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% 1. 1 Physical and Chemical Properties

Fluid
Property Hydrogen Methane Propane
H, CH, Cflg
Temperature of liquid* (°K ) 20.27 111.7 230.8
Heat of vaporization* ( cal/g mol ) 215 1950 4490
Density of liquid* ( g/1. ) 70.9 425 593
Density ratio ( liq*/gas 7300 K ) 865 650 340
Density of saturated gas* ( g/1. ) 1.34 1.76 2.1
Diffusion coefficient (cm/sec ) 0.63 0.2 0.1
Limits of flammability (in air)¥* 4=75 5.3%-15 2.2-9.5
Limits of detonability (in air)¥* 18-59 6.3-13.5 ——
Ignition temperature {°C) 585 537 466
Ignition energy (mJ) 0.02 0.45 0.25
Heat of combustion (kcal/mol) 68 2173 530
Flame temperature (°C) 2045 1875 1925
Emissivity of flame 0.10 —— 1.0
Quenching distance (1 kg/cnl) (cm) 0.06 0.25 0.20
Flame velocity (cm sec 270 27 4]

* Normal boiling point.
** Per cent by volume.
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% 2.1 Maximum inversion temperature

Maximum inversion temperature
Gas oK o
Carbon dioxide 1500 1226.9
Oxygen 761.1 488.0
Argon 722.2 4L49.0
Nitrogen 622.2 349.0
Air 602.8 329.6
Neon 250 . =232
Hydrogen 202,2 -70.9
Helium 40.0 ~2%3,2
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Air Products y L y L L. Alr Products* ) Union Carbide
Company and Chemicals L'Air Liquide L(Alr é‘;}‘)wlde and Chemicals Linde (U.5.4)

(U.S.A) (FRANCE) FRAN (U.8.4)
Tocation New Orleans le Blanc— France Marais | West Palm ‘ Sac?amento

Iouigiana Mesuil Seine Nord Beach, Florida California
Plant Capacity
(ton/day) 30 0.168 0.84 30 60
Year on

1965 1958 -

Stream 1964 1966

Natural Gas Cracked NH;& Partial Oxida— NatTural Gas
Source of Hz | Steam Reform- Cylinders Coke Oven Gas | tions of Fuel Steam

y
i 0il Natural gas {Reforming

ing

Purification Partial Condsn- low T . Iow & High MEA Scrubbing
me tho;s sations ﬁ?w 62@91“&1_‘ Temperature Adsorption Absorption &

Adsorption ure Adsorption Adsorption Adsorption

Reci T Reciprocating N, —Centrifugal

sciprocating . ) g - ; 4
Compressors (» gH ) & Reciprocating Reciprocating (N, & H,) N —Reciprocating
? 2 2 2 H, —Reciprocating
J-T Expansion Turbo Expander| murpo Expander

Reciprocating | (g | (H,) . (H,)
Refrigeration | Expander IN, from Ouwt— Reciprocating Reciprocating Turbo Exvander

(¥, &H, ) side ?i?a?der (H, Expander(N, ) & J—-T Expansion

2

Temperaturs Temperature Tempsrature Temperature

Ortho-Para Levels levels Ievels7 Levelss Houdri Catalyst
) 7 2 to 95%FPara
Conversion Catalyst Catalyst Iron Catalyst lron | Catalyst 1ron
Oxide Oxide Oxide

Cold Box Proprietary and Perlite and Rockwool & Perlite and H
Insulation Bva.cuated Vacuum Vacuum Perlite Gas

Perlite
Storage
Capacity (nd) 3780 18 50 75 3000

Rail Roadcars .
Distribution |Barges Trailers Trailers Trailers Trailers and

Trailers

Tankcar
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Liquefaction rate (intermal)

31¢/H

Pressure before expansion

5 2 atm
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63 °K mean)

Compressor output

125MH

Liquefaction efficiency
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side tempsrature

0.204

Liquefaction efficiency
calculated from enthalpy

data for 63 °K and 5 2 atm

0.214

Liguid nitrogen consumption
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Oycle 1 Cycle 2
Tnroughput ¢/ s 418 4355
Production rate L/ H 33,7 57.2
Para-hydrogen concentration % 85-90 85-910
Fractional liguefaction, measured 0159 0170
Fractional ligquefaction , theoretical 0165 016 6
Pre-coolant temperature °K 645 6 4.5
Cycle operating pressure , measured
at the expansion valve Kg /et 110 1653
Final heat eXchanger Warm end tem—
perature difference oK 1'}1— 'I%]f
Ortho—para—hydrcgen converter data ;
orifice mean diameter , © mm 0.145 0.1 35
Over—all pressure drop for converter
chain Kg/ ot 207 207
Pressure differential between the
Condensation coil and the liquid
hydrogen dewar Kg /et 2.6 2 2.7 6
Ligquid nitrogen consumption Y AN:A 2.9
Transfer losses , % of total produc-—
20
tion
Total power consumption | KWH,” £LH, 2.5
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F2. 7 REWEEBERCILBKENRORS

~ Y v A 0.00 2 ~ - ~- ~
7 £ 9 5.0 9 5.5 9976 80.953 5 6.9
£ = 0.3 0.4 0.1 4 0~0.0 6 4,5
—R LR 3 1.4 2.4 - 0~0.2 5.0
7o T v — 1.1 - - —
) ES - - 0.10 0~ 0.0 2 0.9
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I ¥ v - ~ - -b 2.8
E - - ~ 2~7 1.3
7 om N — — — O~ 2 _
AR B - - — 0~0.3 -
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B 2. 12, BMAERERBFELALHL TS T XY AONAT IO~
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Coz ¥ &, H: 0@ HBOTAMIF, CHalZ 1 0 0°KDOEHERLDE S
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Ar FW D RATw A,

2. 3. 3 frge i CECE

T THN BB TERIN2BREXKEORM2 v 7 LEF D THEK
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EWdOEE2. B8ART,
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* 2.8

BHRKBERBGEE 2 > 7 OXERETT

Location

Type

Capacity (M)

Immer Wall

Insulation

Boil off
(% day)

Los Alamos Scientific

Labvoratory, Univ.
California
Los Alamos

New Mexico

of

Double Wall

Sphere

4

200

1,900

sus

Bvacuated
Perlite

4

0.2

USAF LH, Plant
West Palm Beach
Florida

4

380

I’ Air Liiquide
LH: Plant

Frais Marais, Nord

50

Evacuated

Perlite

Air Products
New Orleans

Louisiana

3870

05

Union Carbide
Linde Division
Sacramento

California

3000

Multilayer

Insulation

0.1
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2. 1 4 Cutaway view of a 500,000-gal liquid hydrogen dewar showing instrumentation.
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£ 3.2 Summary of Experimental Data
Injection Calculated vpm
Injection Injected gas, flowrate, hydrocarbon Plugging
Run point mol % cc/min to J-T valve time, min Product analysis

1 1 160% CH, 500-1000 27-54 <15 Picces settled out of liquid, N.A.

2 1 1009 CH, <600 - <32 <10 N.A., N.O.

3 1 10% CH, in H, 1000-2000 5-11 <15 —

4 I 0.089% CH, in H, 146,000 6 ® . Very slightly cloudy; N.A.

5 1 0.08% CH, in H, 820,000 35 slight plugging at J-T valve Picces settled out; N.A.

6 I 0.08% CH,in H, 520,000 23 * Pieces settled out; N.A.

7 3 0.08%, CH, in H, 160,000 7 * Pieces settled out, 55.8 vpm

8 2 047% CH, in H, 38,500 10 ® Pieces only on walls, 47.7 vpm

9 1 0.47% CH,in H, 39,000 10 o Pieces settled out; N.A.
10 3 0.47%, CH, in H, 39,000 10 <5, injection line plugged N.A.
11 1 0.17% C, He in H, 17,000 1.5 i Product liquid clear; N.A.
i2 1 0.17% C, Hg in H, 35,600 . 3 1 Product liquid clear; N.A,
13 I 0.17% C, Hgin H, 70,000 6 b Product liquid clear; N.A.
i4 i 0.17% C, Hy in H, 140,000 13 by Product liquid clear; N.A.
15 1 0.17% C, Hgin H, (300,000) 27 be Product liquid clear; N.A.
16 1 0.17% C, Hy in H, 940,000 85 12 1.7 vpm
17 3 0.17% C, Hg in H, 17,000 1.5 7 0.66 vpm
18 3 0.17% C, Hg in H, 34,000 3 0.5 N.A.

¢ 15-20 min with no signs of plugging.

$ Deposition occurring but no plugging evident in 10-15 min.

N.A. = Not analyzed.

N.O. = Not observed.
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#3234 H, -0 5FEF#HMHE

Oxygen-hydrogen isobtar at 15%

Tempersture Partial pressure Concentration
(k) (muHg) (%)
530 1.4 0.013
520 0.9 1 0.O080O
5079 075 0.00&5
497 0.83 6.go73
489 0.47 0.o0 47
480 0.3 1 00028
4 6.0 0.16 00014
4 4.0 00910 0.o00o07e9
400 0013 0.000G 11

Oxygen-hydrogen isobar at 10%%

Temperature Partial pressure Concentration
(°K) (mmHg ) (%)
547 2.6 0.035
520 0.85 0o 11
49 1 0.29 0.00 38
47 1 0.15 0.002¢0
458 0.093 0.0012
4 4.0 0049 000063

Oxygen-hydrogen isobtar at 5%

Temperature Partial pressure Concentration
(°K) (mmHg ) (%)
54.7 1.8 0.048
522 0.6 5 0016
491 0.021 0.00DSé
4 7.1 0.083 0.0 22
458 0.0 66 00017
4 4.0 0.03¢6 .oo097
4 2.0 0.0085%6 gepoo22
4 1.4 00076 0.cd020
4 0.0 0.00 3¢ 000012
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explosion. (Courtesy of Air Products and Chemicals, Inc,
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3. 7 Gauge failure attributed to hydrogen embrittlement.
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¢

4 K/edG ODHETTEMEA T H 7 ABREWHEI € HFHELEHA TR E, HIEIK X
HBERIER 3. MRy COEE MAEKREOETIK 3.8 5 Kg/uiG T\
A7 AGHN BRI N r ok BERIDE. ENT K/ L&, 7T R
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39 End of liquid-hydrogen tank after the 1-inch plate
glass window was shattered with 1-inch steel ball
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X212 Blockhouse used in liquid-hydrogen spillage and ignition studies



X313 Blockhouse interior and 75-liter dewar after ignition ot vapors trom

40 liters of liquid hydrogen. (Ignition by electric-match about 30 seconds
after rapid spillageof liguid hydrogen.)



Bz14 |ett wall of blockhouse
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.1 5 DBourdon Gage Damaged by Hydrogen- Air Explosicen in Blockhouse.

Undamaged gage vhotographed fpr comparison purposes.
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Experimental program, unconfined propellants,
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# 4.2 Liquid Tests

HEstimated state at time of firing

Initial pressure Peak pressure general pres—
Round before Voluwe Stoichio— level, sure level,
Ne ignition of liquid metric pro- psia psia
hydrogen, portion of (average of (average of
cc air, % 6 gauges) 6 gauges)
8 Vacuum 200 15 No Reaction
9 Vacuum 200 150 321 157
10 Vacuum 2800 158 329 269
11 Vacuum ?80 15 619 543

12 Vacuum 92890 15 815 552
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4.4 Typical pressure vs time curves for liquid explosion
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Normal Hydrogen

204 °K Equilibrium

75% o—H, Hydrogen 021% o—F p—H.
Molecular weight 2016 2016 2016
Freezing point 1395 °K 1381 %K 138 °K
Heat of fusion 1589cal/ ¥ - 13%9cal /¢
Boiling point 2039 °K 20.27 °K 203 %K
Heat of vaporization 106.59 cal,//¢ - 1065¢cal /¢
Critical temperature 3319 %K 329 %K. 330 °x
Critical pressure 1 2.9 8Kg et 1 2.7 K/ ok 12.8Kg et
Critical density - - 319/ ¢
Liquid demsity at 203 °K - — 719/¢
Vapor density at 203 °K - - 124/ ¢
Gas density at 300 °K — - 0.082¢/¢
Molar volume( STP) - - 22420 ¢
Liquid—to—gas expansion ]
ratio - B 865
Heat of combustion(net) — - 578kcal mole
Limits of flammability _ -
in air B 4~75vol%h
Limits of flammability .
in oxygen - 4~95v0l %
Stoichiometric composi—

¥ 2953vol % — -

tion in air
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1 Pressure—temperature~voliume chart for normal hydrogen gas
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2 Solid and Liigquid Vapor FPressures of the Various Hydrogens

é)

1 Vapor pressure of e-Hz (021% ortho and 9979% para at 20.
4K )

6)

3 Vapor-pressure differences for Liquid ortho—para H2 mix—
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4 Vapor—pressure differences for solid ortho—para H2 mix—
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Specific Heat
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5 The Heat Capacity( Cs ) of Solid Hydrogen

32)
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32)
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32)
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Electrical properties
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11 VAPOR PRESSURE OF e-H: (.21% ORTHO
AND 99.79% PARA AT 20.4°K )

Pressure
Temp, K| mmHg atm psia Temp, R
So1lid 10 193 D0254 03753 180
11 562 L0073¢ 109 198
12 139 0185 269 216
13 302 0397 584 234
Liquid 14 588 0774 1137 252
15 10053 1320 1939 270
14 1611 21280 3115 288
17 2460 A3237 4,757 306
18 36053 4744 65967 324
19 5095 6704 92852 34.2
20 6992 2200 13520 360
2% 9353 12307 18086 378
22 122537 16101 235663 396
23 15705 20664 30369 4 1.4
24 19818 26076 38322 432
25 24638 32418 47642 450
26 30229 39775 5845 468
27 366 5.1 48225 7087 486
28 435968 5785 8502 50.4
29 5227 6877 10107 522
30 6162 8.108 119216 54.0
31 7210 9486 13941 55.8
32 8383 11.031 16210 576
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#1. 3 THERMAL

cONDUCTIVITIES OF LIQUID

HYDROGEN AND DEUTERIUM

Thermal Conductivity
Watts em™ ' °XK™' X 104
Temp, °K Hydrogen Deuterium
16 1 0.85
18 1 1.3 2
20 11.7 9 1 2.61
22 12.25 13.03
2 4 12.7 2 1 3.4 4
26 13.18 13.85
2 8 13.65 14.27
50 1 4.1 2 14.69

-102~—
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21 10 Thermal conductivity of the solid hydrogens
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AND DEUTERIUM

THE VISCOSITY OF LIQUID HYDROGEN

Viscosity

Hydrog en Deuterium
Temp , °K Micropoise Micropoisse
15 23 4.
16 209
17 188
18 170
19 155 4 88
20 14 2 420
21 131 57 4
22 340
23 510
24 28 4
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5 THE DIELECTRIC CONSTANT OF LIQUID

HYDROGEN AND DEUTERIUM

Dieléctrio Constant

Temp., °K Hydrogen Deuterium
14 1.2 4 8 .
’15 1.2 4 4

16 1.2 41

17 1.2 37

18 1.2 3 4

19 1.2 30 1.2 8 1
20 1.2 27 1.2 77
21 1.2 2 4 1.2 7 3
22 1.2 20 1.2 6 9
253 1.2 17 1.2 6 5
2 4 1.2 1 4 1.2 6 1
295 1.2 57
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1. 6 Latent Heats for n— and p-H2

T, K Latent Heat of Vaporigation, cal/mol
Narmal Para Difference
14 219 2171 2:8
15 22 0. 218.3 2.4
16 2 21. 21 8.5 2.6
17 221, 21 8.4 2.7
18 2 2 0. 217.9 2.7
19 219. 216.8 2.8
20 21 8. 2 15.2 2.8
21 21 b. 2 12.5 3.2
2 2 2 1 2. 209.5 3.2
23 2 0 8. 20 5.6 3.3
2 4 20 4. 200.8 3.4
25 19 8. 19 5.0 5.5
26 19 1. 187.8 3.7
27 18 3. 179.2 3.9
2 8 17 3. 16 8.7 4.3
29 16 0. 155.8 4.8
30 14 5. 14 0.1 5.1
31 125. 119.8 5.6
5 2 2 0.8

- 108~




~60 1—

3% 1. 7 Fixed Point Values for the Hydrogens

Triple Point

Normal Beiling
Point

Critical Point

Hydrogen (760 mmHg )
Modification Author T, K P, mmHg T, K T, K P , mmHg
o-H Woolley , et al. 1948 (14.05) (55.1) (20, 454%)
nmgi Woolley , et al, 1048 1%.057 Bk, 0k 20,39 33.19 9865
. 2 or Roder , et al. 1965 1%,80% 52,82 20,268 32,976 9696,8
@mﬂg or Woolley et al. 1948 18.691 i28.5 23.52
@éﬁé Kerr et al. 1951 18.6%3 127.5 2%.59
Hoge and Armeold 1951 18,691 128.5 23.6%
Hoge and Lassiter 1951 38,262 12374,
nmﬁz Woolley et al., 1948 18,72 128.5 2%.57
Grilly 1951 18.73 128.6
Friedman et al. 1951 18,72 128.5 2%.57 %8.35 12488,
Grenier and White 1964 18.698
Pryds 1967 38,71 128.5 23.66 38,3k 12488,
oD, Woolley et al. 1948 {18.78) (128.5) {(27.66)
75.1%p Grenmier and White 1964 18,781
Grenier and White 196k 18.787

preferred values
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7% 1.8 Fixed

Point Properties of Normal Hydrogen

Triple Point ' Normal Boiling Point | Critical| Standard Conditions |

FROPERTIES | \\\\\\ CONDITIONS = 9vq | ienid [ Vapor | TLiquid | apor | bointr STP(0°C)| NTP(20°C)
Temperature (K) 13.957 20,390 33.19 | 273.15 |293.15
Pressure (mmHg) 54,0k 760 9865 760 760
Density (mole/ew’® )x10° 43,01 | 38.30 0.064%: | 35.20 0.6604 14.94 0.04460 | 0.04155
bSpecific Volume (cnf/mole)x103 0.02325| 0.026108 15.519 | 0.028409 | 1.514% 0.066949] 22.42% | 24,066
Compressibility Factor , z=§¥y —— 1 0.001621 0.9635 | 0.01698 0.9051 0.3191 |1.00042 | 1.00049
Heats of Fusion & Vaporization (J/mole) 117.1 l 011.%3 899,11 0 — S—

' "[Cs_, @ saturation 5.73 113.85 |~-46.94 | 18.91 ~33.28 (large) | —— —
Specific Heat|Cp , @ constant pressure | — |13.23% 21,22 19.70 24, 60 (Varge) | 28.59 28.89
(J/mole~K) Cv , @ constant volume — 19,53 12,52 11.60 13,2 (19.7) 120,30 | 20.40
Specific Heat Ratio , Y=Cp/Cv o 1.388  1.1.695 1.698 1.86% (large) | 1.408 1 1.416
Enthalpy {J/mole) 321.6 | 438,7 1%50.0 | 548.73 1447.4 1164 7749.2 | 8324.1
Internal Energy (J/mole) 317.9 | 435.0 12%4.8 | 585.7 1294.0 5477-1 | 5885.4
Entropy {J/mole=K) 20.% 28,7 9%.6 34,92 78.9% 54,57 139,59 | 141,62
Velocity of Sound (m/sec) 1282 307 1101 | 357 1246 1294
Viscositw .y N=sec/m® X108 — 10.0256 | 0.0007% | 0,0133 0.00111  {(0.0035) |0.0083% | 0.00875

“ 27 {centipoise )4 — 10,0256 | 0.00074 1 0.0133 0.00111 _ 1{0.00%5) |0.008%% | 0,00875

Thermal Conductivity (mW/cm-K) , k 9.0 0.7% 0.10% 1.00 0.165 (x) 1.739 1.842
Prandtl Number , Npr=uCp/k 2.27 0,742 1.30 0,821 0.680 0.681_
Dielectric Comstant , ¢ 1.287 | 1.25% 1.00039 | 1.231 1.0040 1.0937 | 1.000271] 1.00025%
Index of Refractioun , n=dJ¢ + 1,13k 11,119 1.000196] 1.109% 1.0020 1.0458 | 1.000136 1.000126
Surface Tension (N/m)xl()s — 3.00 — 1.94 - —_— 0 —— e
Equiv. Vol./Vol. Liquid at NBT 0.8184 | 0.9190 | 546.73 1 53%.%0 2.357 789.% 847.1

+ Long Wavelengths
X Anomalously Large

# Units for pois are : g/cm—sec

Gas Constant

: R=62,%62.7 cm-mmHg/mole-K
#Values in parenthesis are estimates

Molecular Weight=2.01594
"mole"=gram mole
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- 319 Fixed Point Properties of Parahydrogen

; Triple Point Normal Boiling Point| Critical | Standard Conditions
PROPERTIES ‘I/ CONDITIONS —> Solid | Liquid | Vapor Liquid | Vapor Point T | STP(0°C)|NTP(20°C)
Temperature (K) 13.8073 50.268 32.076 573.15 |293.15
Pressure (mmHg) 52,82 760 9696.8 760 760
Density (mole/cm? )x103 42,91 [738.207 ]0.0623% 35.11 0.6636 15.59 0.05459 |0.04155
Specific Volume (cm?/mole)x107? 0.02330} 0.026173|16.057 0.028482 | 1.5069 0.064144 | 22,425 |24.069
Compressibility Factor , % =—1 — |o.001606]0.9850 | 0.01712 | 0.9061 |0.3025 | 1.0005 |1.0006
"Heats of Fusion & Vaporization (J/mole) 117.5 | 905.5 898.% 0 — —
Specific Heat Cs , @ saturation 5.73 13.85 -146, 0G4 18.91 =33,28 (very large) | —— —
(J/mole-—K) Cp , @ constant pressure —_— 13.13 21.20 19.53 24.50 (very Large) | 30.35 30.02
Cv , @ constant volume — 9.50 12,52 11.57 13,11 19.7 21.87 21.70
Specific Heat Ratio ,¥= Cp/Cv — 1.382 1.69% 1.688 1.869 (large) | 1.388 1.38%
Enthalpy (J/mole) ~-740.2 1-622.7 282.8 -516.6 381, 7 77.6 7656.6 |8260.6
Internal Fnergy (J/mole) 7540,k | -622.9 1169.8 ~519.5 229.0 5.7 5384.5 15822.0
Entropy (J/mole-K) 1.49 10.00 75.63 16.08 60. %1 35. 4 127.77 1129.90
Velocity of Sound (m/sec) 1273 305 1093 355 350 1246 1204
Viscosit (N-sec/m* )x10° — 10.026 0.00073] 0.0133 0.0011 0.00%5 | 0.0083% | 0.00875
Y 2 [ [{centipoise) 11 — 10.026 0.00073| 0.0133 0.0011 0.0035 0.0083%% |0.00875
Thermal Conductivity (mW/cm=K)] , k 9.0 0.7% 0.10k 1.00 0.163 {(*} 1.826 1.897
Prandtl Number , Npr = mCp/k — 12,33 0.738 1.288 10.8202 0.687% 10.6867
1 Dielectric Constant , £ 1,286 | 1.252 1.00038 | 1.230 1.0040 1.098 1.00027 | 1.00626
Index of Refraction , n =j& & IR LLI1G 11.00019 1 1.109 T.0020 1.0%8 1.0001T%3 TLL.B0UIZ
Surface Temsion (N/m)x103 , 2,99 S 1.9% _— - 0 J— —
Fguiv. Vol./Vol. Liguid at NBT 0.8181 10.9190 [563.8 1 52.G1 2.252 | 787.4 845.1

% Leng Wavelengths
(*} Anomalously Large

¥t Units for poise are 3 g/cm—sec

Gas Constant

1 Values in perenthesis are estimates

: B = 62,362.7 cr-mufg/mole-K

Molecular Weight = 2.01594
"mole® = gram mole
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®2. 2

Kk EBREROEEYWE O LK

Hydrogen ( p—H, ) | Oxygen (0 )

Molecular weight 2016 31999
Freezing point 138 °K 5 4.4 ok
Boiling point 203 °K 902 °K

Heat of fusion 13,9 cal,/ ¢ 3.3 cal /%
Heat of vaporization 106.5cal/ ¥ 509 cal/¥
Critical temperature 230 °K 1548 °K
Oritical pressure 12 8Kg cri 50.1Kg ert
Critical density 319/« 4109/ ¢

Liquid density

719,/ ¢ (at203 °K)

1410 97¢(at902 °K)

Vapor density

1.34/¢(at203 °K )

43 9/£(at902 °K)

Gas density at 300 °K 0.082¢%/ ¢ 134/«
Molar volume ( STP) 292420¢ 2240¢
Ligquid—to—sas expansion ratio 865 875

Solid density

86514 ¢(at138°K)

14 26 9/2(at205 °K)
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Mgk — 3 Wik~ EEAkZEESY ( Stush hydrogen )
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# 3.1 Some Properties of Slush Hydrogen
Triple Slush Hy Triple Triple Atmospheric Atmospheric
Property point solid 50% solid point ligquid point H, saturated saturated
H, H, vapor liquid g, H, vapor

Temperature- K 138 138 138 138 20.3 20.3
Pressure-psia .02 102 1.02 1.02 147 147
Density-1b/ £t 5.4 1 509 4.81 60078 4.42 0.084
Specific volume-ftd b 0.185 0.196 0.208 128 0226 11.9
Enthalpy-Btu/1b 455 17.06 2958 2232 52.61 2444
Heat input above 50%

801id-Btu/1b - g 1252 206.1 3555 2273
Heat input above at-

mospheric saturated

liquid-Btu/1d - - - - 0 1918
Heat input advantage

for 50% solid slush

Hy - % - - - - - 185
Specific volume below

atmospheric saturated

liquid-£td 1D 0.041 0.030 0018 - Y -
Volume advantage for

slush H, - % 18 13 8 - 0 —
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