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THE PROPERTIES OF SATURATED AND SUPERHEATED
AMMONIA VAPOR

I. Introduction

1 Historical Review—The vapor of anhydrous ammonia first
became of interest in the field of Mechanical Engineering with the
advent of Carre’s absorption and Linde's compression refrigerating
machines. With the development and increased application of the
refrigeration industry this vapor has become more important and an
accurate knowledge of its properties is highly desirable.

As in the case of steam and many other technically important
vapors, the first reliable experimental knowledge of the properties of
ammonia was derived from the work of Regnault.1* He determined
experimentally the relation between the pressure and the temperature
of the saturated vapor and expressed it by means of empirical formulas.
He also determined the relative volumes of the superheated vapor at
different pressures along an isotherm for the temperature 8.1° C.,2
the specific heat,3the theoretical density3and the experimental density4
of the gas. The determinations made by Regnault of the specific heat
of the liquid and the latent heat of vaporization were lost in the reign
of the Commune in 1870; twelve of the determinations of the latter
magnitude, however, have been found.5

The first attempt to establish the fundamental equations for the
vapor of ammonia and to compute tables of its properties was made by
Ledoux.6 These equations and resulting tables, resting as they do
upon unsound hypotheses and meager experimental data, are, in the
light of later investigations, quite inaccurate. The next theoretical
investigation of the subject was undertaken by Zeuner,7who computed
new constants for ammonia, in the equation of state of the form already
applied by him to steam, and used by Ledoux for ammonia. He also
constructed empirical formulas for the inner and outer latent heat,
and the specific heat of the liquid, and by use of these formulas computed
tables which appeared in the earlier editions of his thermodynamics.8
In the later editions9 the values thus calculated have still been used
for temperatures below 32° F., but results of later experimental deter-
minations have been used above that temperature. These tables for
ammonia vapor are given in both English and French units.

*Nurrerals refer to the bibliography given in Section V.
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The tables now used most extensively in refrigeration work and
included in most handbooks on refrigeration are those of Wood.D
These tables are computed from formulas derived by the author and
based upon Regnault’s experiments. About the same date (1889)
that Wood's tables appeared, another set of tables was published by
Peabody.1 These tables were based upon the work of Ledoux and
upon the same form of equation of state, namely, that derived by
Zeuner and applied to ammonia by Ledoux, but with the constants
recomputed.

Since the above mentioned tables were published the properties of
ammonia have been made the subject of considerable experimental
work, although comparatively little is known even now when its impor-
tance in technical work is considered. Beside the experimental work
enumerated above we have the following determinations: Pressure-
temperature relation by Bliimcke,R2 Pictet,3Faraday,¥4 Davies,5 and
Brill;16 critical temperature and pressure by Dewar,I7 Vincent and
Chappuis,8 Jaquerod, @ and Scheffer;7L latent heat of vaporization by
von Strombeck,® Franklin and Kraus,D Estreicher and Schnerr,2L
and Denton and Jacobus;2 specific heat of the liquid by von Strom-
beck, Ludeking and Starr,3 Elleau and Ennis,2 and Dieterici;5
volume (or density) of the liquid by D’Andreeff,® Lange,Z and Die-
terici;5volume of saturated vapor by Dieterici;Bvolume of superheated
vapor by Leduc,B Guye,® and Perman and Davies;3) specific heat of
the superheated vapor by Keutel, Voller, Wiedemann and Nernst, the
existing data on the latter property being summed up by Nernst.d
In addition to the above direct experimental determinations of the
various properties of ammonia there is available a set of throttling
experiments performed by Wobsa.®

It will be seen that a great deal of the recent experimental work
has been done by Dieterici. He has computed a table of the properties
of ammonia,5s but this table is available in metric units only, and for
reasons which will appear later it may be improved upon. In 1907
Wobsa published tables for ammonia vapor based upon his own exper-
imental work and that of Dieterici. These tables appear in the 1908
edition of Htitte and have been converted into English units and
extended for every degree Fahrenheit by Macintire.® In 1908 Wobsa
published a revised table6l based upon a new form of equation of state.
Among other tables of the properties of ammonia which have appeared
in metric units are those of Mollier® and of HybL &

Very recently Dr. Chas. E. Lucke has published a new table of the
properties of ammonia in his treatise on thermodynamics. Lack of
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time has precluded a critical examination of the experimental basis of
the table.

2. Purpose of this Investigation—The present investigation has
been undertaken with the object of collecting and correlating the various
scattered experimental data on the subject of the properties of ammonia.
An attempt has been made to reconcile these data by means of well-
known thermodynamic laws and principles so that the results may be
consistent with each other; and to express the various properties by
means of formulas from which tables and charts in English units may
be prepared for use in solving the many problems connected with
refrigeration work.

It is fully realized that the experimental evidence is not as complete
as could be desired and that more accurate experimental work may
render necessary a slight revision of the value of the constants in the
equations here presented. Hence the tabular values resulting from
the equations are not to be considered as final, but as best representing
our present knowledge of the properties of ammonia.

3. Acknowledgment.—The assistance of Mr. G. W. Philleo in
establishing the constants in the characteristic equation of the supers
heated vapor is hereby gratefully acknowledged. To Mr. Ray B.
Ponder credit is due for work on the specific heat of liquid ammonia.

4. Notation
J = Joule’s equivalent.
A = Reciprocal of same.
t = Temperature on the F. or the C. scale.
T —Absolute temperature.
p = Pressure.
v = Specific volume.
7 = Specific weight.
u = Intrinsic energy.
i = Heat content at constant pressure.
s = Entropy.
r = Latent heat of vaporization,
p = Internal latent heat.
%K = External latent heat —Ap{v" —wn).
¢ = Specific heat.
cp = Specific heat at constant pressure.
X = Quality of vapor mixture.
Subscript kindicates critical data.
(") indicates properties of liquid.
(") indicates properties of saturated vapor.
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1. T ables

5. Description of Tables— Of the four tables given, the first and
second are for the liquid and the saturated vapor of ammonia and
give explicitly all of the properties that are ordinarily needed for use.
Table 3 is primarily for superheated ammonia vapor, but includes the
saturated vapor as the special case of zero superheat. Table 4 gives
the thermal properties of liquid ammonia.

In Tables 1 and 4 the argument is the temperature. Since it is
often convenient to be able to work roughly at very high and very low
temperatures, these tables have been extended on the one hand to the
critical point itself and on the other hand to —110° F. However,
since the data upon which the tables are based are not well known at
these extreme temperatures, the values above about 160° and below
about —40° should not be used with too much confidence.

In Tables 2 and 3 the argument is the pressure. The values above
500 Ib. per sq. in. and those below 10 Ilb. per sg. in. are less certain
than those lying between these pressures.



Temp.

Fahr.

-110°
— 105°
-100°

Pres-

9.82

10.12
10.43
10.75
11.07
11.40

11.74
12.09
12.45
12.81
13.18

13.56
13.95
14.35
14.76
15.18

1561
16.05
16.50
16.96
17.43

17.91
18.40
18.90
19.41
19.93

MOSHER— SATURATED AND SUPERHEATED AMMONIA

TABLE

1.

Saturated Ammonia Vapor: Temperature Table

. Heat
Sp. Vol Density cgon. Latent E'Sﬁ

291.
236.
192.
158.
130.
108.

90.3
75.8
64.0
54.2
46.2
39.6

34.01
32.98
32.00
31.07
30.19

29.34
28.52
27.72
26.94
26.18

25.45
24.74
24.06
23.40
22.76

22.14
21.55
20.97
20.41
19.87

19.35
18.84
18.35
17.87
17.40

16.95
16.51
16.09
15.68
15.28

14.89
14.52
14.16
13.81
13.48

Ib. per
cu. ft.

vy

0.00344
0.00424
0.00520
0.00633
0.00767
0.00924

0.01107
0.01320
0.01564
0.01845
0.02165
0.02530

0.02940
0.03032
0.03125
0.03218
0.03312

0.03408
0.03506
0.03607
0.03712
0.03820

0.03930
0.04042
0.04156
0.04273
0.04393

0.04516
0.04641
0.04769
0.04900
0.05033

0.05168
0.05306
0.05449
0.05596
0.05747

0.0590
0.0606
0.0622
0.0638
0.0654

0.0671
0.0689
0.0706
0.0724
0.0742

tent of Heat of tent of
Liquid EvapP.  vapor

QS
w
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r

648.5
645.4
642.2
639.0
635.8
632.5

629.3
625.9
622.6
619.2
615.8
612.4

608.9
608.2
607.5
606.8
606.1

605.4
604.7-
604.0
603.3
602.6

601.9
601.2
600.5
599.7
599.0

598.3
597.6
596.9
596.1
595.4

594.7
594.0
593.2
592.5
591.8

591.1
590.3
589.6
588.8
588.1

587.4
586.6
585.9
585.1
584.4

t

523.3
523.6
523.9
524.3
524.6

524.9
525.3
525.6
525.9
526.2

526.6
526.9
527.2
527.5
527.9

528.2
528.5
528.8
529.1
529.4

529.8
530.1
530.4
530.7
531.0

531.3
531.6
531.9
532.2
532.5

532.8
533.1
533.4
533.7
534.0

Internal. Energjr
B. t. u.

Evap.

P

607.7
604.0
600.3
596.6
592.9
589.1

585.3
581.5
577.7
573.9
570.0
568.1

562.2
561.4
560.6
559.8
559.0

558.2
557.4
5.56.6
555.8
555.0

554.2
553.4
552.6
551.8
551.0

550.2
549.4
548.6
547.8
547.0

546 2
545.4
544.6
543.7
542.9

542.1
541.3
540.5
539.7
538.9

538.0
537.2
536.4
535.6
534.8

Vapor

ur

476.5
476.7
476.9
477.2
477.4

477.6
477.9
478.2
478.4
478.6

478.9
479.1
479.3
479.6
479.8

480.0
480.3
480.5
480.7
481.0

481.2
481.4
481.6
481.9
482.1

482.3
482.5
482.8
483.0
483.2

483.4
483.6
483.8
484 0
484.3

Liquid
o

-0.1901
-0.1875
-0.1850
-0.1825
-0.1801

-0.1776
-0.1751
-0.1727
-0.1702
-0.1678

-0.1653
-0.1628
-0.1604
-0.1580
-0.1555

-0.1531
-0.1507
-0.1483
-0.1458
-0.1434

-0.1410
-0.1386
-0.1362
-0.1338
-0.1314

-0.1290
-0.1266
-0.1242
-0.1218
-0.1195

-0.1171
-0.1147
-0.1124
-0.1100
-0.1077

Entropy

Evap.
r/T

1.8548
1.8198
1.7857
1.7524
1.7200
1.6884

1.6575
1.6273
1.5979
1.5691
1.5410
1.5134

1.4865
1.4811
1.4758
1.4705
1.4653

1.4601
1.4549
1.4497
1.4445
1.4394

1.4343
1.4292
1.4241
1.4190
1.4140

1.4090
1.4040
1.3990
1.3940
1.3891

1.3842
1.3793
1.3744
1.3696
1.3647

1.3598
1.3550
1.3502
1.3454
1.3407

1.3360
1.3313
1.3266
1.3219
1.3172

Vapor

1.2964
1.2936
1.2908
1.2880
1.2853

1.2825
1.2797
1.2770
1.2743
1.2716

1.2690
1.2663
1.2637
1.2611
1.2585

1.2559
1.2533
1.2507
1.2482
1.2457

1.2432
1.2407
1.2382
1.2358
1.2333

1.2309
1.2285
1.2260
1.2236
1.2213

1.2189
1.2165
1.2142
1.2118
1.2095

Temp.
Fahr.

-110°
—105°
-100°

25°
24°
23°
22°
21°

19°
18°
17°
16°
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TABLE 1— TEMPERATURE

Temp.
Fahr.

t

-15°
-14°
—13°
120
-11°

10°
11°

13°
14°

15°
Iso
17°
18°
19°

20°
21°
22°

24°

25°

27°
28°
29°
30°
31°
32°
33°
34°

Pres-
sure,
Ib. per
sq. in.

v

20.46
21.00
21.56
22.13
22.71

23.30
23.90
24.52
25.15
25.80

26.46
27.13
27.82
28.52
29.23

29.95
30.69
31.44
32.21
32.99

33.79
34.60
35.43
36.28
37.14

38.02
38.93
39.84
40.77
41.71

42.67
43.65
44.65
45.67
46.70

47.75
48.82
49.91
51.02
52.15

53.30
54.47
55.66
56.87
58.10

59.35
60.62
61.91
63.22
64.55

Sp. Yol.
cu. ft.
per Ib.

v

13.15
12.83
1251
12.21
11.92

11.63
11.35
11.08
10.82
10.57

10.32
10.08
9.85
9.62
9.40

9.19
8.98
8.78
8.58
8.39

8.20
8.02
7.84
7.67
7.50

7.34
7.18
7.02
6.87
6.72

6.583
6.444
6.308
6.176
6.047

5.920
5.796
5.676
5.560
5.447

5.336
5.228
5.122
5.019
4.918

4.820
4.724
4.631
4.540
4.451

Density-
Ib. per
cu. ft.

i>"

0.0760
0.0779
0.0799
0.0819
0.0839

0.0860
0.0881
0.0903
0.0924
0.0946

0.0969
0.0992
0.1015
0.1039
0.1064

0.1089
0.1114
0.1139
0.1165
0.1192

0.1219
0.1247
0.1275
0.1304
0.1333

0.1363
0.1393
0.1424
0.1455
0.1487

0.1519
0.1552
0.1585
0.1619
0.1654

0.1689
0.1725
0.1762
0.1799
0.1836

0.1874
0.1913
0.1953
0.1993
0.2034

0.2075
0.2117
0.2159
0.2203
0.2247

Heat

Con-

tent of

Liquid
%

o
o]

+ o+ o+
=
w

Latent
Heat of
Evap.

r

583.6
582.9
582.1
581.4
580.6

579.9
579.1
578.4
577.6
576.8

576.1
575.3
574.6
573.8
573.0

572.2
571.4
570.7
569.9
569.1

568.3
567.5
566.7
565.9
565.2

564.4
563.6
562.8
562.0
561.2

560.4
559.6
558.8
558.0
557.1

556.3
555.5
554.7
553.9
553.1

5562.2
551.4
550.6
549.8
549.0

548.1
547.3
546.5
545.6
544.8

Heat Internal Energy
B. t. u

Con-

tent of

Vapor Evap.

i P

5343 5339
534.6  533.1
534.8  532.3
535.1 5314
5354  530.6
535.7 529.8
536.0 5289
536.3 528.1
536.6 527.3
536.9 526.4
537.1 5256
5374  524.7
537.7 5239
538.0 523.1
5382 522.2
5385 52 4
538.8 520.5
539.1  519.7
539.3 5188
539.6 518.0
539.9 517.1
540.1 516.3
540.4 5154
540.7 514.6
5409 513.7
541.2 512.9
541.4 512.0
5417 511.2
542.0 510.3
5422  509.4
5425  508.6
542.7 507.7
543.0 506.8
543.2  506.0
543.5 505.1
543.7 504.2
544.0 503.3
544.2 5024
5445 501.6
544.7 500.7
545.0 499.8
5452  498.9
5455  493.1
5457  497.2
546.0  496.3
546.2 4954
5464 4945
546.7  493.6
546.9  492.8

547.1 4919

Entropy

Vapor Liquid Evap. Vapor

u

484.5
484.7
484.9
485.1
485.3

485.5
485.7
485.9
486.1
486.3

486.6
486.8
487.0
487.2
487.4

487.6
487.8
488.0
488.2
488.4

488.6
488.7
488.9
489.1
489.3

489.5
489.7
489.9
490.1
490.3

490.5
490.6
490.8
491.0
491.2

491.4
491.6
491.8
491.9
492.1

492.3
492.5
492.7
492.9
493.0

493.2
493.4
493.6
493.8
493.9

s

-0.1054
-0.1031
-0.1007
-0.0984
-0.0961

-0.0938
-0.0915
-0.0893
-0.0870
-0.0847

-0.0824
-0.0801
-0.0778
-0.0755
-0.0732

. -0.0709
-0.0686
-0.0663
-0.0640
-0.0618

-0.0595
-0.0572
-0.0550
-0.0527
-0.0505

-0.0483
-0.0461
-0.0438
-0.0416
-0.0394

-0.0372
-0.0350
-0.0328
-0.0306
-0.0284

-0.0262
-0.0240
-0.0218
-0.0196
-0.0174

-0.0153
-0.0131
-0.0109
-0.0087
-0.0066

-0.0044
-0.0022

0.0000
+0.0021
+0.0043

1r/T

1.3126
1.3080
1.3033
1.2987
1.2941

1.2896
1.2851
1.2806
1.2761
1.2716

1.2671
1.2626
1.2582
1.2537
1.2493

1.2449
1.2405
1.2362
1.2318
1.2275

1.2231
1.2188
1.2145
1.2102
1.2059

1.2017
1.1975
1.1932
1.1890
1.1848

1.1806
1.1765
1.1723
1.1682
1.1640

1.1599
1.1558
1.1516
1.1475
1.1435

1.1395
1.1354
1.1314
1.1274
1.1234

1.1194
1.1154
11114
1.1075
1.1036

1 s"

1.2072
1.2049
1.2026
1.2003
1.1980

1.1958
1.1935
1.1913
1.1891
1.1869

1.1847
1.1825
1.1804
1.1782
1.1761

1.1740
1.1719
1.1699
1.1678
1.1657

1.1636
1.1615
1.1595
1.1575
1.1554

1.1534
1.1514
1.1494
1.1474
1.1454

1.1434
1.1415
1.1395
1.1376
1.1356

1.1337
1.1318
1.1298
11279
1.1260

1.1242
1.1223
1.1205
11187
1.1168

1.1150
1.1132
11114
1.1097
1.1079

Temp.

Fahr.

-15°
-14°
-13°
-12°
-11°
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TABLE 1—TEMPERATURE

Pres- : Heat
Sp. Vol. Deasifty cgn. Latent ggn

at Internal Energy Entropy
Temp.  Sure 0 Bt
Pant b, per CU. H) Ib. per tent ¢f Heat of teng of Temp.
sa.in. Perlb. cu.ft. yjquid EvVaP. vapor Evap. Vapor Liquid Evap. Vapor Fahr.
t v v w it r " P u” s’ riT s

35° 65.91 4364 0.2292 3.5 5439 5474  491.0 4941 0.0065 1.0996 1.1061 35°
38° 67.29 4279 0.2337 4.6 5431 547.6 490.1 4943 0.0087 1.0957 1.1043 3s°

37° 68.69 4,196 0.2384 5.6 542.2 547.8 489.2 4945 0.0108 1.0918 1.1026 37°
38° 70.11 4115 0.2431 6.7 5414 54811 4883 4946 0.0130 1.0879  1.1009 38°
39° 7156  4.036 0.2478 7.8 5405 548.3 4874 4948 0.0151 1.0840 1.0991 39°

40° 73.03  3.959 0.2526 8.9 539.7 5485 4865 4950 0.0173 1.0801 1.0974 49°
41° 7453 3.884 0.2575 10.0 538.8 5488 4855 4952 0.0194 1.0763 1.0957 41°
42° 76.05 3.810 0.2625 111 5379 549.0 4846 4953 0.0216 1.0724 1.0940 42°
43° 7759 3738 0.2675 122 5371 549.2 4837 4955 0.0237 1.0686 1.0923 43°

44° 79.16  3.668 0.2727 133 536.2 5494 4828 4957 0.0259 1.0647 1.0906 a4°
45° 80.75  3.599 0.2779 143 5353 5497 4819 4959 0.0280 1.0609 1.0889 45°
46° 82.37 3532 0.2832 154 5345 5499 4810 496.0 0.0301 1.0571 1.0872 48°
47° 84.01 3.466 0.2885 16,5 533.6 550.1 480.1  496.2 0.0323 1.0533 1.0856 47°
48° 85.68  3.402 0.2940 176 5327 5503 479.2 49.4 0.0344 1.0495 1.0839 43°

49° 87.37  3.339 0.2995 187 5318 550.6 4783  496.5 0.0366 1.0457 1.0822 49°

50° 89.09 3.278 0.3051 19.8 531.0 5508 4773  496.7 0.0387 1.0419 1.0806 59°
51° 90.83 3.219 0.3107 209 530.1 551.0 4764  496.9 0.0408 1.0382 1.0790 51°
52° 92.59 3.161 0.3164 220 5292 5512 4755  497.0 0.0430 1.0344 1.0774 52°
53° 94.38 3.104 0.3222 231 5283 551.4 4746 4972 0.0451 1.0306 1.0757 53°
54° 98.19 3.048 0.3281 242 5274 5516 473.6 4974 0.0473 1.0263 1.0741 54°

55° 98.03 2,992 0.3342 253 5265 5519 4727 4975 0.0494 1.0231 1.0725 55°
56° 99.90 2938 0.3404 284 5256 5521 4718 4977 0.0516 1.0194 1.0710 56°
57° 101.8 2.885 0.3487 275 5247 5523 470.8 497.9 0.0537 1.0157 1.0694 57°
58° 103.7 2.833 0.3530 28.7 523.8 5525 4399 49s.0 0.0559 1.0119 1.0678 58°
53° 105.7 2.783 0.3594 29.8 5229 5527 469.0 498.2 0.0580 1.0083 1.0663 59°

60° 107.7 2.734 0.3658 309 522.0 5229 468.0 4984 0.0601 1.0046 1.0647 £0°
61° 109.7 2.686 0.3723 320 5211 5531  487.1 4935 0.0623 1.0009 1.0632 61°
62° 1117 2.639 0 3790 331 5202 5533 466.1  498.7 0.0644 0.9973 1.C617 62°
63° 113.8 2592 0.3858 342 5193 5535 4852 498.9 0.0665 0.9937 1.0602 63°
64° 115.9 2547 0.3927 353 5184 5537 464.2 499.0 0.0687 0.9900 1.0587 64°

65° 118.1 2503 0.3996 36.5 5175 5540 4833  499.2 0.0708 0.9863 1.0571 65°
86° 120.3 2.460 0.4086 376 5165 554.2 4623  499.4 0.0729 0.9S27 1.0556 65°
*7° 1225 2418 0.4136 38.7 5156 5544 4614 4995 0.0750 0.9791 1.0541 67°
€8° 124.7 2377 0.4207 39.9 5147 5546 4604  499.7 0.0771 0.9755 1.0526 68°
€3° 126.9 2.336  0.4280 41.0 5137 554.8 4595  499.9 0.0792 0.9719 1.0511 69°

70° 129.2 2296 0.4354 42.1 5128 555.0 4585 500.0 0.0813 0.9683  1.0496 70°
71° 1315 2.257 0.4430 433 5119 5552 457.6  500.2 0.0834 0.9647 1.0481 71°
72° 133.9 2.219 0.4506 444 511.0 5554 4536 500.4 0.0855 0.9612 1.0467 72°
73° 136.3 2.182 0.4583 455 510.0 555.6 4557 500.5 0.0876 0.9576 1.0452 73°
74° 138.7 2.145 0.4662 46.7  509.1 555.8 4547 500.7 0.0898 0.9540 1.0438 74°

75° 1411 2.109 0.4742 47.8  508.1 556.0 453.7 500.9 0.0919 0.9504 1.0423 75°
76° 143.6 2.074 0.4823 49 0 507.2 556.2  452.7 501.0 0.0940 0.9469 1.0409 76°
77° 148.1 2.039 0.4905 50.1 506.2 556.4 451.7 501.2 0.0961 0.9434 1.0395 77°
78° 148.7 2.005 0.4988 51.3 505.3 556.6  450.8 501.3 0.0983 0.9398 1.0381 78°
79° 151.3 1.972 0.5071 524 504.3 556.8 4498 501.5 0.1004 0.9363 1.0367 79°

80° 153.9 1.940 0.5155 536 5034 557.0 4488 5017 0.1025 0.9328 1.0353 80°
81° 156.5 1.908 0.5241 54.8 5024 5571 4478 5018 0.1047 0.9293 1.0339 81°
82° 159.2 1.877 0.5328 559 5014 557.3 4489 502.0 0.1068 0.9258 1.0326 82°
83° 161.9 1.847 0.5416 57.1 5005 5575 4459 502.2 0.1090 0.9222 1.0312 83°
84° 164.6 1.817 0.5504 58.3 499.5 557.7 4449 502.3 0.1111 0.9187 1.0298 84°
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Pres-
sure,

<

S9N

© Y MO

15
18
17
18
19

20
21
22
23
24

25
26
27
28
29

30
31
32
33
34

35
36
37
38
39

40
a1
42
43
44

Temp.

-103.7

- 685

- 620
- 56.6
- 519
- 47.6

43.9

40.4

34.3
- 315
- 289

- 264
- 241
219
19.8
17.8

15.9
14.0
12.2
105

8.8

14
2.7

5.3

12.2
133
14.4
15.4
16.4

Illinois engineering experiment station

TABLE 2

Saturated Ammonia Vapor: Pressure Table

Sp. Vol. Density

cu. ft.
per Ib.

Vw

225.
117.
80.
61.

49.3
41.6
35.9
31.6
28.3

25.75
23.60
21.75
20.16
18.79

17.60
16.56
15.64
14.82
14.09

13.45
12.82
12.27
11.77
11.30

10.88
10.50
10.13
9.78
9.47

9.17
8.90
8.64
8.39
8.15

7.93
7.73
7.52
7.84
7.16

6.989
6.824
6.668
6.520
6.380

Ib. per
cu. ft.

/v f

0.0044
0.0085
0.0125
0.0164

0.0203
0.0241
0.0279
0.0316
0.0353

0.0388
0.0424
0.0460
0.0496
0.0532

0.0568
0.0604
0.0639
0.0675
0.0710

0.0744
0.0780
0.0815
0.0850
0.0885

0.0919
0.0953
0.0987
0.1022
0.1056

0.1090
0.1124
0.1158
0.1192
0.1226

0.1260
0.1294
0.1328
0.1362
0.1397

0.1431
0.1465
0.1500
0.1534
0.1567

oot Loy oAl gl Sperey

Heat of
Litduid Evap. Vapor Evap. Vapor Liquid
% r | p U s

644.6 603.0

633.9 590.7

626.9 582.7

621.6 576.5
-98.1 617.2 519.1 571.5 473.4 -0.2207
-92.5 613.5 521.1 567.3 4749 -0.2070
-87.6 610.2 522.7 563.7 476.2 -0.1947
-83.2 607.3 524.1 560.4 477.1 -0.1840
-79.3 604.7 525.3 557.4 478.0 -0.1747
-75.7 602.2 526.4 554.6 478.8 -0.1661
-72.4 599.9 527.5 552.0 4795 -0.1584
-69.4 597.8 528.4 549.6 480.2 -0.1513
-66.5 595.8 529.3 547.4 480.9 -0.1446
-63.8 593.9 530.1 545.4 4815 -0.1384
-61.2 592.1 530.9 543.3 482.0 -0.1324
-58.8 590.4 531.6 541.4 4825 -0.1268
-58.5 588.S 5322 539.6 483.0 -0.1215
-54.4 587.2 532.8 537.9 483.4 -0.1165
-52.3 585.7 533.4 536.3 4839 -0.1119
-50.3 584.3 534.0, 534.7 484.3 -0.1075
-48.4 582.9 534.6 533.1 484.7 -0.1032
-46.5 581.5 535.1 531.6 485.1 -0.0990
-44.7 580.2 535.6 530.2 4S54 -0.0950
-42.9 579.0 536.1 528.8 485.8 -0.0912
-41.3 577.8 536.5 527.4 486.1 -0.0874
-39.7 576.6 536.9 526.1 436.4 -0.0840
-38.1 575.4 5374 524.9 486.7 -0.0805
-36.5 574.3 537.8 523.7 487.0 -0.0771
-35.0 573.2 538.2 522.5 487.3 -0.0739
-33.6 572.1 538.5 521.3 487.6 -0.0708
-32.2 571.1 538.9 520.2 487.8 -0.0677
-30.8 570.1 539.3 519.1 488.1 -0.0648
-29.5 569.1 539.6 518.0 438.4 -0.0617
-28.2 568.1 540.0 516.9 488.6 -0.0589
-26.9 567.1 540.3 515.8 488.8 -0.0561
-25.6 566.2 540.6 514.8 489.1 -0.0534
-24.4 565.3 540.9 513.8 489.3 -0.0508
-23.2 564.4 541.2 512.8 489.5 -0.0483
-22.0 563.5 541.5 511.9 489.7 -0.0458
-20.8 562.6 541.8 511.0 489.9 -0.0433
-19.7 561.7 542.0 510.0 490.1 -0.0409
-18.6 560.9 542.3 509.1 490.3 -0.03S6
-17.5 560.0 542.6 508.2 490.5 -0.0363
-16.4 559.2 542.8 507.3 490.7 -0.0341

Entropy

Evap.
r/T

1.8106
1.7016
1.6362
1.5890

1.5522
1.5222
1.4964
1.4739
1.4540

1.4362
1.4201
1.4053
1.3916
1.3788

1.3668
1.3556
1.3450
1.3350
1.3256

1.3167
1.3081
1.2998
1.2919
1.2843

1.2770
1.2700
1.2633
1.2568
1.2506

1.2446
1.2388
1.2331
1.2274
1.2219

1.2167
1.2115
1.2065
1.2017
1.1970

1.1923
1.1877
1.1832
1.1789
11747

Vapor

1.3315
1.3152
1.3017
1.2899
1.2793

1.2701
1.2617
1.2540
1.2470
1.2404

1.2344
1.2288
1.2235
1.2185
1.2137

1.2092
1.2049
1.2008
1.1969
1.1931

1.1896
1.1861
1.1828
1.1797
1.1767

1.1738
11711
1.1683
1.1657
1.1630

1.1606
1.1580
1.1557
1.1534
11512

1.1490
1.1468
1.1447
1.1426
1.1406

Pre

S-

sure,
Ib.

= NP

© ® N o

15
16

18
19

30
31
32
33
34

35
36
37
38
39

40
a1
42
43
44
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TABLE 2— PRESSURE

Pres- Temp. Sp. Vol. Density E‘gﬁf Latent E‘gﬁf Intergjallt.Eur?ergy Entropy Pres-
sure,  mopy Cu. ft. b, per yeng of Heat of yent of sure,
perIb. cu.ft. |jquid EVSP.- vapor Evap. Vapor Liquid Evap. Vapor '
V2 t v" /v i’ r i p u” s* riT s" v
45 17.4 6.247 01601 -15.3 558.4  543.1 506.4 4909 -0.0319 11706 1.1387 45
46 18.4 6.120 0.1634 -14.3 557.6 543.3 505.6 491.1 -0.0296 1.1665 1.1369 46
47 19.4 5.999 0.1667 -13.3 556.8 543.6 501.7 491.3 -0.0276 1.1625 1.1349 47
48 20.3 5.883 0.1700 -12.3 556.1 543.8 503.9 4914 -0.0255 1.1586 1.1331 48
49 21.2 5772 01733 -11.3 555.3 544.0 503.1 491.6 -0.0235 1.1558 1.1313 49
50 22.1 5.665 0.1765 -10.3 554.6 544.3 502.3 491.8 -0.0216 11511 1.1296 50
51 23.0 5562 0.1798 - 9.3 553.9 5445 501.5 491.9 -0.0196 1.1475 1.1279 51
52 239 5463 01831 - 8.4 553.1 544.7 500.8 492.1 -0.0177 1.1440 1.1263 52
53 24.8 5367 01863 - 7.5 552.4 544.9 500.0 492.3 -0.0158 1.1405 1.1246 53
54 25.6 5274 0.189%6 - 6.6 551.7 545.1 499.3 4924 -0.0140 1.1371 1.1230 54
55 26.4 5184 01929 . 57 551.1 5453 498.6 4926 -0.0122 1.1337 11215 55
56 27.3 5.097 0.1962 - 4.8 550.4 5455 497.8 492.7 -0.0103 11303 1.1200 56
57 28.1 5.012 0.1996 - 3.9 549.7 545.7 497.1 4929 -0.0085 1.1270 1.1185 57
58 289 4929 02029 - 3.0 549.0 545.9 496.4 493.0 -0.0068 1.1238 1.1170 58
59 29.7 4848 0.2063 - 2.2 548.4 546.1 495.7 493.2 -0.0050 1.1206 1.1156 59
60 30.5 4770 0.2097 - 1.3 547.7 546.3 495.0 493.3 -0.0033 1.1174 11141 60
61 31.3 4695 0.2130 - 0.5 547.0 546.5 494.3 4935 -0.0016 1.1143 11127 61
62 32.1 4623 02163 + 0.3 546.4 546.7 4936  493.6 +0.0001 1.1112 1.1113 62
63 32.8 4554 0.2196 1.1 545.8 546.9 4929  493.7 0.0018 1.1082 1.1100 63
64 33.6 4487 0.2229 1.9 545.1 547.1 492.2 493.9 0.0035 1.1052 1.1086 64
65 34.3 4.422 0.2262 2.7 544.5 547.2 491.6 494.0 0.0051 1.1022 1.1073 65
66 35.1 4.359 0.2294 3.5 543.8 547.4 490.9 494.1 0.0067 1.0993 1.1060 66
67 35.8 4.298 0.2327 4.3 543.2 547.6 4903 4943 0.0082 1.0965 1.1047 67
68 36.5 4.238 0.2360 5.1 542.6 5477  489.6 4944 0.0097 1.0938 1.1035 68
69 37.2 4179 0.2394 5.8 542.0 547.9 489.0 4945 0.0113 1.0910 1.1023 69
70 37.9 4121 0.2427 6.6 541.4 548.1 4884 4946 0.0128 1.0882 1.1010 70
71 38.6 4.065 0.2461 7.4 540.8 548.2 487.7 494.8 0.0143 1.0855 1.0998 71
72 39.3 4.011 0.2494 8.1 540.2 548.4  487.1 494.9 0.0158 1.0828 1.0986 72
73 40.0 3.958 0.2527 8.9 539.6 548.5 486.5 495.0 0.0173 1.0801 1.0974 73
74 40.7 3.907 0.2560 9.6 539.0 548.7 485.9 495.1 0.0187 1.0775 1.0962 74
75 41.3 3.858 0.2592 10.3 538.5 548.8 4853 495.2 0.0201 1.0750 1.0951 75
76 42.0 3811 0.2624 11.0 537.9 549.0 484.7 495.3 0.0215 1.0725 1.0940 76
77 42.6 3.765 0.2656 11.7 537.4 549.1 484.1 4954  0.0229 1.0700 1.0929 77
78 433 3.720 0.2688 12.4 536.8 549.3 4835 4956 0.0243 1.0675 1.0918 78
79 43.9 3.676 0.2721 13.1 536.3 549.4 4829 4957 0.0257 1.0650 1.0907 79
80 445 3.633 0.2753 13.8 535.8 5495 4823 4958 0.0271 1.0626 1.0897 80
81 45.1 3591 0.2785 145 535.2 549.7 4818 4959 0.0284 1.0602 1.0887 81
82 45.8 3.549 0.2818 15.2 534.6 549.8 481.2 496.0 0.0297 1.0579 1.0876 82
83 46.4 3.508 0.2851 15.8 534.1 550.0 480.6 496.1 0.0310 1.0556 1.0866 83
84 47.0 3.468 0.2884 16.5 533.6 550.1 480.1 498.2 0.0323 1.0533 1.0856 84
85 47.6 3429 0.2917 17.2 533.1 550.2 479.5 496.3 0.0336 1.0510 1.0846 85
86 48.2 3.390 0.2950 17.8 532.5 550.4 479.0 496.4 0.0349 1.0487 1.0836 86
87 48.8 3.352  0.2983 185 532.0 550.5 4784  496.5 0.0362 1.0464 1.0826 87
88 49.4 3.315 0.3017 19.1 531.5 550.6 477.9 496.6 0.0374 1.0442 1.0816 88
89 50.0 3.278 0.3051 19.8 531.0 550.8 477.3  496.7 0.0386 1.0420 1.0806 89
90 50.5 3.252  0.3075 20.4 530.5 5509 476.8 496.8 0.0398 1.0399 1.0797 90
91 51.1 3.216 0.3110 21.0 530.0 551.0 4763 496.9 0.0410 1.0378 1.0788 91
92 51.7 3.181 0.3144 21.7 529.5 551.1 4758 497.0 0.0422 1.0357 1.0779 92
93 52.2 3.147 0.3178 22.3 529.0 551.2 475.3 497.1 0.0434 1.0336 1.0770 93

94 52.8 3.114 0.3212 229 5285 5514 4748 4972 0.0446 1.0315 10761 94
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TABLE 2— PRESSURE

Pres- Temp. Sp. Vol. Density gsgf Latent gsgf Interglalt‘Eur‘wergy Entropy Pres-
sure, Fahr Cu. ft. Ib.per oy of Heat of tont of sure,
perlb. cu.ft. |jquid EVap. vapor Evap. Vapor Liquid Evap. Vapor Ib-
v t v ily" i’ r [ P u” s' 1r/T s" Vi

95 53.3 3.082 10,3245 235 528.0 551.5 474.3 497.3 0.0458 1.0294 1.0752 95
96 53.9 3.061 0.3278 24.1 527.5 551.6 4738 497.4  0.0470 1.0273 1.0743 96
97 54.4 3.021 0.3310 247 527.0 551.7 4733 497.4  0.0482 1.0253 1.0735 97
98 55.0 2992 0.3342 25.3 526.5 551.9 472.8 497.5 0.0494 1.0233 1.0726 98
99 55.5 2964 0.3374 259 526.1 552.0 4723 497.6  0.0505 1.0213 1.0718 99
100 56.0 2.936 0.3406 26.5 525.6 552.1 4718 4977 0.0516 1.0194 1.0709 100
101 56.6 2.909 0.3438 271 525.1 552.2 471.3 497.8 0.0527 1.0174 1.0701 101
102 57.1 2.882 0.3470 27.7 524.6 552.3 470.8 497.9 0.0539 1.0154 1.0693 102
103 57.6 2.855 0.3503 28.2 524.2 5524 4703 498.0 0.0550 1.0135 1.0685 103
104 58.1 2.829 0.3535 28.8 523.7 5562.5 469.8 498.1 0.0561 1.0116 1.0677 104
105 58.6 2.803 0.3568 29.3 523.3 552.6 469.3 498.1 0.0572 1.0097 1.0669 105
106 59.1 2777 0.3601 29.9 522.8 552.7 468.9 498.2 0.0583 1.0078 1.0661 106
107 59.6 2752 0.3634 30.4 522.4 552.8 468.4 498.3 0.0594 1.0060 1.0653 107
108 60.1 2.727 0.3667 31.0 521.9 552.9 467.9 498.4 0.0604 1.0042 1.0646 108
109 60.6 2.703 0.3700 315 521.5 553.0 4675 4985 0.0614 1.0024 1.0638 109
110 61.1 2.679 0.3733 32.1 521.0 553.1 467.0 498.6 0.0625 1.0005 1.0630 110
111 61.6 2.656 0.3765 32.6 520.6 553.2 466.5 498.6 0.0636 0.9987 1.0623 111
112 62.1 2.633 0.3798 33.2 520.1 553.3 466.1 498.7 0.0646 0.9969 1.0615 112
113 62.6 2611 0.3831 33.7 519.7 553.4 465.6  498.8 0.0657 0.9950 1.0607 113
114 63.1 2589 0.3863 34.3 519.2 553.5 465.1 498.9 0.0668 0.9932  1.0600 114
115 63.6 2.568 0.3895 34.8 518.8 553.6 464.6  499.0 0.0678 0.9915 1.0593 115
116 64.0 2.547 0.3927 35.4 518.4 553.7 464.2  499.0 0.0688 0.9898 1.0586 116
117 64.5 2526 0.3959 35.9 517.9 553.8 463.8 499.1 0.0697 0.9882 1.0579 117
118 64.9 2506 0.3991 36.4 517.5 553.9 4634  499.2 0.0706 0.9866 1.0572 119
119 65.4 2486 0.4023 36.9 517.1 554.0 4629  499.3 0.0716 0.9849 1.0565 119
120 65.8 2.466 0.4056 374 516.7 554.1 462.5 499.4 0.0725 0.9833 1.0557 120
121 66.3 2.446 0.4089 37.9 516.3 554.2 462.1 499.4 0.0735 0.9816 1.0551 121
122 66.8 2426 04121 38.5 515.8 554.3 461.6  499.5 0.0745 0.9799 1.0544 122
123 67.2 2409 0.4153 39.0 515.4 554.4 461.2 499.6 0.0754 0.9783 1.0538 123
124 67.7 2.390 0.4185 39.5 515.0 554.5 460.8  499.7 0.0764 0.9767 1.0531 124
125 68.1 2.371 0.4218 40.0 514.6 554.6 4604  499.7 0.0773 09751 1.0524 125
126 68.6 2.353  0.4250 40.5 514.1 554.7 459.9 499.8 0.0783 0.9735 1.0518 126
127 69.0 2335 0.4283 41.0 513.7 554.8 4595  499.9 0.0792 0.9719 1.0511 127
128 69.5 2.317 0.4316 415 513.3 554.9 459.0 500.0 0.0802 0.9703 1.0504 128
129 69.9 2.300 0.4348 42.0 512.9 555.0 458.6 500.0 0.0811 0.9887 1.0498 129
130 70.4 2.233 0.4381 42.5 5125 555.0 458.2 500.1 0.0820 0.9671 1.0492 130
131 70.8 2266 0.4414 43.0 512.1 555.1 457.8 500.2 0.0829 0.9655 1.0484 131
132 71.2 2249 0.4447 43.5 511.7 555.2 457.4 500.2 0.0838 0.9640 1.0478 132
133 71.6 2233  0.4479 44.0 511.3 555.3 457.0 500.3 0.0847 0.9625 1.0472 133
134 72.0 2217 04511 445 510.9 555.4  456.6 500.4 0.0856 0.9610 1.0466 134
135 725 2201 0.4544 45.0 510.5 555.5  456.2 500.5 0.0865 0.9595 1.0460 135
136 72.9 2185 0.4577 45.5 510.1 555.6 455.8 500.5 0.0874 0.9580 1.0454 136
137 733 2169 0.4610 46.0 509.7 555.6 455.4 500.6 0.0883 0.9565 1.0448 137
138 737 2154 0.4643 46.4 509.4 555.7 455.0 500.7 0.0892 0.9550 1.0442 138
139 74.1 2139 0.4675 46.9 509.0 555.8 454.6 500.7 0.0901 0.9535 1.0436 139
140 74.5 2.124 0.4708 47.3 508.6 555.9 454.2 500.8 0.0910 0.9520 1.0430 140
141 75.0 2109 04741 47.8 508.2 556.0 453.8 500.9 0.0919 0.9505 1.0424 141
142 75.4 2.095 04773 48.3 507.8 553.1 453.4 500.9 0.0928 0.9490 1.0418 142
143 75.8 2.082 0.4804 48.8 507.4 553.1 453.0 501.0 0.0936 0.9476 1.0412 143

144 76.2  2.070 0.4835 49.2 507.0 556.2 452.6 5011  0.0944 0.9462 1.0406 144
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TABLE 2— PRESSURE

Pres- Sp. Vol. Density ggﬁE Latent Heat InterFrl'l-aIt.Eur?ergy Entropy Pres-
sure, cu. ft. Ib. per ent of Heat of tant of STH:,
b. per Ib. cu.ft. |jquid EVaP- vapor Evap. Vapor Liquid Evap. Vapor
vV t v Iv” i r i’ P u” s' riT s" V2
145 76.5 2.057 0.4867 49.6 506.7 556.3 452.2 501.1 0.0952 0.9449 1.0401 145
146 76.9 2.043 0.4899 50.0 506.3 556.4 451.8 501.2 0.0960 0.9435 1.0395 14$
147 77.3 2.029 0.4931 50.5 506.0 556.4 451.4 501.2 0.0968 0.9422  1.0390 147
148 77.7 2.015 0.4963 50.9 505.6 556.5 451.0 501.3 0.0976 0.9409 1.0385 148
149 78.1 2102 0.4995 51.4 505.2 556.6 450.7 501.4 0.0985 0.9395 1.0379 149
150 78.5 1.989 0.5028 51.8 5R.8 556.7 450.3 501.4 0.0993 0.9381 1.0374 150
151 78.9 1.976 0.5060 52.3 504.4 556.7 449.9 501.5 0.1002 0.9367 1.0368 151
152 79.3 1.964 0.5092 52.7 504.0 556.8 449.5 501.6 0.1010 0.9353 1.0363 152
153 79.6 1952 05123 53.1 503.7 556.9 449.2 501.6 0.1018 0.9340 1.0358 153
154 80.0 1.940 0.5155 53.6 503.3 557.0 448.8 501.7 0.1026 0.9327 1.0353 154
155 80.4 1928 0.5187 54.0 503.0 557.0 4484 501.7 0.1034 0.9313 1.0347 155
156 80.8 1.916 0.5220 545 502.6 557.1 448.0 501.8 0.1042 0.9300 1.0342 15$
157 81.2 1904 0.5253 54.9 502.2 447.2 447.6 501.8 0.1050 0.9287 1.0337 157
158 81.5 1.892 0.5286 55.3 501.9 557.2 447.3 501.9 0.1058 0.9274 1.0332 158
159 81.9 1.880 0.5320 55.8 501.5 557.3 446.9 502.0 0.1066 0.9261 1.0327 159
160 82.3 1.868 0.5353 56.2 501.1 557.4  446.6 502.1 0.1074 0.9248 1.0322 180
161 82.7 1.857 0.5386 56.7 500.7 557.5  446.2 502.1 0.1082 0.9235 1.0317 181
162 83.0 1.846 0.5418 57.1 500.4 557.5 445.9 502.2 0.1090 0.9222 1.0312 182
163 83.4 1.835 0.5450 57.5 500.0 557.6 4455 502.2  0.1098 0.9209 1.0307 163
164 83.8 1.824 0.5483 58.0 499.7 557.7 4451 502.3 0.1106 0.9196 1.0302 164
165 84.1 1.814 0.5515 58.4 499.4 557.7 444.8 502.3 0.1114 0.9183 1.0297 165
166 84.5 1.803 0.5547 58.8 499.0 557.8 444 4 502.4 0.1122 0.9170 1.0292 166
167 84.9 1.793 0.5578 59.3 498.6 557.9 444.0 502.5 0.1130 0.9157 1.0287 167
168 85.2 1.783 0.5609 59.7 498.3 558.0 443.7 502.5 0.1137 0.9145 1.0282 168
169 85.6 1.773 0.5641 60.1 497.9 558.0 4433 502.6 0.1145 0.9132 1.0277 169
170 85.9 1763 0.5673 60.5 497.6 558.1 443.0 502.7 0.1152 0.9120 1.0272 170
171 86.3 1.753 0.5705 61.0 497.2 558.2 442.6 502.7 0.1160 0.9107 1.0267 171
172 86.6 1.743 0.5738 61.4 496.9 558.2 442.3 502.8 0.1167 0.9095 1.0263 172
173 87.0 1.733 05771 61.8 496.5 558.3 441.9 502.8 0.1175 0.9083 1.0258 173
174 87.3 1.723 0.5804 62.2 496.2 558.4  441.6 502.9 0.1182 0.9071 1.0253 174
175 87.7 1.713 0.5836 62.6 495.8 5584 4412 502.9 0.1190 0.9059 1.0249 175
176 88.0 1.704 0.5869 63.0 495.5 558.5 440.9 503.0 0.1197 0.9047 1.0244 176
177 88.4 1.694 0.5902 63.4 495.1 558.6 440.5 503.0 0.1204 0.9036 1.0240 177
178 88.7 1.685 0.5935 63.8 494.8 558.6 440.2 503.1 0.1211 0.9024 1.0235 178
179 89.0 1.676 0.5967 64.2 4945 558.7 439.9 503.1 0.1218 0.9012 1.0231 179
180 89.4 1.666 0.6000 64.6 4941 558.8 439.5 503.2 0.1226 0.9000 1.0226 180
181 89.7 1.656 0.6034 65.0 493.8 558.8  439.2 503.3 0.1233 0.8988 1.0222 181
182 90.1 1.647 0.6068 654 4934 558.9 438.8 503.3 0.1241 0.8976 1.0217 182
183 90.4 1.639 0.6102 65.8 493.1 558.9 4385 503.4 0.1248 0.8965 1.0213 183
184 90.7 1.630 0.6135 66.2  492.8 559.0 438.2 503.4 0.1254 0.8954 1.0209 184
185 91.1 1621 0.6168 66.6 492.4 559.1 437.8 503.5 0.1261 0.8943 1.0204 185
186 91.4 1.613 0.6200 67.0 492.1 559.1 4375 503.5 0.1268 0.8932 1.0200 186
187 91.7 1.605 0.6233 67.4 491.8 559.2 437.2 503.6  0.1274 0.8920 1.0195 187
188 92.1 1596 0.6266 67.8 491.5 559.3 436.8 503.6 0.1283 0.8908 1.0191 188
189 92.4 1.588 0.6298 68.2  491.2 559.3  436.5 503.7 0.1289 0.8897 1.0186 189
190 92.7 1.580 0.6330 68.6  490.9 559.4  436.2 503.7 0.1296 0.8886 1.0182 190
191 93.0 1572 0.6362 68.9  490.5 559.4 4359 503.8 0.1303 0.8875 1.0178 191
192 93.4 1.563 0.6395 69.3 490.1 559.5 4355 503.9 0.1310 0.8864 1.0173 192
193 93.7 1555 0.6428 69.7 489.8 559.6 435.2 503.9 0.1317 0.8853 1.0169 193
194 94.0 1.548 0.6460 70.1 489.5 559.6  434.9 504.0 0.1323 0.8842 1.0165 194

RSIOSTHED BT QAVICIBAUMEL i\
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TABLE 2— PRESSURE

226

94.3
94.6
94.9
95.2
95.5
95.9
96.5
97.1
97.7
98.3

98.9
99.5
100.1
100.7
101.2

101.8
102.4
103.0
103.5
104.1

104.7
105.2
105.8
106.3
106.9

107.4
108.0
108.5
109.0
109.6

1101
110.6
1111
111.7
112.2

1127
113.2
113.7
114.2
1147

115.2
115.7
116.2
116.7
117.1

117.6
118.1
118.6
119,1
119.6

ILLINOIS ENGINEERING EXPERIMENT STATION

Sp. Vol. Density (F:(e;?: Latent
cu.

ft.
per Ib.

V9

1.541
1.533
1.526
1.519
1.512

1.504
1.489
1.474
1.460
1.447

1.433
1.419
1.406
1.394
1.382

1.370
1.358
1.346
1.335
1.323

1.312
1.301
1.290
1.279
1.268

1.258
1.248
1.238
1.228
1.218

1.208
1.199
1.189
1179
1170

1.161
1.153
1.144
1.136
1.127

1.119
1.110
1.102
1.094
1.087

1.079
1.071
1.063
1.056
1.049

Ib. per
cu. ft.

1/v"

0,6492
0.6524
0.6554
0.6584
0.6614

0.665
0.672
0.679
0.685
0.691

0.698
0.705
0.711
0.717
0.724

0.730
0.736
0.743
0.749
0.756

0.762
0.769
0.775
0.782
0.789

0.795
0.801
0.808
0.814
0.821

0.828
0.834
0.841
0.848
0.855

0.861
0.867
0.874
0.880
0.887

0.894
0.901
0.908
0.914
0.920

0.927
0.934
0.941
0.947
0.953

Heat
Con-

tent of Heat of tent of

Liquid
i

70.5
70.8
71.2
716
71.9

72.3
73.1
738
74.6
75.3

76.0
76.7
77.4
78.1
78.8

79.5
80.2
80.9
81.6
82.3
83.0
83.7
84.4
85.0
85.7

86.4
87.1
87.7
88.4
89.1

89.7
90.4
91.0
91.7
92.3

93.0
93.6
94.2
94.8
95.5

96.1
36.7
97.4
98.0
98.6

99.2
99.8
100.4
101.1
101.7

Evap.

r

489.2
488.9
488.6
488.3
488.0

487.6
487.0
486.4
485.8
485.1

484.5
483.9
483.3
482.7
482.1

481.5
480.9
480.3
479.7
479.1

478.5
477.9
477.3
478.8
476.2

475.6
475.0
474.5
473.9
473.3

472.8
472.2
471.6
471.0
470.5

470.0
469.4
468.9
468.3
487.8

467.2
466.7
466.1
465.6
465.1

464.6
464.0
463.5
462.9
482.4

Vapor

559.7
559.7
559.8
559.8
559.9

560.0
560.1
560.2
580.3
560.4

560.5
560.6
560.7
560.8
560.9

561.0
561.1
561.2
561.3
561.4

561.5
561.6
561.7
561.8
561.9

562.0
562.1
562.2
562.3
562.4

562.5
562.6
562.6
562.7
562.8

562.9
563.0
563.1
563.2
563.3

563.4
563.4
563.5
563.6
563.7

563.8
563 9
563 9
564.0
564.1

Internal Energy
B. t. u.

Evap. Vapor

P

4345
434.2
433.9
433.6
433.3

433.0
432.3
431.7
4311
430.5

429.8
429.2
428.6
428.0
427.4

426 8
426.2
425.6
425.1
424.5

423.9
423.3
422.7
4222
421.6

421.0
420.4
419.8
419.3
418.7

418.1
417.6
417.1
416.5
415.9

415.4
414.8
414.3
413.8
413.2

412.7
412.2
411.7
411.2
410.7

410.2
409.6
409.1
408.5
408.0

u

504.0
504.1
504.1
504.2
504.2

504.3
504.4
504.5
504.6
504.7

504.8
504.9
505.0
505.0
505.1

505.2
505.3
505.4
505.5
505.6

505.7
505.8
505.9
505.9
506.0

506.1
506.2
506.3
506.4
506.5

506.6
506.6
506.7
506.8
506.9

507.0
507.1
507.2
507.2
507.3

507.4
507.5
507.6
507.7
507.7

507.8
507.9
508.0
508.1
508.2

Liquid

s

0.1329
0.1336
0.1342
0.1349
0.1356

0.1363
0.1376
0.1389
0.1402
0.1414

0.1427
0.1440
0.1452
0.1464
0.1476

0.1488
0.1500
0.1512
0.1524
0.1537

0.1549
0.1561
0.1573
0.1585
0.1597

0.1609
0.1621
0.1632
0.1643
0.1655

0.1666
0.1677
0.1688
0.1700
0.1711

0.1722
0.1733
0.1744
0.1755
0.1766

0.1777
0.1787
0.1798
0.1809
0.1819

0.1829
0.1840
0.1850
0.1861
0.1872

Entropy

Evap.
r/T

0.8832
0.8821
0.8811
0.8800
0.8789

0.8778
0.8757
0.8736
0.8715
0.8696

0.8675
0.8655
0.8635
0.8615
0.8596

0.8577
0.8558
0.8539
0.8520
0.8500

0.8481
0.8462
0.8443
0.8425
0.8406

0.8388
0.8370
0.8352
0.8334
0.8316

0.8299
0.8282
0.8265
0.8247
0.8229

0.8212
0.8195
0.8178
0.8161
0.8144

0.8128
0.8112
0.8095
0.8079
0.8063

0.8047
0.8031
0.8015
0.7999
0.7983

Vapor
&

1.0161
1.0157
1.0153
1.0149
1.0145

1.0141
1.0133
1.0125
1.0117
1.0110

1.0102
1.0094
1.0087
1.0079
1.0072

1.0065
1.0058
1.0051
1.0044
1.0037

1.0030
1.0023
1.0016
1.0010
1.0003

0.9997
0.9990
0.9984
0.9978
0.9971

0.9965
0.9959
0.9953
0.9946
0.9940

0.9934
0.9928
0.9922
0.9916
0.9910

0.9905
0.9899
0.9893
0.9887
0.9882

0.9877
0.9871
0.9866
0.9860
0.9855

Pres-
sure,
Ib.
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Pres-
sur
Ib.

10

11

12

13

14

15

16

-<

«

0O < oo (g=< 0 =< P R S = - N D S s T Y

P

Liquid

-62.

0.023
-98.1
-0.2207

-56.

0.023
-92.5
-0.2070

-51.

0.023
-87.6
-0.1947

-47.

0.023
-83.2
-0.1840

-43.

0.023
-79.3
-0.1747

ILLINOIS ENGINEERING EXPERIMENT STATION

Sat.
Vapor

0

49.3
519.1
1.3315

6

41.6
521.0
1.3152

9

35.9
522.7
1.3017

6

31.6
524.1
1.2899

9

28.3
525.3
1.2793

-40.4

0.023
-75.7
-0.1661

-37.

0.023
-72.4
-0.1584

25.8
526.4
1.2701

2

23.6
527.5
1.2617

-34.3

0.024
-69.4
-0.1513

-31.

0.024
-66.5
-0.1446

-28.

0.024
-63.8
-0.1384

21.7
528.4
1.2540

5

20.2
529.3
1.2470

9

18.8
530.1
1.2404

-26.4

0.024
-61.2
-0.1324

-24.

0.024
-58.8
0.1268

17.6
530.9
1.2344

1

16.6
531.6
1.2288

10

-52.0

50.7

524.1
1.3440

-46.6

42.8

526.1
1.3277

-41.9

37.0

527.8
13141

-37.6

32.6

529.3
1.3023

-33.9

29.2

530.5
1.2918

-30.4

26.5

531.7
1.2826

-27.2

24.2

532.8
1.2742

-24.3

22.3

533.8
1.2665

-21.5

20.7

534.7
1.2595

-18.9

19.3

535.6
1.2530

-16.4

18.1

536.4
1.2470

-14.1

171

537.1
1.2414

20

-42.0

52.1

529.1
1.3560

-36.6

43.9

531.1
1.3398

-31.9

38.9

532.9
1.3261

-27.6

335

534.4
1.3144

-23.9

30.0

535.7
1.3039

-20.4

27.2

537.0
1.2947

-17.2

249

538.1
1.2863

-14.3

229

539.1
1.2786

-11.5

21.3

540.1
1.2716

-8.9
19.8

541.0

1.2651

-6.4
18.6

541.8

1.2591

-4.1
17.5

542.5

1.2535

30

-32.0

53.4

534.1
1.3677

-26.6

45.0

536.1
1.3515

-21.9

38.9

537.9
1.3378

-17.6

34.4

539.5
1.3261

-13.9

30.8

540.9
1.3155

-10.4

27.9

542.2
1.3063

-7.2
255

543.3

1.2979

-4.3
235

544.3

1.2902

-1.5
21.8

545.4

1.2832

+1.1
20.3

546.3

1.2767

+3.6
19.1

547.1

1.2707

+5.9
17.9

547.9

1.2651

Degrees of Superheat

40

-22.0

54.7

539.0
1.3791

-16.6

46.1

541.0
1.3628

-11.9

39.9

542.9
1.3491

-7.6
35.2

544.6

1.3374

-3.9
315

546.0

1.3268

-0.4
285

547.3

1.3176

+2.8
26.1

548.4

1.3092

+5.7
24.1

549.5

1.3015

+8.5
223

550.6

1.2945

111

20.8
551.5
1.2880

13.6

195
552.4
1.2820

15.9

184
553.2
1.2763

50

—12.0

56.1

543.9
1.3901

-6.6
47.2

546.0

1.3738

-1.9
40.8

547.9

1.3600

+2.4
36.0

549.6

1.3483

+6.1
323

551.0

1.3377

+9.6
29.2

552.4

1.3285

12.8

26.7
553.5
1.3201

15.7

24.6
554.6
1.3124

185

22.8
555.7
1.3054

211

21.3
556.7
1.2989

23.6

20.0
557.6
1.2929

259

18.8
558.5
1.2872

TABLE 3— saturated and

60

-2.0
57.4

548.8

1.4008

+3.4
48.3

550.9

1.3845

+8.1
41.8

552.8

1.3706

12.4

36.9
554.5
1.3589

16.1

33.0
556.0
1.3483

19.6

29.9
557.4
1.3391

228

27.3
558.6
1.3307

25.7

25.2
559.7
1.3229

28.5

234
560.8
1.3160

311

218
561.8
1.3095

33.6

20.4
562.7
1.3035

35.9
19.2
563.7
1.2978

70

+8.0
58.7

553.6

1.4113

134

49.4
555.8
1.3949

18.1

42.7
557.7
1.3810

22.4

37.7
559.5
1.3693

26.1

33.7
561.0
1.3587

29.6

30.5
562.4
1.3494

32.8

27.9
563.6
1.3410

35.7

25.7
564.8
1.3332

38.5

239
565.9
1.3263

411

22.2
566.9
1.3198

43.6

20.9
567.8
1.3138

45.9
19.6
568.8
1.3081

80

18.0

60.0
558.4
1.4216

23.4

50.5
560.7
1.4051

28.1

43.7
562.6
1.3912

32.4

38.5
564.4
1.3794

36.1

34.5
566.0
1.3688

39.6

31.2
567.4
1.3595

42.8

28.5
568.6
1.3511

45.7

26.3
569.8
1.3433

48.5

24.4
570.9
1.3364

511

22.7
571.0
1.3298

53.6

21.3
572.9
1.3238

55.9
20.0
573.9
1.3181

90

28.0

61.3
563.3
1.4317

33.4

51.6
565.6
1.4151

381

44.6
567.5
1.4012

42.4

39.3
569.3
1.3894

46.1

35.2
570.9
1.3788

49.6

31.9
572.3
1.3694

52.8

29.1
573.6
1.3609

55.7

26.8
574.8
1.3531

58.5

24.9
576.0
1.3462

61.1

23.2
577.0
1.3396

63.6

21.7
578.0
1.3335

65.9
20.4
579.0
1.3278
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Superheated Ammonia Vapor

Degrees of Superheat Pres-
100 110 120 130 140 150 160 180 200 250 300 oV
38.0 48.0 58.0 68.0 78.0 88.0 98.0 1180 1380 188.0 238.0 t 5
62.6 63.8 65.1 66.4 67.7 69.0 70.3 728 75.3 81.7 88.1 Vv
568.1 572.9 577.7 582.6 587.5 592.3 597.2 606.9 616.7 641.4 666.5 i
1.4415 14511 1.4605 1.4697 14788 14878 14966 15138 15304 15701 1.6074 s
434 53.4 63.4 73.4 83.4 934 1034 1234 1434 1934 2434 t 6
52.7 53.7 54.8 55.9 56.9 58.0 59.1 61.2 63.3 68.6 73.9 \
570.4 575.3 580.1 585.0 589.9 594.7 599.6 609.4 619.2 644.0 669.1 i
1.4249 1.4344 1.4438 1.4530 14621 14710 14797 1.4968 15133 15528 1.5899 s
48.1 58.1 68.1 78.1 88.1 931 1081 1281 1481 1981 248.1 t 7
45.5 46.4 47.4 48.3 49.2 50.1 51.0 52.9 54.7 59.2 63.7 \"
572.4 577.3 582.2 587.1 592.0 596.8 6017 611.6 6214 6463 6714 i
1.4109 1.4204 1.4297 1.4389 14479 14568 14655 1.4826 14990 15383 1.5752 s
52.4 62.4 72.4 82.4 92.4 102.4 112.4 132.4 152.4 202.4 252.4 t 8
40.1 40.9 41.8 42.6 42.4 44.2 45.0 46.6 48.2 52.2 56.1 v
574.2 579.1 584.1 589.0 5939 5988 603.7 613.6 6234 6483 6735 i
1.3990 1.4085 1.4178 14269 14359 1.4447 14533 14703 14867 15259 15626 s
56.1 66.1 76.1 86.1 98.1 106.1 116.1 136.1 156.1 206.1 256.1 t s
35.9 36.6 - 37.3 38.1 38.8 39.5 40.2 41.6 43.1 46.6 50.1 \Y
575.8 580.7 585.7 590.6 5955 6004 6054 6153 6251 650.1 6753 i
1.3884 1.3978 1.4071 14162  1.4251 14339 14425 14594 14758 15148 15514 s
59.6 69.6 79.6 89.6 99.6 109.6 119.6 139.6 159.6 209.6 259.6 t 10
325 33.2 33.8 345 35.1 35.8 36.4 37.7 39.0 421 453 \Y
577.2 582.2 587.2 592.1 597.1 6020 6069 6168 626.7 6518 677.1 i
1.3790 1.3884 1.3977 14067 14156 14243 14330 14498 14661 15049 15414 s
62.8 72.8 82.8 92.8 102.8 112.8 122.8 142.8 162.8 212.8 262.8 111
29.7 30.3 30.9 315 321 32.7 333 344 35.6 385 41.4 \%
578.6 583.6 588.5 593.4 598.4 603.4 608.4 618.3 628.2 653.3 678.6 i
1.3705 1.3799 1.3892 13982 14071 14158 14244 14411 14574 14961 15325 s
65.7 75.7 85.7 95.7 105.7 1157 1257 1457 1657 2157  265.7 t 12
27.4 27.9 28.5 29.0 29.5 30.1 30.6 31.7 32.8 35.4 38.1 \%
579.8 584.8 589.8 594.8 599.7 604.7 809.7 619.6 629.5 654.7 680.1 i
1.3627 1.3721 1.3813 1.3903  1.3992 14079 14165 14332 14494 148S0 15243 s
68.5 785 88.5 98.5 1085 1185 1285 1485 1685 2185 2685 t 13
25.4 25.9 26.4 26.9 27.4 27.9 28.4 29.4 30.4 32.8 35.3 \Y
581.0 586.0 591.0 596.0 6009 6059 6109 6208 630.8 656.0 6815 i
1.3557 1.3651 1.3743 13833  1.3921 1.4003 14093 14260 14422 14807 15169 S
711 81.1 91.1 101.1 1111 121.1 1311 151.1 171.1 221.1 2711 t 14
23.7 24.1 24.6 25.1 25.5 26.0 26.4 27.4 28.3 30.5 32.8 \Y
582.1 587.1 592.1 597.1 602.1 607.1 612.1 622.0 632.0 657.3 682.8 i
1.3491 1.3585 1.3677 13767  1.3855 1.3942 14027 14194 14355 14739 15100 S
73.6 83.6 93.6 103.6 113.6  123.6 1336 1536 173.6 2236 2736 t 15
222 22.6 231 235 239 244 248 25.7 26.5 28.6 30.8 \
583.1 588.1 593.2 598.2 603.2 608.2 613.2 623.2 633.2 658.5 684.0 i
1.3430 1.3524 1.3616 1.3706 1.3794 13880 1.3965 1.4131 14292 1.4676 1.5036 S
75.9 85.9 95.9 105.9 1159 1259 1359 1559 1759 2259 2759 t 16
20.8 213 217 221 225 22.9 233 24.1 24.9 26.9 28.9 \
584.0 589.1 594.1 599.1 604.2 609.2 614.2 624.2 634.2 659.5 685.1 i
1.3373 1.3467 1.3558 1.3648 13736 1.3822 1.3907 1.4073 1.4233 14617 1.4976 S
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ILLINOIS ENGINEERING

3— SUPERHEATED VAPOR

PR Sat.
Liquid Vapor

-21.9
0.024 15.6
-56.5 532.2
-0.1215 1.2235

-19.8
0.024 14.8
-54.4 532.8
-0.1165 1.2185

-17.8
0.024 14.1
-52.3 533.4
-0.1119 1.2137

-15.9
0.024 134
-50.3 534.0
-0.1075 1.2092

-14.0
0.024 12.8
-48.3 534.6
-0.1032 1.2049

-12.2
0.024 123
-46.5 535.1
-0.0990 1.2008

-10.5
0.024 118
-44.7 535.6
-0.0950 1.1969

8.8
0.024 113
-42.9 536.1
-0.0912 1.1931

7.2
0.024 10.9
-41.3 536.5
—0.0S74 1.1896

5.7
0.024 10.5
-39.7 536.9

-0.0840 1.1861

_ 42
0.024 10.1
-38.1 537.4
-0.0805 1.1828

—27
0.024 9.78
sr3o-5 9378
-J.0771 11797

10

-11.9

16.1

537.8
1.2361

-9.8
153

538.5

12311

-7.8
145

539.1

1.2263

-5.9
13.8

539.7

1.2218

-4.0
13.2

540.3

1.2176

-2.2
13.7

540.9

1.2135

-0.5
121

541.4

1.2096

+1.2
117

541.9

1.2159

+2.8
11.2

542.4

1.2024

+4.3
10.8

542.8

1.1990

+5.8
10.4

543.2

1.1957

+7.3
10.08

543.7

1.1926

20

-1.9
16.5

543.3

1.2482

+0.2
15.7

544.0

1.2432

+2.2
14.9

544.6

1.2384

+4.1
14.2

545.2

1.2339

+6.0
136

545.9

1.2298

+7.8
13.0

546.5

1.2257

+9.5
12.4

547.0

1.2218

11.2

12.0
547.6
1.2182

128

115
548.1
1.2147

143

111
548.5
12113

15.8

10.7
549.0
1.2080

173

10.35
549.5
1.2050

30

+8.1
16.9

548.7

1.2598

10.2

16.1
549.4
1.2548

12.2

153
550.0
1.2501

14.1

14.5
550.7
1.2456

16.0

13.9
551.4
1.2415

17.8

133
552.0
1.2375

195

12.8
552.5
1.2336

21.2

123
553.1
1.2300

22.8

118
553.6
1.2264

243

11.4
554.1
1.2230

25.8

11.0
554.6
1.2197

27.3

10.60
555.1
1.2167

EXPERIMENT

Degrees of Superheat

40

18.1

17.3
554.0
1.2710

20.2

16.4
554.8
1.2661

22.2

15.6
555.4
1.2614

24.1

14.9
556.1
1.2569

26.0

14.2
556.8
1.2527

27.8

13.6
557.4
1.2487

295

131
558.0
1.2449

31.2

12.6
558.6
1.2412

32.8

121
559.1
1.2377

34.3

116
559.6
1.2342

35.8

11.2
560.1
1.2310

37.3

10.85
560.6
1.2279

50

28.1

17.7
559.3
1.2819

30.2

16.8
560.1
1.2770

322

16.0
560.7
1.2723

34.1

15.2
561.4
1.2678

36.0

14.6
562.1
1.2636

37.8

13.9
562.8
1.2596

39.5

134
563.4
1.2558

41.2

12.8
564.0
1.2521

42.8

12.4
564.5
1.2486

44.3

11.9
565.0
1.2451

45.8

115
565.6
1.2418

47.3

11.10
566.1
1.2388

STATION

00

38.1

18.1
564.5
1.2925

40.2

17.2
565.3
1.2576

42.2

16.4
566.0
1.2829

441

15.6
566.7
1.2784

46.0

14.9
567.4
1.2742

47.8

14.2
568.1
1.2702

49.5

13.7
568.7
1.2664

51.2

131
569.3
1.2627

52.8

12.7
569.9
1.2591

54.3

12.2
570.4
1.2557

55.8

11.7
571.0
1.2524

57.3

11.35
5715
1.2494

70

48.1

185
569.6
1.3028

50.2

17.6
570.4
1.2978

52.2

16.7
571.2
1.2931

54.1

159
571.9
1.2886

56.0

15.2
572.6
1.2844

57.8

145
573.3
1.2804

59.5

14.0
574.0
1.2766

61.2

13.4
574.6
1.2729

62.8

12.9
575.2
1.2693

64.3

124
575.7
1.2659

65.8

12.0
576.3
1.2626

67.3

11.60
576.8
1.2596

80

58.1

18.9
574.7
1.3128

60.2

17.9
575.6
1.3078

62.2

17.1
576.4
1.3031

64.1

16.3
577.1
1.2986

66.0

155
577.8
1.2944

67.8

14.9
578.5
1.2904

69.5

14.3
579.2
1.2865

71.2

13.7
579.8
1.2828

72.8

13.2
580.4
1.2793

743

12.7
581.0
1.2759

75.8

123
581.6
1.2726

77.3

11.85
582.1
1.2695

90

68.1

19.3
579.8
1.3225

70.2

183
580.7
1.3175

72.2

17.4
581.5
1.3128

74.1

16.6
582.3
1.3083

76.0

15.8
583.0
1.3041

15.2
583.7
1.3001

79.5

145
584.4
1.2962

81.2

14.0
585.0
1.2925

82.8

135
585.6
1.2890

84.3

13.0
586.2
1.2856

85.8

125
586.8
1.2823

87.3

12.09
587.4
1.2792



100

731

19.7
584.9
1.3321

80.2

18.7 *

585.8
1.3271

82.2

17.8
586.6
1.3224

84.1

16.9
587.4
1.3178

86.0

16.2
588.1
1.3136

87.8

155
588.8
1.3096

89.5

14.8
589.5
1.3057

91.2

143
590.2
1,3020

92.8

13.7
590.8
1.2985

94,3

13.2
591.4
1.2950

95.8

12.8
592.0
1.2917

97.3

12.33
592.6
1.2887

110

88.1

20.1
590.0
1.3414

90.2

19.1
590.9
1.3364

92.2

18.1
591.7
1.3316

94.1

17.3
592.5
13271

96.0

16.5
593.3
1.3229

97.8

15.8
594.0
1.3189

99.5

15.1
594.7
1.3150

101.2
145

595.3

13113

102.8
14.0

596.0

1.3078

104.3
135

596.6

1.3043

105.8
13.0

597.2

1.3010

107.3
12.56

597.8

1.2979

MOSHER--SATURATED AND SUPERHEATED AMMONIA

120

98.1

20.5
595.1
1.3505

100.2
19.4

595.9

1.3455

102.2
18.5

596.8

1.3407

104.1
17.6

597.5

1.3362

106.0
16.8

598.4

1.3319

107.8
16.1

599.1

1.3279

109.5
15.4

599.8

1.3240

111.2
14.8

600.5

1.3203

112.8
14.2

601.2

1.3168

114.3
13.7

601.8

1.3133

115.8
133

602.4

1.3100

117.3
12.80

603.0

1.3069

130

108.1
20.9

600.1

1.3595

110.2
19.8

601.0

1.3543

112.2
18.8

601.8

1.3496

114.1
17.9

602.6

1.3451

116.0
17.1

603.4

1.3408

117.8
16.4

604.2

1.3368

119.5
15.7

604.9

1.3329

121.2
15.1

605.6

1.3292

122.8
145

606.3

1.3257

124.3
14.0

606.9

1.3222

125.8
135

607.5

1.3189

127.3
13.04

608.1

1.3157

Degrees of Superheat

140

118.1
21.3

605.1

1.3683

120.2
20.1

606.0

1.3832

122.2
19.1

606.9

1.3584

124.1
18.2

607.7

1.3539

126.0
17.4

608.5

1.3496

127.8
16.7

609.3

1.3455

129.5
16.0

610.0

1.3416

131.2
15.4

610.7

1.3379

132.8
14.8

611.4

1.3344

134.3
14.2

612.0

1.3309

135.8
13.7

612.6

1.3276

137.3
13.27
613.2

1.3244

150

128.1
21.6

610.1

1.3789

130.2
20.5

611.0

1.3718

132.2
19.5

611.9

1.3670

1341
18.6

612.7

1.3625

136.0
17.7

613.5

1.3582

137.8
17.0

614.3

1.3541

1395
16.3

615.0

1.3502

141.2
15.6

615.8

1.3485

142.8
15.0

616.5

1.3429

144.3
145

617.1

1.3394

145.8
14.0

617.7

1.3361

147.3
13.50
618.4

1.3330

1G0

138.1
22.0

615.1

1.3853

140.2
20.9

616.1

1.3802

142.2
19.8

616.9

1.3754

144.1
18.9

617.8

1.3709

146.0
18.0

818.6

1.3666

147.8
17.3

619.4

1.3625

149.5
16.5

620.1

1.3586

151.2
15.9

620.9

1.3549

152.8
15.3

621.6

1.3513

154.3
14.7

622.2

1.3479

155.8
14.2

622.8

1.3445

157.3
13.74
623.5

1.3414

23

TABLE 3— SUPERHEATED VAPOR

180

158.1
22.8

625.2

1.4019

160.2
21.6

826.1

1.3968

162.2
20.5

627.0

1.3920

164.1
19.5

627.9

1.3874

166.0
18.7

628.7

1.3831

167.8
17.8

629.5

1.3789

169.5
171

630.3

1.3750

171.2
16.4

631.0

1.3713

172.8
15.8

631.7

1.3677

174.3
15.2

632.4

1.3642

175.8
14.7

633.0 .

1.3608

177.3
14.20
633.7

1.3577

200

178.1
235

635.3

1.4179

180.2
22.3

636.2

14128

182.2
21.2

637.1

1.4079

184.1
20.2

638.0

1.4033

186.0
19.3

638.9

1.3990

187.8
18.4

639.7

1.3948

189.5
17.7

640.5

1.3909

191.2
17.0

641.2

1.3872

192.8
16.3

641.9

1.3835

194.3
15.7

642.6

1.3800

195.8
15.2

643.3

1.3766

197.3
14.67
644.0

1.3735

250

228.1
25.4

660.6

1.4562

230.2
24.1

661.6

1.4510

232.2
229

662.5

1.4460

234.1
21.8

663.4

1.4413

236.0
20.8

664.3

1.4370

237.8
19.9

665.2

1.4327

239.5
19.1

666.0

1.4287

241.2
18.3

666.7

1.4249

242.8
17.6

667.5

1.4212

2443
17.0

668.2

1.4176

245.8
16.4

668.9

14142

247.3
15.81
669.6

14110

300

278.1
27.3

686.2

1.4921

280.2
25.8

687.2

1.4868

282.2
24.5

688.1

1.4818

284.1
23.4

6S9.1

14771

2S6.0
223

690.0

1.4727

287.8
21.3

690.9

1.4684

289.5
20.5

691.7

1.4643

291.2
19.6

692.5

1.4605

292.8
189

693.3

1.4567

294.3
18.2

694.0

1.4531

295.8
17.6

694.7

1.4497

297.3
16.96
695.5

1.4464

Pres-
sure
Ib.

17

N=<* P ? P ? O m<* Nl ? N A 0t Pt O+ NS ()<
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TABLE 3— SUPERHEATED VAPOR

Pres-
sure
Ib.

30t

32

36

- < -

«

o - <~

42

o - <~

o < -

46

0 <

48

0 < -

PR

55

o < -

Sat.
Vapor

Liquid
+0.1
0.024 9.17
-33.6 5385
-0.0708 1.1738

27
0024 864
-30.8 539.3

~O @5 11683

53
0.025 8.15
-28.2  540.0
-0.0589 1.1630

7.7
0.025 7.73
-25.6  540.6
-0.0534 1.1580

1010
0.025 7.34
-23.2 5412
-0.0483 1.1534

12.2
0.025 6.99
-20.8 5418
-0.0433 1.1490

14.4
0.025 6.67
-18.6 5423
-0.0386 1.1447

16.4
0.025 6.38
-16.4 5428
-0.0341 1.1406

18.4
0.025 6.12
-14.3 5433
-0.0296 1.1369

20.3
0.025 5.88
-12.3 5438
-0.0255 1.1331

221
0.025 5.67
-10.3 5443
-0.0216 1.1296

26.4
0.025 5.18
-5.7 545.3
-0.0122 1.1215

10

10.1
9.45

544.5
1.1867

127
8.89

545.2
1.1811

153
8.40

546.0
1.1759

17.7
7.96

546.7
1.1709

20.0
7.56

547.3
1.1764

22.2
7.21

547.9
1.1619

24.4
6.88

548.5
1.1578

26.4
6.58

549.1
1.1537

28.4
6.30

549.7
1.1500

30.3
6.06

550.2
1.1463

32.1
5.83

550.7
1.1427

36.4
5.33

551.8
1.1346

20

20.1
9.70

550.3
1.1990

22.7
9.12

551.1
1.1933

253
8.62

551.9
1.1881

27.7
8.17

552.6
1.1831

30.0
7.76

553.3
1.1786

322
7.40

553.9
11742

34.4
7.07

554.6
1.1701

36.4
6.76

555.2
1.1661

38.4
6.48

555.8
1.1624

40.3
6.23

556.3
1.1587

421
5.99

556.8
1.1552

46.4
5.47

558.0
1.1470

30

30.1
9.94

556.0
1.2107

327
9.35

556.8
1.2050

35.3
8.83

557.7
1.1999

37.7
8.37

558.4
1.1948

40.0
7.96

559.1
1.1904

42.2
7.58

559.8
1.1861

44.4
7.24

560.5
1.1820

46.4
6.93

561.1
11779

48.4
6.65

561.7
11742

50.3
6.39

562.2
1.1706

52.1
6.14

562.7
1.1671

56.4
561

564.0
1.1589

EXPERIMENT STATION

Degrees of Superheat

40

40.1

10.18
561.6
1.2220

42.7
95.8

567.9
1.2164

45.3
9.04

563.3
1.2113

47.7
8.57

564.1
1.2062

50.0
8.15

564.8
1.2018

52.2
7.76

565.5
1.1974

54.4
7.41

566.2
1.1933

56.4
7.10

566.9
1.1892

58.4
6.81

567.5
1.1855

60.3
6.54

568.1
1.1819

62.1
6.29

568.6
1.1784

66.4
5.75

569.9
1.1702

50

50.1

10.41
567.1
1.2329

52.7
9.80

567.9
1.2273

55.3
9.25

568.8
1.2222

57.7
8.77

569.7
1.2171

60.0
8.33

570.5
1.2127

52.2
7.94

571.2
1.2082

64.4
7.58

571.9
1.2042

66.4
7.26

572.6
1.2001

68.4
6.96

573.2
1.1964

70.3
6.69

573.8
1.1929

721
6.44

574.4
1.1894

76.4
5.88

575.8
11813

60

60.1

10.64
5725
1.2435

62.7

10.01
573.4
1.2378

65.3
9.46

574.3
1.2327

67.7
8.96

575.2
1.2276

70.0
8.52

576.0
1.2232

72.2
8.12

576.8
1.2188

74.4
7.75

577.5
1.2147

76.4
7.42

578.2
1.2107

78.4
712

578.9
1.2070

80.3
6.84

579.5
1.2035

82.1
6.58

580.1
1.2000

86.4
6.01

581.5
1.1919

70

70.1

10.87
577.9
1.2537

72.7

10.23
578.8
1.2480

75.3
9.66

579.7
1.2429

777
9.16

580.6
1.2378

80.0
8.70

581.4
1.2334

82.2
8.29

582.3
1.2291

84.4
7.92

583.0
1.2250

86.4
7.58

583.7
1.2210

88.4
7.27

584.4
1.2172

90.3
6.93

585.1
1.2137

92.1
6.72

585.7
1.2102

96.4
6.14

587.1
1.2021

80

80.1

1110
583.2
1.2636

82.7

10.44
584.1
1.2580

85.3
9.86

585.1
1.2528

87.7
9.35

586.0
1.2478

90.0
8.88

586.8
1.2433

92.2
8.46

587.7
1.2390

94.4
8.09

588.5
1.2349

96.4
7.74

589.2
1.2309

98.4
7.42

589.9
1.2271

100.3
7.13

590.6

1.2236

102.1
6.86

591.2

1.2201

106.4
6.27

592.7

1.2120

90

90.1

11.32
558.5
1.2733

92.7

10.66
589.4
1.2677

95.3

10.06
590.4
1.2625

97.7
9.54

591.4
1.2576

100.0
9.06

592.2

1.2530

102.2
8.63

593.0

1.2487

104.4
8.25

593.8

1.2446

106.4
7.89

594.6

1.2406

108.4
7.57

595.4

1.2368

110.3
7.27

596.1

1.2333

1121
7.00

596.7

1.2298

116.4
6.40

598.2

1.2217
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TABLE & SUPERHEATED VAPOR

Degrees of Superheat Pres-
sure
100 110 120 130 140 150 160 180 200 250 300 Ib.
100.1 110.1 120.1 130.1 1401 1501 1601  180.1  200.1  250.1  300.1 t 30
11.55 1177 11.99 12.21 1243 1265 1287 1330 1374 1481 1588 V
593.7 598.9 604.1 609.3 614.4 619.5 624.7 635.0 645.2 670.9 696.9 1
1.2827 1.2919 1.3010 13098 13185 1.3270 13384 13516 13674 14049 14402 3
102.7 112.7 122.7 132.7 1427 1527 1627 1827 2027 2527  302.7 t 32
10.87 11.08 11.28 11.49 1170 11.90 1211 1252 1292 1393 1493 V
594.7 599.9 605.2 610.4 6155 6206 6258 6361 6464 6721  698.1 1
12771 1.2863 1.2954 13042 13129 13214 13297 13459 13617 13992 14344
105.3 1153 125.3 135.3 145.3 155.3 165.3 185.3 205.3 255.3 305.3 t 34
10.26 10.46 10.66 10.85 11.05 1124 1143 118 1220 1315 1409 \/
595.7 601.0 606.2 611.4 616.6 621.7 6269 6372 6475 6733 699.3 i
1.2720 1.2812 1.2902 1.2990 13077 13162 13245 13407 13565 13939 1.4290 3
107.7 117.7 127.7 137.7 147.7 157.7 167.7 187.7 207.7 257.7 307.7 t 36
9.73 9.91 10.10 10.28 10.47 1065 1083 11.20 1156 1245 1334 V
596.7 602.0 607.2 612.4 617.6 6227 6279 6383 6486 6744  700.5 i
1.2671 1.2763 1.2853 1.2941 13027 13112 13195 13357 13514 1.3888 14239 S
110.0 120.0 130.0 140.0 150.0 160.0 1700 190.0 2100 260.0  310.0 t 38
9.24 9.42 9.60 9.77 9.95 10.12 10.29 10.64 10.98 11.83 12.67 Vv
597.5 602.8 608.1 613.3 6185 623.7 6289 6393 6496 6755 701.6 1
1.2624 1.2716 1.2806 12895 12981 1.3065 13148 13310 13467 13840 14190 S
112.2 122.2 132.2 142.2 152.2 162.2 172.2 192.2 212.2 262.2 312.2 t 40
8.80 8.97 9.14 9.31 9.47 9.64 9.80 1013 1046 1126  12.07
598.3 603.6 608.9 614.2 619.4 6246 6298 6402 6506 676.6 7027 ;
1.2581 1.2673 1.2763 12851  1.2937 1.3021 1.3104 13265 1.3422 13795 14145 s
114.4 124.4 134.4 144.4 1544 1644 1744 1944 2144 2644 3144 t 42
8.41 857 8.73 8.89 9.05 9.21 9.37 9.68 999 1076 1152 VvV
599.2 604.5 609.8 615.1 620.3 6255 6307 6411 6515 6776 7037 i
1.2540 1.2632 1.2721 12809 1.2896 12980 1.3063 1.3224 13380 13752 14102 S
116.4 126.4 136.4 146.4 156.4 166.4 1764 1964 2164 2664 3164 t 44
8.05 8.20 8.36 8.51 8.66 8.81 8.96 9.26 956 1029 1102 VvV
000.0 605.3 610.6 615.9 621.1 626.4 6316 6420 6524 6785 7047 1
1.2500 1.2592 1.2681 12789  1.2856 1.2940 13023 1.3184 13340 13711 1.4060 s
118.4 128.4 138.4 148.4 1584  168.4 1784 1984 2184 2684 3184 t 46
7.72 7.87 8.01 8.16 8.30 8.45 8.59 8.88 9.16 9.86 1056 Vv
600.8 606.1 611.4 616.7 621.9 6272 6325 6429 6533 6794  705.6 i
1.2463 1.2555 1.2644 12732 12819 12903 1.2985 13146 13302 13673 14021 S
120.3 130.3 140.3 150.3 160.3 170.3 1803 2003 220.3 2703 3203 t 48
7.42 7.56 7.70 7.84 7.98 8.12 8.25 8.53 8.80 947 1014 Vv
601.5 606.8 612.1 817.4 622.7 6280 633.3 6437 6542 6803 706.5 *
1.2427 1.2519 1.2608 12696 12782 12866 1.2948 13109 13265 13635 13983 S
1221 132.1 1421 152.1 1621 1721 1821 2021 2221 2721 3221 t 50
7.14 7.27 7.41 7.54 7.68 7.81 7.94 8.20 8.46 9.11 9.76 VvV
602.1 607.5 612.8 618.1 623.4 628.7 634.0 644.4 655.0 681.1 707.4 |
1.2392 1.2484 1.2573 12661 12747 12831 12913 13074 13230 13600 13947 s
126.4 136.4 146.4 156.4 166.4 1764 1864 2064 2264 2764 3264 t 55
6.52 6.64 6.77 6.89 7.01 7.13 7.25 7.49 7.73 8.32 8.91 \
603.7 609.1 614.5 619.8 625.1 6304 6358 6463 656.8 683.0 709.4 |
1.2311 1.2403 1.2492 12580 12666 12750 1.2832 12993 13148 13517 13863 S
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ILLINOIS ENGINEERING EXPERIMENT STATION

TABLE 3— SUPERHEATED VAPOR

Pres-
sure
Ib.

60 t
\%

w -

»w - < =

70

w - < -

75

0 - <

,80

85

w - < ~

W - <

95

0w - < ~

a@t

n - <

105

w - < -+

110

n - <

115

n - < ~

Liquid 355,

30.5
0.025 4.77
-1.3 5463

-0.0033 1.1141

343
0.025 4.42
2.7 547.2
0.0051 1.1073

37.9
0.025 4.12
6.6 548.1
0.0128 1.1010

41.3
0.025 3.86
10.3 5488
0.0201  1.0951

445
0.026 3.63
13.8 5495
0.0271 1.0897

47.6
0.026 3.43
172 550.2
0.0336 1.0846

50.5
0.026 3.25
204  550.9
0.0398 1.0797

53.3
0.026 3.08
235 5515
0.0458 1.0752

56.0
0.026 2.94
265  552.1
0.0516' 1.0709

58.6
0.026 2.80
29.3 552.6
0.0572  1.0669

61.1
0.026 2.68
321 5531
0.0625 1.0630

63.6
0.026 2.57
348 5536
0.0678  1.0593

10

40.5
491

552.8
1.1272

44.3
4.55

553.7
1.1205

47.9
4.24

554.6
11141

51.3
3.97

555.5
1.1083

54.5
3.74

556.3
1.1028

57.6
3.53

557.0
1.0978

60.5
3.34

557.7
1.0929

63.3
3.17

558.4
1.0884

66.0
3.02

559.0
1.0841

68.6
2.88

559.6
1.0801

71.1
2.76

560.2
1.0762

73.6
2.65

560.8
1.0726

20

50.5
5.04

559.1
1.1396

54.3
4.68

560.1
1.1329

57.9
4.36

561.1
1.1266

61.3
4.08

562.0
1.1208

64.5
3.84

562.8
1.1154

67.6
3.63

563.6
1.1104

70.5
3.43

564.3
1.1056

733
3.26

565.0
11011

76.0
3.10

565.7
1.0968

78.6
2.96

566.3
1.0928

81.1
2.84

573.0
1.0890

83.6
2.72

567.6
1.0854

30

60.5
5.17

565.2
1.1515

64.3
4.80

566.3
1.1448

67.9
4.47

567.3
1.1385

713
4.19

568.3
1.1328

745
3.94

569.1
1.1274

77.6
3.72

570.0
1.1224

80.5
3.52

570.8
11177

83.3
3.34

5715
11132

86.0
3.18

572.2
1.1089

88.6
3.04

572.9
1.1049

91.1
291

573.6
1.1011

93.6
2.79

574.3
1.0975

Degrees of Superheat

40

70.5
5.30

571.2
1.1629

74.3
4.91

572.4
1.1582

77.9
4.58

573.4
1.1500

81.3
4.29

574.4
1.1443

84.5
4.04

574.3
1.1389

97.6
3.81

576.3
1.1339

90.5
3.61

577.1
1.1292

93.3
3.43

577.9
1.1247

96.0
3.26

578.6
1.1204

98.6
3.12

579.3
1.1165

101.1
2.98

580.0

1.1126

103.6
2.86

580.7

1.1091

50

80.5
5.42

577.1
1.1740

84.3
5.02

578.3
1.1673

87.9
4.68

579.4
1.1611

91.3
4.39

580.4
1.1554

945
4.13

581.4
1.1500

97.6
3.90

582.4
1.1450

100.5
3.69

583.2

1.1402

103.3
351

584.0

1.1358

106.0
3.34

584.8

1.1315

108.6
3.19

585.8

1.1276

1111
3.05

586.3

1.1237

113.6
2.92

587.0

1.1203

60

90.5
5.54

582.9
1.1846

94.3
5.13

584.1
11779

97.9
4.79

585.3
11717

101.3
4.49

586.4

1.1660

104.5
4.22

587.4

1.1606

107.6
3.98

588.3

1.1558

110.5
3.77

589.2

1.1509

1133
3.58

590.1

1.1465

116.0
341

590.9

1.1422

118.6
3.26

591.7

1.1383

121.1
3.12

592.5

1.1345

123.6
2.99

593.2

1.1310

70

100.5
5.66

588.6

1.1948

104.3
5.24

589.8

1.1881

107.9
4.89

591.0

1.1814

111.3
4.58

592.2

1.1763

114.5
431

593.2

1.1709

117.6
4.07

594.2

1.1659

120.5
3.85

595.2

1.1612

123.3
3.66

596.1

1.1568

126.0
3.49

596.9

1.1525

128.6
3.33

597.7

1.1486

1311
3.18

598.5

1.1448

133.6
3.05

599.3

1.1413

80

1105
5.77

594.2

1.2047

114.3
5.35

595.5

1.1980

117.9
4.99

596.7

1.1918

121.3
4.68

597.9

1.1862

1245
4.40

599.0

1.1808

127.6
4.15

600.0

1.1758

130.5
3.93

601.0

11711

1333
3.74

601.9

1.1667

136.0
3.56

602.8

1.1625

138.6
3.40

603.6

1.1586

1411
3.25

604.4

1.1548

143.6
3.12

605.2

1.1513

90

120.5
5.89

599.7

1.2144

1243
5.46

601.1

1.2077

127.9
5.09

602.4

1.2015

131.3
477

603.6

1.1959

1345
4.49

604.7

1.1905

137.6
4.24

605.7

1.1855

140.5
4.01

606.7

1.1808

143.3
3.81

607.7

1.1764

146.0
3.63

608.6

1.1721

148.6
3.47

609.5

1.1682

151.1
3.32

610.3

1.1644

153.6
3.18

611.1

1.1609
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TABLE 3— SUPERHEATED VAPOR

Degrees of Superheat Pres-
sure
100 110 120 130 140 150 160 180 200 250 300 Ib.
130.5 140.5 150.5 160.5 170.5 180.5 190.5 210.5 230.5 280.5 330.5 t 60
6.01 6.12 6.23 6.35 6.46 6.57 6.68 6.90 7.12 7.66 820 Vv
605.2 610.7 616.1 621.5 626.8 6321 6375 6480 6586 6849 7113 i
1.2238 1.2330 1.2419 1.2506  1.2592 1.2676 1.2758 1.2919 1.3074 13442 13787 s
134.3 144.3 154.3 164.3 174.3 184.3 194.3 214.3 234.3 284.3 334.3 t 65
557 5.67 5.78 5.88 5.99 6.09 6.19 6.40 6.60 7.10 760 Vv
606.6 612.1 617.5 622.9 628.3 6337 639.0 649.6 6602 6866 713.1 i
1.2171 1.2263 1.2352 1.2439 12524 1.2608 12690 12851 13006 1.3374 13718 s
137.9 147.9 157.9 167.9 177.9 1879 1979 2179 2379 2879 3379 t 70
5.19 5.29 5.39 5.49 5.58 5.68 5.77 5.96 6.15 6.62 7.08 VvV
607.9 613.4 618.9 624.3 629.7 635.1 640.5 651.1 661.7 688.2 7148 i
1.2109 1.2201 1.2291 12378 12463 1.2547 1.2629 1.2789 1.2943 13310 1.3653 8
141.3 151.3 161.3 171.3 181.3 191.3 201.3 221.3 2413 2913 3413 t75
4.86 4.96 5.05 5.14 5.23 5.32 541 5.59 5.76 6.20 663 VvV
609.2 614.7 620.2 625.6 631.1 636.5 641.9 652.6 663.2 689.8 716.4 i
1.2053 1.2145 1.2234 1.2320  1.2405 1.2489 12571 12731 12885 13251 13594 s
144.5 154.5 164.5 174.5 184.5 194.5 204.5 224.5 2445 2945 344.5 t 80
4.57 4.66 4.75 4.83 4.92 5.00 5.08 5.25 5.42 5.83 6.23 VvV
610.3 615.8 621.3 626.8 632.3 637.7 643.1 653.9 664.6 691.2 717.9 i
1.1999 1.2091 1.2180 1.2267 12352 1.2436 1.2518 12676 1.2830 13196 1.3538 s
147.6 157.6 167.6 177.6 187.6 1976 2076 227.6 247.6 2976 3476 t 85
4.32 4.40 4.48 4.56 4.64 4.72 4.80 4.96 511 5.50 588 Vv
611.4 617.0 622.5 628.0 633.5 639.0 644.4 655.2 665.8 692.5 719.3 i
1.1949 1.2041 1.2130 12217 12302 1.2385 1.2467 12626 12780 1.3145 1.3487 s
150.5 160.5 170.5 180.5 190.5 2005 2105 2305 2505 3005 350.5 t 90
4.09 4.17 4.24 4.32 4.40 4.47 4.55 4.70 4.84 5.21 5.57 \%
612.4 618.0 623.6 629.1 634.6 640.1 6456 6564 667.0 693.8 720.6 i
1.1902 1.1994 1.2083 1.2170 12255 1.2338 1.2420 12579 1.2732 1.3096 1.3437 s
153.3 163.3 1733 183.3 1933 2033 2133 2333 2533 3033 3533 t 95
3.89 3.96 4.03 4.10 4.18 4.25 4.32 4.46 4.60 4.95 5.29 \Y
613.4 619.0 624.6 630.2 635.7 641.2 646.7 6575 6682 6951 @ 721.9 i
1.1858 1.1949 1.2038 1.2125 12210 1.2293 12375 12534 1.2687 13051 1.3391 s
156.0 166.0 176.0 186.0 196.0 206.0 216.0 236.0 256.0 306.0 356.0 t 100
3.70 3.77 3.84 3.91 3.98 4.05 4.12 4.25 4.38 4.71 5.03 \%
614.3 619.9 625.6 631.2 636.7 6422 647.7 6586 669.4 696.3 723.2 i
1.1815 1.1907 1.1996 1.2083 12168 12251 1.2333 1.2492 12645 13008 13348 s
158.6 168.6 178.6 188.6 1986 2086 2186 233.6 258.6 3086  358.6 t 105
3.53 3.60 3.67 3.73 3.80 3.86 3.93 4.06 4.18 4.49 4.80 \
615.2 620.8 626.5 632.1 637.6 6432 648.7 659.6 6705 6974 7243 i
1.1776 1.1867 1.1956 1.2043 12138 12211 1.2293 12451 1.2604 1.2967 1.3307 s
161.1 171.1 181.1 191.1 2011 2111 2211 2411 2611 3111 3611 t 110
3.38 3.44 3.51 3.57 3.63 3.70 3.76 3.88 4.00 4.30 4.60 v
616.1 621.8 627.5 633.1 638.6 6442 649.7 6606 6715 6985 7255 i
1.1738 1.1829 1.1918 1.2005 12090 1.2173 1.2255 1.2413 1.2566 1.2928 1.3268 s
163.6 173.6 183.6 193.6 203.6 2136 223.6 2436 263.6 313.6 363.6 t 115
3.24 3.30 3.36 3.42 3.48 3.54 3.60 3.72 3.84 4.12 440 Vv
616.9 622.7 628.4 634.0 639.6 645.2 650.7 661.6 672.5 699.6 726.6 i
1.1703 1.1794 1.1883 11970 12055 12138 1.2220 1.2378 1.2530 1.2892 13231 s
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TABLE 3— SUPERHEATED VAPOR

Pres-
sure
Ib.

190 t
\%

i

s

209

0 - < -

210

0 - <~

220

O -

230

0 < -

240

@ - <

250

o -< -

260

[Z P

270

@ o<

280

0w - -

290

[Z I

300

0 - <

Liquid VS:;)tér

9-.7
0.027 1.58
68.6 559.4
0.1296 1.0182
95.9
0.027 1.50
723  560.0
0.1363 1.0141
98.9
0.027 143
76.0 560.5
0.1427 1.0102
101.8
0.028 137
79.5  561.0
0.1488  1.0065
104.7
0.028 131
83.0 5615
0.1549  1.0030
107.4
0.028 1.26
86.4  562.0
0.1609 0.9997
110.1
0.028 121
89.7 582.5
0.1666  0.9965
112.7
0.028 116
93.0 5629
0.1722  0.9934
15.2
0.028 112
96.1 563.4
0.1777  0.9905
117.6
0.028 1.08
99.2 563.8
0.1829 0.9877
120.0
0.028 1.04
1023  564.2
0.1882  0.9850
122.4
0.029 1.01
1053  564.6

0.1932 0.9824

10

102.7
1.63

567.0

1.0319

105.9
1.55

567.6

1.0278

108.9
1.48

568.2

1.0239

111.8
141

568.8

1.0202

114.7
1.35

569.4

1.0167

117.4
1.30

569.9

1.0134

120.1
1.25

570.4

1.0102

122.7
1.20

570.9

1.0072

125.2
115

571.4

1.0043

127.6
111

571.8

1.0015

130.0
1.07

572.2

0.9987

1324
1.04

572.7

0 9962

20

112.7
1.68

5743

1.0448

115.9
1.59

575.0

1.0407

118.9
1.52

575.7

1.0368

121.8
1.45

576.3

1.0332

1247
1.39

576.9

1.0297

127.4
1.33

577.4

1.0264

130.1
1.28

578.0

1.0232

132.7
1.23

578.5

1.0202

135.2
118

579.0

1.0173

137.6
1.14

579.4

1.0144

140.0
1.10

579.9

1.0117

142.4
1.07

580.5

1.0093

30

122.7
1.72

581.4

1.0571

125.9
1.63

582.2

1.0530

128.9
1.56

582.9

1.0491

131.8
1.49

583.5

1.0455

134.7
1.43

584.1

1.0421

137.4
137

584.7

1.0387

140.1
131

585.3

1.0356

142.7
1.26

585.9

1.0326

145.2
1.22

586.4

1.0297

147.6
117

586.9

1.0268

150.0
113

587.4

1.0241

152.4
1.10

588.0

10217

Degrees of Superheat

40

132.7
1.76

588.3

1.0688

135.9
1.67

589.1

1.0648

138.9
1.60

589.8

1.0609

141.8
153

590.5

1.0573

144.7
1.46

591.2

1.0539

147.4
1.40

591.8

1.0505

150.1
1.35

592.4

1.0474

152.7
1.30

593.0

1.0444

155.2
125

593.6

1.0415

157.6
120

594.2

1.0386

160.0
1.16

594.7

1.0359

162.4
113

595.3

1.0335

50

142.7
1.80

595.0

1.0800

145.9
171

595.8

1.0760

148.9
1.64

596.6

10721

151.8
1.56

597.3

1.0685

154.7
150

598.0

1.0651

157.4
1.44

598.7

1.0617

160.1
1.38

599.4

1.0587

162.7
1.33

600.0

1.0556

165.2
1.28

600.6

1.0527

167.6
1.23

601.2

1.0498

170.0
1.19

601.8

1.0472

172.4
115

602.4

1.0448

60

152.7
184

601.5

1.0908

155.9
175

602.4

1.0868

158.9
1.67

603.2

1.0829

161.8
1.60

603.9

1.0793

164.7
153

604.7

1.0759

167.4
1.47

605.4

1.0725

170.1
141

606.1

1.0695

1727
1.36

606.8

1.0664

175.2
131

607.4

1.0635

177.6
1.26

608.0

1.0608

180.0
1.22

608.7

1.0580

1S2.4
118

609.3

1.0556

70

162.7
1.88

607.9

1.1012

165.9
1.79

608.8

1.0972

168.9
1.71

609.7

1.0933

171.8
1.64

610.5

1.0897

174.7
157

611.3

1.0863

177.4
1.50

612.0

1.0829

180.1

612.8
1.0799

182.7
1.39

613.5

1.0768

185.2
134

614.1

1.0739

187.6
1.29

614.7

1.0711

190.0
1.25

615.4

1.0685

192.4
121

616.1

1.0660

80

172.7
1.92

614.2

11112

175.9
1.83

615.2

1.1072

178.9
175

616.1

1.1033

181.8
167

616.9

1.0997

184.7
1.60

617.7

1.0963

187.4
1.53

618.5

1.0930

190.1
1.47

619.3

1.0899

192.7
1.42

620.0

1.0889

195.2
1.37

620.7

1.0840

197.6
132

621.3

1.0812

200.0
127

622.0

1.0786

202.4
123

622.7

1.0761

90

182.7
1.96

620.4

1.1209

185.9
1.87

621.4

1.1169

188.9
1.78

622.3

1.1130

191.8
1.70

623.2

1.1094

194.7
1.63

624.0

1.1060

197.4
1.57

624.8

1.1027

200.1
1.50

625.6

1.0996

202.7
1.45

626.4

1.0968

205.2
1.40

627.1

1.0937

207.6
1.35

627.8

1.0909

210.0
1.30

628.5

1.0882

212.4
1.26

629.2

1.0858
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192.7
2.00

626.5

1.1303

195.9
1.90

627.5

1.1263

198.9
1.82

628.4

1.1224

201.8
1.74

629.3

1.11S8

204.7
167

630.2

1.1154

207.4
1.60

631.1

11121

210.1
153

631.9

1.1090

212.7
1.48

632.7

1.1060

215.2
142

633.4

1.1032

217.6
137

634.1

1.1004

220.0
133

634.8

1.0977

222.4
1.28

635.5

1.0953

110

202.7
2.04

632.5

1.1394

205.9
1.94

633.5

1.1354

208.9
1.85

634.5

1.1316

211.8
1.77

635.4

1.1280

214.7
1.70

636.3

1.1245

217.4
1.63

637.2

11212

220.1
1.56

638.0

1.1182

222.7
151

638.8

1.1151

225.2
145

639.6

1.1123

227.6
1.40

640.3

1.1095

230.0
1.35

641.1

1.1068

232.4
131

641.8

1.1044

MOSHER— SATURATED AND SUPERHEATED AMMONIA

120

212.7
2.08

638.4

1.1483

215.9
197

639.5

1.1443

218.9
1.89

640.5

1.1405

221.8
1.80

641.4

1.1369

224.7
1.73

642.3

1.1334

227.4
1.66

643.2

11301

230.1
159

644.1

11271

232.7
153

644.9

1.1240

235.2
1.48

645.7

11211

237.6
1.43

646.5

1.1184

240.0
1.38

647.2

1.1157

242.2
133

648.0

11132

130

222.7
212

644.3

1.1570

225.9
201

645.4

1.1530

228.9
1.92

646.4

1.1492

231.8
1.84

647.4

1.1455

234.7
1.76

648.3

1.1421

237.4
1.69

649.2

1.1388

240.1
1.62

650.1

1.1358

242.7
1.56

651.0

1.1327

245.2
1.50

651.8

1.1298

247.6
1.45

652.5

11271

250.0
1.40

653.3

1.1244

252.4
1.36

654.1

1.1219

Degrees of Superheat

140

232.7
2.15

650.1

1.1654

235.9
2.04

651.2

1.1614

238.9
1.96

652.3

1.1576

241.8
187

653.3

1.1539

244.7
179

654.2

1.1505

247.4
1.72

655.1

1.1472

250.1
1.65

656.0

1.1442

252.7
1.59

656.9

11411

255.2
153

657.7

1.1382

257.6
1.48

658.5

1.1355

260.0
1.43

659.3

1.1328

262.4
1.38

660.1

1.1303

150

242.7
219

655.9

11737

245.9
2.08

657.0

1.1697

248.9
1.99

658.1

1.1659

251.8
1.90

659.1

1.1622

254.7
1.82

660.1

1.1588

257.4
1.75

661.0

1.1555

260.1
1.6S

661.9

1.1524

262.7
1.62

662.8

1.1493

265.2
1.56

663.7

1.1464

267.6
1.50

664.5

1.1437

270.0
145

665.3

1.1411

272.4
141

666.1

1.1386

160

252.7
2.23

661.6

1.1818

255.9
211

662.7

11778

258.9
2.02

663.8

1.1740

261.8
1.93

664.9

1.1703

264.7
1.85

665.9

1.1669

267.4
178

666 9

1.1635

270.1
171

667.8

1.1604

272.7
1.65

668.7

11574

275.2
158

669.6

1.1545

277.6
1.53

670.4

1.1518

280.0
1.48

671.2

1.1492

282.4
1.43

672.0

1.1467
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TABLE 3— SUPERHEATED VAPOR

180

272.7
2.30

672.9

1.1975

275.9
2.18

674.1

1.1935

278.9
2.09

675.2

1.1897

281.8
2.00

676.3

1.1860

284.7
191

677.4

1.1826

287.4

678.4
1.1792

290.1
1.76

679.4

1.1761

292.7
1.70

680.3

11731

295.2
1.64

681.2

1.1702

297.6
158

682.1

11674

300.0
1.53

682.9

1.1647

302.4
1.48

683.8

1.1622

200

292.7
2.37

684.1

1.2126

295.9
2.25

685.4

1.2085

298.9
2.15

686.6

1.2047

301.8
2.06

687.7

1.2010

304.7
1.97

688.8

1.1976

307.4
1.89

689.8

1.1943

310.1
1.81

690.8

1.1911

312.7
1.75

691.8

1.1881

315.2
1.69

692.7

1.1852

317.6
1.63

693.6

1.1824

320.0
157

694.5

1.1797

322.4
1.52

695.4

1.1772

250

342.7
2.55

711.9

1.2483

345.9
241

713.3

1.2442

348.9
231

7145

1.2403

351.8
221

715.7

1.2366

354.7
212

716.8

1.2331

357.4
2.03

717.9

1.2298

360.1
1.95

719.0

1.2266

362.7
1.88

720.1

1.2236

365.2
181

721.1

1.2207

367.6
1.75

722.0

1.2178

370.0
1.69

722.9

1.2151

3724
1.63

7239

1.2125

300

392.7
2.72

739.6

1.2817

395.9
2.57

741.0

1.2776

398.9
2.47

742.2

1.2736

401.8
2.36

743.4

1.2699

404.7
2.26

744.6

1.2664

407.4
217

745.8

1.2630

410.1
2.08

747.0

1.2598

412.7
2.01

748.1

1.2567

415.2
193

749.1

1.2537

417.6
1.87

750.1

1.2508

420.0
1.80

751.1

1.2481

422.4
174

752.1

1.2455

Pres-

Ib.

t 190
\%

i

S

200

0 < -

210

0 -

220

n< <~

230

0 -

240

0w -

250

0 - <

260

O - <+

270

0 - <

280

© -

290

» - -

0w o<
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TABLE

Pres-

sure
Ib.

320

340

360

380

400

425

459

475

500

550

600

t
\%
i
s

[ D R s T I s T B S 7 S G S S S I 7 SR S

© - < -

ILLINOIS ENGINEERING EXPERIMENT STATION

3— SUPERHEATED VAPOR

P Sat.
Liquid Vapor

126.8
0.029 0.94
1111 565 3
0.2030 0.9775

1311
0.029 0.89
116.8  566.1
0.2125 0.9730

135.2
0.029 0.84
122.3 566.7
0.2216  0.9687

139.2
0.029 0.79
127.7  567.3
0.2305 0.9647

142.9
0.029 0.75
1329 5679
0.2390 0.9608

1475
0.030 0.71
139.8  568.6
0.2492  0.9565

151.9
0.030 0.67
1456  569.3

0.2593  0.9523

156.1
0.030 0.63
151.6  569.9
0.2690 0.9485

160.0
0.031 0.60
1575 5705
0.2786  0.9449

167.6
0.031 0.54
169.2 5717

0.2965 0.93S3

174.7
0.032 0.49
1804 5727
0.3138 0.9323

10

136.8
0.97

573.4

0.9912

1411
0.92

574.2

0.9867

145.2
0.86

574.9

0.9824

149.2
0.82

575.6

0.9785

152.9
0.78

576.3

0.9746

157.5
0.73

577.1

0.9703

161.9
0.69

577.8

0.9662

166.1
0.65

57S.5

0.9624

170.0
0.62

579.2

0.9587

177.6
0.56

580.4

0.9521

1s4.7
0.51

581.5

0.9460

20

146.8
1.00

581.3

1.0043

151.1
0.94

582.1

0.9998

155.2
0.89

582.9

0.9955

159.2
0.84

583.7

0.9916

162.9
0.80

584.4

0.9877

167.5
0.75

585.2

0.9834

171.9
0.71

586.0

0.9793

176.1
0.67

586.8

0.9755

180.0
0.64

587.5

0.9718

187.6
0.57

588.8

0.9651

194.7
0.52

590.0

0.9591

30

156.8
1.03

588.9

1.0167

161.1
0.97

589.8

1.0121

165.2
091

590.6

1.0079

169.2
0.87

591.4

1.0040

172.9
0.82

592.2

1.0001

177.5
0.77

593.1

0.9958

181.9
0.73

594.0

0.9917

186.1
0.69

594.8

0.9880

190.0
0.65

595.5

0.9842

197.6
0.59

596.9

0.9775

204.7
0.54

598.2

0.9715

Degrees of Superheat

40

166.8
1.06

596.2

1.0285

1711
0.99

597.2

1.0239

175.2
0.94

598.1

1.0197

179.2
0.89

599.0

1.0158

182.9
0.84

599.8

1.0119

187.5
0.79

600.7

1.0076

191.9
0.75

601.6

1.0035

196.1
0.71

602.5

0.9998

200.0
0.67

603.3

0.9960

207.6
0.61

804.8

0.9893

214.7
0.55

606.1

0.9833

50

176.8
1.08

603.4

1.0398

181.1
1.02

604.4

1.0352

185.2
0.96

605.4

1.0311

189.2
091

606.3

1.0271

192.9
0.86

697.1

1.0232

197.5
0.81

608.1

1.0190

201.9
0.77

609.1

1.0149

206.1
0.72

610.0

1.0112

210.0
0.69

610.8

1.0074

217.6
0.62

612.4

1.0007

224.7
0.57

613.8

0.9947

60

186.8
111

610.4

1.0506

191.1
1.40

611.4

1.0461

195.2
0.98

612.4

1.0419

199.2
0.93

613.3

1.0380

202.9
0.88

614.2

1.0341

207.5
0.83

615.3

1.0299

211.9
0.79

616.3

1.0258

216.1
0.74

617.3

1.0220

220.0
0.70

618.2

1.0183

227.6
0.64

619.8

1.0116

234.7
0.58

621.2

1.0956

70

195.8
113

617.2

1.0611

201.1
1.06

618.3

1.0566

205.2
1.01

619.3

1.0524

209.2
0.95

620.3

1.0485

212.9
0.90

621.2

1.0446

2175
0.85

622.3

1.0404

221.9
0.80

623.3

1.0363

226.1
0.76

624.3

1.0325

230.0
0.72

625.3

1.0287

237.6
0.65

627.0

1.0221

244.7
0.60

628.5

1.0161

80

206.8
1.16

623.8

1.0712

2111
1.09

625.0

1.0667

215.2
1.03

628.1

1.0625

219.2
0.97

627.1

1.0586

222.9
0.92

628.0

1.0547

2275
0.87

629.2

1.0505

231.9
0.82

630.3

1.0464

236.1
0.78

631.3

1.0426

240.0
0.74

632.2

1.0388

247.6
0.67

634.0

1.0322

254.7
0.61

635.7

1.0263

90

216.8
118

630.4

1.0809

221.1
111

631.5

1.0764

225.2
1.05

632.7

1.0722

229.2
0.99

633.8

1.0683

232.9
0.94

634.8

1.0644

237.5
0.89

636.0

1.0602

241.9
0.84

637.1

1.0561

246.1
0.79

638.1

1.0523

250.0
0.75

639.1

1.0485

257.6
0.68

641.0

1.0419

264.7
0.62

642.7

1.0358
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226.8
1.20

636.8

1.0903

2311
1.13

638.0

1.0859

2352 .

1.07
639.2
1.0816

239.2
1.01

640.3

1.0777

242.9
0.96

641.3

1.0739

247.5
0.91

642.5

1.0696

251.9
0.85

643.7

1.0656

256.1
. 081
644.8
1.0617

260.0
0.77

645.8

1.0579

267.6
0.70

647.8

1.0513

274.7
0.64

649.5

1.0452

110

236.8
123

643.1

1.0994

241.1
116

644.3

1.0950

245.2

645.5
1.0907

249.2
1.03

646.7

1.0868

252.9
0.98

647.7

1.0830

257.5
0.93

649.0

1.0787

261.9
0.87

650.2

1.0747

266.1
0.83

651.4

1.0708

270.0
0.78

652.5

1.0671

277.6
0.71

654.5

1.0604

284.7
= 0.65
656.3
1.0543
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120

246.8
1.25

649.3

1.1083

251.1
1.18

650.6

1.1039

255.2
111

651.8

1.0996

259.2
1.05

653.0

1.0957

262.9
1.00

654.1

1.0919

267.5
0.94

655.4

1.0875

271.9
0.89

656.7

1.0835

276.1
0.84

657.8

1.0796

280.0
0.80

658.9

1.0759

287.6
0.73

661.0

1.0692

294.7
0.66

662.9

1.0631

130

256.8
127

655.4

1.1170

261.1
1.20

656.8

11125

265.2
113

658.1

1.1082

269.2
1.07

659.3

1.1043

272.9
1.02

660.4

1.1005

2775
0.96

661.8

1.0961

281.9.
091

663.1

1.0921

286.1
0.86

664.2

1.0883

290.0
0.81

665.3

1.0845

297.6
0.74

667.5

1.0778

304.7
0.68

669.4

1.0717

Degrees of Superheat

140

266.8
1.30

661.5

1.1254

2711
122

662.9

1.1209

275.2
1.15

664.2

1.1166

279.2
1.09

665.4

11127

282.9
1.04

666.6

1.1089

287.5
0.98

668.0

1.1045

291.9
0.92

669.3

1.1005

296.1
0.87

670.5

1.0967

300.0
0.83

671.7

1.0929

307.6
0.75

673.9

1.0862

314.7
0.69

675.9

1.0801

150 160
276.8  286.8
1.32 134
667.5 6735
11337 1.1417
281.1 291.1
1.24 1.26
668.9 6749
11292 11372
2852 2952
117 119
670.3  676.3
11249 1.1329
289.2  299.2
111 113
671.5 677.6
11210 1.1290
2929 3029
1.06 1.07
672.7 678.8
11171 11251
297.5 307.5
0.99 1.01
674.2 680.3
11128 1.1208
301.9 311.9
0.94 0.95
6755  681.7
1.1087 1.1167
306.1 316.1
0.89 0.90
676.8 = 682.9
11048 1.1127
310.0  320.0
0.84 0.86
678.0 684.1

11011 1.1090

3176  327.6

0.77 0.78
680.2  686.4
1.0944 1.1023
3247 3347

0.70 0.71
682.2 688.5

1.0883 1.0962
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180

306.8
1.39

685.3

1.1572

3111
130

686.8

1.1527

315.2
1.23

688.2

1.1484

319.2
117

689.5

1.1445

3229
111

690.7

1.1406

3275
1.05

692.3

1.1363

3319
0.99

693.8

11322

336.1
0.93
695.1

340.0
0.89

696.3

1.1245

347.6
0.81

698.7

1.1178

354.7
0.74

700.9

11116

200

326.8
1.43

696.9

1.1722

3311
1.34

698.4

1.1677

335.2
127

699.9

1.1634

339.2
121

701.3

1.1595

3429
114

702.6

1.1556

3475
1.08

704.2

1.1511

351.9
1.02

705.7

1.1470

356.1
0.96

707.1

1.1430

360.0
0.92

708.4

1.1393

367.6
0.83

710.9

1.1326

374.7
0.76

713.1

1.1264

250

376.8

725.6
1.2075

381.1
1.44

727.2

1.2030

385.2
1.37

,728.8
"1.1987

389.2
1.30

730.3

1.1947

392.9
1.23

7317

1.1907

397.5
1.16

733.4

1.1862

401.9
1.10

735.0

11821

406.1
1.04

736.5

1.1780

410.0
0.99

737.9

1.1743

417.6
0.89

740.6

1.1675

424.7
0.82

743.0

1.1612

300

426.8
1.64

753.9

1.2404

431.1
1.54

755.6

1.2358

435.2.
1.46

757.3

1.2314

439.2
1.38

758.9

1.2274

442.9
131

760.4

1.2234

447.5
124

762.2

1.2189

451.9
117

763.8

1.2147

456.1
111

765.4

1.2106

460.0
1.05

766.9

1.2068

467.6
0.95

769.8

1.1999

474.7
0.87

772.3

1.1936

VAPOR

Pres-

to*

® - < - © - < - o - < - © - < - 0 - < - © - < - L 0 - < - - < -

@ - <

340

360

380

400

450

475

500

550
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TABLE 4

Thermal Properties of Liquid Ammonia at Saturation Pressure-

Eane Presure Wk \;;3: Ib. |b.%§?sc'ltj.y ft. 144 Apv' Heat Content e
-110° 0.758 0.02202 45.42 0.003 -110°
-105° 0.947 0.02211 45.23 0.004 —105°
-100° 1176 0.02220 45.04 0.005 -100°
.o 1.450 0.02229 44.85 0.006 - 950
- 1.778 0.02239 44.66 0.007 - o0
- e 2.167 0.02248 44.47 0.009 - g5
I 2.626 0.02258 44.28 0.011 . 800
- 75 3.164 0.02268 44.09 0.013 - 750
- 790 3.791 0.02278 43.89 0.016 - 700
o 65 4518 0.02288 43.70 0.019 - 65
s 5.358 0.02299 4351 0.023 - 60
- 55 6.324 0.02309 4331 0.027 - 55
s 743 0.02320 4311 0.032 -85.67 - 500
s 8.69 0.02331 42.91 0.038 -80.49 e
4 10.12 0.02342 4271 0.044 -75.31 - 40
— 3 11.74 0.02353 42,50 0.051 -70.13 - 35
— 3 13.56 0.02364 42.30 0.059 -64.94 - 300
- 25° 15.61 0.02376 42.09 0.069 -59.75 - 25°
- 200 17.91 0.02388 41.88 0.079 -54.56 o200
- 150 20.46 0.02400 4167 0.091 -49.36 - 15°
- 10° 23.30 0.02412 41.46 0.104 -44.15 — 10°
— 5 26.46 0.02424 41.25 0.119 -38.92 — 5°
o 29.95 0.02437 41.04 0.135 -33.68 ®
5° 33.79 0.02450 40.83 0.153 -28.43 5°
10° 38.02 0.02463 40.61 0.173 -23.17 10°
15° 42.67 0.02476 40.39 0.196 -17.89 15®
20° 4775 0.02490 4017 0.220 -12.59 20°
25° 53.30 0.02503 39.95 0.247 - 7.26 25°
39° 59.35 0.02518 39.72 0277 - 190 30°
35 65.91 0.02531 39.50 0.309 + 348 3560
40° 73.03 0.02547 39.27 0.344 + 8.88 40°
45° 80.75 0.02562 39.04 0.383 +14.32 45°
50° 89.1 0.02577 38.81 0.425 19.80 50°
55° 98.0 0.02593 38.57 0.471 2531 55°
60° 107.7 0.02609 35.33 0.520 30.87 60°
65° 118.1 0.02626 38.09 0574 36.48 65°
70° 129.2 0.02642 37.85 0.632 42.14 70°
75° 141.1 0.02660 37.60 0.70 47.84 75°
80° 153.9 0.02678 37.35 0.76 53.60 80°
85° 167.4 0.02696 37.10 0.84 59.43 85°
90° 181.8 0.02714 36.84 0.92 65.32 90°
95° 197.3 0.02734 36.58 1.00 71.28 95°
100° 213.8 0.02753 36.32 1.09 77.30 100°
105° 231.2 0.02774 36.06 1.19 83.39 105°
110° 249.6 0.02795 35.79 1.29 89.57 110°
115° 269.2 0.02816 3551 1.40 95.85 115°

120° 289.9 0.02839 35.23 1.52 102.24 120°
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TABLE 4— LIQUID

e i R peri. Ibiperan fr  M4APV HeatContent SR
1250 311.6 0.02862 34.95 1.35 108.73 1250
130° 334.6 0.02886 34.66 1.79 115.32 1308
135° 358.8 0.02910 34.36 1.93 122.02 135@
140° 384.4 0.02936 34.06 2.09 128.83 140®
145° 4113 0.02963 33.76 2.26 135.78 145@
150° 439.5 0.0299 33.45 2.43 142.87 1500
155° 469.1 0.0302 33.13 2.62 150.11 155@
160° 500.1 0.0305 32.80 2.82 157.52 160®
165° 532.6 0.0308 32.47 3.04 165.11 165®
170° 566.6 0.0312 32.03 3.27 172.88 170®
175@ 602.2 0.0315 31.8 3.51 180.85 175@
180° 639.5 0.0318 315 3.77 189.03 180®
185° 678.4 0.0322 311 4.05 197.45 185@
190° 719.0 0.0326 30.7 4.34 206.16 1900
195° 761.4 0.0330 30.3 4.65 215.18 195°

20 0° 805.6 0.0335 29.9 4.99 2000
20 50 851.7 0.0340 294 5.36 205°
2100 899.7 0.0345 29.0 5.75 210°
215@ 949.6 0.0350 28.6 6.16 2150
220@ 1001.4 0.0355 28.2 6.59 2200
225° 1055.3 0.0361 27.7 7.1 225®
230® 1111.3 0.0368 27.2 7.6 230®
2350 1169.5 0.0376 26.6 8.1 235@
240® 1229.9 0.0384 26.0 8.7 240®
245° 1292.5 0.0393 25.4 9.4 245®
250° 1357.4 0.0404 24.8 10.2 2500
255@ 1424.7 0.0417 24.0 11.0 255@
260® 1494.4 0.0435 23.0 12.0 260°
265° 1566.6 0.0457 21.8 13.3 265°
2700 1641.3 0.0500 20.0 15.2 270°

273.20 1690.0 0.0678 14.75 21.2 27320
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IIl. Mollier Diagram for Ammonia

7. Description of Diagram.—In order to facilitate the solution of
refrigeration problems, a Heat Content-Entropy Diagram has been
prepared to accompany this bulletin, and is inserted in an envelope
attached to the back cover. This diagram has two families of curves:
(@) curves of constant pressure, and (b) curves of constant quality in
the saturated region and constant temperature in the region of super-
heat. The ordinates are heat contents; the abscissas are entropies.

In order to use as large scales as possible and at the same time to
bring the diagram into reasonable compass oblique coordinates have
been used. The axis of ordinates instead of being vertical is inclined
to the left at an angle of 30 degrees with the axis of abscissas. Taking
the values of entropy along the horizontal axis, values of heat content
may be taken either along the inclined axis or along a vertical axis.
Since vertical distances are equal to distances along the oblique axis
multiplied by the sine of 30 degrees, the scale for measuring heat con-
tents along the oblique lines is such that a distance measured along the
3 0 degree lines represents sine 30° (or Yf) times as many units of heat
content as are represented by the same distance measured vertically.

The 30° lines are lines of constant entropy and show the change of

condition of the ammonia during adiabatic compression or expansion.
M easurements along these lines give the change in heat content during
adiabatic compression or expansion. Horizontal lines are lines of con-
stant heat content; they show the change in condition of the ammonia
which results from a throttling process, such as the passage through
the expansion valve of a refrigerating machine.

The lines of constant pressure after meeting the liquid line should
be extended beyond this line to the left to represent the cooling of the
liguid at constant pressure below the temperature of saturation for
that pressure. The constant pressure lines are so nearly tangent to
the liquid line that the several lines could not be distinguished with
the scale employed. The process of cooling the liquid below saturation
temperature is therefore represented for all pressures by the liquid
line itself.

9. Examples of the Use of the Diagram.—The following examples
will illustrate the method of solution of some of the more commonly
occurring problems.

WORK DONE IN THE COMPRESSOR ASSUMING THE RANKINE IDEAL CYCLE
In the Rankine cycle, the ammonia is admitted at a constant pres-
sure, is compressed adiabatically to the discharge pressure and is dis-
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charged against this constant pressure. The compressor is supposed
to have no clearance. The cycle is ideal with no internal friction, no
heat losses and no free or imperfectly resisted expansion. In such a
cycle the work done per pound of ammonia is the difference in heat
content at the beginning and end of compression, that is ii—12 As the
only compression that takes place is adiabatic, the ammonia leaving
has the same entropy as that entering.

To find the work done upon one pound of ammonia, in a Rankine
cycle admitting ammonia at a known quality and pressure, and com-
pressing it to a known discharge pressure, locate the point representing
the quality and pressure of the suction ammonia, and measure the dis-
tance upward to the left along a 30° line to the discharge pressure line.
If the quality and pressure at discharge and the suction pressure only
are known, locate the point representing the quality and pressure of
the discharge ammonia, and measure the distance downward to the right
along a 30° line to the suction pressure line. In either case the distance
represents the work done in B.t.u.

Example 1. In a dry compression system, ammonia, initially dry
and saturated at a pressure of 25 Ib. per sg. in. absolute, goes through
a Rankine cycle in which it is compressed to a pressure of 200 Ib. per
sg. in. absolute. How much work is done on each pound of ammonia?

The heat content of dry and saturated ammonia at a pressure of
25 Ib. is seen from the diagram to be 536 R.t.u. Ammonia of the
same entropy at 200 Ib. pressure has a temperature of 271° F. and
has a heat content of 671 B.t.u. The work of the Rankine cycle is

536 —671 = —135 B.t.u,,

the minus sign signifying work done on the ammonia.

The same value is obtained with twice as great accuracy by measur-
ing the distance along the 30° line between the points representing the
initial and final states of the ammonia.

Example 2. In a wet compression system, ammonia, after having
gone through a Rankine cycle with a suction pressure of 25 Ib., is dis-
charged dry and saturated at a pressure of 200 Ib. How much work
is done on each pound of ammonia?

The heat content of dry and saturated ammonia at a pressure of
200 Ib. is seen to be 560 B.t.u. Ammonia of the same entropy at 25
Ib. pressure has a quality of 0.86 and has a heat content of 457 B.t.u.
The work of the Rankine cycle is

457-560=-103 B.t.u.
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HEAT REJECTED BY AMMONIA IN CONDENSER AND COOLER
In any constant pressure process the change of i measures the heat"
taken in or given out. To show this take the general equation:
dQ=du+Apdv
Then dQ = (du-\-Apdv-\-Avdp) —A vdp
= [du+Ad(pv)]—Avdp
—di—Avdp
Hence, when p is constant during the change,
dQ—di
and Q=4 —i\for any two states.
Therefore the heat rejected to the cooling water in the condenser and
cooler is directly measured by the decrease in i which the ammonia
undergoes after adiabatic compression up to the expansion valve.

To find the heat rejected per pound of ammonia in the condenser
and cooler, locate the point representing the state of the ammonia
after compression, and pass down a constant pressure curve to the
point representing the state of the ammonia before the expansion valve.
The vertical distance passed through, that is the difference between
the heat contents at the initial and final states, gives the heat rejected
to the cooling water per pound of ammonia. Part of this heat is taken
out as the superheat, if any, is removed; the greater part is taken outr
as the ammonia is condensed; and the remainder is taken out as the
'liquid is cooled from the temperature of saturation at the given pressure
to the temperature before the expansion valve; this latter part usually
takes place in a cooler separate from the condenser.

Example 3. Ammonia, after being compressed as in example 1
to a pressure of 200 Ib. and a temperature of 271° F., is passed
through the cooler and condenser and when it reaches the expansion
valve has a temperature of 80° F. How much heat is rejected to the
cooling water?

The heat content after compression was found dn example 1 to be
671 B.t.u. Passing down the constant pressure line the superheat is
removed, the ammonia condensed, and the liquid cooled from saturation
temperature of 96° F. to 80° F. At the latter point the heat content
is seen from the diagram to be 54 B.t.u. The heat rejected to the
cooling water is

671—54=617 B.t.u.

Example 4. Find the heat rejected to the cooling water if the
ammonia compressed as in example 2 to a dry and saturated state at
200 Ib. pressure is cooled to a temperature of 80° F. before the
expansion valve.
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By a process similar to that given in example 3, the heat rejected
to the cooling water is
560-54 = 506 B.t.u.

THROTTLING THROUGH THE EXPANSION VALVE

If vapor is allowed to expand through a small orifice, such as the
expansion valve, without the addition or abstraction of heat, and is
finally brought to its initial velocity, its heat content will be unchanged.
The proof of this statement is based on the thermodynamic theory of
flow of fluids and may be found in any standard text. Horizontal
lines on the diagram are lines of constant heat content and conse-
guently show the changes in the condition of the ammonia which result
from throttling in the expansion valve.

Example 5. Liquid ammonia in front of the expansion valve has a
temperature of 80° F., and after passing through the valve the pres-
sure of the mixture of vapor and liquid is 25 Ib. What is the quality
of the mixture?

The horizontal line which intersects the liquid line at a temperature
of 80° F., intersects the 25 Ib. pressure line at a point which is found by
interpolation to correspond to a quality of 0.16. This horizontal line
represents a constant heat content of 54 B.t.u.

REFRIGERATING EFFECT

The refrigerating effect is measured directly by the change in i
which the ammonia undergoes during evaporation, this being a constant
pressure process in which, as shown above, the increase in i is equal to
the heat absorbed.

To find the refrigerating effect per pound of ammonia, locate the
point representing the state of the ammonia after its passage through
the expansion valve, and pass up along a constant pressure line to the
point representing the state of the ammonia at the beginning of com-
pression. The vertical distance passed through, that is the difference
between the heat contents at the initial and final states, gives the
refrigerating effect per pound of ammonia.

Example 6. After being throttled through the expansion valve to
a pressure of 25 Ib. and a quality of 0.16, the ammonia evaporates
in the refrigerating coils until it is just dry and saturated at this pres-
sure. What is the refrigerating effect per pound of ammonia circulated?

From the diagram the change in i, or the heat absorbed by the
ammonia is

536-54 =482 B.t.u.
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Example 7. Find the refrigerating effect per pound of ammonia,
when the condition after the expansion valve is the same as in example
0, but evaporation takes place as in the wet compression system of
example 2 only until a quality of 0.86 is reached.

From the chart the refrigerating effect is

457-54 =403 B.t.u.

THEORETICAL COEFFICIENT OF PERFORMANCE AND REFRIGERATING EFFECT PER
HORSE-POWER HOUR

By definition the coefficient of performance is equal to the ratio of
the heat absorbed by the refrigerating medium to the work done upon
it. It has been shown that both of these quantities can be read from
the diagram, and therefore the coefficient of performance can be cal-
culated for any assumed conditions of operation.

Example 8. What is the coefficient of performance of the dry
compression process of examples 1, 3, 5, and 6?

From example 6 the heat absorbed is 482 B.t.u., and from example 1
the work done on the ammonia is 135 B.t.u. The coefficient of per-
formance is therefore =

4827135 = 3.57.

Since one horse-power hour is equal to 2546 B.t.u., t he refrigerating

effect per horse-power hour is
2546X3.57 = 9090 B.t.u.

Example 9. What is the coefficient of perfoimance of the wet
compression system of examples 2, 4, 5, and 7?

From example 7 the heat absorbed is 403 B.t.u., and from example
2 the work done on the ammonia is 103 B.t.u. The coefficient of
performance is therefore =

403-7-103 = 3.91.
The refrigerating effect per horse-power hour is
2546X3.91=9960 B.t.u.

From the above examples it is seen that the theoretical loss with
dry compression as compared with wet compression under these con-
ditions is

9960-9090 _c¢
9960 8‘7/o

SAVING POSSIBLE BY USE OF EXPANSION CYLINDER
If instead of the expansion valve an expansion cylinder were used
the irreversible throttling process would be replaced by a reversible
adiabatic expansion. In that case the reduction of pressure instead of
being represented on the diagram by a horizontal line extending from
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the point representing the state before the expansion valve to the
refrigerator pressure line, would be represented by an adiabatic.
The length of this adiabatic would measure in heat units the work
recovered by the use of the expansion cylinder and the gain in refrig-
erating effect would be measured by the change in i along the adiabatic.

Example 10. Find the per cent, gain due to substituting an expan-
sion cylinder for the expansion valve in the wet compression system
described in examples 2, 4, 5, and 7.

The work of compression would be the same as in example 2, or
103 B.t.u. The heat rejected to cooling water would be the same as
in example 4, or 506 B.t.u. The expansion in the expansion cylinder
would be represented by a 30° adiabatic extending from the point rep-
resenting liquid at a temperature of 80° F. downward to the 25 Ib.
pressure line. The length of this line gives the work obtained in the
expansion cylinder, assuming a Rankine cycle, or 9 B.t.u. The refrig-
erating effect would be increased by the same amount, or

54-45 =9 B.t.u.

The coefficient of performance would therefore be

403+9

103.9 - 4.38
The per cent gain due to using the expansion cylinder is therefore
4.38-3.91
= 0,
3.91 12%

IV. Basis of the Tables

The tables given in the preceding pages are based upon the most
reliable experimental data available at the present time. The purpose
of the following pages is to present this body of data together with the
derivation therefrom of the formulas from which the tables were
calculated.

10. Absolute Temperature—In the computation of tables of the
properties of a vapor, absolute temperatures must be used; hence an
evaluation of the absolute thermodynamic scale is necessary. In this
evaluation two problems must be solved. The first is the determination
of the absolute temperature of melting ice; and the second is the deter-
mination, degree by degree, of the difference between the absolute scale
and that of the nitrogen-in-glass thermometer which is the usual
standard in scientific work. For the present purpose the second of
these problems need not be considered, for the variation of the nitrogen
thermometer from the absolute scale is nowhere greater than one
twentieth of a degree Fahrenheit between 0° and 400°. Even con-
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siderably larger errors than this would be within the limit of error of
the other experimental data.

The determination of the absolute zero has been satisfactorily
accomplished and the results are summed up by Marks and Davis®
The following table is taken from their “ Steam Tables” and gives the
determinations of Berthelot3l Buckingham3 and Rose-Innes&

Table 5. Determinations of lce-Point on Absolute Scale

Author Year Method Gases fs;nﬁlefg%%et
Berthelot 1903 Extrapolation to p= Hz and N2 491.54°F
Berthelot 1903 Joule-Thomson effec H2, N2, COz2, air 491.63
Buckingham 1907 Joule-Thomson effec H2 N2 C02 air 491.71
Rose-lnnes 1908 Joule-Thomson effect and other data. H2and N2 491.64

The determination of Rose-Innes is probably the best and inciden-
tally it agrees almost exactly with the mean of the other three. Since
the temperature of melting ice on the ordinary Fahrenheit scale is 32°,
the number that must be added to temperatures on the ordinary scale
to reduce them to absolute temperatures is

491.64-32 =459.64

11. Mechanical Equivalent of Heat—In several of the equations
used in the computation of vapor tables the mechanical equivalent of
heat, J, or its reciprocal, A, appears. This equivalent has been exper-
imentally determined by two methods: by transforming mechanical
work into heat directly, and by transforming electrical energy into
heat. The first method has been used by Rowland,3 and Reynolds
and Moorby;3 the latter by Griffiths,® Schuster and Gannon,® and
Barnes.4lL These various investigations have been discussed by Smith,2
who accepts as most trustworthy the mean of the values of Barnes and
of Reynolds and Moorby. Smith gives as this mean,

1 mean calorie = 4.1834 X107 ergs, and this is the value used in the
Marks and Davis Steam Tables.

Barnes&later points out that his work must be considered as leading
to the value 4.1849. Since the work done by Reynolds and Moorby
leads, according to Smith, to the value 4.1836, the mean of these
determinations is 4.1842.

Griffiths in his discussion of the most trustworthy experiments then
available (1893) decided that the most probable value of J is 4.184.
That is, taking the 1772° gram-calorie, or the mean calorie which is
practically equal to it,

1 mean calorie=4.184 X107 ergs. To change this into English
units, one needs the conversion factor4
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1 kg. =2.204622 Ib.
and a value of the gravitation constant, for which

g=980.655 cm. per sec.2
has been adopted by international agreement. The result is

1 mean B.t.u. = 777.64 standard ft. Ib.

This value has been used in the present investigation.

It may be mentioned here that all factors for conversion from metric
into English units have been taken from the tables given in the Marks
and Davis Steam Tables.

12. Relation between Pressure and Temperature of Saturated Vapor.—e
To express the relation between the pressure and temperature of
saturated vapors scores of formulas have been proposed. Some are
of more or less rational form involving empirical constants, but the
greater number are purely empirical. A few of the formulas that
have been applied to ammonia, together with the constants giving p in
Ib. per sg. in. when temperatures are given in degrees Fahrenheit,
are here given.

(a) Biot's equation as used by Regnault has the form

log p = a—bant+cfin where n——k

The constants used by Regnault are;1

a=9.790830
6= 7.450352
c=0.949967
log a=1.999779
log ~= 1.996652
n=t+7.6

Limits,—8° F. to 180° F.
The same formula was used in the computation of Peabody’s1l tables.

(b) Zeuner8 used the Biot formula, but omitted the third term
and expressed the second term as a function of t:
log p =a —haT
where a =3.844672

log bar =0.312482-0.0019457 (*-32)
This form was used also by Dieterici,B5who applied it at temperatures
above the limit of the range for which Zeuner’'s empirical equation for
log baTholds. He thus obtained pressures far too low at high tempera-

&)

tures, also low values of ~” and consequently low values of r when the

Clapeyron-Clausius equation is used.
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(c) WoodDused Rankine's formula in the form

logp=a-y
with a=6.2495
6-2196
Limits, —20° F. to 100° F.
(d) Goodenough2 used the Bertrand formula in the form

log p—og k—nlog, [PTb

with log k=5.87395
n—50
6=184.3

It does not eem to be possible to find constants which will make
equations of the above forms apply over more than a limited range of
temperature, either with steam or with other vapors. However, an
equation for steam has recently been proposed by Marks,46which is re-
markable in that it gives pressures agreeing closely with experimental
values throughout the range from 32° F. to 706.1° F., the latter point
being the critical temperature. This equation is based on the equation
used by van der Waals:

* 9 _ e ( 2 _* )

where pkand Tk denote respectively the critical pressure and critical
temperature. Instead of being a constant as used by van der Waals,
a varies for different substances and for different temperatures with the
same substance. Prof. Marks found values of a at different tem-
peratures for steam and then found an expression for its value in terms
of the temperature and the critical temperature. By substituting
this expression for a and the proper values for pkand Tkin the equation

log ~a(ij=r~1), he arrived at the following relation between the
pressure and temperature of saturated steam:

log p-a—Jﬁ,- cT+eT2 @
where a - 10.515354

6=4873.71

c= 0.00405096
e=0.000001392964
In the present investigation an attempt was made to use the above
method to determine the pressure-temperature relation of ammonia.
Several factors rendered the use of this method undesirable. They are:
the sensitiveness of the method to changes in the critical data and the
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uncertainty of these data for ammonia; the lack of experimental data
at temperatures near the critical point; and the large discrepancies
existing in the data throughout the entire range. As will be seen
later, however, this equation plays an important part in the present
investigation.

Physicists have repeatedly attempted to find a relation between the
pressures of different vapors at the same temperature such that a
determination of the function p=f(t) for one vapor would serve to
determine this function for all other vapors. Ramsey and Young4/
proposed the law

R=R"+k(T-T")

Where r and r- are the ratios of the temperatures of two saturated
vapors at two different pressures, and 1 and 7+ are the temperatures
of one of the vapors corresponding to these pressures. They show that
the law holds very closely for some 22 different substances arranged in
23 different pairs. In their paper they use the v and 7- in the term
k(T- 1) as being indiscriminately the nhumerators or the denominators

of the ratios R and r-; i. e. they use the two equations
5=S +w -2v) (a)
Ja -La
T T "
41{5: zir5/+k(Ta—Ta) (b)

without making any mention of the change from one form to the other
and without recognizing that the two forms lead to different results.

This law has been corroborated by the work of Richardson48 and
by the work of Ramsey and Travers43on crypton, argon and xenon.

Ayrton and Perry,® and Everettsl have each remarked upon the
lack of symmetry of equation (a) and have shown that equation (b)
is symmetrical. This is most clearly demonstrated by Moss,2 who
shows that (a) may be thrown into the form

and (b) may be thrown into the form

Since tarand 7Y are the temperatures corresponding to some particular
vapor pressure, these equations may be written respectively

K Ti,
.= k"Ta+C-"
LT kTTa (©)

Ta
and -~k
Tt Tar (d)
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Now to test the symmetry of these equations they may be written

and )
It is seen that if the left hand member of (c) is a linear function of the
denominator, its reciprocal will not be a linear function of the new
denominator. On the other hand, if the left hand member of (d) is a
linear function of the numerator, its reciprocal will also be a linear
function of the new numerator.

Moss replotted the data used by Ramsey and Young in their original
paper but used in all cases the symmetrical form (d). He found that
in all cases where they had used the unsymmetrical form the symmetrical
form fitted just as well and in most cases much better, in addition to its
superiority in being reversible.

Equation (d) may be written in the simple form

T, CT—+k @
and*“ thus being linear functions of each other. Suppose there are
Ib la
available two values of saturation temperatures corresponding to known
vapor pressures for some substance, if water vapor or some other sub-
stance whose vapor pressures are known is taken as the other substance,
then from the two temperatures the constants ¢ and k may be deter-
mined. The temperatures for all vapor pressures for the substance in
question may then be readily computed.
Since equation (g) may be written
% it follows that any equation to be applicable to
Ib la
all vapors in the same form with only its constants changed, and at the
same time to be consistent with the temperature ratio law as stated

above, must satisfy the condition that p—f(A —E), all other constants

remaining the same for all vapors. Now it happens that the equations
which may be thrown into this form, such as the Rankine short form,
the Roche equation, etc., do not satisfy the experimental data for
steam throughout its range with the necessary degree of accuracy.
On the other hand the Marks equation, which does satisfy these data
with remarkable accuracy throughout its complete range, cannot be
thrown into the required form. In view of the various considerations
mentioned it has been decided in the present investigation to accept
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the temperature ratio law as expressed in equation (g), to use water
as the standard substance, to use the Marks equation, equation (1),
as representing the pressure-temperature relation for water, and to
make a step by step solution of the pressure-temperature relation for
ammonia by means of these equations.

The method used in applying the temperature ratio law and in
determining the value of the constants ¢ and k in equation (g), is that
used by Moss® who has applied it to 17 different vapors. A descrip-
tion of this method will now be given.

Using formula (g) to obtain the saturation temperatures of ammonia
from those of water,

1_ 1 .7
Ta Crw+k
Put

~~r=yad ~Y,TX

then —x= —cy+k

Since y is a function of the water vapor temperature corresponding to
pressure p, y is also a function of p. The value of y for a given value
of p may be found by making use of the tables of water vapor pressure.
The quantity £ is a function of the temperature of the ammonia
corresponding to this same vapor pressure p. The curve giving X as
a function of y is evidently a straight line.

Since y is a function of the pressure p and x a function of the cor-
responding temperature, we may label the values of x and y with the
respective values of the pressure and temperature which they represent.
Then we may read off directly from the diagram the corresponding
values of saturation temperature and vapor pressure.

Fig. 1 was constructed in this manner. Integral values of tem-
perature were assumed and the corresponding values of x were com-

puted according to the relation X —— These values of x were then

laid off to a convenient scale and each labeled with the temperature
to which the value of x corresponds. Integral values of pressure were
assumed, the corresponding values of temperature found from steam
tables, and the corresponding values of y computed according to the

relationy = — These values of y were laid off to a convenient scale

and each labeled with the pressure to which the value of y corresponds.
The value of vapor pressure at a given temperature as taken from
the Marks and Davis Steam Tables was found to agree with the value
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given by the new Marks formula with sufficient accuracy up to a
temperature of 400° F.; above this temperature the values differed
materially. In the construction of the chart, therefore, the Steam
Tables were used to find the pressures corresponding to temperatures
below 400° F. and the newer formula was used to find the pressures
corresponding to temperatures above that point.

The following tables show the calculations for a few of the values

of Fig. 1
Table 6. Calculations for Values of Fig. 1
ABSCISSAS
Corresponding value of
Fahrenheit Absolute Reciprocal x in inches referred to
Temperature Temperature of Absolute Temp. the point —10 as origin
= -(8000X~-10)
-100 359.64 0.0027806 12.244
-50 409.64 0.0024412 9.529
0 459.64 0.0021756 7.405
+50 509.64 0.0019622 5.697
100 559.64 0.0017869 4.295
150 609.64 0.0016403 3.122
200 659.64 0.0015160 2.128
250 709.64 0.0014092 1.273
ordinates
. Corresponding value of
Corresponding . i
i - Reciprocal y in inches referred to
Pressure Saturation Tem Absolute of Absolute the point —18 as or gin
Ib. per sq. in. perature of Water Temperature T t
Vapor in degrees F. emperature = -(20000 x ~-18)
1 101.83 561.47 0.0017810 17.621
5 162.28 621.92 0.0016079 14.158
10 193.22 652.86 0.0015317 12.634
50 281.0 740.64 0.0013502 9.004
100 327.8 787.44 0.0012699 7.399
500 467.2 926.84 0.0010789 3.579
1000 544.9 1004.54 0.0009955 1.910
1700 613.4 1073.04 0.0009319 0.639

In order to settle upon the most probable location of the straight
line representing the pressure-temperature relation of saturated ammo-
nia upon this chart the experimental data must be plotted. The
data obtained by Regnaultl are given in Table 7 and are shown in
Fig. 1. by the open circles. The data obtained by BliimckeR are given
in Table 8, and are plotted in Fig. 1 as crosses. The data obtained by
Brill16 are given in Table 9 and are indicated in Fig. 1 by the solid
circles. The data obtained by Daviesbare given in Table 10 and are
represented in Fig. 1 by means of solid squares. The pressures observed
by PictetBover a temperature range of —22° F. to 122° F. agree almost
exactly with those observed by Regnault; they are neither tabulated
nor plotted. Faraday'sM results, which are given in Table 11, are, on
the other hand, quite inconsistent with those of Regnault. They are
neither plotted in Fig. 1 nor given weight in the determination of the
constants of the equation.
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The two points in the upper right hand corner of Fig. 1 represent;

the experiments at the critical point.
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values given by Vincent and Chappuisi8 and the solid triangle the
values given by Dewar.7 The values from which these points were
plotted are given in Table 12.

After plotting the points representing the experimental data the
straight line shown in Fig. 1 was drawn in such a manner as to represent
all the points in the best possible manner.

Table 7. Summary of Pressure-T emperature Determinations

of Regnault

: o Pressure in mm. of ° Pressure in Ib.
Series Temperature °C. Mercury Temperature °F. per sq. in.
2 -31.48 815.09 -24.66 15.77
2 -31.37 823.59 -24.47 15.93
2 -30.96 838.41 -23.73 16.22
2 -27.47 1002.91 -17.45 19.40
2 -27.36 1006.71 -17.25 19.47
3 -25.84 1097.21 -14.51 21.22
3 -25.70 1117.74 -14.26 21.62
3 -23.92 1187.30 -11.06 22.97
2 -22.71 1244.47 - 8.88 24.07
2 -22.60 1251.71 - 8.68 24.21
2 -18.37 1518.19 - 1.07 29.37
2 -18.35 1513.53 - 1.08 29.28
3 -18.31 1518.70 - 0.96 29.38
3 -18.10 1529.90 - 0.58 29.59
1 -18.03 1524.92 - 0.45 29.50
1 -16.79 1614.86 + 1.78 31.24
1 -16.58 1630.47 + 2.16 31.54
3 -16.17 1669.95 + 2.89 32.20
3 -13.55 1859.93 + 7.61 35.9S
3 -13.51 1867.93 + 7.68 36.13
1 -13.09 1900.37 + 8.44 36.76
1 -12.15 1980.87 + 10.13 38.32
2 -10.52 2133.78 + 13.06 41.27
2 -10.42 2119.44 + 13.24 41.00
3 - 9.21 2222 35 +15.42 42.99
3 - 5.08 2599.55 +22.95 50.28
3 - 0.10 3159.07 +31.82 61.11

2 0 3203.66 n
2 0 3206.68
1 0 3207.70
1 0 3212.66 +32.00 62.04
1 0 3207.48
1 0 3214.73
1 0 3198.44 i
1 + 3.97 3615.65 +39.15 69.94
1 + 4.72 3812.09 +40.50 73.74
3 + 6.24 3963.67 +43.23 76.67
2 + 6.93 4139.96 +44.47 80.08
2 + 7.32 4199.74 +45.18 81.24
2 + 7.34 4198.12 +45.21 81.21
2 + S.45 4368.87 +47.21 84.51
3 + 9.98 4550.44 +49.96 88.02
2 + 11.42 4835.82 +52.57 93.54
2 + 13.52 5335.26 +56.34 103.20
3 +14.38 5302.37 +57.88 102.57
% +18.15 6134.92 ) +64.67 118.67
+19.29 6399.12
s 1829 esar7e LY +ee72 123.62
3 + 19.70 6317.97 +67.46 122.21
2 +25.35 7676.26 +77.63 148.48
3 +30.49 8802.88 +86.88 170.28
2 +32.70 9569.56 +90.86 185.11
3 +38.90 11236.07 + 102.02 217.34
3 +48.93 14669.97 +120.07 283.77
3 +55.47 17333.92 + 131.85 335.30
3 +64.35 21619.07 + 147.83 418.20
3 +73.32 26766.40 + 163.98 517.75
3 +81.72 32171.03 +179.10 622.30
N ote — In this table all pressures, besides being multiplied by the proper factor to convert mm

of mercury into Ib. per sq. in., were multiplied by the number 1.00033, this being the constant given by

Lanaolt an B?mstem to reduce pressures at Paris where Regnault worked to pressures at 45° latitude
and at sea—Yeve .
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Table 8 Summary of Pressure-T emperature Determinations
of Blumcke

Temperature °F. Pressure in Ib. per sq. in.
+ 1.30 28.08
+ 32.00 62.05
+ 93.20 188.2
+146.30 412.2

Table 9. Summary of Pressure-T emperature Determinations
of Brill

Pressure in mm. of

Temperature °C. Mercury Temperature °F. Pressure in Ib. per sq. in.
-79.0 38.0 -110.20 0.735
-77.6 44.1 -107.68 0.853
-75.1 51.8 -103.18 1.002
-72.7 62.5 - 98.86 1.209
-70.4 74.9 - 9472 1.448
-68.3 87.5 - 90.94 1.692
-64.4 116.0 - 83.92 2.243
-62.8 136.0 - 81.04 2.630
-60.8 157.6 - 77.44 3.048
-59.5 172.4 - 75.10 3.334
-56.5 210.0 - 69.70 4.061
-54.4 239.5 - 65.92 4.631
-50.7 309.3 - 59.26 5.981
-46.2 403.5 - 5116 7.802
-45.0 437.1 - 49.00 8.452
-41.5 521.9 - 42.70 10.09
-39.8 568.2 - 39.64 10.99
-38.2 610.4 - 36.76 11.80
-33.0 7611*0 - 27.40 14 72

Table 10 Summary of Pressure-T emperature Determinations

of Davies

Pressure in mm. of

Temperature °C. Temperature °F. Pressure in Ib. per sq. in.

Mercury
-49.8 297.95 -57.64 5.761
-41.0 530.95 -41.80 10.27
-30.0 866.95 -22.00 16.76
-20.0 1392.9 - 4.00 26.93
-15.0 1726.2 + 5.00 33.38
-10.0 21459 + 14.00 41.50
- 5.0 2616.9 +23.00 50.60

Table 11. Summary of Pressure-T emperature Determinations

of Faraday

Pressure in f Pressure in :
Temp. °F. Atmos, of 30" Pressure n Ib. Temp. °F. Atmos, of 30" Pressure in Ib.

of Mercury per sq. in. of Mercury Per sg. in.
0 2.48 36.54 49.0 5.83 85.90
9.3 3.00 44.20 51.4 6.00 88.41
18.0 3.50 51.57 52.0 6.10 89.88
21.0 3.72 54.81 55.0 6.38 94.01
26.0 4.04 59.53 56.5 6.50 95.78
32.0 4.44 65.42 60.0 6.90 101.67
33.0 4.50 66.31 61.3 7.00 103.14
41.0 5.10 75.15 65.6 7.50 110.51
44.0 5.36 78.98 67.0 7.63 112.43
45.0 5.45 80.30 83.0 10.00 147.35
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Table 12. Summary of Determinations of Critical Data for
Ammonia

: Date TemperatureO Pressure in Temperature0 Pressure in
Investigator Centigrade Atmospheres Fahrenheit  Ib. per sq. in.

1884 130.0 115 266.0 1690.0
Vincent and Ch 1886 131.0 113 267.8 1660.8
Jaquerod 1908 132.3 109.6 270.1 1610.7
Sheffer 1910 132.1 111.3 269.8 1635.7

The effectiveness of any method that enables one to throw given data
into such a form that they may be represented by straight lines lies in
the fact that straight lines immediately and strikingly disclose any
departure from the general trend and unerringly reveal points that
depart from this trend. It enables one to give various observations
their proper weight and it affords a much safer basis of extrapolation
than can be obtained from curves. The case in hand illustrates this
principle. If the points are plotted on the regular pt plane it is easily
seen that no smooth curve such as represents a law of nature, could, if
passed through Regnault's lower temperature points and Brill's lower
points, at the same time pass through Brill's points in the region —80°
F. to —30° F. Furthermore the chart discloses nothing, as an infinite
number of curves could be drawn, giving different weights to the dif-
ferent points, or all points could be given equal weight and the equation
could then be determined by least squares An inspection of Fig. 1
shows, however, that the straight line which best represents the whole
range represents very accurately Regnault's lower points, Brill's high-
est point and all of his points from —80° F. to —110° F. In the range
—80° F. to —30° F. all of Brill's points lie above the line, as does Davies'
—41.8° F. point. It is significant, however, that Davies' —57.64° F.
point lies exactly on the line at precisely the point where Brill’'s points
lie farthest from it.

Through the range —30° F. to +100° F. the line represents the
experimental points very accurately; above 100° F. Regnault's points
lie slightly below the line. Now by referring to Table 7 it is seen that
all of Regnault's points above 100° F. belong to his third series of
experiments. In all of the higher pressure points of this series Regnault
used a closed manometer and extensive corrections had to be applied
to the height of mercury observed. We may now compare the exper-
iments in the range 40° F. to 90° F. where the second and third series
overlap; it is seen that invariably the points determined in the third
series by the use of the closed manometer lie below those determined in
the second series by the use of the open manometer. The conclusion
is evident that there was probably an error in the correction applied by
Regnault to his readings with the closed manometer; the fact that
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these points lie below the line should therefore not be taken as evidence-
of the incorrectness of the line.

Now as to the critical data. It is seen that the points of both
Dewar, and Vincent and Chappuis lie above the line. If the line be
taken as correct this indicates either higher temperature, lower pres-
sure, or both at the critical point. It will be instructive in this con-
nection to examine the history of the determinations of the critical data
for water. Table 13, which is for the most part taken from Marks’
paper4 referred to above, gives several of these determinations.

Table 13. Summary of Determinations of Critical Data for

W ater
Critical .
Investigator Date Temperature,0 Cti;)tlcaérPsres?rL:re,
Fahrenheit - per sq. in.

Nadejcline 1885 676.6

1890 687.7 2859

1891 689.0 2994

1892 698.0 2873

1904 705.2

1910 706.3 3200

This table shows that as methods have been improved and greater
precautions taken in the experimental work, the value, found for the
critical temperature has risen steadily until the latest determination,
that of Hoiborn and Bauman, is 30° higher than that found by Nadej-
dine, 25 years earlier. The only available determinations of the critical
data of ammonia were made at about the same time and with about the
same methods as the earliest determination for water as shown in the
table. It is reasonable to assume that the same errors may have been
made in the ammonia determinations that were made in the earlier
water determinations and that the true critical temperature of ammonia
is higher than that found by either Dewar, or Vincent and Chappuis.
The table shows also that a higher value for the critical pressure of
water has been found in the later determinations. In the present
investigation the critical data of ammonia are not of prime importance
and the purely arbitrary assumption has been made, on the basis of the
above reasoning and for want of better data, that the higher of the
critical pressure determinations, that of Dewar, is correct. The
corresponding temperature as determined by the temperature ratio
law has been taken as the critical temperature. The resulting values
are:

22 = 1690 Ib. per sg. in.
4=273.2° F.

Since the above conclusions were drawn the articles giving the

determinations of Jaquerod® and Scheffer7l have been found. If
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plotted in Fig. 1 the point representing Jaquerod’s determination falls
below the straight line and that representing Scheffer's value falls
almost exactly upon it. If Scheffer’'s value for the critical temperature
is substituted in the temperature ratio law the resulting pressure is
1638.6 Ib. per sq. in. while his experimental value is 1635.7 Ib. per sqg.
in., the difference being about % of one per cent. These results offer
corroboration of the correctness of the location of the straight line in
Fig. 1, although the arbitrary values chosen for the critical temperature
and pressure may be too high.
The equation of the straight line in Fig. 1is

4-=1.70356 ~— 0.0002242 @)

la 1w
In constructing tables with pressure as the argument the temperature
of saturated steam at any pressure is found from steam tables. The
corresponding saturation temperature of ammonia is then found by
using equation (2) in the form

T2 170356

fw

If temperature is taken as the argument the temperature at which
steam will be saturated under the same pressure may be found by using
equation (2) in the form

Tw:

1
-0.0002242

1

058:206 -0.0001316
and the corresponding pressure is found from steam tables.
13. Specific Volume of the Liquid.—There are available three sets

of experimental data from which the specific volume of the liquid may
be determined. LangeZ determined the density of liquid ammonia
over the temperature range of —56° F. to +208° F.; his results are given
in Table 14. Dieterici,5 working by Young's method, obtained
simultaneously the specific volumes of the liquid and of the saturated
vapor over a temperature range of 32° F. to 222° F.; his results for the
former are given in Table 15. In addition to these we have the specific
gravity determinations of D’'Andreeff,% from which the specific volume
may be calculated; these experiments cover the range of 14° F. to 68° F.
and are given in Table 16.

In Fig. 2 the experimental values are plotted with specific volumes
as ordinates and temperatures as abscissas. The form of equation
used to express volumes of the liquid in terms of the temperature is
that used by Avenarius,3or

v' —a—b log (tk—t) 3
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Fig.2. Showing the Agreement of Volumes of the Liquid as Calculated
with Those Found by Experiment.

Table 11. Summary of Determinations of Volume of the Liquid

by Lange.
o Sp. Density of o Sp. Density of Lig- Sp. Vol. of Liquid

Temp. °C. Liqu.?id ingr. pyer c.e. Temp. °F. uid in Ib. per cu. ft. in cu. ft. per Ib.
-49.0 0.6943 - 56.20 43.344 0.023071
-35.0 0.6781 - 31.00 42.333 0.023622
-32.5 0.6742 - 26.50 42.089 0.023759
-31.2 0.6720 - 24.16 41.952 0.023837
-25.0 0.6650 - 13.00 41,515 0.024088
-16.2 0.6534 + 2.84 40.791 0.024515
-10.2 0.6488 13.64 40.503 0.024690
- 6.0 0.6408 21.20 40.004 0.024998
0.0 0.6341 32.00 39.586 0.025261
+ 6.0 0.6256 42.80 39.055 0.025605
7.9 0.6215 46.22 38.799 0.025774
14.7 0.6141 58.46 38.337 0.026084
19.4 0.6072 66.92 37.906 0.026381
239 0.6007 75.02 37.501 0.026666
28.4 0.5939 83.12 37.076 0.026972
32.6 0.5875 90.68 36.677 0.027265
36.7 0.5807 98.06 36.252 0.027585
40.8 0.5739 105.44 35.828 0.027911
44.7 0.5672 112.46 35.409 0.028241
48.6 0.5606 119.48 34.997 0.028574
52.5 0.5540 126.50 34.585 0.028914
56.4 0.5472 133.52 34.161 0.029273
60.2 0.5404 140.36 33.736 0.029642
63.6 0.5340 146.48 33.337 0.029997
71.6 0.5181 160.88 32.344 0.030918
75.8 0.5096 168.44 31.813 0.031434
78.8 0.5033 173.84 31.420 0.031827
81.8 0.49G6 179.24 31.002 0.032256
84.7 0.4899 184.46 30.584 0.032697
90.2 0.4771 194.36 29.785 0.033574
97.8 0.4576 208.04 28.567 0.034805
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The curve shown in Fig. 2, up to 160° F. represents this equation with
the constants as follows

a=0.06335
6=0.016
tk=273.2

In determining these constants the work of Dieterici was given the
most weight, both because the methods he employed are superior to
the others, and because the volumes of the vapor to be used with these
values are those determined by Dieterici by the same method in the
same series of experiments.

The part of the curve above 160° F. represents the values found by
the method discussed in Article (16).

Table 15. Summary of Determinations of Volume of the Liquid
by Dieterici.

Sp. Density of

Sp. Vol. of Liquid Sp. Vol. of Liquid

Temp. °C. in c. c. per gm. Temp. °F. in cu. ft. per Ib. L|qU|Cdu|r}th. per
0.0 1.5656 32.00 0.025078 39.876
3.4 1.5769 38.12 0.025259 39.590
9.5 1.5977 49.10 0.025593 39.073

15.0 1.6161 59.00 0.025887 38.629
20.1 1.6358 68.18 0.026203 38.164
24.65 1.6565 76.37 0.026534 37.688
30.3 1.6778 86.54 0.026876 37.208
34.3 1.6983 93.74 0.027204 36.759
39.3 1.7221 102.74 0.027585 36.252
44.4 1.7448 111.92 0.027949 35.779
49.6 1.7695 121.28 0.028345 35.280
55.4 1.8090 129.92 0 028977 34.516
60.4 1.8289 140.72 0 029296 34.134
60.9 1.8309 141.62 0.029328 34.097
62.8 1.8403 145.04 0.029479 33.922
71.1 1.8957 159.98 0.030366 32.932
79.8 1.9619 175.64 0.031426 31.821
81.2 1.9618 178.16 0.031425 31.822
87.2 2.0119 188.96 0.032227 31.030
92.6 2.0624 198.68 . 0.033026 30.279
98.1 2.1211 208.58 0.033977 29.432
102.1 2.1878 215.78 0.035045 28.535
105.6 2.2425 1 222.08 0.035921 27.839

Table 16. Summary of Determinations of Volume of the Liquid
by D'Andreeff.

Temp. °F Sp. gravity, referred Density in Ib. Sp. Vol. in
o to Water as Unity per cu. ft. cu. ft. per Ib.
14 0.6492 40.481 0.02470
23 0.6429 40.088 0.02495
32 0.6364 39.683 0.02520
41 0.6298 39.271 0.02546
50 0.6230 38.847 0.02574
59 0.6160 38.411 0.02603
68 0.6089 37.968 0.02634
14. Latent Heat of Vaporization.—The experimental informa-

tion regarding the latent heat of vaporization of ammonia is too meager
to be used as a basis for the determination of the relation existing
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between it and the temperature of vaporization. The latent heat may,
however, be determined indirectly by thermodynamic relations, and
the available data will serve as a check on the method.
Let equation (g) be differentiated with respect to the pressure
Then dTg _ dTw
dp _ °dp
TR
which may be written
adp
dTa 1 Tw
dp_ ¢ Ta
1wdTw

T

or since ~r=c+kT,
there results

d
ad'IF')z;\

e ®
"dTw
Now by the well-known Clapeyron relation connecting the latent heat
and the absolute temperature of vaporization with the change of volume
during vaporization we have

T

(t/'-V ) 1
144,47 \dT" st
Substituting in equation (h)
(p"-tl)«lr, o Ife\ )
W'-v')J @)
or with the proper values of the constants introduced
{v'"—" ) Wrw
=1-0.0001316 Tw
(V" ~v'alra @
: rv' —v')w
The quantity -——— may be found from steam tables or as
Tw
follows:
From the Clapeyron relation
1
Tw
N\
1UA T\\dTW\j wt

By differentiating equation (1)

rdp - rl
icpﬁ,\gat,—p f‘ll’\1 - + 0 00000641484 -0.00932768 TV |
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Substituting this value in the Clapeyron relation we have

(5
rw

V[2Qy '07-0-00172726 T#0.00000118787 TI~\
By the use of equation (4) and equation (5), " ¥ ’% may be

calculated and if either one is known the other may be found. For-
tunately we have the experimental determinations of Dieterici of the
specific volumes of the liquid and saturated vapor; the former were
given in the last section and the latter will be discussed in the next
section. From these determinations various values of (v'—V') were
found and values of r calculated as described above.

According to the generally accepted ideas concerning the critical

point, at that point r=0 and °* = —gp. These facts led Thiesen% to

suggest as an empirical formula

r= C(tk-t)n
This form of equation has been used for water by Thiesen, Henning,
and Marks and Davis, and for ammonia by Dieterici.5 When plotted
on logarithmic cross-section paper this form of equation is represented
by a straight line, the slope of the line being equal to n.

The values of r found by the above method were plotted to the cor-
responding values of (tk—t) on logarithmic cross-section paper and were
found to lie almost exactly on a straight line, indicating that the Thiesen
formula might be used to express the desired relation. The formula
may be written in the form

log r=1og C+n log (tk-t)
and it was found that the values of the constants giving the best agree-
ment with the plotted points were
log (7= 1.856064
and n=0.37
Therefore the final equation is
log r=1.856064+0.37 log (273.2-t) (6)

The available data concerning the latent heat of vaporization are
given in Table 17 and the various points are plotted in Fig. 3, the full
line in this figure representing equation (6). Of the determinations of
r made by Regnault, the greater number were lost in the reign of the
Commune, but twelve were saved and later published.5 The results
of these experiments do not give r directly and have been variously
interpreted by different writers. The table contains the interpretation
of Jacobus® and the three values of r as quoted from Regnault by
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Table 17. Summary of Various Determinations of the Latent

Heat of Vaporization.

Temp. °C. Cal. per Kg. Temp. °F. B. t. u. per Ib. Authority
10.90 287.0 51.62 516.6
15.53 285.2 59.95 513.3
16.00 290.5 60.80 522.8
12.94 283.8 55.29 510.8
11.90 285.8 53.42 514.4
10.73 288.1 51.31 518.5 , Regnault
11.04 292.5 51.87 526.4 (Jacobus)
10.15 292.4 50.27 526.2
9.52 295.0 49.14 531.0
10.99 293.3 51.78 527.9
12.60 291.6 54.68 524.8
7.80 291.8 46.04 525.2
7.80 294.2 46.04 529.5
11.00 291.3 51.80 524.3 ]I- ?Siger;gﬁi'cti)
16.00 297.4 60.80 535.3
19.53 296.5 67.15 533.7
17.00 296.8 62.60 534.2 I von Strombeck
-33.64 337.0 -28.55 606.6 Franklin and Kraus
-33.40 321.3 —28.12 578.3 Estreicher and Schnerr
84.6 524.8 1
82.7 525.7 1
»1807:77 gésg > Denton and Jacobus
- 3.2 603.5
+14.5 570.4 1

Dieterici.5 Two values for r are given b} von Strombeck,19 one being
an average of twelve experiments, the other of eight. The value given
by Franklin and Krausd is an average of three determinations at the
normal boiling point, and the value obtained is exactly the value
deduced by the same writers from the absolute boiling point and the
molecular elevation. A different value was found at the normal boil-
ing point by Estreicher and Schnerr.2l The values given by Denton
and Jacobus,2 represented in Fig. 3 by crosses, were calculated from
readings taken during a test of an ammonia compressor and hence
cannot be considered of much weight; because of the scarcity of scientific
data, however, these points are included in the table and chart.

In Fig. 3 are also plotted the curves that represent various equations
used in calculating the latent heat of vaporization, as given in the
various existing tables. These are plotted exactly as given and it
-should be remembered that there is some variation in the value of the
heat unit used by different writers; consequently the various curves
are not exactly comparable and are given simply to show the variation
in the values of latent heat as given in the tables now in use.

The equations of the curves shown in Fig. 3 are

Ledoux®6: r=>583.33- 0.5499*- 0.0001173*2
Wood10 r=555.5- 0.613*- 0.000219*2
Peabody1l: r=540-0.8 (*-32)

DietericiXs log r=1.56141+0.5 log (266.9-*)
Goodenough3 log r=1.7920+0.4 log (266 —*
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Fig. 3. Showing Comparison Between Experimental Values for Latent
Heat of Vaporization and Values as Calculated by Various Writers.

No comment is necessary regarding the curves for r according to
Ledoux, Wood, and Peabody, since their equations are not of such
form as to give correct results at high temperatures. Moreover they
were derived before we had experimental determinations of the volume
of the saturated vapor, from which latent heats could be calculated.

Dieterici, as mentioned in Section 12, used Zeuner's empirical
expression for the second term of Regnault's pressure-temperature
equation, and omitted the third term entirely. This approximation is
quite accurate for low temperatures but as the temperature increases
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the pressures thus calculated become too small and this error increases
rapidly at high temperatures. For instance, Regnault extrapolates
his curve and gives for 212° F. a pressure of 901.6 Ib. per sg. in., while
the value calculated by Dieterici for this temperature is 847.1 Ib. per

sg. in. or 6% lower. As the error is increasing, the values of [—1

are too small and values of r calculated by means of the Clapeyron
equation are too small at high temperatures. Since the relation em-
ployed between r and {tk—t) is a straight line on logarithmic paper and
the values of o consequently of r, agree at some medium temperature,
the values given by the equation at low temperatures will be too high.
This is shown in Fig. 3, where it is seen that Dieterici’'s curve passes
above even the highest of the actual experimental determinations of
rat -28° F.

The equation used by Goodenough fits the actual determinations
and is consistent with the Clausius relation, using Dieterici’'s values for
volumes and Goodenough’s constants in Bertrand’'s pressure-tem-
perature equation. This latter equation, however, only applies over
a small temperature range. The variation between Goodenough’s curve
for r and the present one is due to the different pressure-temperature
relation used and the higher value assumed for the critical temperature.

It is believed that, due to the form of equation (6) and the accuracy
with which it represents the derived values of r where known, the
equation may be safely extrapolated as far as required in this investi-
gation.

The comparison between the values of r given by equation (6), the
corresponding values of v" from the Clausius relation, and the exper-
imental values for v" properly belongs in the next section and is there
shown.

15. Specific Volume of Saturated Vapor—The only available
experimental determinations of the specific volume of the saturated
vapor are those of Dieterici.5 These experiments extend up to a
temperature of 222° F., but unfortunately were not carried below a
temperature of 32° F. Owing to the form of the curve representing
the volume-temperature relation, any extended extrapolation of the
curve or of any empirical equation to represent this relation would be
very unsafe below 32° F.; it is seen that below this point the volume is
increasing very rapidly.

As shown in the preceding section, however, equation (6) is believed
to be of such form that extrapolation can be carried to very low tern-
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peratures. Therefore in the present investigation the volumes of the
saturated vapor have been calculated as follows:

By the me of equation (4) and equation (5) values of ----—----- -

r<
were calculated. These values multiplied by the corresponding values
of r found from equation (6) gave the values of The addition
of the proper values of vf found from equation (3) gave the values of
V', the quantity desired.

The values of v" as found by Dieterici are given in Table 18, and
the agreement of the values calculated by the above method is shown
in Fig. 4, the curve in this figure representing the calculated values and
the points the observed values.

Table 18. Summary of Determinations of Volume of the Satu-
rated Vapor by Dieterici.

Sp. Vol. of Sat. Sp. Vol. of Sat. Sp. Density of
Temp.® C. Vapor in c. c. Temp.OF. Vapor in cu. ft. Sat. Vapor in Ib.
per gm. per Ib. per cu. ft.
3.4 257.2 38.12 4.120 0.2427
9.5 208.2 49.10 3.335 0.2999
15.0 173.9 59.00 2.786 0.3589
20.1 147.5 68.18 2.363 0.4232
24.65 125.2 76.37 2.006 0.4985
30.3 106.6 86.54 1.708 0.5855
34.3 93.8 93.74 1.503 0.6653
39.3 82.5 102.74 1.322 0.7564
44.4 74.3 111.92 1.190 0.8403
49.6 63.2 121.28 1.012 0.9881
55.4 52.8 129.92 0.8458 1.1823
60.4 48.1 140.72 0.7705 1.2979
60,9 47.2 141.62 0.7561 1.3226
62.8 45.4 145.04 0.7272 1.3751
71.1 37.22 159.98 0.5962 1.6773
79.8 30.00 175.64 0.4806 2.0807
8l 2 29.92 178.16 0.4793 2.0864
87.2 26.23 188.96 0.4202 2.3798
92.6 23.10 198.68 0.3700 2.7027
98.1 20.11 208.58 0 3221 3.1046
102.1 17.88 215.78 0.2864 3.4916
105.6 16.11 222.08 0.2581 3.8745
16. Specific Volume of Liquid and Saturated Vapor at High Tem-

peratures—The “Law of the Straight Diameter” was first proposed
by Cailletet and Mathias% in 1886. This law, as originally given,
stated that if the densities of a liquid and its saturated vapor are
plotted as abscissas, against the corresponding temperature as ordinates
to form a dome, the mid-points of the horizontal chords (T this dome
will lie in a straight line nearly parallel to the axis of temperatures.

This law has been frequently tested and applied to many different
substances. References to the law may be found in an article by
Davis,5 who applies the law to water as a basis for the calculation of
volumes of saturated steam at high temperatures.

It was found by Young3® that the diameter is actually straight in
the case of but few substances, normal pentane being an example of
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Table 19. The Law of the Straight Diameter for Ammonia.

o Densit: Density Mean Mean Density P
Temp.® F. of Vapgr of Liquid Density Formula Difference
40 0.0393 42.704 21.372 21.372 =1=0.000
30 0.0517 42.296 21.174 21.174 +0.000
20 0.0671 41.883 20.975 20.974 -0.001
10 0.0860 41.461 20.774 20.774 +0.000
0 0.1088 41.039 20.574 20.572 -0.002
+ 10 0.1362 40.608 20.372 20.370 -0.002
20 0.1689 40.169 20.169 20.167 -0.002
30 0.2075 39.722 19.965 19.964 0.001
40 0.2525 39.267 19.760 19.759 -0.001
50 0.3051 38.803 19.554 19.554 +0.000
60 0.3657 38.329 19.347 19.347 +0.000
70 0.4355 37.844 19.140 19.140 +0.000
80 0.5152 37.348 18.932 18.932 +0.000
90 0.6061 36.841 18.724 18.724 +0.000
100 0.7099 36.319 18.514 18.514 +0.000
110 0.8265 35.782 18.304 18.303 -0.001
120 0.9590 35.228 18.093 18.092 -0.001
130 1.1062 34.655 17.881 17.880 -0.001
140 1.2756 34.061 17.668 17.667 -0.001
150 1.4643 33.444 17.454 17.453 -0.001
160 1.6763 32.798 17.237 17.238 +0.001

In order to find the equation of the “ straight diameter” for ammo-
nia the values of the densities of the liquid and of the saturated vapor
were found at 10° intervals. The values for the liquid were calculated
by the use of equation (3), and those for the vapor by the method
described in Section 15. At each of the temperatures the mean density
was calculated. The results are given in Table 19 and plotted in Fig.
5. In this figure the points for the liquid and vapor are shown as large

DENSITY IN POUNDS PER CUBIC FOOT

mFig. 5. Showing the Dome on the Temperature-Density Plane and the
“Straight Diameter” of Cailletet and Mathias.
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‘circles and the mean points as small circles. The diameter is seen to
be slightly curved but it may be accurately represented by the second
pegree equation:

7 =19.3473 —0.02067 (*-60)-0.0000042 (Z-60)2 (7)
The table shows that this equation represents the mean densities as
calculated by the other method with a maximum error of about 0.01
of 1% over a temperature range of —40° F. to +160° F.

The method used at ordinary temperatures for finding the change of
volume on vaporization or (i/'-V), may be employed at temperatures
up to the critical point if we assume that the values for r found by equa-
tion (6) are correct up to that point. Equation (7) gives values for

y"+y =1
2 2

A simple algebraic manipulation gives

o _ YV =)+ L+ iy —r 4+ L
27

Having values for v" and (v"—V'), the values for v' may be easily found,
This method enables the values of the volumes of the liquid and the
saturated vapor to be found at least qualitatively up to the critical
point itself.

It was found that above 160° F. the values found for V' by this
method were materially low'er than those found by equation (3) and that
the difference increased as the temperature increased above this point.
An inspection of equation (3) shows that this equation would give a
value of +00 for the volume of the liquid at the critical point, whereas
we knowTthat at this point the liquid has a finite volume. In the case
of other vapors it has been shown that the form of equation used, that
of Avenarius, gives accurate values at temperatures somewhat removed
from the critical point, but that it does not hold near this point. There-
fore, in the present case equation (3) has been used only up to 160° F.,
and the values above this temperature have been calculated by the
law of the straight diameter.

Since the diameter is nearly parallel to the axis of temperatures a
considerable error in the value of the critical temperature will cause
but a small error in the resulting value of the critical density. The
substitution in equation (7) of the value of tk assumed in Section 12,
or 273.2° F., gives for the critical density and volume respectively

7*=14.75 Ib. per cu. ft.
~=0.0678 cu. ft. per Ib.
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17. Specific Volume of the Superheated Vapor.—The attempt has
often been made to deduce rationally an equation of state which with
suitable change of constants will represent the relation f(p, v) T) = 0 for
various fluids in all states from the gaseous condition above the critical
temperature to the liquid condition. Such equations are constructed
with special reference to the behavior of fluids in the neighborhood of
the critical state and apply more particularly to fluids the critical
temperature of which is within the range encountered in practice. In
the case of a fluid such as ammonia, however, the critical temperature
of which is far above the working range, purely empirical equations
of simpler form give better results throughout the smaller range covered
in practice and in addition lend themselves much more readily to the
formation of the various heat equations. A few of these empirical
equations which have been applied to ammonia are here given.

(@) Zeuner9and Ledoux6both used the form

pv—BT~Cpn
The constants used by Zeuner with the variables expressed in metric
units are B =52.642 C=29.783 n=0.3655

This form was also used by Peabody.ll In English units with p in
Ib. per sqg. ft., his values for the constants are

£=99 C=710 n=0.25
(b) WoodDused the form proposed by Rankine
pv=BT-~

vn
In English units with p in Ib. per sq. ft., his values of the constants are
£=91 C= 16920 n=0.97
(c) Wobsa® in his first paper used the form of equation proposed
by Linde
BT , , N<?273)" 7n

In metric units his values for the constants are

£=49.8 a=0.0000014
(7X273" = 2250 n=2 £ =0.01
(d) In his second paper Wobsa6@l used a new form of equation
_BT_C_ b
a v Tr»+ p
with £ =49.736 (7= 2450 6= 80
a=0.0075 n=2

The equations of Ledoux, Zeuner, Peabody, and Wood were derived
before experimental determinations of the volume of either the satu rated
or the superheated vapor were available, and they were based upon
various doubtful assumptions. Wobsa’'s first equation gives values
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that do not agree closely with experimental results, but his second equa-
tion is quite satisfactory in this respect.

In choosing a characteristic equation several points must be con-
sidered.

(1) The equation must represent with fair accuracy the available
reliable experimental data on the relations of p, v, and T.

(2) The equation should be of such form as to give as simple forms
as possible to the various thermodynamic relations that are derived
from it.

(3) These derived equations must represent accurately the experi-
mental data.

Wobsa’'s second equation fulfils the first of these conditions ad-
mirably. It is, however, somewhat defective with respect to the other
requirements. The good results obtained from Goodenough’'s equa-
tion@ifor superheated steam, namely,

»c="—(1+aP)" 0)

suggested the adoption of the same form of equation for supherheated
ammonia in the preliminary investigation. This equation satisfies
the second condition, in that it gives derived relations of comparatively
simple form. A trial with various sets of constants showed that it
could be made to represent the volume measurements with sub-
stantially the same accuracy as Wobsa% second equation, and thereby
satisfy the first condition. Having established the fact that the
proposed equation is permissible, the next step was the determination
of the constants. In connection with this process emphasis must be
placed on the third consideration heretofore mentioned. From the
characteristic equation are derived expressions for (a) the specific heat
at constant pressure; (b) the heat content of the superheated and also
of the saturated vapor; (c) the Joule-Thomson coefficient. Hence the
constants must not be chosen with reference to volume alone. While
the volume measurements must be satisfied, three other derived rela-
tions must equally well conform to the experimental data in the respec-
tive fields.
With due consideration of all the conditions the following values

were finally assumed for the constants:

B =0.6321, p in Ib. per sq. in.

log m= 12.900000
c=0.100
n=>5

a 0
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The final equation with constants inserted is therefore

H-0.100=0.6321 - - 79433 18 (8)

It will be seen that the constant a is taken as zero. In view of the
fact that the available data consist only of values along the saturation
curve and in most cases but one point on each isotherm in the super-
heated region, no information is available regarding the shape or curva-
ture of these isotherms on the pv—p plane; moreover the derived equa-
tions demand an exceedingly small value of a. The use of straight lines
for these isotherms therefore seems to be as well justified as the use
of parabolas; hence a was made equal to zero.

Table 20. Summary of Various Determinations of Volume of
the Superheated Vapor.
: Pressure ° Volume in o Volume in
Authority in Atmos. Temp. °C. Liters per gm. Temp. °F. qu. ft. per Ib.
f 0 2.6096 32 41.8006
H r — 20 1.19575 — 4 19.1535
Perman S 0 1.2973 32 20.7802
1 R 50 1.5473 122 24.7847
L 1 1 100 1.7964 212 28.7747
Leduc 0 1.2955 32 20.7513
Guye | 0 1.2974 32 20.7818
Table 21. Comparison of Values Obtained from Various Equa-
tions for Volume of the Superheated Vapor with
Experimental Values.
e
o) Experimental Computed Computed Computed
Eg d Values from (8) by Wobsa | by Wobsa 11
2
g £ % Di % Diff % Diff
€S nh.> Authority Value  Value fnmellzglp. Value  from Exp.  Value  from Exp.
r -4 Perman 19.154 19.093 -0.32 19.121 0.17 19.140 -0.07
r Perman 20.780 20.769 -0.05 20.745 -0.17 20.767 -0.06
J 32< Guye 20.782 20.769 -0.06 20.745 -0.18 20.767 -0.07
M L Leduc 20.751 20.769 +0.09 20.745 -0.03 20.767 +0.08
122 Perman 24.785 24.798 +0.05 24.746 -0.16 24.775 -0.04
L 212 Perman 28.775 28.730 -0.16 28.695 -0.28 28.725 -0.17
H 32 Perman 41.801 41.916 +0.28 41.821 +0.05 41.939 +0.33

A summary of the various direct determinations of the specific
volume of the superheated vapor according to Perman and Davies,3
LeducaB and Guye®is given in Table 20. In Table 21 the values given
by equation (8) and by Wobsa'’s first and second equations are compared
with these experimental determinations. It is seen that both equation
(8) and Wobsa's second equation give results agreeing better with
experiment at the one atmosphere points that those obtained from
Wobsa's first equation. At the 32°, 122°, and 212° points at one atmos-
phere pressure equation (8) and Wobsa's second equation give prac-
tically the same percentage deviation from the experimental values.
At —4° Wobsa's second equation gives a better agreement with the
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Experimental value than does equation (8); this point, however, is con-
siderably below the range found for superheated ammonia in practice,
and it is believed that the considerations appearing in the discussion
of the heat equations derived from the characteristic equation justify
the use of equation (8) in preference to Wobsa's equations.
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Fig.6. Comparison of Isotherms Deduced from Equation (8) with the
Points Representing Experimental Determination on the PV-P Prane.

In Fig. 6 the isotherms deduced from equation (8) are drawn on the
pv—p plane and the various experimental points are plotted in order
to show the agreement. From this chart it is seen that if both of the
determinations of Perman and Davies at 32° are correct, the one at one
atmosphere and the other at one-half atmosphere, then either the
saturation curve should lie considerably higher or the 32° isotherm
should be sharply curved. Since the one atmosphere determination
agrees closely with the determinations of Leduc and Guye, since there
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is good authority for the location of the saturation curve, and since the
flatness of the isotherms is fairly well established, it would seem that
the half atmosphere point of Perman and Davies is probably in error.

Table 22. Comparison of Values Obtained from Equation (8)
with Values Obtained from Equation (6) and the

Clapeyron-C lausius Formula.

Temp. °F Calculated from (6)
p- and the Clapeyron- Calculated from (8) Per cent, difference
Clausius formula

- 40 25.452 25.501 +0.19
20 14.895 14.933 0.25
0 9.187 9.214 0.29
20 5.920 5.936 0.27
40 3.9595 3.9695 0.25
60 2.7344 2.7402 0.21
80 1.9400 1.9428 0.14
100 1.4087 1.4099 0.09
120 1.0424 1.0425 0.01
140 0.7840 0.7835 0.06
160 0.5966 0.5962 -0.07
180 0.4577 0.4580 +0.07
200 0.3525 0.3539 0.40

In Table 22 the values of the specific volume along the saturation
curve as calculated by equation (8) are compared with those found by
the use of equation (6) and the Clapeyron-Clausius formula. In Fig.
6 the full line curve represents values resulting from equation (8) and
the dotted line curve represents the values resulting from equation (6).
A comparison of Wobsa's equation is not given because the constants
in those equations were determined on the assumption of a different
pressure-temperature relation along the saturation curve; the sub-
stitution in Wobsa's equations of the values of pressure corresponding
to given temperatures as used in this investigation therefore would not
give values of volume comparable with those deduced from equation
(8). It may be stated, however, that Wobsa'’s equations give very fair
agreement with the values found experimentally by Dieterici. The
maximum deviation of the second equation from the values given in
Dieterici’s table being a little over 2%.

In addition to the preceeding there are available the results of a
series of experiments performed by Regnault, which may be used for
the purpose of checking the characteristic equation. In these exper-
iments measurements were made of the relative volumes occupied by
a quantity of ammonia gas at different pressures along the isotherm
corresponding to a temperature of 8.1° C. or 46.58° F. As the weight
of ammonia used was not recorded, the experiments can be used only
to obtain the relative values of the specific volume or of the product
pv along this isotherm. In making use of these values the products pv
were plotted against the corresponding values of p} both quantities
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being measured in the units employed by Regnault. A straight line-
was next passed through these points by the method of least squares.
It was found that the pressure equivalent to 20 Ib. per sq. in. came at
about the center of the group of points, and the value of the specific
volume was calculated by equation (8) for this pressure and a tem-
perature of 46.58° F.; this value multiplied by the pressure gave a value
of the product pv in English units. The value of this product in the
units used by Regnault was then found at the point where the straight
line determined by least squares crossed the pressure co-ordinate
equivalent to a pressure of 20 Ib. per sq. in. From these two values
for pv the conversion factor 0.00561 was found, this being the number
by which Regnault’'s values of pv must be multiplied in order that the
isotherm calculated from equation (8) shall pass through the center of
Regnault’s group of points. All of his values of pv were multiplied by

Table 23. Summary of Regnault's pv Measurements Along
the Isotherm for 46.58 Degrees F.

Mark Volume Pressure Pressure

(Relative) in. mm. Hg. pvi10 New pv in Ib. per sq. in.
72 841.95 668.93 56325 315.98 12.94
68 800.00 703.53 56282 315.74 13.61
64 758.56 741.23 56227 315.43 14.34
60 717.26 783.18 56174 315.14 15.15
56 675.84 829.98 56094 314.69 16.06
52 634.46 882.98 56022 314.28 17.08
48 592.83 943.18 55915 313.68 18.25
44 551.40 1013.63 55892 313.55 19.61
40 509.98 1092.53 55715 312.56 21.13
36 468.37 1186.38 55568 311.74 22.95
32 426.85 1299.11 55452 311.09 25.13
28 384.89 1435.33 55243 309.91 27.77

this factor and the resulting values appear in Table 23. The points
representing these values of pv are plotted in Fig. 6 as small black dots.
The only information they afford is a check on the slope of the isotherm
for 46.58° F. on the pv—p plane. The points seem to indicate that the
isotherms, near this temperature at least, are very flat curves or even
straight lines.

The data on coefficients of dilatation, of compressibility, and similar
coefficients afford a further check on the characteristic equation. In
the experiments just discussed Regnault found for 46.58° F. and for

the range from 1 to 2 atmospheres, -“- = 1.01881. Calculating this
P2Vv2

same ratio for the same pressure limits from the characteristic equa-

tion, there results ~~=1.01606.
p A2

At 9.7° C., or 49.46° F., Lord Rayleigh?zfound
at H atmosphere = 1Q0632
pv at 1 atmosphere
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From the characteristic equation there results
pv at Yi atmosphere= 99779
pv at 1 atmosphere

It is seen that the deviations of the values resulting from the equa-
tion from the experimental values are in opposite directions at these two
temperatures which are but 3° F. apart and it seems probable that one
or the other of the experimental values is in error.

For the coefficient of dilatation, \Z*/Av from 32° F. to 212° F. at
atmospheric pressure Perman and Davies®found 0.003847 and Leduc?
found 0.003797. The value found from the characteristic equation is
0.003833, which agrees well with the mean of the experimental values.

The values of ~ ~ at 32° F. and one atmosphere as found experi-
mentally by Leduc@and from the characteristic equation are respec-
tively 0.003857 and 0.003932. The corresponding values

at the same point are respectively 0.003801 and 0.003710.

It will be seen that the characteristic equation gives results which
do not always agree closely with the experimental values of the various
coefficients. The other proposed characteristic equations, however,
give results which do not agree any better with the whole body of
experimental data, and considering the inconsistencies in the exper-
imental data it is probable that equation (8) is as good an equation as
can be devised on the basis of the existing information.

18. Specific Heat of the Superheated Vapor—-The first determina-
tion of the specific heat of superheated ammonia was made by Regnault,3
who found a value of 0.50836 at atmospheric pressure and over a tem-
perature range of 75° F. to 420° F. Later Wiedemann&performed two
series of experiments at a pressure of about 16 Ib. per sg. in.; he found a
value of 0.5202 between 77° F. and 212° F., and a value of 0.5356
between 77° F. and 392° F. He proposed the equation

cp=0.4949+0.000172£
Thus far the history is much the same as in the case of superheated
steam, the specific heat of which was long supposed to be independent
of both temperature and pressure and equal to 0.48 as determined by
Regnault; later the investigations of Mallard and LeChatelier and of
Lange agreed in making it a linear function of the temperature. In
the case of steam, however, the experiments of Knoblauch and Jakob,
Thomas, and Knoblauch and Mollier have shown that the specific
heat of superheated steam depends upon the pressure. While no
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experiments have been made to investigate the variation of the specific
heat of superheated ammonia with pressure, it is very probable that
there is such a variation and its rate may be determined by means of
Clausius’ thermodynamic relation, providing a sufficiently accurate
characteristic equation has been determined. The process of obtain-
ing an explicit expression for cpin terms of the variables p and T has
inherent difficulties and is rendered more difficult in this case by the
meagerness of the data available. The success with which the method
has been applied to superheated steam by Goodenough, however, seems
to warrant its use in the present investigation.
The Clausius relation is expressed by the equation

rdc*-!

Ldp Jt idT?)
The derivative in the right hand member is determined from the
characteristic equation. Thus from equation (8)

dv_B mn

Jf~p + ™1
ird dd/ _ —mn(n+1)

0r2 ~ rpn+2

Substituting the second derivative in the Clausius relation the result is
rdpi __Amn(n+1)
L dp\] « TR
Taking T as a constant and integrating with respect to p as the independ-
ent variable, the result is
_Amn{n+1)

op p + const, of integration.

The constant of integration may be a function of T since T was held
constant during the integration; hence

If the arbitrary function 0(T) can be determined, there will result an
explicit expression for cpin terms of the variables p and T. Wobsa has
used the same method of analysis starting with his own characteristic
equations and has obtained equations for cv similar to the present one.

The determination of the proper function 0 (T) is the critical point
of the investigation. In evaluating this function Wobsa equated his
expression for cp at atmospheric pressure to Wiedemann'’s linear equa-
tion for (p at atmospheric pressure and thus found the <XT) to be of

the form £(T) —tt-F-FrjT—

He shows that the term in the third power of T, which is the “ correction
term” for atmospheric pressure, is vanishingly small above 212° F.
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and that above this temperature cp at infinitely small pressures will not
differ from cv at atmospheric pressure, or <XT) =0.4949+0.000172£.
Below 212° F. where the correction term becomes appreciable, Wobsa
substitutes the linear function =0.4712+0.0QQ278E.

For the determination of <t(T) in the present investigation there are
available the recent determinations of cp at high temperatures by
Nernst. In addition to the results of his own work, Nernst3l gives a
summary of the results of previous investigations; See Table 24. In

Table 24. Summary of Determinations of Specific Heat at

Constant Pressure as Given by Nernst.

Authority Temp. °C Molecular cp Temp. °F cp
Keutel.....ooooeeeccccc 20 8.64 68 0.506
Voller........ 20 8.62 68 0.505
E. Wiedemann 25-100 8.84 77-212 0.518
E. Wiedemann. . 25-200 9.11 77-392 0.534
Regnault....... . 24-216 8.71 75-421 0.510
Nernst...... . 365-567 10.4 689-1053 0.609
NEFNST..coiiiiicccc s 480-680 11.2 896-1256 0.656

this table the values are given as molecular specific heats and these have
been converted into specific heats per unit of weight by dividing by the
molecular weight of ammonia or 17.064. It is seen that the values given
for Wiedemann are lower than those quoted earlier in this section from
the original; while the value given for Regnault is higher than the
original. As the original papers of Keutel and Yoller are not at hand
the values given in this table for their results are assumed to be correct,
but the values used for Weidemann and Regnault are those taken
from the original.

If in the equation for cp, p=0, the equation reduces to cp—<j>{T).
Therefore if we have values for cp at zero pressure the 4>{T) may be
determined. To obtain these Vfclu)s the proper correction terms were
calculated and subtracted from th3values of cp. The resulting values
of (cpo seemed to justify the assumption that (cpOis a linear function
of the temperature. This linear relation may not, and probably does
not, hold for the entire range of superheat, but it may be assumed as
R close approximation, and the only assumption justified by the expe-
rimental data available. The function therefore takes the simple
form

(f>(T) = a\~PT
and the equation for cp becomes

co—ar g7 AMOOED 0
The constants m and n are those heretofore given in connection with
the characteristic equation, and the values finally chosen for a and p
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mif; ;

fire: a=0.382, /3=0.000174. Replacing 4mn(n+l) by a single

constant C, and substituting the proper value for the various constants
the formula for the specific heat becomes:

cp=0.382+0.000174T +p~ )

where log C= 13.644705.

Values of cp have been calculated for various pressures up to 400
Ib. per sg. in. and for temperatures up to 1100° F.; these values are
plotted against temperatures in Fig. 7. The experimental determina-

-100 (o} 100 200 300 400 500 600 700 800 900 1000
TEMPERATURE IN DEGREES F

Fig. 7. Curves Showing Values of At Different Pressures and
Temperatures.

tions are also plotted to show the agreement. The determinations of
Regnault, Nernst, Keutel, and Voller were made at atmospheric pres-
sure, while those of Wiedemann were at a pressure of about 16 Ib. per
sg. in. absolute. The agreement between the curve derived from
equation (9) for a pressure of 15 Ib. per sg. in. and the points represent-
ing the determinations of Regnault, Nernst, Keutel, and Voller is seen
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to be very good, while the points representing Wiedemann's determina-
tions lie considerably above the curve.

19. Heat Content of Saturated and Superheated Vapor.—-Having an
explicit formula for the specific heat at constant pressure in terms of
the variables p and T, an expression for the heat content in terms of
these variables may be easily derived. For this purpose the general
equation

av

dg=cdT—AT [“d_l_ 1Vdp @)
is most convenient. Since the heat content is defined by the relation

i=A(u+pv)
then
di —A (du+d(pv))
or di —dgA-Avdp
Hence by substitution in equation (1) there results
di=cRAT-A[T %v\ dp (m)

From the characteristic equation

dv_B nm
df~p + T~

Tenuy = T

Substituting this and the general expression for cp in equation (m)
the result is

di—(a-\-f3T)dT+Amn (w+1) p d

whence

+
T Am(n+l) dp—Acdp )
Since i depends upon the state of the substance only, the second mem-
ber of equation (n) must be an exact differential. The integral is read-
ily found to be

i—aT-V/ T2— Np — —Acp-\-i0 (0)

The constant of integration i0 is determined by passing to the
saturation limit. Since the constants a, j3 m, n, and ¢ are known, the
value of the right hand member of equation (0), exclusive of i0may be
found for any given pressure and temperature. If the value of i is
known at this point i0 may be determined by subtraction. Now for
the saturated vapor

i"—"+r=u+Apvr+r
If the energy u be taken equal to zero at 32° F., then at this temperature
i £132 :0 +A P s2732 +r32
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Substituting the proper values as determined by the formulas for the
saturated vapor there results

i"z2—0.3+546.4 =546.7
By the substitution of the proper values of p and T in equation (0)
there results

t—io= 188.7
By subtraction

i0—358.0
Introducing known constants equation (o) becomes, with pressure in'
Ib. per sq. in.

i=0.382T+0.000087

where log (7= 12.945735.

There are no direct measurements of the total heat or heat content
of the superheated or saturated vapor by which equation (10) may be
checked. A check on the accuracy of the equation at the saturation
limit is afforded by a comparison of the values of the heat content of the
liquid, obtained by subtracting values of r calculated by equation (6)
from values of i" calculated by equation (10), with the experimental
determinations of Dieterici. This comparison is shown in the following
section. A check on the accuracy of the formula in the superheated
region may be obtained by a comparison, by means of the law of cor-
responding states, of the values for the Joule-Thomson coefficient
resulting from equation (10) with the values of this coefficient for other
vapors. There is also available a set of throttling experiments per-
formed by Wobsa.®

Since i is constant in a throttling process, the Joule-Thomson
coefficient p may be defined as the derivative

From calculus

rdTi _ __dp
LdpJ,- di
dT
and from the definition of heat content i.

Hence
\-dp\i G dp

or P=4p (ti)+c]

T2-p~~0.0185p+3!
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From equation (p) it is seen that m varies with the pressure; as the
temperature rises, however, the influence of pressure decreases. Joule
and Kelvin, working with gases far removed from the saturation limit,
found that Avaries inversely as the square of the absolute temperature.
In reviewing the available data on the Joule-Thomson coefficient for
hydrogen, nitrogen, oxygen, air, and carbon dioxide, and applying the
law of corresponding states, Buckinghames discusses the variation of
the “ reduced” values of & with the “reduced” temperature, but does
not take into account the effect of pressure. Davis,& by making use
of the throttling experiments of Grindley, Griessmann, Peake, and Dodge
on superheated steam, has shown that carbon dioxide and water obey
the law of corresponding states. The experimental values of i for
steam expressed in pounds per square inch and degrees Fahrenheit were
reduced by multiplying by 2.56, a factor which is the ratio of the
critical pressure of water (2947 Ib. per sg. in.) to the critical temperature
(1149° F.), these critical values being the ones determined by Cailletet
and Colardeau. Davis gives a curve which he says represents the
experimental values for water in the best possible manner; the values
in this curve are those translated back to ordinary units. Later deter-
mination of the critical constants for water by Holborn and Bauman
give 3200 Ib. per sqg. in. for the critical pressure and 1166° F. for the
critical temperature. If then the values of ~ on the Davis curve aie

3200
multiplied by or 2.745, and the temperatures are divided by

1166, there results a curve expressing the variation of /X with tem-
perature, both expressed in reduced units, according to the best avail-
able experimental data. This curve is shown in Fig. 8 as the heavy
full line curve. The values resulting from equation (p) and those
resulting from Wobsa's equation for ammonia may now be compared
with the values for water. Wobsa's throttling experiments were per-
formed at pressures of from 2 to 10 atmospheres and at temperatures
of 42.8°, 60.8°, 86°, and 104° F. In his paper he gives a table
comparing the values of » resulting from his equation with his expe-
rimental values. The values of x at the same pressures and tempera-
tures have been calculated from equation (p). In Table 20 the first
line at each temperature gives the averages of Wobsa’'s experimental
determinations, the second line the values resulting from Wobsa's
equation, and the third line the values given by equation (p). The
values in the second and third lines have been converted into reduced
units and are plotted in Fig. 8, the dotted curves representing the
values from Wobsa’'s equation and the full line curves representing values
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0.65 0.70 0.75 0.80 0.85
REDUCED TEMPERATURE

Fig.8. Comparison of Values of Reduced Joule-Thomson Coefficient
for Ammonia According to W obsa and Those Resulting from Equation
(p) With Values for Water as Given by Davis.

from equation (p). It is seen that while the full line curves forma
rather strongly diverging brush yet the Davis line passes through the
center of the brush and it appears that the brush would converge into
the Davis curve at high temperatures. On the other hand the brush
of dotted curves has an entirely different trend and would not merge
into the Davis curve.

In his discussion Davis states that he has investigated the data for
steam in search of a systematic variation of the value of & with the
pressure, but that none could be found. He therefore concludes that
if there is such a variation it is within the error of the experimental
observations. It will be interesting, however, to compare the pair of
lines for each pressure as shown in Fig. 8 with the points according to
Grindley, Griessmann, Peake, and Dodge for the same reduced pressure.
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Table 25. Comparison of Values of Joule-T homson Coeffi-
cient Resulting from Present Equations and T hose
Resulting from W obsa's Equations with W obsa's
Experimental Values.

lE_'eSSq’_'%_ 29.39  44.09 58.78  73.48 88.18 102.87 117.57 132.26 146.96

42.80F3] 045 0420 0435 0430
0.

60.SoF J

0. . . . . . 0.339
0.364 0.360 0.356 0.353 0.349 0.345 0.342 0.338
0.382 0.365 0.349 0.335 0.322 0.310 0.298 0.288

104.0°FX  0.337 0.334 0.332 0329 0.327 0325 0322 0320 0317
1 0334 0321 0.310 0299 0259 0279 0271 0262 0255

To do this the reduced values as given by Davis have been multiplied
by the proper factor to express the quantities in terms of the latest

determination of the critical data for water; the reduced temperatures

- 1149 2947
were multiplied by = 0.9854, the reduced pressures by =0.921,
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Fig.9 (a) Comparison of Values of Reduced Joule-Thomson Coefficient

for Ammonia According to W obsa and Those Resulting from Equation
(P) With the determinations for Water by Grindley, Griessmann,
Peake, and D odge.
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.divided into nine groups so that each group included the determinations
at reduced pressures nearest to the reduced pressures for ammonia cor-
responding to 2 to 10 atmospheres. The data divided into such groups
are given in Table 26. In Fig. 9 the points in each of the groups are
plotted together with the proper curve calculated from equation (p)
again shown as full line and the dotted line curve representing Wobsa's

Fig. 9 (b) Comparison of Values of Reduced Joule-Thomson Coefficient
for Ammonia According to W obsa and Those Resulting from Equation
(p) With the Determinations for Water by Grindley, Griessmann,
Peake, and Dodge.
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equation. Grindley’s values are plotted as open circles, Griessmann'’s
as circles with vertical crossbars, and Peake's as circles with horizontal
crossbars; Dodge’s values given in Table 1Y of Davis’ paper are plotted
as large black dots and his other values as corrected by Davis and given
in Table V of his paper appear as small black dots. The large open
circle in the lower right hand corner of each curve represents the value
found for carbon dioxide by Kester at the lowest temperature in-
vestigated. It will be seen that the full line curves give excellent agree-
ment with the experimental values for pressures of 4, 5, 7, and 9 at-
mospheres although Fig. 8 shows that the 4 and 5 atmosphere curves
lie above the Davis curve, the 9 atmosphere curve lies below it and the
7 atmosphere curve cuts across it. The 2 and 3 atmosphere curves lie
above the experimental values and the 10 atmosphere curve lies below

0.66 0.70 0.74 0.78 0.82 0.86 0.90
REDUCED TEMPERATURE

Fig. 9 (¢) Comparison of Values of Reduced Joule-Thomson Coefficient
for Ammonia According to W obsa and Those Resulting from Equation
(p) With the Determinations for Water by Grindley, Griessmann,
Peake, and D odge.
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them but in all cases the curves follow the trend of the points. The
agreement is not good in the case of the 6 atmosphere curve and a suffi-
cient number of points do not lie in the region of the 8 atmosphere curve
to show the trend. The Wobsa curves in all cases show a trend distinctly
different from that of the points and in most cases the curves lie con-
siderably above the points. The values in the first line at each tem-
perature in Table 25 show that the values obtained experimentally by
Wobsa are quite erratic and in several cases show no regular variation
whatever in the value of n for different pressures at the same tempera-
ture. This fact in connection with the evidence offered by the use of
the law of corresponding states tends to discredit the accuracy of the
experimental work of Wobsa and his resulting equation.

It should also be mentioned that in calculating values of i and s
Wobsa makes the assumption that the specific heat at zero pressure is
constant and equal to 0.49 although he has previously assumed it to
be equal to 0.4949+0.000172 t up to 212° F. and equal to 0.4712+
0.000278 t above that temperature.

0.66 0.70 0.74 0.78 0.82 0.86 0.90
REDUCED TEMPERATURE
Fig. 9 (d) Comparison of Values of Reduced Joule-Thomson Coefficient
for Ammonia According to W obsa and Those Resulting from Equation

(p) With the Determinations for Water by Grindley, Griessmann,
Peake, and D odge.
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0.68 0.70 0.74 0.78 0.82 0.86 0.90
REDUCED TEMPERATURE
Fig. 9 (¢) Comparison op Values of Reduced Joule-Thomson Coefficient
for Ammonia According to W obsa and Those Resulting from Equation

(p) With the Determinations for Water by Grindley, Griessmann,
Peake, and D odge.

Table 26. Reduced Joule-T homson Coefficients for Water
Recalculated from Data Given by Davis.
FOR NH3 CURVE AT REDUCED PRESSURE OF 0.01739

Reduced quantities based on critical Reduced quantities based on critical
data of Cailletet and Colardeau data of Holborn and Bauman
Authority
Reduc. Reduc. Reduc. Reduc. Reduc. Reduc.
Press. Temp. Press. Temp.
0.0207 0.690 1.12 0.0191 0.680 1.20
Grindley......... 0.0197 0.673 1.15 0.0181 0.663 1.23
0.0172 0.651 1.27 0.0158 0.641 1.36
0.0188 0.682 1.01 0.0173 0.672 1.08
0.0219 0.679 0.93 0.0202 0.669 1.00
0.0180 0.676 1.13 0.0166 0.666 1.21
0.0176 0.670 1.18 0.0162 0.660 1.27
Griessmann... 0.0202 0.667 1.06 0.0186 0.657 1.14
0.0199 0.662 1.27 0.0183 0.652 1.36
0.0144 0.660 1.22 0.0133 0.650 1.31
0.0210 0.660 1.99 0.0193 0.650 1.28
0.0144 0.646 1.26 0.0133 0.637 1.35
0.0213 0.690 0.87 0.0196 0.680 0.93
0.0221 0.686 1.01 0.0204 0.676 1.08
Peake 0.0199 0.675 1.11 0.0183 0.665 1.19
0.0233 0.668 1.11 0.0215 0.658 1.19
0.0200 0.665 1.17 0.0184 0.655 1.25
0.0165 0.661 1.17 0.0152 0.651 1.25
0.0196 0.895 0.39 0.0181 0.882 0.42
0.0195 0.895 0.35 0.0180 0.882 0.38
0.0196 0.860 0.50 0.0181 0.847 0.54
Dodge 1. 0.0195 0.857 0.20 0.0180 0.844 0.21
0.0183 0.856 0.32 0.0169 0.843 0.34
0.0184 0.818 0.46 0.0169 0.806 0.49
0.0178 0.774 0.44 0.0164 0.763 0.47
0.0195 0.722 0.75 0.0180 0.711 0.80
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FOR NHs CURVE AT REDUCED PRESSURE OF o0.02609

Reduced quantities based on critical

data of Cailletet and Colardeau

Reduc.
Press.

0.0277
0.0296
0.0253

0.0313
0.0268
0.0308
0.0243
0.0237
0.0260

0.0304
0.0312
0.0274
0.0277
0.0260

0.0289
0.0308
0.0246
0.0306
0.0248
0.0306
0.0288
0.0288
0.0286

Reduc.

Temp.

Reduc.

0.92
1.00
1.13

0.84
0.96

o
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Reduced quantities based on critical
data of Holborn and Bauman

Reduc.
Press.

0.0255
0.0273
0.0233

0.0288
0.0247
0.0284
0.0224
0.0218
0.0239

0.0280
0.0287
0.0252
0.0255
0.0239

0.0266
0.0284
0.0227
0.0282
0.0228
0.0282
0.0265
0.0265
0.0263

FOR NHi CURVE AT REDUCED PRESSURE

0.0412
0.0344

0.0398
0.0347

0.0413
0.0403
0.0405
0.0379
0.0337

0.0356
0.0409
0.0356
0.0347
0.0343
0.0409
0.0409
0.0389

0.708
0.703

0.701
0.698

0.709
0.703
0.697
0.694
0.689

0.79
0.86

0.88
0.88

0.87
0.97
1.09
1.10

0.0379
0.0317

0.0367
0.0320

0.0380
0.0371
0.0373
0.0349
0.0310

0.0328
0.0377
0.0328
0.0320
0.0316
0.0377
0.0377
0.0358

FOR NHa CURVE AT REDUCED PRESSURE

0.0480
0.0438

0.0502
0.0499

0.0482
0.0482
0.0516
0.0432
0.0516
0.0516

0.714
0.705

0.716
0.712

0.906
0.878
0.874

0.82
0.75

0.90
0.97

0.36
0.57
0.34
0.32
0.48
0.54

0.0442
0.0403

0.0460
0.0462

0.0444
0.0444
0.0475
0.0398
0.0475
0.0475

OF

OF

0

0

Reduc.
Temp.

0.687
0.675
0.670

03478

.04348

Reduc.

0.99
1.07
1.21

0.90
1.03
0.94
1.06
1.16
1.15

1.01
1.02
1.21
1.13
1.22
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FOR NIL CURVE AT REDUCED PRESSURE OF o.05218

Reduced quantities based on critical Reduced quantities based on critical
data of Cailletet and Colardeau data of Holborn and Bauman
Authority
Reduc. Reduc. Reduc. Reduc. Reduc. Reduc.
Press. Temp. \v3 Press. Temp. V3
Peake.............. 0.0569 0.722 0.94 0.0524 0.711 1.01
0.057 0.830 0.43 0.0525 0.818 0.46
0.057 0.805 0.48 0.0525 0.793 0.51
0.057 0.777 0.58 0.0525 0.766 0.62
0.057 0.749 0.69 0.0525 0.738 0.74
Dodge I1........ 0.056 0.823 0.46 0.0516 0.811 0.49
0.056 0.791 0.53 0.0516 0.779 0.57
0.056 0.756 0.66 0.0516 0.745 0.71
0.055 0.821 0.47 0.0507 0.809 0.50
0.055 0.790 0.56 0.0507 0.778 0.60
0.055 0.754 0.67 0.0507 0.743 0.72
FOR NIL CURVE AT REDUCED PRESSURE OF o.06087
Peake............. 0.0639 0.730 0.85 0.0588 0.719 0.91
0.0681 0.877 0.50 0.0627 0.S64 0.54
0.0026 0.878 0.35 0.0577 0.865 0.38
Dodge I .......... 0.0625 0.837 0.47 0.0576 0.825 0.50
0.0625 0.795 0.52 0.0576 0.783 0.56
0.070 0.890 0.36 0.0645 0.877 0.39
0.070 0.860 0.40 0.0645 0.847 0.43
0.070 0.803 0.50 0.0645 0.791 0.54
0.070 0.777 0.59 0.0645 0.766 0.63
Dodge Il .... 0.069 0.837 0.46 0.0635 0.825 0.49
0.069 0.810 0.52 0.0635 0.798 0.56
0.069 0.776 0.62 0.0635 0.765 0.67
0.068 0.896 0.36 0.0626 0.883 0.39
0.068 0.848 0.42 0.0626 0.836 0.45
FOR NIL CURVE AT REDUCED PRESSURE OF o0.06975
0.0765 0.881 0.44 0.0705 0.868 0.47
Dodge I .......... 0.0724 0.800 0.42 0.0667 0.788 0.45
FOR NIL CURVE AT REDUCED PRESSURE OF o0.07826
0.087 0.893 0.37 0.0801 0.880 0.40
0.087 0.871 0.40 0.0801 0.858 0.43
0.087 0.850 0.43 0.0801 0.838 0.46
0.087 0.829 0.46 0.0801 0.817 0.49
0.087 0.800 0.53 0.0801 0.788 0.57
0.087 0.781 0.55 0.0801 0.770 0.59
0.087 0.848 0.38 0.0801 0.836 0.41
Dodge I1........ 0.087 0.815 0.46 0.0801 0.803 0.49
0.087 0.780 0.55 0.0801 0.769 0.59
0.086 0.888 0.38 0.0792 0.875 0.41
0.086 0.863 0.41 0.0792 0.850 0.44
0.086 0.826 0.48 0.0792 0.814 0.51
0.086 0.785 0.59 0.0792 0.774 0.63
0.086 0.804 0.53 0.0792 0.792 0.57
FOR NIL CURVE AT REDUCED PRESSURE OF o0.08696
0.103 0.880 0.41 0.0949 0.867 0.44
0.103 0.865 0.43 0.0949 0.852 0.46
0.103 0.847 0.46 0 0949 0.835 0.49
0.103 0.832 0.47 0.0949 0.820 0.50
0.103 0.808 0.54 0.0949 0.796 0.58
Dodge I1........ 0.103 0.786 0.56 0.0949 0.775 0.60
0.103 0.880 0.41 0.0919 0.867 0.44
0.103 0.859 0.44 0.0919 0.846 0.47
0.103 0.830 0.49 0.0949 0.818 0.53
0.103 0.807 0.54 0.0949 0.795 0.58
0.103 0.780 0.54 0.0919 0.769 0.58

20. Heat Content of the Liquid.— The values of heat content of the
Jdiquid may be found by subtracting the values of r found by equation
(6) from the values of i" found by equation (10). The most important
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~check on these values is derived from a series of experiments performed
by Dietericiz and by Drewesa working in Dieterici’s laboratory. In
these experiments the quantity measured was the amount of heat given
up by a certain weight of a mixture of saturated and liquid ammonia
cooling at constant volume in a sealed tube. This quantity was cor-
rected for the heat due to the latent heat of the portion of vapor con-
densed and the remaining amount of heat was divided by the change
in temperature to obtain the mean “inner” specific heat of the liquid
over that temperature range. In his paper Dieterici gives only the
formula which he chose as best representing the results of his experi-
ments, which states that the mean “ inner” specific heat between t and
32° F.=1.118+0.000578(2—32). Since this is a linear function of
the temperature it follows that the instantaneous “inner” specific
heat=1.118+0.001176(~*—32). The original data of the experiments
.are not given, but Professor Dieterici has kindly furnished the values
which he actually obtained for the mean “ inner” specific heat and also
a copy of Mr. Drewes’ dissertation containing the values obtained by
him. If each of these values of the mean “inner” specific heat is
multiplied by the temperature range covered the result will be approx-
imately equal to the internal energy u above 32° F. at the temperature t.
Since i'=u'+Apv'} in order to obtain values of i' the product Apv'
corresponding to the temperature t must be added to the value of uf

Table 27. The Heat Content of the Liquid as Deduced from
the Experiments of Dieterici and Drewes.

v >m u' above u' above u'32ab'o:ve
Authority “r- 0°C. Cal. of 0°C. Cal. of Temp.°C. Temp. °F. °F. .
(t-0°¢) 4222 Joules 4.184 Joules B.t.u  UTAPY
1.148 10.65 10.75 9.28 48.70 19.35 19.77
1.162 10.93 11.03 9.41 48.94 19.85 20.27
1.141 24.25 24.47 21.25 70.25 44.04 44.67
Dieterici 1.140 24.57 24.79 21.55 70.79 44.62 45.26
1.139 38.67 39.02 33.95 93.11 70.23 71.21
1.147 39.27 39.62 34.24 93.63 71.31 72.30
1.200 42.03 42.41 35.02 95.03 76.34 77.35
1.172 48.17 48.60 41.1 105.96 87.46 88.68
1.158 48.35 48.78 41.75 107.15 87.78 89.02
1.186 61.44 62.00 51.8 125.22 111.60 113.25
Drewes,— 1.163 60.42 60.97 51.95 125.46 109.75 111.41
reliable
according 1.187 70.74 71.38 59.6 139.3 128.50 130.57
to Dieterici 1.164 72.75 73.41 62.5 1445 132.15 134.40
1.179 82.76 83.50 70.2 158.4 150.30 153.07
1.205 87.48 88.27 72.6 162.7 158.90 161.84
0.974 11.50 11.60 11.8 53.24 20.89 21.35
Drewes,— 1.098 21.62 21.81 19.7 67.46 39.26 39.86
questioned 1.069 22.82 23.02 21.35 70.43 41.44 42.08
by Dieterici 1.140 34.61 34.92 30.36 86.64 62.85 63.72
1.148 35.83 36.16 31.21 88.17 65.08 65.97

0.7065 -10.49 -10.59 -14.85 5.27 -19.06 -18.91
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obtained as described. The results of these calculations appear in
Table 27. Since Dieterici reported his results in terms of a mean
calorie equal to 4.222 joules while in the present investigation a mean
calorie of 4.184 joules is used, all of Dieterici's heat quantities must
be multiplied by 1.009. The table includes the determinations made
by Dieterici himself and all of the determinations made by Drewes:
part of the latter are called reliable by Dieterici, while the rest are
marked *“falsch” in the copy of Drewes dissertation loaned by
Dieterici. The ground for this statement is not given. In Fig. 10

-40 -20 O 20 40 60 80 100 120 140 160 180

TEMPERATURE IN DEGREES F.

Fig. 10. Comparison of Calculated Values of Heat Content of th e
Ligquid with Values Deduced from the Experimental Work of
Dieterici and Drev/es.
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Dieterici's values are plotted as black dots, and those of Drewes as
circles; the values questioned by Dieterici are indicated by means of a
double circle. The curve represents the values found by the use of
equations (6) and (10). It is seen that in several cases the curve passes
between the Dieterici points and the doubtful Drewes points.

Since the quotient obtained by dividing the change in i between
two temperatures by the difference in temperature is very nearly equal
to the specific heat, the other determinations which have been made
of the specific heat may be used to check the calculated values of i'.

Table 28. Summary of Determinations of the Specific Heat of
Liquid Ammonia.

Specific Heat
Authority Temp.°C. Temp.°F. F:)f Liquid

von Stromhook 62-30 144-86 1.22876
Elleau and Ennis. 20-0 68-32 1.02
Ludeking and Starr 7.7 139.9 0.886
A. J. Wood 20-16 68-61 1.094

Table 28 contains a summary of the determinations of the specific
heat of the liquid in addition to the work of Dieterici and Drewes
already given; this includes the work of Elleau and Ennis,2tvon Strom-
beck,©Ludeking and Starr,Band A. J. Wood.® In Fig. 11 these values

16 0O VON STROMBEC D CIETERICI / /
: (0] ELLEAU & ENNIS E ELLEAU & ENNIS
® LUDEKING & STARR L LEDOUX
1 A A.J. WOOD P PEABODY ! /
s W  WOOD 2 2eunefl /
//
!
1.4 / /
//
!
I
18] /
/ ~-x'sr
I / I a
/ w
0 12 //
1 -
- T~
p
S«
Qa L
&} /
1.0
0.9
/ !
//
!
0.8 !
///
!
-20 o 20 40 60 80 100 120 140 160
TEMPERATURE IN DEGREES F.
Fig.11. Comparison of Various Determinations of Specific Heat of the

Liguid and Various Equations for the Same.
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are plotted, together with the curves representing the following equa*
tions used in the computation of various tables:

Dieterici: 5 ¢'=1.118+0.001156 (t-32)
Zeuner:9 c¢'=1.01235+0.00468 (*-32)
Wood:10 c'=1.12136+0.000438 t
Ledoux:6 ¢'=1.0058+0.0020322 (*-32)
Elleau and Ennis: 2t ¢'=0.9834+0.0020322 (*-32)
Peabody:1 ¢'= 1.1 constant.

The full line curve represents the values of the tangents to the heat
content curve of the present investigation. Since according to modern
ideas of the critical point the specific heat of the liquid there becomes
equal to plus infinity, the full line curve is of a more rational form than
any linear relation.

21. Entropy of the Saturated and Superheated Vapor.—An expres-
sion for entropy is readily found from equation (1 which is

dg=cRd T-ATI[~] @
Thus ds- " @ 8" .d T _ALdv (CD
Introducing in equation (q) the expressions previously derived
or cvand , the result is
AeAdT+AMN(7i+Dpir —AB~-""May (0
The integral of equation (r) is
S= aloge T+&T—AB 1I0g. p—Anp r::ll*So (9

The constant sOis determined by passing to the saturation limit at 32° F.,
where s'=0 and therefore s" =— Substituting this value for s in the

left hand member of equation (s) and the proper values of p and T in
the right hand member, sQis found to be equal to —0.82656. Sub-
stituting this value and the known values of the other constants, and
passing to common logarithms, equation (s) becomes

s=0.8796 log Wi2695 log p -~ C - 0.82656 (11)

where log (7= 12.866554

22. Computation of Tables—The methods by which the various
tabular values were obtained from the experimental data are in many
cases obvious. In Tables 1 and 2, the first seven columns either depend
directly on the data selected or their derivation has been explained in
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the previous paragraphs. The eighth column, giving the internal
energy of evaporation, comes from the formula

p=r—144 Ap —
and the ninth column, giving the internal energy of the saturated
vapor, from the corresponding formula

u"=i"~ 144 Apv"
The entropy of the saturated vapor in column twelve was calculated
by means of equation (11). The entropy of evaporation in column
eleven is r/T. Column ten is the difference between columns twelve
and eleven.

In all these cases the required quantities were computed, usually to
one extra significant figure, for each of a series of standard temperatures.
These values were then plotted to a large scale and smooth curves drawn
through the points. Intermediate values were read from these curves
and checked by the method of differences.

In the computation of Table 3 the process was as follows: The
expression for heat content is

.382r+0. O 0 0 0 8 7 p~- 0.0185p+358.0

where log C= 12.945735.
This expression was separated into two parts, a temperature
function (0.382T+0.000087T2+358.0), and a function of both pres-

sure and temperature p (0.0185+7gj . The value of the temperature

function was calculated at integral values throughout the necessary
range of temperature and plotted to a large scale; a smooth curve was
then drawn through the points. Similarly a curve was drawn to rep-
resent the part of the second function which appears in the parenthesis,

or (0.0185+7”) . To find the value of i at any desired pressure and

temperature the value of this parenthesis was read from the curve and
multiplied by p; this value subtracted from the proper value of the tem-
perature function as read from its curve gave the required value of i.

A similar method was used in the calculation of values of entropy
and specific volume. All final values were checked by the method of
mdifferences.
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