane.
Ethane.PropaM. I",butane and NormatButane: /_Phys. (hem. Ref. Vola.Vol.,6. No_4. 1987. pp- S17-S9B.
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Tables in SI Units 919

.'it:J!#~§Fr .IS" Properties of Saturated Propane (Liquid-Vapor): Pressure Table
t ,}:~o~"'1 . : :s;;~~ifi,·V~I~;;~'''' ·· i~I~~~;t·E·~~~~· · E~·th~i';;~' · ·I..·" ..· ..E~t;~py..·· .

• \11' .•••~ ...• _ .......• ~'!~~,., ~~kg ~r.~~._ "....... ~J.I.k~.:..~ _
Sat. Sal. Sat Sat. Sat. ISat, Sat. Sat. .

..:.~~:~.~ ~e~.p: ,,':~.~~:~.l.......~al:~' t:i;~:~ v~,or ~}~~~ j::~~~'" .•. ~~~: ~~~;.i.d_~~~~_ :.~~:~,'.
0.05 -93.28 1.570 6.75~ -114.6 ]26.0 -114.6 " 474·4 359.8 -0.556 2.0B1 0.05

0.10 -83.B7 1.594 '3.542 -951 335.4 -95.1 . .,.65·9 ]70.8 -0.4~0 2.011 0.10
0.25 .: 69.55 1.634 1.51) -64.9 350.0 -6"4.9 45~·7 387.8 . -0.297 1,927 0.25
0.50' -56.93 1.672 0.7962 -:-31·7 36).1 -37.6 440.5 402.9 -0.1671.871 0.50

0.75. -48:68 1.698. 0.5467 -19.6 371.:,8_ -19·5 43"2.] .412.8 -0.08S 1.841 0·75

1.00 -42.)8 1.719 0.4185 -5.6 378.5 -5.4 420.3 -O.OZ) 1,822 1.00
2.00 -25.43 1.781 0.2192 )).1 396.6 33.5 440.4 0,139 1,782 2.00
3.00 -14.16 1.826 0.1496 59.8 408.7 60.) 453.6 0.244 1.762 3.00
4.00 -5.46 1.865 0.11]] 80.8 418.0 81.5 46]·5 0.324 1.]51 4·00
5.00 1.74 1.899 0.09172 98.6 42S-7 99.5 4]1.6 0.389 1·74) 5.00

+

..6.00
7.00
'8.00
"

9.00
10.00'

11.00
12.00
1).00

14.00
15.00

. 6.00

17·o~
s.oo

,19.00 ,

20,00

22.00
24.00
26.00
z.8.00
30.00

35·0'1
"o.ilO
42.48

. ""7.!jI)...
13·41 .
18.))'
22.82
26·95 ~,

)0.8(1
34·39
)7·77
40.97
44-0\

lj!6.89

49.65
5~.30
54.&3
.57.27

61.90
66,21
70.27
]4.10
77·72

86.01

93·38
96.70

1.931 ~o'.07~60
1.960 0.06598'
1.989 '_1 ~ 0.05776

'2.016 ,;.18.05129' . ~
- ~..,. *_ I ,

~.e4) • .O.(j4606 ~

2.070
2.096
2.122
2.\.48
2.174

0.04174
0.0)810
0.0)499
0.0)2)1
0.02997

174·5
184.4
19].9
2()3.0
2n·7

455.6
459·1
462.2
465.2
467.9

115·)
:~~-?.e

• if2;.6
154·7
166.1

176.8
18].0
196.]
206.0
215.0

2]1,0
285.5
299.6
)1).4
32].1

)1>1.4
401.0
454,2

)24·7
)17.8
)11.0
304.4
297·9

29f.~
:lSj.o
278.6
272.2
2,b5.9

253.0
240.1
226.9
21).2
198.9

_159:1
-'102-3'

'. 0.0

5°1·5
,04·8
507·7
510.4
512.9

515.0
517.0
518:8
520.4 I
Sw2i.8..,

524.0
525.6
526·5
526.6
526.0

D.44~
0·~95
oSlio'

~ 0.580_
'j' ;0:618 ,.

0.652
0.685
0.]16
0·745
0.772

0·]99
o.~
,0.8
0.87-3

:.0.896

0.939
0·9Bl
1.021

1.(16(1
1.09]

1.737
1·733
1.]29
.1.726

1·12)

6.00
7.00
8.00
.9.00
10.00

2.2'00
2,2#
2.253
220.:0

2.)08

2.364 0.019U
~.424 0.01]21
2.487 0.01549
2.555 0.01398
2.630 0,01263

2.862 'e.eos 7il
3-279!' o.D·'aij~·r
4·5)5 ,,' 0.004535 .

26,.8
279·7
293.1
j06.2

319·2

481.7
484.3
486.2
487.5
48B.1

1.121
\.718
1.716
1.714
1.]12

11.00
12.00
13.00
14.00
15.00

~\6.00

'7.00
18.00
19.00
20.00

+
351.4 486.3
38]·9 !'47H'
-434.9 4)lj:,9'

~·7~O
1,707
~·705
1.703
1·700

1.695
1.688
1.681
1.67)
1.664

1.633
1·574
1.437

22.00
24·00
26.00
28,00
30•00
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.~~~~~~t.i~~,,~_f..~.~~.~~~.~~.t~~~~~.~~.~~.~~~or._ _._ ,,_ _ __.._ _._._ .
r C' u h 5 ,'u IT 5

_~.c._ -'~~!.~-.-~.(~~"!l.~ k.!(~~r:-~ _. ", m'i.kJ! k!!.~ ~/.~L".ky~.~,,:~
p = 0.1 bar = 0.0, MPo

.<.~':'?..'= ..-,!~:~.(~).
):542 '3~7.3 370.8

-70
-60
-so
-40
:"~o

-~q

~.7Sl
6.a";
1.258
7.6)9
8.018

8·)97

.'8;776 '
~ ..::0:.

-+- ·9·15S
.9-533

p = o.os ba, = 0.005 MPa
(r•••= -93.2S'Cj

--,t;r~i~"'-i;~'.8-'-- 2.081

3l ~4 363.8 2.103
. _339.:..8 376.1 2.169

)50.6 388.8
)61.8 401.9

373·) 415·)

385.1, 429.0
397.4 443.2
410~1 457.8 .

-10
o
10
20

9·9'1
10.29
10.67
11.05

o
'10
•.20

)0

40
So
60

423.2
436.8
450.8
270.6

472.8
488.2
504.1
520.4

.2·4~8 "
"'.1.·477
2.536

1.135
1.173
1.211
t.249

479·2-

494·6
510.4
526.7

441.1

455·9
471.1

~86.7
502.7
S'9 :.

535·9
55)·2
570.9
589.1

p = 2.0 bar = 0.2 MPa
(T••t = -Z5·4)'C)

Sal. ;·i":i~:;;:i:-'-")~;6-'.:~.;:~ -'''~·.;:8~
-20 -,. 042~:'1 4C4.0 '449,0' "'1116
-10 '0.2]51!~ 417.7 464.9 ' 1.8n

o
10
20

0.2463
0-2566
0.2659

30. ~ 0·2770
40 -, 0.21171
So 0.2970

60

70
80
90

0.3070
0.]169
0·3267
0.3365

524.3
541.1
558.4
576.1

481.1
497-6
514-5

531.7
549·]
56;7..3

585·7
604·5
(2).1
64).4

p = '.0 bar = 0.1 MP"

......•........ .<.!."" ..~-.-.~~:~_~.·9-.~ -
:h8.S~ ·410.j r,-;~.8Hr

" :lJ'"..
1.837

,.899
'.960
~.019

2·594
2.652
2.709
2.765

J.6~7

).80S
3.999
4.190

lj;)80
4.570

..,. 4i,l60

4.950
5.139
5·)29
5.518

1.871

',914
1·97~

2.0)7
2.096
2.155

1.11)
1,~71

2·3~8

2.384
2·440
2.496
2·551

1.938
1.997
2.056

2:113

2.170
2.~27

2.2S3
2·339
2·394
2·449

0.4439
0.4641
0.4842

0.5040 -
0.5238
0·5434

0.5629
0.,824
0.6018
0.6211

339·5

350.3
361.5
373.1

385.0
397·)
'1}O-O

423.1
4)6·7
450.6
465.1

')75·7

38S.4
401·5
415.0

428.8
443.0
451:..6

472•6
488.1

503.9
520.)

534·5
551.9
<;69-7
587.9

2.0)7

2.101
2.164
2.226

2,286
2·346
2-405

2.463
2.520

2·578
2.634

478.2

493·7
S09·)
525.8

460.5

477.1
494.0
sn.2

52S·7
546,6
5641S

58).4
602.)
621.7

641.5

+'2.016
•. 136
2,19~4

2.25
'

2.)07
2·363
2.419

0.14'.16

."-~'.0.1527

P '" ).0 bar = 0.) MPa

~!~.::'..-.'1..~~.'.9 " _
40S.7 4B.6 -'·762

4'4.7

429.0
443·8
458.8

474·~
490.!
506.2

522.7
539.6
557.0
574.8

0.1602
0.1674
0.1746

0.1816
0.i8S5
0.1954

0.2022

0.2090
0.2157
0.2223

1·78~

1.851

'.9,2
1.971

2.030
2.0811"
2.145

2.202

2.258
2.314
2.)69
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Tables in Sl Units 921

TABLE A~18

.~~?~.t!n..u.E!.~~_._ ._-_._---_., ............ -_ .... __ ._-_ ..__ ........" ...., ......... ,.. ,.......... , .. _.___.•_•.••__.~•••'r •••••••••, ,•.___.•_.,.__..•••.•• ,_.•••
T t' U h 5 t' II h

O( __..__~'L~........kJ!.k~_.. _.~/.~~ .......~J~_~_&::.~ .......... __ ............. ~.J !.~.~..._...~J!~..._..kJ/.~~ ......~!t.~.:..~.
P '" 4.0 bar = 041 MPa P '" ~.o bar = O.S MPa

,(T,':'! •.~ ..:-§;:'!~~9._ _,.f~';!!.::,.I:?4.·~)....... " ....-,-- ..
Sat. 0.lt37 418.0 4hs 1.751 0.09172 425.7 4]l·6 t·743
0 0.1169 426•1 472·9 1.786
10 J:l.122-7 441.2 490·3 1.848 0·09577 438-4 486.) 1.796

20 0.1283 456.6 507.9 1.909 0.1005 454.1 504·3 1.858

30 0.1)38 472.2 5"'5·7 1.969 0.1051 470.0 522.5 1·919

40 0.1392 488.1 54).8 2.027 0.1096 486_1 540.9 1.979

50 0.14l15 5044. 562.2 2.085 0:1140 502.,5' 559.5 2.,i»8
:'66 '.0:1498 521.1 581:0

-,
0'!.183 519..1i ;F8,5 _ -j.0952.143

70 • r""',il. ~ God.1 536.60.1550 5~8.1 2.199 0.1226 597·9 2.153

80 0.1601 555·7 6197 2.255 0.1268 554.1 617.5 2.209

90 0.1652 573-5 639.6 2.3tl 0.1310 572•1 6)7.6 2.265
100 0.1703 591.8 659.9 2.366 0.1351 590.5 658.0 2.321
110 0.1754 610.4 680.6 2.421 0.1392 609.3 678.9 2.376

......... -.~..... - ....,..,...,.,.~-... ,....--.'.~... ' ........ ' .....~
P = 7.0 boar = 0.7 Ml'a

_J!;.~..: ~.].-,-tI.l.o~!..__,,____•.......•.•

0.06598 438.0 484._2 ,'1.733
~. '" '.-'"'. ., .,

,1."(76,0.06847 .. ;448:~

+ 0.07210 465.2 1.840 +0.07558 481.9 1.901
0.07896 498.7 1.962 " ."~-. ( .0':6821's 2.021 ~ ·r,

9 ¢
.J 0.08547 533·4 2.019 <=,.... ,

_0.p8863. ~Sp 2.137 .0-0
90 0.1081 570.7 2.227 0.09175 569.4 633.6 2.194

4-

100 0.1\16 589.2 2.283 0.09482 587.9 654.3 2.250
110 0.1151 608.0 2.338 0.09786 606.8 675·3 2.306
120 0.1185 627.3 2·393 0.1009 626.2 696.8 2.361

··..·---·-;-~..s:; b~~·;;;'~-.ii'M'P~---·"".. '" ...-.- .......... , .....-~....... - .................. - .--.- ... ,._.,
p = 9.0 bar ee 0.9 MPa

, ..•...._...•__.(.~.•i :::..'~'~l9..""....__... .__V,,;,..::' 2.~,•.!~~g.'_."_
Sat. , -"0.0'5776 .-'443.1 489.), ,1·729 0.05129 447·2 493,8 ,,-~1.7i6
" 20 .0.0583411'445.9 492.6 ·i.740 .,

L~ ~

~ 'O:O~~170 '4'6,2.7
~.

.30 j .512.1 -:.:.806 0.05355 460.0 508.2 ,c' -1.774

40 0.06489 479.6 531·5 1.869 0.05653 477.2 528.1 1.839

50 0.06796 496.7 551.1 1-930 0.05938 494·7 548.1 1.901
60 0.07094 514·0 570,8 1.990 0.06213 512.2 568.1 1.962

70 ~tO.o7385'l Bt6 590,,7 2.049 0.06479 530.0 588.3 J'2.022

80 0,07669 549'.6- '611;0 2.107 0.06738 548.1 608·7 2.081
(90 0,0,]-9'18 507.;9 I 6)1:.- 2.165 0.0&9,92 566.5 629.4 2·.38

586.5 652·3 2.221 0.07241 585.2 650.4 2.195
605.6 673.5 2.277 0.07487 604.3 671.7 2.252

625.0 695-1 2·333 0.07729 62)·7 693·3 2.307
:-:6 rll ltf. 2.)88 p.~:f§~9 643,6 715·3 2·363
66S·0 0.08206 663.8

~ 1.[-

739.3 2.442 7'37.7 2·418
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• eLI
C
III'0::..
o
Q:

EQA

p = 10.0bar'" i.o MP~
...(~!,.',,~.~.6:?~·C)

0.04606 451.8
0.04696 ,45P
0.04980 474.8

0.05248 492.4
0.05505 510.2
0,0575l 528.2

0.05992 546-4
0.06226 56Jj.9
0.06456 583-]

0.06681 (0).0
0.06903 622.6
0.07122 642·5
0.07338 662.8

sat.
30
40
50
60
70
80
90
100

110
120
1)0
140

Sat.
50
60'

70
80
90

I!'e", .
110
.120

130
140
150
160

Sat.
i60
701
80

90
100

0.02441
o.o~606,
0.0~798

0.02974
0.03'38
0.03293

0:oj443
0.03586
0.0)726

0.03863
0.03996
0.04127

"0. 425(;
'O.04j83

p = ,8.0 bar '" 1.8 MPa
{T••• "" 52.3o·Q
'-4'~~!;"..~;8i
4911 '538.0
S,1l4 261'.8
531.6 585.1
551.5 608.0
571.5 630.8

591·7
"612.1
632.7.

653·6
674.8
696.3

7ib
7!1So!l

497·9
504·l
524.6

544.9
565,2
5857

606.362].2
'64&.3
669.8
691.6
713.7
736.l

653.7
676.6
699.8,

723·1
746.7
770.6

74.6 .
8:19,·3

.(~?!?~~n..~~~L.....................................•.._." .
T (' If h 5

·C ".. ~·i.k!i., , !'!l~.!i ,..~.!.~~,.~lJ!(.~.,:..~ .
t' If h

. ,..~~!.~.,.,~,!..~~/~~.,,k.u.k,g.: ..~.

516.9

538.2
559·3
580.3

60;.5
6;P!·7
644.2

666.0
688.0
710.3
733.0

469.4

487.8
506.1
524.4

.543:1
S6~.8
580.9
600.4
620.1
6JjO.l
660.6

t.757

1.824
1.889
1.951

2.012
2.071
-2.U9

2.187
2.244
2.300
2·355

.--- -,- ..~-..-..-,.- ~ ,- , - ~-, .., - ,.~,..,- - ,.., -...•.•
p "" t~,tI baf '" 1.4 "'P~ P = 16.0 Itar = 1.6MPa

.....- .- ~.r.~..=.'•. 4?:?t.'.9 .-_....... .. ,~~~..=.'.~.~:.~?:.9" ,.-
0.0)23.1 465.2 510.4 ,,1.714 .i~ ',;. 9.02790; 1170'4 :515.01.710
O.0344'6·i 482.6". '530.8' . ':1:778.,. ;,( .J .'":~fci~0286f 47,,6< :.s~~S- ,·'i.Hi·'
ti.g3?64 ')501.6"' :S5:t9";' i.s.4'S: '~~',H/I;,':." '0.tl307S .496:6 515.8 "'):~4
0.03869 520.4 574.6 1.909 0.032]0 516.2 568.5 1.871
0.04063 539.4 596.3 1.972 0.03453 535·7 590.9 1.935
0.04249 558.6 618.1 2.033 0.0)626 5 SS.2 61).2 1,997

g:0;42fi ~SF.9: ~t3~~9';'~:'£092 "J' i;:.,:.:"::~'i{:8fi9'~'" "574.8, :63S·tS'2~058
0:?4601j :'!597.5 ·~62.0 ,2.150," ("I}," j .i '0:03952 594·7 '657.9. .?-.1t7
0,P4'774' '~617.5' '684.3 ;::l:20$~ .f'" ~'P:04107' 614.8 680.f • 2.176

0.04942 637.7 706.9 2.265 0.04259 635.3 703.4 2.233
0.05106 658.3 729.8 2,321 0.04407 656.0 726.S 2.290
().05268 679.2 753.0 2·376 0.04553 67].1 749·9 2·346
0.05428 700.5 776,5 2.431 0.04696 698.5 773.6 2.401

110
120

1)0

140
lS0
160

:170
·180

p "" 12.0 bar "" 1.2 MPa
........__.'" .J~..,.=.'.. 3.4}f9 .
0.03810 . 459.1 504.8 1.7181·723

l.744
1.810

1.874
1.936
1·997

2.056
2.114
2.172

2.228
2.284
2·340
2·395

0.03957

0.04204
0.04436
0.04657

0.0~869
0.05075
0.OS2h

0.05470
0.05662
0.05851
0.06037

+
...,....- ..-....--.,- ..-,.-~.,.,-..- ..,..-.., ....- ..- ..._ .. ,...._,

p '" 20.0 bar = 2.0 MPa
(T••• = 57.2]"')

""4;8:;:-- "5-~ij".....~.70(l
464.8 529.1 "l07n.
·506.~ ,554;5 ".1·797

527.1 578.8 1.867
547.6 602.5 1·933
568.1 625.9 1.997

'588.5 649.: •.. 1·059
609.2' ·611-.6 ·i-:'t'i9

'1'.-
630.0 696.0 2.98

651.2 719.7 2,236
672.5 743.5 2.293
694.2 767.6 2·349

716.2 792.0 ,2 .40~
73.§:.5 816.6 ~·4S9

CONFIRMING PAGES .••~.aptaral
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:$1.)6.3' '
1.6~4

,~:0'~~S1
.~ 0:o~~16
.·0.:.?241i

0.02585
0.02744
0.02892

2.087
2.~46 :
2.204

2.262
2.318

2·374

2.429
~.r484

0.03033
.. 0.0}169, •
0.03.299

0.03426
0.03550
0.03671

'oh3i9o
0.03901
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5 C· u h s

kif J ~ "!.Lk.g ~!~.~~!!.~.~~(~.~.:.."

758.2
783.2
808·4
833.8

p = :uj.o bar" 20-4 MPa

....., .cT~.~..~.6.~:~~:9.. , .

,.~-'....,..-" -;--JO:~..bJ;; -;~J~~OMPa
..•.••............... ~r.':"';•.: ?1:.?~~9 .

'i.' 0';012:6) r :'488.2. '~26.0 1.~64.
. o.o~3i8.~.,495~' .;Wt9 1~/;89
_ ~.GIs06~:' ~S2!:~ 568,.0.. . ~:j82'

0.01654 547.2 596.8 1.860
0.01783 570.4 62].9 1.932
f).01899 593.0 65o. 0 1.999

'~9~
1·761
1.834

0.01721
0.01802
~:01984

484;) '525.6
493-7 536.9
517.0 564.6

590.4
615.4
639.8

664.1

688·3
.2.S

736.9
761·4
786.1
811.1

675.6
701.0
~26.3

751.6
777.1
802.6
828-4

1.688

1·722
1.801

1873
1·941
2.006

2.068
:Z.129
:z4#
2.247
2.]04
2.360
2.416

539.0
560•6
581.9

603:2
l624.6

64~:O~

667.8
689·7
711·9
734.5

615.4
637-7
660.1

682.6
705.4
728.]
751·5

760.9
787.7
814·5
841-4

'.' -, I +

m

Sat.

70
8,

p = 22.0 bar = 2.2 MPa
(r"" 61.90"Q~:~:~~~l;:~::".~::::~

0.02261 522.4 572.1 .

1.903
1.969
2.032

0.02141
0.02283
0.02414

0.02;5:38
,-. I·.

0,026S6
o.o~7l2.
0.02880

0.02986
0.03091
0.03193

2.06]
.2.126
J;186

2.2~5

2·3°3
2.360
2.417

2.269

2.326
2.)82
2437

0.02007
0.02109
<).0~206

0.02]00

0.02390
<).02478
0.0256]

693-4
717.3
741.2

765.3

2.283
2.340
2.397
2.452

tn
2.140
2.201

2.261 0.01687
0.01761
0.01833
0.01902

p = 35.0 bar = ].5 MPa

..................\T~..::'..8~..~.1.~9 .
0.00977 486.3 ,. S~?S·
0.01086 •51)2.4 540.5
O~OlpO 532·9 sri',3-
0.01408 608.2
0.01526 636.8
0.(16)1 664.1

0.01728 6;30.2 ~'3':f'
'0.01819 'Ii 3.J ,717..0
0.019.06 76.4 ,i:,43:1

0.01989 699.6 769.2
0.02068 722.9 795.3
0.02146 746.5 821.6
0.02221 770.3 848.0

90
100

110

0.02417
0.02561
o oil697

2.319
2·376
2·433

2.222

2.281

2.]40
2·397

150
160

170
180

0.03185
0.0]298
0.03409
0.03517

670.1

691·9
14·1

716·S

I 164.51
I 7i19.1
81J.9

Sat:
80
90

100

ItO
120

'1:;:l;
~4(j
150

160
170

180

190

0.02]23
0.02821

0.02918
0.03012

Sat.

90
100

no
120

130

140
ISO
'160

170

180
190
200
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Spedli, OenSiitVt
Heal, c, p

SlIb5t~nce ._._.._..~":!l~..~!..,-".........._...~~Irn~l_-,.\., ...... , ........ , ,

Selerted Solids, looK

~lumlnuin 0.90) 2700
~oa.k a.!JIhradte 1.260 1350
CO'~per 0.)85 8930
iJral'liie o·ns 2630
Iron 0.447 7870
Lead 0.129 11300

Sand 0.800 1520
Silv~r 0.2)5 10500
5011, 1.840 z050
Stnt (Al~1)02) 0.480 8060
T1n " 73100.227

Bul/dlng Materials, looK
Brick, common 0.835 1920
Concrete (stone mill) 0.880 2300
Glass, plate 0.750 2500
Hardboa rd, 51ding 1.170 640
limestone 0.810 2)20

Plywood i.azo 545
Softwoods (fir, pine) 1.380 510

+ 16
1.800 no
0.835 JZ
"1.210 55
0.B35 80

Saturated liquids

Ammonia, 300K 4·818 599.8
Mercury, 3001( 0.139 13529. Refrigerant 22, 300K 1.267 ti8).1

• 0'1.,;G.:' Refriger3 nt 1343, 300K 1.434 1199'7
't.' .'a:. - Unused Engine 011. 300K 1.909 884.1

':zr- Waler, nsK 4·211 999·9
~ 300K 4.179 996.5

325K 4.182 987-1
350K 4.195 973·5
37SK 4·220 956.8
4001( 4.256 937.4

924 Tables in 51 Units

TABLE A-19

Pro~rties of Seleded Solids and LIquids: 'P' P. and K
-_.-."--" ~.,..,..,., ,., .•~ ,..,~.,-•...• , ....• , ' -.. '.. , .

Thermal
Condllctivity,"
~1.~..'..19 .

. Z37
0.<16

401
2·79
80.2
3S.3
0.27

429
0.52".
15.1
66.6- '",

0.]2
1·4
1·4

0.094
2.1S
0.12
0.12

+
0.465
8.540
0.085
0.081
0.145
0·574
0.613
0.645
0.668
0.681
0.688

Sourre<: Drawn from several SO"".,. these data are only representative. V.lues tan vary depending on
temperature. puritV. moisture content. arid ether ractors,
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TABLE A-20

EQA

Temp.
I(

250
300
"350

400

450
,00

.5'50
600
:650
700
750
800

1.003
I,

1.005
1.0.08

1.013
1.020
1.029

1.040
1.051

1.063

1.075
1.087
1.099

Air

0.725
0.718
0;7ll

0.726
0·733
0·742

0·7S3
0.764
0.776

0_788
0.800
0.B12

1·395
1.391
1.387

i.)81
1.376
'1·370

1.364
1.359
1·354

1.044
1.049

1·°56

1.065
1.075
l'IiI86

1.098
1.110
1.Ul

Nlt rogen, N.

0·742
0.74)

0·744

";.4~~"·....·~·:9~)..··"'~'~:65'3'"
1.400 0.918 0.658
1.'399 0.928 0.668

0·747
0.752
0·759

0.766
0·n8
0.}89

0.801
0.813
0.825

1·397
1.395
1.391

1.387
1:382
1.376
1·371
1.365
1.360

0.941
0.956
0·972

.0.988
1:003

.1·!W I

1.031
1.043
1.054

0.681
0.696
0.712

0.728
, 0.743
0.758

0.771
0.783
0.794

1.382
1·373
1.365

1.358
• 1·350
1·343'

1.337
1.332
1.327

+

Tables in 51Units 9"5

Ideal Gas Specific Heats of Some Common Gases (k.l/kg· K).....-.'.-..-.::::.~;...I..~~.,::,_I.....~.:·:::.~:.::~~:..:.]::::.:~;.:]~.~:~..,..-.~·.:···~~·,.:..:L::_:·~~~.:.I.·.:-:~.:..::·.,..',.-.. ,.

1.398 250
1.395 300
1.389 350

Temp.
I(

550
600
~~o

700

750
800

400
450
soo

01 55Q'*:,
l.~.~~l~

~50

700
750
800

1:()li6-
,:075
1...102

1.126

1.148
1.169

1.20·~ ,I
L~3iI'"

0-937 1.202
0.9S9 1.197
0.980 1.193

1.015 ' }' 1.186
~,645~'.;:~·81

1.113
1.126
1.139

1.163"

1.~85

0.816
0.829
0.84l

0,866
0.888

1·364 14.604
1.358 14·645
1.353 14.695

1·343 t'1.822
1·3"3~ I :14·983·

10·4QS
10·422
10,447

10.480

10·521
10.570

iO;698
to.!!.,9

1,.398

\·398
1·397

·f

1.396

1.395

1·394
1.392
1·390

'(900n 1.121 , o}334 i J 1,344 1.145' .0.849 1.349 "1.0'''''. ;;:814'" 'Jalj~ "gll'i
::~~j~.'.}:~~~.. :.~:~.~f'.;t3.~.~ ~:_~~!.:.O'*l~ t!.~J..:..".:::.~!..r ?:.~.~!!.:u,1~3,.~?,_ ~~.~.~_
Temp. (arbon (arbon Temp.
K Dia~ide,CO. Mono~ide,(0 I(

400

450

500

{50
600
650

~
I

700
750
800

900
1000

Source, Adapted from K. Wark, ThermodY"om;", 4th ed .• M<Graw·Hlli. New York. '911] .•• based on "Tablu
of Thermal Prof""lies of Gi<S6." "ISS C;n:"b, 564. '955.
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92-6 Tables in SI Units

TABLE A-Zl

~~,r~.at.i.~.11., .o.~,.~~.~~~.~..T~~~~.~~~,~~,.~.~~..~~.le~.~~~..~~.~~.I.,~.~.s.:.s"'..._ ,..............•._•., _.
e,i =' (lI + fJT + yr' + fiT' + fT'

T is in K, equations valid from 300 to .000 K

Gas "fJ X m' y x 10" Ii x .0'
. w' 0" , ••• , ••••••••• __ ., •• " ••••••• ·,·,·~,jl·" , •••••••,.~.,•.,•••,~,--.,;. .•••, ••••••••••••••.•••...••.•_ •••••••••••.•••.,'" ••..•• ," ••-••. -"-' ""~"'-.,

(0 3.710 -1.619 ).6jf.z·~':' 2.0p
CO, 2.401 ' 8.735 -6.607 1.002

H, -.', ).'057 2.677 - 5.810 5.521
H,O 4.07\) ,1.t08 4.lS2 - 2.96~

0.i40
(I

-1.812
. 0.807

0,
N,
Air
S0,

-1.878 7·055 -6.764 2.156
-1.208 2.)24 -0.632 -0.226

-1·337 3.294 -1.91) 0.276)
5·)24 0.684 -5.281 2·559

-).979 24.5S8~" -22.i33 ~:963
1/057 -14,501 16:391 {" }-4.135
_il.38~ 7·989 ~ . -16·~54 . r 6.1t+9

0 0 0 0
Monatomic

gases' 2·5

'For monatomk gases, such as He, Ne, and Ar, ? Is constanl over a wide temperature range .nd Is .""1 ne.rtv equal
to 5/2 R.
Source, Adapted from K. Wark, TlumnodJ"'Qmlcs, 4th ed .. MCGraw·Hili. New Vorl<, '98]. as base<! on NASA SP'273,
U.S. Government Printing Office, Washington, DC, '97'· +1+
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Ideal Gas Properties of Air

IUsersfuser·sl46lDesktop!Merry_X-MaslNew I EQA

Tables in SI Units 927

.,-,-'" .~'.-.." ' ,.-.- ..~--.-..,.., ,., -~.. -_ -., ,~., -- .. , __ - , ,. , , " , -- -, "." , , , .

t .~.. " .....:: ..;:~:~;.;;:;"I"/~'~{kJLk'""...:.:. ..'-;:;;:;;;;:l
.~._., ., _••,., .••••••••••• ," •••••• , •• ,•••••••••••.•.__~" •.•.•,•• ,.. ••_,__•••.•• ,••.••••••• ,., •.• _. __._,.• , •• ",. , ..•..• _ "_,., •• " •••, .• , ,_ .., •..•••.•..••••••.•_~•••, .•••• ,., •••• ",~, •..••• _ ,•.•. _., , ..•..• 1

lOa 199.91 i{i2.56 1.29559 0.3~~3 1707·
210 20<) •.97 1.49,.69 ' 1-34444 0:3987 lS12.
220' , .. 219·97 156.8~ • 1.39105 . 0.4&90 1346.
:do 2)0.Ol . 164,00 1·43557 0.5477 1205.,Wo ioII; •

0.6355.,240.,Oz 17P3 .. 1.47824' 1084.

250.05 178.28 1.51917 0.7329 979·
260_09 185.45 1.55848 0.8405 887.8
270.11 192.60 1.59634 0·9590 &>8.0
280.13 199·75 1.6)279 1.0889 738.0
285.1.4 203.33 1.65055 1.1584 706.1

)15
320
375
3)0

400
410
420
430
440

286.16
293·43
300.69
307.99
315.)0

3.806
4.153
4·522
4.915
5.332

301.6
28).)
266.6
251.1
236.8

1.99194
2.01699
2.04142
2.06533
2.08870

450 .451.80 jh.6i ~,11161 5·775 223.6
460 462.02 329.~.~ 2.13407 6.245 211.4

470 472.24 337.32 l.15604 6·742 200.1

480 487·49 .344·70 2.17760 ~.268 189·5
490 492.74 352.08 2.19~76 7·824 .179·7

500 503.02 359·49 2.21952 8All 170.6

510 51)·32 366.92 2.23993 9.031 162.1

520 523.6] 3706 2.25997 9.684 154.1
~30 53).98 381.84 2.27967 10·37 146·7
540 544.35 389.)4 2.29906 11.10 139·7

550 5 4·74 396.86 .,~:i~~18<!9 111.~ ~ 133:1
560 565.17 404·42 "":3)685 • 1~.66 127~0

570 575.59 411.97 ;Z~5531 13.50 121.2;

580 586.04 419.,5 2·37348 1.4.)8 11S,?.-~
596.52 . 427.15 lI0:6 .590 c.2;39~0 15.31

600 607.02 434.78 2A0902 16.28 105.8
610 617.53 442.42 2.42644 17.30 101.2
620 628.07 450.09 2A4356 18.]6 96.92
630 638.6) 457.78 2.46048 19.84 92.84
640 649.22 465.50 2.47716 20.64 88·99

+650 659.84 '!1~3~s 2.49364 21.86' 85·34
660 670·47 4BIOI. 2·5(>98$ 23·1) 81.89
670 68L14 "481l.8! 2.~~~89 . ~4-46 7B.61.,
680 691.82 496.67. 2.5~W.5. 25·BS ", '"is.50 I

,
.690 702.52 504.45 .2·557~! 27.29 '. 7~.S~"

700 71).27 sn.3) 2·57~77 2B.80 69.76
710 724·04 520•23 2.58810 30.38 67.07

720 734.B2 528.14 2.60319 32.02 64·53
730 745.62 536.07 2.6180) 33.72 62.1)

740 756.44 544.02 2.63280 35.50 59.82

I. P. and u, d.!~ for use with Eqs. 6.4' and 6.42, re.pectlvely.
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928 Tables in 51Units

TABLE A-22 .

(Continued)
" ••.••••.•••••••••.•••••••••••••• _•••• _•••.•• ,._•• _.••••• n . ••.••• ,.,._._ •••• __•••.•• , ••••••••••.••• , •..• •• _._,. , •.•••••••••••••••••••••• - .• --.~ •••••..• -, __•••••••• n ••• 'n· ••••• _•• , ••• "" , •••••• ,- ••.•• -- ••• -

.............!I~kh.a~~..~.Lk!.!k.ld:...••..{~r..k.~.~.K) "'. . .
wnen M == 0when.u -'"0'

s· 0.h p,r",p,r h

750 767029
160 't;8.i8
770 189·U
780 800.03
190 810.99

800 821.95
820 843-98
840 866.08
860 888.27
880 910.56

900 932.93
910 955·38
940 977.92
960 ·,'1000:55
980 '102P5

1000
1020
1040
1060

+ 1080

I

II
- .. __ ., ••• '.~' •••••••• ' •• _•. ~••• ~•.•• ""-:'_ •..•.••.•.• ~ •.•••• ~ ._.••• , ,•••.••.••••• r •••• , '" " ._ •••••••••.•.

551.99 2.647';17 37·)5 57.63-
560.01 2.66\76 3~ji.2755·54
568.07 2.67595 4.1.31 5)·39
576.12 '2.6901) 43-3,5' ~ 51.64
584:1.1 2.70400 45·55 ~ 49.86

~.27j~5
).29160
H09S9
3·32724
3·34474

.IU75
jO'.747
10.247
'9·180
I,rm
8.919
8.526
8.153
7.801
7.468

10'22.32
1040.58
1056094
1077·10
l.D95·z6

'>330·9
352.5
375·3
399·1
424.2

1395.97
1419.76
1443.60
1467-49
l'~i~!44

1515.4~
1539·44
1563.51
158].63
1611.79

.1635.97 '
1660.2)
i64S1.,
lj08.82
,I •
1733·17 .

1757·57
1782.00
1806.46
1830.96
1855.50

l}OO

~320
1340
1)60

. 1)80 •

111).52 3.36200 450.5
1131.77 3.37901 478.0
1150.1) 3.39586 506·9
1168.49 3·41247 5)7.1
1186.95 3.42892 568.8

Il05.41 3.4{!5t~ .• ,.',1;01·9
:iit~3,87 ··).~bl~O' •f36.5
lUj2.43 . ).47712' 6n.8
1260.99 .r-~:j.49276,.· '. ~lNt· .t
1279.6S·~!t~§082~ 7..50•0

1298.30 ).52364791.2
1316.96 3.53879 834.1
1335.]2 3·55381 878.9
1354-48 3.56867 925.6
1373.24 ),58335 974.2

48.08 1400
44.84 1420
M·8S 1440
39.12 1460
36.61 1480

34.31 1500
32.18 ~HO
-)0.22 1540
28.40 1560

.26:73 . " 1';80

592.)0 2.71787 47·75
608.59 2.74504 52.59
624.95 2.7717° 57.60
641.40 2.79783 63.09
657·95 2.82344 68.98

674.58 .2.84856 7$.l9,·
691•28 •~,87324 . ~2:~
.708.08 2.8911t8 B.9:l~..
725 •.02 l'921.28 97.00
741.98 2.94468 '105.2

758.94 ~·96no 114.0
776.10 2.99034 123.4
793·)6 3.01260 133·)
810.62 3.03449 143.9
827.88 3.05608 155.2

-r 7.152
6.854

.": 6.569
~'6.3CiI
\6·~li6.·
5.804
5.574
5.355
5.147
4·949

1600
1620
1640
1660
1680

25.17
23·72
22·39
21.14
19·98

lti.~96
1].e3/i
;6 9~'6-

, '16.064
15.]4;

14·470
13·747
~3.069
12-435
n.83S

+
1950 2189.7 1630.6
2000 2252.1 1678·7
2050 ~314·6 1726.8
2100 2)77.4 1775.3
2150 2440.3 1823.8

,2200 . %5'0);2~1~t:z~4
~250" ~4 !1S121.)'

3·022
2.776
2·555
2.356
2.175

1200 1~77·79 933-33 3.17888 2J8.0
1220 1301.31 951.09 3.19834 254·7
1240 1324-93 968.95 3.21151 272.)
1260 1348.55 986.90 3.23638 290.8

U80 IJ7l.24 ,\004.76 3.25510 3W.4

S<>urr~, Tabl. A·" I' bas ~ on I. H. K""nan and J. KaY". Gns Tables. Wiley. New Yo,I<. '9~~'
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19
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85
7,2

66
5,1

88
18
~·
)7
0

25
0

26
0

7.9
79

5.
81
7

20
-8
.1
11
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TABLE A-24

Constants for the van der WaaLs, RedLich-Kwong, and Benedict-Webb-Rubin Equations of State
~:..~a;:;'de';w~;is'a'~d"Red'ii ~'h::j(---';o~g;''C;;~~t~'~t~'fu~'p~~;~~~''i~''b~;:'.~i;~~ifi(";;;)iu';;~"in";.;;;;k;:"'Oi:''a'~d't~m'p~;'ai~;'~'i~'K' , , ,.' .

••••••••••••• ,••• u,., ••. __r••._•. ~." ..••.••.••.••••••••••••• " ••••••.••..••• , •••••••••••••..•.••••• ,. •••• , ••••• "" .. •·••.•·f··· ,; , " '
.............................~~~..d~~.!!.~.a.~~.....'... }.~~B'.h::-.~w:'.~~....... 1

a b a b I
( m'V m' bad ~)' K'I' nY

ba. krnol) kmol \km 01 kmol..··· ..·..;:~68 · ·..· · ~:b·36/·..'· '....-~i~·B;........... ,~:.b~5~~·
13;.!'6 0.1162 l89·S5 0.o.so6C1
3.647 ' .' 0.042B 64.43 0.0296)

5ubstance

Aii
B!ltane {C,H,J
Carbon dioxide (COJ

Carbon monoxide (CO) 1.474 0.0395 17·22 0.02737 ~
Methane (CH.) 2.293 0.0428 )2.11 o.0296S .1;
Nitrogen (N,) 1.)66 0.0386 lS·S3 0.02677 t.

2i
oxvg"en (O~) :" ' .' ~l. 1.)69 0.0317 17·l2 P.
Propane (C;HJ' ." " r,,, . ' .. 9·349 0.0901 181,23

• " ••. "'. u, 2i8.59R"~frlger~!,;i2 t;. ,~-::"•." 10.49. 0.0971

Sulfur dioxide (50,) 6.883 0.0569 144.80 0.03945

Water (H,O) 5.531 0.0305 142.59 o.oz rn
' ••••••••••••• n ••••••• · •• · ••.•••••••••••••••• ,_. __•• _+··· .•••.•••••• "~, , - .. ".- •.. +-, •••• -•••• ,~ ••• - •• ,-.- .• - ••. _...•.... , .........• _._40 .••.• _ , ., .... n.,' •.'.•~.•••·••...••..••..•.•·.·,••·•.·······_· ....•.•..•...

S<>urce: Co[cuta!ell from crttka I data,

2. Benedict-Webb-Rublo; Constants for pressure In bar, specific volume [0 ml fkmol, and temperature in K
Substance a A b B , ( •• l'tiH~~;·~~;~··:··:;..:9~:·3·:·-·,':·~..f·:s··· ··~;·'·:~;3jW9·8....······~;;;436··'··;...·~':f~6";"~'~;''''·..·..·;~;~6..;;..;~1'..·..·..··;:~~~·-~..~~-:';·-·..··-~:~~~'~..·
~~.,,: ~ ,. 0.1386 2.7737 0.007210 0.0.4991 1.512 X 10' 1·404 ;.> 101 B.47 X 10 \ -b~cioS]9
~g 0.0 71 1.);590 0.002632 0.0 ,i:j4 1~OS4 x 10l 8.67p X 10' 1.350 x 10-' O.OCl~2... +1.244 x 10-'

1.272 x 10-'
2.287 )( to'
8.166 x 10'

2.579 x 10'
7.)81 x 10'

0.0()60
0.0(153

0.0501
0.0254

0.003380
0.002)28

CH,
N,

Source, It. W. Cooper a" d I. C. Go\df," n II. Hydrocar/Jon Processing. 46 (12): l~ I ('967).
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TABLE A-2S

Nitrogen
Hydl'OJlyt
Methane
Acetylene

Thermochemical Properties of Selected Substances at 298K and 1 atm...-.-..__..,.., , r - -..--.--.""r '-"'--"'.. , .........•......, '..-.o-

I
Mola' MasS,

_F_Q!~~~.~ ~ ..~~~.i~~[)ci~;;....""':";"'"C~s) n.ol '
Hydrogen , 'H,(g) 2.016
Nitrogen N,(g) 28.01

.'O.,;y8en Q..(g) .)l.OO

(O(g) 28.01
(O,(g) 44.01
H,O(g) 18.0~
H,O{l) 18.0~

Substance

Carbon mono~i de
(3roo n dioxide
Water
Water

. J4.0~
17.03
16.00
1.008

14·01
17.01
16.04
26.04

58.n
72.15
114·22
ll4·22
78.11

3~·04
32.04
46,07
46.07

Entha lpy of GIbbs Funetic n Abso lute Hfgher; In""".
Fannatlon. Ii; of Formation. Entropy, 1'" HHV LHV

(kJImol) -gr (kJfkmo[) , ,_.(!!!L~~~..:,I9..! .. _.J~!.k.~_ ~.!!.~!!t..· ·..··-· ..·-·~ ·i' ,"'-"';';'-~-

-no,530
-393,520
-241,820
-285,830

-136;310
-46,190
249,170

~~~,g9:.g,

I
I

-137,150
-394.380
-228,590
-~37,180

-105;600
-16,590 ,
, 231,7}0'

2?~~29.0

455,510
34,280

-50.790
209,170

66-:-120'
-32,890
62,720

~Z3,490

-15.710
-8,200

17,320
6,610

129.660

-162,140
-166.290
-168,570
-174;890

o
o
o

-126,150

-146.440
-208.450
-249,9)0
82.930

-200.890
~238,BlO
.,-235,310

-277.690

Huting Values

5,74
, '30.57
191.50
205,03

32.77Q
119:950

197.54
213.69
lB8·72
69·95

310.03
34B·40
463.67
360,79
269,20

49.500
49.010
48,260

47.9°0
42•270

45,720
45,350
44,790
44,430
40,580

239·7"
126,80

262,59
'160.70

Source: Ba.~d on JANAFTherrncrhemital Iables, NSROS-N8S-31, 1971;Selected Volue. "f Chem;;;ol Thermodynomlc Properties. NBSTech.Note 270'3,
1968;andAPIRese<JrchProject 44, urnegie Press, '953. Heallr!g values calcul"t~d.
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Standard Molar Chemical E)lergy, ij'~(kJ/kmot), of Selected Substances at 298 K and P.
Substance ·'··-·'·'··'·······'··f;;;;;~i·;·'·'''·-·''·' ,.".. '···M·~d~i·i;····-·· ··'·'·.-.-·--·-·"M.;;i·~·i'i·i·
Nitrogen N,(g)

Oxygen O,W
Carbo n dlox id e CO~{g)

Water H,O(gj

Water H.O(O

Carbon (gr.rphite) C(5)
Hydrogen H,(gj

Sulfur S(s)

Carbon monoxide CO(g)

Sulfu r dioxide SO,(g)

Nl!rogen rnon oxld e NO(g1
~lbgen dioxide'- 'ND,(g)

Hyc!,oge n su mde II,S(g)
Am~onia NHI(g)

Methane CH;{g) ,

~~ty~~ne - t,H,W
Ethylene C)I,W
EtIlani! C.~i(g)

Propylene C,H.W
Propane C,H,(g}

Butane C.HtoW
Pentane C,H,,(g}

+ Benzene C,H,{g)

Octane C,H ••{l)

M tflift!ol CHJOH(g)
Me! '.lno:. CH,OI-!.tn
ifu~no!' 't,H.OH'Th)
Ethanbl~ ,- C.il,qHp.J "~

640
3,9~0
14,175
8,635

4S

404.590
~35,~50
598.160
269.410
30l,940

d!850
55.565
799,890
3)6.685
8~4,3S0

7~0
3.970
19,8,0
9,500
got!

410.260
2)6,100
609,600
275,100
313,400

'"T'88~0

55,600
~{2jOOO
33.7,900

. 831,650
"i..2P5,1I00
·1.)61,}00
1;4.95,8411

7l5.07[)
7. .0,745

oL. l.348.330
',' 1:3!-12,?BS

2,00),900
2,154,000
2,805,800
3,463,)00
3.30),600
5.413,100 +722,)00
71B 000'.

1.)63,905-
I')S7,700

'J. Ahrendt', ·Oie Exergie Chemisrh Reaklloosnhigel Systeme." YDI-fotschungsheft. vOl-Verlag. Dusseldorf. 579· '977-
Also see "Reference States: fnergy- The Inremationallaumal. 5: 667-677, '980. In Model I.P. = 1.0'9 atm. This
model attempts to Impose a criterion that the reference .""Ironment be in equilibrium. The relerente substan'es
are determined assuming re>tritted chernlcal equilibrium for nllilc acld and nitrates and u"restrlcte-d thelmody-
namtc equilibrium far al( other cherntcal components of the atmosphere. the ocean" and a portlen of the Earth'S crust,
The ~11fl\\i<~\,,,,,,,?OsitIon of the gas ph~e of thi. model appra.dm~t., the ["mposition of the natural atmosphere.
'). Slargut. O. R. Morris, and f. R. Steward, Exergy Analysis Of Thermal, Chemlcol. and Metollurgical Ptocesses,
lIeml spha re, New York, 1988. In Model II, P. = 1.0 atm. In develo ping this model a referen Ce substance is selected
for each ch emkal elem ent from among su bstances that conta in Ihe eleme nt be ing co nsldered and Ihat are abun-
da nlly pre sent in the natu ral e nvi '0 nment, e.en thou gh the substances are not In (om plete IV mutual stable equi·
librlum. An undenyln g ralion .Ie 10' thls a pprcach Is that • ubstanc es found • bundantly In nat" re have tfttte economic
value. On an """rall basts, the chemical composition 01 the exergy rsferenre e""iro"m~nt 01 Model tt is closer than
Model i to the composition of th~ natura I .""Ironment, but the equilibr1um criterion Is not .Iways satisfied.
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TABLE A-;Z7

/Users/ussr·s 1461D esktop/Merry _X-MasIN.... I

Logarithms to the Base 10. of the Equllibr1um CDnstant K
.' •.• ~••• ' ••••, ••.•••••••• _~•• , ••• _ .•• _ •• ,.,_ ••• ~•••••• ~ •• , ••.• , •.•.•.••••.•••.••••••.••• ,_.••.•• _.••.• •••••••••••.• '.' ••• r •••• _••••• __• " ••••••••••• _•••••. ,'.1_ ••. , ••••••• '_"_0_ .•. __., •• _, .•••• ,n ••• ,

log,. K

Te~_~..." ..·.;~:;··~.H____·:-?:·:;.:~;::·:·:::..~;:;'~;'-: ..~~~_~~t:_I_...;;.'~..~.;..··:::·~tI~:::.I:~;~o~t;~·::::::.~~f~:~·:~:'t.··:.l'~~'
~46.oS4 ~45.066 ~5.Gl8 537
~26.130 -25.025 -2.139 900
-11.l80 -IO.nl -0.159 1800
-8.8n -7.764 +0.135 2160.
-7.021 - 6.014 +0.333 2520.

2100'
'220.0
13~O .
24~~'-I
250.0

260.0
2700
2800
2900
3000

298 -71.224
50.0. ,,"40.316
1000. :"17.292
120.0 -13.414
14?D -10..630

1600

1700
1800
190.0

2000

-8.532
-7.666
-6.896
-6.204

-5.580

'''::'5.016
-.,,-;-4:502
. -4.0)2

,;:~b·60.0
-3·202

-2.836
-2-494
-2.178
-1.882
-1.606

-81.208
-45.880
-19.61~
-15.208
-u,054

-9.684
-8,706
-7.8)6
-7.058
-6.356

~;-:;5·720
;-5,142
-4.614
-4.130
:"'3.684

-3.272
-2.892
-2.536
~2.206
-1.898

-159·600
-92•672
-43.056
-34·754
-28.812

-,15.171
-8.783
-4.062
-3.275
-2.712

-40.048
-22.886
-10.062
-7.899
-6·347

-5.180
-4·699
-4·270.

-3·886
~3·S4°

-3·227
. ,..:lv:i42
•-2.682~
~ -~44"1'
-2.224

-2.021

-1.8n
-1.658
-1.495
-1·343

-5.677
-5.124
-4.613
-4.190
-3.776

'-)·434
. :::'3.091
-2.809
-2·520
-2.270

-2.0)8
-1.823
-1.624
-1.438
-1.265

-24.350 -2.290
-22.512 -~.116
-20.874 -1.962
-19.410 -1.823
-18.092 -1.699

-16.~?_8 '-;'1'586
'.- -15.!\10 :-1-484
. -,.(:818 ~ '.,-1.39-1 '
·~~1.3.9-0s,_' ·~1.30"5
-''-).0.]0/ 't ,;~'L)~7-
-12.298
-11.580
-10.914
-10.294
-9.716

-1.154
-1.087
-1.025
-0.967
-0·913

S<>!1n:~: lIased on data from the IANAF Thermo,hemlcal Tables. NSR OS-NBS'37, 1971

-4·706
-4.169
- 3.693
- 3.267
-2,884

-2.539
-z.2:l6
-1.Q40
'-1.679
-1.440

-1.219

-1.015
-0.825
-0.649
-0..485

-0;;)7
• -0,189
-0.054
+0.-071
+0.190

+0.474
+0.530
+0.577
+0.619
+0.656

+0.688
+0.7i6
+0.742
+0.764
+0.784

2880.
3060
3240
3420
3600

37~?
3960
411°
4320
4500

4680
4860
5040
5220
5400

SSe!!"
5T6o
594!)'
6'120

63~.

+0.802
+0.818
+0.,833
+0.846
-to.8S8

+'0.869
+0.876
+0.888

+,?B95
+0-9?~.•.
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